;e3e #t ) ,"6"T #\21 July 2004 Method and Apparatus for Oienting
Perforating Devices and Confirmng their Oientati on BACKGROUND OF THE
| NVENTI ON Thi s application clainms the bFnefit of U.S. Provisional
Application No. 60/286,907, filed April' 27, 2001, U. S. Provisional

Application No. 601 306,938, filed July 20, 2D01, U.S. PrOV|sbpgaP2004
Application No. 60/307,086, filed July 20, 2001, U.S. Provisrona
Application No. 60/307,087, filed July 20, 2001, U S. Provisional
Application No. 60/310,970, filed August 8, 2001, U. S. Provisional

Application No : 60/ 314, 200, filed August 22, 2001, and U. S. Provisional

Application of, knvgntion. The
present i nve% gllgo r%q AP %rafdfligé}%(}g qg’é Ig%?? Bai,)tg?g #&“‘f\% ds{;g{:‘ﬁf gy,
the invention relates to devices aftfe HOR Dot h orienting perforating
devices and confirmng their orientation. Background of the Invention.

Formati ons penetrated by a ﬁ@% Hiﬁ@#@f 15 hori zontal or

hi ghly deviated wells, are g?wg 5ﬁ? é{ fﬂ# k%%t advant ageous
orientation of perforations. The desired orientation may be sel ected based
on the possibility of sand production) based on the heavy overburden

pr essur es aniosppibaiah cl%inﬂsQEeSbe%Kﬁt%th@1Prdlrﬁsxc;?1§15&;§bh@ﬂlo§1% ls@@@ésto@rmgé Agﬂnt rol
| i nes and/ or other downhol e equi pnent and t ool 2004 The

exi sts, thereboieu SaPRORBAMppAFLIBRRA! &/368 9@9%1&33.1‘&11}% Mﬂ 05! BBk
perforatlng guns and for conflrnlng that the correct orientation has been

achi eved. S&M@msnmesmmetmhmﬁmo @@olpwm%ﬁsmﬂa ARELRL WS @7y hod

for orienting perforating guns one enbodi ment, gun string components

are eccentr h ; o
perforat i Onfgwiuyzé,&m[%sgg?g%? &%sglF Aficdt m'g@ogeo ggéemm D5001, US.

Cross- sect impakiont K1k 1@5 l6BR 18500, ﬁ%H\A%E.Ss': %‘@b%p%c{ @fsaﬂoogmﬂﬂgppﬂgﬁgﬁrg ving

is a crass-sectional” view of one "enbo e present 1 nven
a modi figed No. 60/-—-, filed January 23, 2002.

Field of Invention. The present invention relates to the field of perforating. More specifically,
the invention relates to devices and methods for both orienting perforating devices and

confirming their orientation.

Background of the Invention. Formations penetrated by a downhole well, particularly

15 horizontal or highly deviated wells, are studied to determine the most advantageous orientation
of perforations. The desired orientation may be selected based on the possibility of sand
preduction, based on the heavy overburden pressure and/or shear stress existing, or based on the

location of control lines and/or other downhole equipment and tools.



10 shaped charge geonetry. Figure 3 is a cross sectional view of another
enbodi nent of the present invention having a nodified shaped charge
geonetry. Figure 4 is a cross-sectional view of another enbodi ment of the
present invention having a nodified |oading tube. 15 Figure 5 is a
cross-sectional view of another enbodigﬁnt of the present i@yﬁg&h&@4having
a nodified |oading tube. Figure 6 is a“ross-sectional view o not her
enbodi ment of the present invention having a nodified gun carrier. 21
July 2004 Figure 7 is a cross-sectional view of another enbodi ment of the
present invention having a nodified gun carrier and |oading tube. ' Figure
8 is a cross-sectional view of t i t icht s undac@rftd on
havi ng a derFTeepé’sésh[ﬁﬁr&%’mcﬁer{(recgdefgtl;aﬁ(fgﬁ%g {T%gq%eg%g.foﬁngu?%% il fﬁlrigt rates an
enbodi nent of fhe present inventi ' i ghted sw veling | oading

t ube. Fi gur EORYHP ﬁﬂgtt‘ﬁaa‘ioé?&éjﬁeéﬁtﬁ%&%nﬁgﬁﬁgcc??“?ﬁe present invention having a
swi veling | oading tube and | ower weights. Figure 11 illustrates an

enbodi ment of the present invention wherein the |oading tube is 10 wei ghted
around the shaped charges. Figure 12 isQyMMAREBS-sectional view of the
enbodi nent illustrated in Figure 11. Figure 13 is a perspective view of the
orienting weight of Figures I1 and 12. Figure 14 is a perspective view of
an enbodi nent of the articul ated wei ght spacer of the present invention. 15
Figure 15 i STR dré&BntVivetiodfpravides aib aptiaribn ndethprbfon PRTERE BTEEPURR Bt " OBGcer

of the present invention. Figure 16 is a side view of an enbodi nent of the
arti cul at £d weicalHent Ras @findionigosenpr @sentniicalipweighind toFchgyee? EErdLrE Pe

vi ew of an enbodi nent of the articul ated wei ght spacer of the present 20
invention. Fifdksaddhsi S @ perspective view of an enbodi ment of the cover of
the articul ated wei ght spacer. Figure 18A - 18C provides top, side, and end
vi ews of an enbodi nent of the shaped wei ght of the articul ated wei ght

spacer.
i BRIEF DESCRIPTION OF THE DRAWINGS

Figf.\rc 1 is a cross-sectional view of a prior art conventional perforating gun.

Figure 2 is a cross-sectional view of one embodiment of the present invention having a modified

10  shaped charge geometry.

Fieure 3 is a cross sectional view of another embodiment of the present invention having a
=]

modified shaped charge geometry.

Figure 4 is a cross-sectional view of another embodiment of the present invention having a

modified loading tube.
15  Figure 5 is a cross-sectional view of another embodiment of the present invention having a
modified loading tube. .

Figure 6 is a cross-sectional view of another embodiment of the present invention havinga

modified gun carrier.



21 July 2004 Figure 19 is a top view of an enbodi ment of the articul ated

| oadi ng tube of the present invention. Figure 20 is a top view of an

enbodi ment of the articulated | oading tube of the present invention. Figure
21 is a perspective view of an enbodi nent of the articul ated | oadi ng tube
of the present invention. 5 Figure 22 i a perspective vi ewz(?fJu 2;'OBgnt
torque response" assenbly. Figure 23 is a plot representing tor@ue ver sus
angle of rotation. Figure 24 is a perspective view of an enbodi ment of the
positive alignnent carrier of the present invention. Figure 25 is a '
perspective _view of an enbodi nent of the adapter of the positive alignnment
carrier. 10PEIgdiea gessissctipnpletieypelanpher emibedineht afnheprizenk inentiorafavirge

shoul der ring of the positive alignnment carrier. Figure 27 is a side view
of an enbodiedied guh carnier iddodditgrtulel ng of the positive alignnent carrier.
Figure 2S is a perspective view of an enbodi ment of the spring ring of the
posi tive alFigme®ista awassiseional Viewrifguster 2bpdimehtte Shedprésbdl en it Habin@ B

al ternate enbodi nent of the spring ring of the positive alignment carrier.
Fi gure 30 pnaffiedebapad tipga/in@odingatbeal t er nat e enbodi ment of the spring ring
of the positive alignnent carrier. Figure 31 provides a cut perspective

vi ew of 5an Fegureed iliastruted i @ Mbb@MEntF the PeesSi (rivBstiohinating ggeﬁhﬂﬂj&ﬁvé%giléad%g
perspective view of an enbodi ment of the locking ring of the positive
alignment eserier. Figure 33 is a top view schematic of a typical
casing/control line configuration indicating the relative bearing and the
direction efgupeinfidisahicOh embodimeht ditthy/ preQBdin Fntlb ﬁav%é,s%«i&ﬁ% F&?di}{%ﬁﬂ% Hg an
enbodi ment of the confirmation device of the present” I nventTon. Figure 35
is an enl aigedwsigte view of the confirmation device illustrated in Figure
34. Figure 36 is a cross-sectional view of the confirmation device

i |1 ustrat egighd 1Fi0MERe3 enftloBitlelt X nd rlbtif RhES, PR t of the
confirmati or% devilce o? thee Sr eseetnt I nr{/ent ilon. Fi gurég%lﬁgﬁgﬁra es anot her

embodi Nt webhibdgoeRnhd HABLd SRreelevi ce of the present invention. Figure 39
illustrates another enbodi nent "of the confirmati on device of the present

i nvention. g ﬁrglﬂﬁfsaAcQosjs-!sL&ﬂi%MI@ic%of%%%&&i&;‘%@ﬁgdﬁm Bbuk g confirmation

devi ce of the present invention. ustrat €8 anot her enbodi nent

of the cONfLEm! |upelguliGe i o 8 RERREYeichIYLIRI Fh gure 42 111 ustrates

anot her enbddi nent "o e confirmation e présent invention. 10

Figure 43 ' odi nent th nfirnation vice of the

prgsent i nlt./'g#]?%{r?%)%t%p?cgg% g%ﬁ%%?%(f?%%@%ﬁﬁf@%? ‘E’ﬂg%é%aﬁ%rr? PEFERki ngs

illustrat qn%%yn typi cal- enbodi nents of this invention and are therefore not
e

to be considered limting of its scope, for the invention may admt to

t he . ] ' di,ments. DETALLED DESCRI PTI ON OF THE | NVENTI CN
e T B B o B B P e el o ©
perforating gun) indicated

Figure 16 is a side view of an embodiment of the articulated weight spacer of the present
invention.
Figure 16 is a side view of an embodiment of the articulated weight spacer of the present
20 invention.
Figure 17 is a perspective view of an embodiment of the cover of the articulated weight spacer.

Figure 18A — 18C provides top, side, and end views of an embodiment of the shaped weight of

the articulated weight spacer.



generally as 1, conprises a shaped charge 10, a |oading tube 12, a gun

carrier 14, and a detonating cord 16. The illustrated gun 1 also includes a
scal l op 18 machi ned out of the gun carrier 14 and aligned with the shaped
charge 10. Although the illustrated conventional perforating gun 1 is a

scalloped gun 1, it is inportant to notg that the present i?{eﬂgﬂad S
equally 20 applicable to slick-walled guns. 6 21 July 200 I'—Jl ure 2
illustrates one enbodi nent of the present invention, wherein the geonetry
of the case of the shaped charge 10 is nodified so that the weight

di stribution provides enough torque to orient the gun 1. As shown in Figure
2, the caseFghbretiRés steppeyd dhargbodifehas thadedictiared dading e iofihe FRgeivehitad

t hereon at the back, or bottom of the case of the charge 10, to provide an
eccentri c weiggiet20 foaiop giehed aft emb&iimedt oftha hicllafed WAE Qb $e Bfesdnld & vEMIdn.
Such a design causes the charge 10 to orient for firing in an upward
direction. Netre 21 hadpetdpectae dictvi Faakmpafia&it af (heehighhed QadARYbDSF ﬂh@?ﬁ%n@l
with the shaped charge 10 or added thereto as a separate conponent such as
by screw ngneendpt.ght to the shaped charge 10. Figure 3 illustrates another
enbodi nent of the present invention, wherein the geonetry of the LO case.

of the shapegurebRfsAQehPechive WRRiof b eknr boRut RRp&%ARLALR, Figure 3, additional
material 10a is provided at the front, or nouth, of t'he case of the charge

10. Such a Figsé g3s Gl esprdshRing Rk @Sredls 1 1erir&Rfoni N @ downward direction.
As discussed with reference to Figure 2, the additional material/weight 10a

may be i nt gggnad 24V b Bek iR SOARe 8f SRR GrinAREad : e
conmponent. 15 Note ﬁa izn alternate eI od(lgrne ts], %ﬂgﬂféﬁg&a@%g@@g%&ﬁ%y be
addi tional lipwepgsnted in such a way that the center of gravity is Further
renoved fromthe axis of rotation Providing a plurality of charges 10

modi fied i BdResSTRDBGHHLRO D6 UnlbBdi ' - i

mul tiplies ﬁi‘e effe?:t pgg the1 eccg\rﬁﬁbpclfllttg{‘/&{f%%%gacﬁé%ogpjgﬁ)%gv%ahglﬁra%tf%ght

ori entijng FRLAUR.is £ @;Epl-gw ARV i the back of the
P12906 char ge -casjse Brreg-su act ur eﬁf@g&%%ﬁ%mpw ‘&Eﬁ@&i&‘l’l ON,
48 grams of,gxtra material can be added 7 21 July 2004 per charge. For a
200 ft gun, 'an extra torque of 68 inch-16 is generated. This illustrative
anount - of ue . e % 1 ncreas er.a 7, ft weighted spacer in a
sinilar guir:l1 PI? ’gtlsreagﬁéal é%ééﬁ‘aefgb%f{ ’“e"‘”ﬁ?efﬁ'g%%%"@ré?é’lﬂﬁgfﬁhe B\%Isd[f‘feiggﬁﬁ?elnﬁlpmt’ﬁe gun
using the i.ihhed shaped _charge 10 of the_present. invention pr.ovides a

bot tor uti ook 2s Bin AP A0 S et B B8 SR kog SURE pova- Bedene. 4
illustrateg ot her enbodi nent of the present invention wherein the |oading
tube 12 is nodified to provide the needed torque. For exanple, the |oading

tube 1 . re material _on.one side, of t tube 12 titan the other.
ne shotn | ee 8% pRREs FRASTcRf L BiE rbSeBeo il P Wit PR ¢ he

bott om si defigg{in.gb .Erhe side that is intended to be on bottom during
firing). Ac&ordl nééﬂ'ly,' t he | oadi ng tube 12 has an eccentric wei ght bal ance
that has a..center of 10 gravity that is offset fromthe axis of rotation.
In this vvgﬁi‘,é“rar"g%"i”ﬁesvﬂ P VE&LPgé“ plrEn e en LA dherPriRg R SR RPN or i ent i n
a preferential manner. The enbodi nent of Figure 5 provides a | oading tube
12 with ndt8VPd 429 renoved from one side of the shaped charge 10 to
provide fqr a different orientation than that provided in the enbodi nent of
Figure 4. TTHTF HePrRAETE HEPATPEFIVEVENr o a5 aliarpale ¢ppodimegt @LUbRsPEDE AR a cent er
of 15 graf,t é)f_fset fromthe axis of rotatiaqon that tends to orient the
shape& ch I]%%% 1§ 2 PETSBECHYT Y19 fik 25 embodiment of the locking ring of the positive alignment

carrier.

Figure 33 is a top view schematic of a typical casing/control line configuration indicating the

relative bearing and the direction of perforation.



direction. Figure 6 illustrates an enbodi nent of the present invention
where the gun carrier 14 is nodified simlarly. For the gun carrier 14,
scal l ops or thinned portions 18 may be provi ded on one side of the gun
carrier 14 so that the carrier 14 itself will provide a degree of
preferential orientation. In 20 Figure 6, the gun carrier 1421%1%@4ti pl e
scal l ops 18 provided on its top portiof. Thus, the 21 July 04 housi ng
has a center of gravity that is offset fromthe axis of rotation and
gravity will cause the gun carrier 14 to rotate and orient in a
preferential manner. The features described with reference to Figures 2

t hrough 6 nmay be conbined to enhance orientation or used individually. For
exanpl e, aSiRAtAs ¢ sidevigy ebamembadisnaguef the srafirasion deviedif Hiegresguiineaiani er 14
and a nodified | oading tube 12 with conventional charges 10. Another

exanpl e, sH@®is 35 s EFiifg?Hf&tdSi,de cewif tesonfodiafipredevich dhges:=di@ Rgdd3a nodi fi ed

| oadi ng tube 12 and a conventional gun carrier 14. The above are intended
to be il | ukigeraBh s cond-seadiondlivivi ofnige aohfitmaties podde ilistritbdinFoass: bl e
conmbinations falling within the scope of the present invention. The guns 1
of the pr eBigwe 37 Hivetmiiescmotiveryeribodinedisof sieentiarigese vid of ihaipresdr investiohi ed and
sone 10 that are not nodified, or conventional. As one exanple, of many
possi ble, Fipege dhdugeseskiotbér embodimed: dbtieedhfthatibh @evick bSihe PiekR€ Invaifliodr €
eccentric and of the nodified type (i.e., having a center of gravity that
is of fset Higoersd lestadsan@herenibadinemn)of thalReAmASHSTRSRe Of hepletd: inve@BRt her
direction are of the conventional type. In another enbodi nent, the charges

10 are usagirtUGiligitiatel ahdthd eRBbdIBeRIDT Bk cSiirREird-80e ANASHRAARIANGEMTENt . 15
Anot her enbodi ment of the present invention, illustrated in Figure 9,

provi des Figeed 41011adtiattd a@iier brnBNOG om@c&hﬁﬂ%ncda%egﬁﬁhé]&cﬁwg{re‘%ﬁori.” a
| oadi ng tube 12 that swivels within the gun carrier 14. 1n addition to the

shaped  cha@ese2lifusiiad® ad BREEABLEHER olBe EHAh AN W] FHile &eathg\te faLses t he
swiveling |loading tube 12 to rotate to the orientation desire F ownward in

Fi gur @09) Figure%33fuskie ard@ifterhbbdihén Bf B t A KA TBNI& of RSN endf), P OVi ded

is a sem-circular weight. However, other configurations remain wthin the
scope of the invention. Further, the weight 20 can be any nunber of types

or conf i gitriadoibe AGted lveas, thad kleQpbdndabdra PEilIWRIGHnS thitd 8bdMihbh@origh
density material, or half solid netal bars, for exanple. In the case of

sli ck-val ineentdf bfidird tHeR@ord Hotdo bé\eonkibértdBhinak bOUREBEYe, fof R FRESRA Hayddmfche gun
carrier 14 has a uniformthickness around its circunference. Simlarly, in

the case @fotlir psall PédctingerioBirdenRaVvi Ng nachi ned grooves extendi ng

circunferentially around the gun carrier 14 at each shaped charge interval

no further gun 1 alignnment is necessary. In the case of scall oped

perforating guns 1, shown in Figure 9, the gun carrier 14 nust be
DETAILED DESCRIPTION OF THE INVENTION

15. Figure | shows a conventional perforating gun. The conventional perforating gun, indicated
generally as 1, comprises a shaped charge 10, a loading tube 12, a gun carrier 14, and a
detonating cord 16. The illustrated gun 1 also includes a scallop 18 machined out of the gun
carrier 14 and aligned with the shaped charge 10. Although the illustrated conventional
perforating gun 1 is a scalloped gun 1, it is important to note that the present invention is equaily

20  applicable to slick-walled guns.




10 oriented to align wth the shaped charges 10 such that the shaped
charges 10 shoot through the scallops 18. An enbodi nent of the present
invention illustrated in Figure 10, provides for orientation of the gun
carrier 14. As shown, the gun carrier 14 is lowered into the well 22 by the
work string 24. A swivel 26 is affixed between the gun carrigrjlA@ad the
work string 24 to enable the cattier 4 to rotate as necessary. ‘One or nore
wei ghts are affixed to the lower end of IS the carrier 14 to cause the
carrier 14 to rotate such that the scallops 18 are facing downward. The
enbodiment illustrated in Figure 10 provides a m ddl e weight 28 and a

bott om wei g_ht 30. The m ddle weight 28 has a gun thread on the top end and
a gun t hr ebigus ititseraleoeteembbdiment eieptresedt imaddiidn, ohaktinWi @By FhiR d.QWer
wei ght 30 has a rounded bottomend 30a to help guide the string 24 into
liner topsthesfdperd dargd 10 lematifiersoitie: the glight dievib@io Grovideb eXduziO Bk (d¥ehs -
Because the 10 21 July 2004 m ddl e weights 28 -and bottom wei ghts 30 are
subj ect t ohevgdn 1. conbbwr iafsgurd 1) ehe caarvf iR sABEE cRfrgd WaHas bd@Rh@0nS1iHe]0at O
survive the trip in and out of the well. It should be understood that the

enbodi nentprotidedsharadnes the badk| SboforhQf the chke QY thd @Fhr@S1 0 REHrEN @ M Eedhfle NUNET OUS
conbi nati ons of weights that can be used with the present invention. For

exanpl &, avapdhiidbink yhe@bnrld dtdl0iyVBbiE e A% AR ZuRS uH??@es%%QQJ}QJ tﬂgcltipag ot he
he p St may

orienting weight needed. Further, depending upon t application

not be neaesst for FfnPAMIERaAMtedlod M &e Wl HDLS: 't%m; bk ol at es
anot her enbodi ment] g nt hé‘gp?ese?\t inve?]ti on %Ac/?]igr%g?lr?ll:a{t e ﬁ%’é@ﬁ’lﬁéwﬁﬁé 12 is

vei ght ed a1 dvidhfige A | i ing
sli ck-val | eﬁun 1 hav?ﬁﬁ@?%“%ﬁ‘%ﬁ?‘%b?%ﬁ%? %8‘5?%“6%9‘{8‘*?%%?3- gt ever
this enbodiwg%ﬁ{mmhgéeaghg}ge yused with a stationary |oading tube 12 where
the entire perforating gun 1 swivels. By surrounding a portion of the
shaped charge 12 with an orienting weight 32, the necessity of additional

| ength added to the string is avoided.. Figure 12 and 13 illustrate an
enbodi nenFiguf Jtitestpes fottat emighdynent df hapkrgt hetiboadire thapmbdy dansei ght ed
around the shaped charges 10. Figure 12 providés a cross-sectional view of

t he péd f ovaat ofitte Gapedicharghil @ nicded O 1d cREOME OESige POIIGRBSA iR @Wisof t he
orienting weight 32. As shown, the orienting welight 32 is configured and

| ocat ed sprovidédnathetiiat, bomdihOf thelk@selo? tRREarSNAN §LhCREGR cakidesivfe Aklse €d in a
hori zontal plane. The cutouts 32a in the orienting weight 32 match the

pattern ab otibre iishapatehairges. 40 dB&ustdaatithirbiereRse 18 PlgLR®, Weia@itio32 does not
interfere with 20 either the charges 10 or the detonating cord 16.

material/weight 10a may be integral with the shaped chai'ge 10 or added thereto as a separate

component.

15  Note that in alternate embodiments, the charge case 10 may be additionally mounted in such a

way that the center of gravity is further removed from the axis of rotation

Providing a plurality of charges 10 modified in the manner described with reference to Figures 2
or 3 multiplies the effect of the eccentricity that can provide a significant orienting torque. For

example, by modifying the geometry of the back of the PJ2906 charge case manufactured by

20 SCHLUMBERGER TECHNOLOGY CORPORATION, 48 grams of extra material can be added




11 21 July 2004 Wil e the above exanple illustrates use of the orienting
wei ght 32 to perforate in a horizontal plane, it should be understood that
the orienting weight 32 can be configured to provide orientation in any
desired plane. Another enbodi nment of the invention, illustrated in Figures
14-18, provides an articulated wei ght gpacer 40 to provide egqry, 04
orientation of the perforating gun throughout a tortured well bore
trajectory. As illustrated, the articul ated wei ght spacer 40 conprises a
sem -circul ar spacer tube 42 that is deployed within a hollow gun carrier
|4 (shown in phantomlines in Figure 1). However, in alternate enbodi nents,

the articul atedageiRght 28R ger, sk uBBYqEAIEE HRhABH GBAEFREL mfsilﬁﬁﬁﬂﬁgam&&t The
spacer tube 42 contains a plurality of jigsaw puzzle-like cuts 44 spaced

al ong its | ehgtqoe represerais $094 Bcteh R\OESET fi H6; ghted %&E@r% Qﬂﬁﬂapguntiﬂ?eegﬂ Q&d%g in
such a way as to cut the spacer tube 42 into separate segnents 46 w thout
Phgndt

enabl i ng t héieseiphemhsr oA idideaildneeng agdnt HRmneasot Kl
al l ow the spacer tube 42 to bend a Iittﬁ% at eéch cﬁ%;4§£ﬁfgﬁﬁﬁ% causi ng

the spacer inv&fiod robfet D5&tet hidizBidnbe tHdl ifid j;mary function
(i.e., orienting tahe gun string i nlil)g;hﬂci,\il Sﬁ“gﬁ%@%‘%sﬁggﬁgg?ﬂ@he segnents 46
at each end of the spacer tube 42 are attached to aliganent plates 48 that
are used to lock the articul ated weight spacer 40 to the gun carrier 14 or
gun st rihg. Figire Kiilluseatetanstgrmutiodidni o usrpraspRioREic Heyei s ha MadingRirg s ;50
(best illustrated in Figures 18A 18C). The weights 50 orient the spacer 40
and t hus t heodified tgprovivly themetded tatgsi FetexampRnthaldadng wibB 12 hgy Readirent shown
in which the spacer tube 42 has a sem -circular shape, the weight 50 may 20
al so have angend ogomecideas tehapd2einalie oiigriAs shéwd inlFifire & tNe WhdidY 06LRHs
segnent 46. However, any 12 21 July 2004 nunber of shapes and types of

wei ght s r ermadramajetifli 13a b the Soognesiad (i &) e sidy @t ik itendE@®be 28 BHRIM drﬂ‘ﬁigmy al so
i nclude an end plate 56 at each of its ends to prevent the axial fovenent
of the wei dhingb@ceuirdihglp, thdieadippraby 12 i an dlentiSwé RAWAIahdR thit B34 el of 15, and
17, a cover 52 is attached to each segnent 46 enclosing and 5 securing the
wei ght 180 tgheitgihat is $ifeet Gomake HEIBRARANRAGE REY, bRAvitd #i1CQALELSSPONE{ NGheSBaMENt
46 by the use of tabs 54 snapping into engaged to-the segment 46, for

exanpl e. Eactvtazoandforibat ifh pefehatalp@nhéral | y cut out tabs 58 that may be bent
fromthe cover 52. Each tab 58 has an opening 60 there through sized for
recei pt of a detonating cord (not shown). Wen the gun string is assenbl ed,
the tabs 58 can be bent to extend away fromthe cover 52, and the

det onat i ng TE®erabadirent of Kigurp 4 premdies hicadigghtubalhwitpenicria 166 reavarEsH snet he
detonating cord within the spacer 40. The articul ated wei ght spacer 40 does
not cont ai Fidacidhe Bepddsharet Y0 orpedvaderferh différédtiodasation tanklc p@vidkd inhgs t he same
stiffness, or resistance to bending, or bending nonent of inertia, in al

di r ect i onsémigdimenyghFigure ¢ Inthestibbdimpntodf Figeres, gie doadingtriteralhasoder@edsi Ng
torque to the gun string when the gun string is not oriented in the desired
di r ect 1dn, SEHE disetifeom e exls olabghion hpaces todBiewithd shagdd chkat 1@ it HBorkSnguns out
of the intended gravitationally preferred direction when the spacer
assenbly i4mk9 in a non-straight wellbore (i.e., when the bend is not in
the 6 or 12 o' clock plane). Thus, by fabricating the spacer tube 42 in this
manner, the segnents 46 remain stiff while the spacer tube 42 as a whole is
able to bqu m%tnﬁno resi stance in any direction. The quantity and | ength
of segment’S29EC HIErFEANGRPHmER! of e Drisend inyantion wheve thchgyoeamienl 445 nodified

sui tabl e ben.ipgF 13 21 July 2004 radius. In this nmanner, the gun can be
passed thrsblﬂ’g"ﬁy Bt S EFTIBOIescallams Suthinaeshrasiians t B sy bhprovideterong sideo2 Wi | |
try to incgrrectl, orient the gun string. Figure 19-21 illustrates an
enbodi mentOFLATEF 14 ouhal thegamisn il itsglf prilbrovide @ fiegreeiof prfepantialt csisntetive. In
principles. of the articul ated weight spacer 40 described above. The

arti cuPat WA dhiGRyn cofper Hghas multiplespalions Hapspvigeddniifs tdp poréonhBiusate gun
carrier 14 (shown in phantomlines in Figure 19), contains a plurality of
jigsaw puzzle-like cuts 72 spaced along its length. The cuts 72 traverse
the circunference of the | oading tube 70 in such a way as to cut the

| oading tube 70 into separate segnents 74 w thout enabling the segnents 74
to be di sengaged from each other. The cuts 72 allow the | oading tube 70 to
bend a little at each cut 72 without causing the |oading tube 70 to 10 | ose
its structural properties and primary function (i.e., holding the shaped
charges in their correct position inside the gun carrier 14). The segnents
74 at each end of the | oading tube 70 are attached to end plates 76 that
are used to lock the articul ated | oading tube 70 to the gun string. Each
segnent 74 may include a plurality of openings 78 for receipt of shaped




15 opposi ng opening 82 may al so be defined opposite each opening 78 for
recei pt of the back end of the correspondi ng shaped charge. By fabricating
the loading tube 70 in this manner, the individual segnents 74 renmain stiff
while the |l oading tube 70 as a whole is able to bend with no resistance in
any direction. The quantity and Iengthgff segnents 74 and tEﬁ.ﬂ%ﬂ%gMOf t he
cuts 72 can be chosen to allow a suitabl e bendi ng 14 21 Ju 0 radi us.
In this nmanner, the gun can be passed through a bent wellbore w thout
concern that the loading tube 70 will try to incorrectly orient the gun
string. Another enbodi nment of the present invention provides a nethod of

conpensat i nghdusing RS EHby Bir i Bﬂsebﬁr&ﬁitt{bgaxﬁ%m&tﬁk r:la@%r?vi il se e o
conponents (i.e.) gun carriers, gun spacers, and wei ghte ousings). I'n this

enbodiment ,  gunlcermigk 1t 0 korgthl BnCOMROA G PrerlraMaRESEL @l 1S bent in a curvature
resenbling that which nmay be experiénced in a bent wellbore. Wiile the
material is bent, it is rotated about its |ongitudinal axis. The anpbunt of
torque required to acconplish the rotations is nmeasured versus the angl e of
rotati on betThedertesrde$cpibeheieh tefrmenot todfigir3R0hdeg @RSy beisaibiniR aSdahenent can
be acconplished using a "bent torque response" assenbly as illustrated in
10 Fi gure 22riefptres u@d i Odiatle Fodegimphstshbwh BYFiQFE MR %um Ry dsbe required
torque plotted against the angle of rotation. The plot illustrates the

ef fect tHat nedifed guncdnos i bedlnogfisivediig @be i 1WA dovthibhal BRYEs 90, Afdgepun
string conmponents. The "static" or resting position is described as the

| ocati on whexengléehdvorin Fyuref, abrhisifeshadiified CRAER10 HGHQ rﬁd?ifﬁ%'d@ead“?itm bR
data, the "optimal angular position” is 15 identified. This optinmal angul ar
posi tion, refceremtbnhiguasartitel4. PRIUboTOI 61N 1O b B Extive bl doPEmARE Wt at

whi ch the component would actively orient itself along the inside curvature
surface of tdpecc@sha@sHble tdibiRRIdhs Mﬂiln!.g mﬁﬁ-meﬁ\foﬂénﬁme%sﬁﬂ iRgygnce the
wel | bore trajectory, and knowi ng the "angle of bend,™ gun carriers, gun
spacers, and wei ghted spacer housings can be provided that will actively
orient the gun.string 20 in the desired direction. The gun carriers, gun
spacers, andheginghoblie pyssembinvintios imy sctudasongrobargesl® it ackuhodifR2A@4d koa@wn or

pl anned to be'located in a bent section can be nmanufactured to have the
bent t ofQuethzearena mgdified o noivdsivhalwiAisleng fremalegdienaf podaibld) e dhagestiber pent
wel | bore. The magnitude of the torque provided, or available, in the active
ori ent at i onguidnorisated it acfiral divecticasiranetdntrfcrapdof themollifieduybe(i ez Bdvind: @fited d¥e r aw
material in the bent material torque response tests. The nagnitude w ||
vary dependgragtydet isreéfsetinimtheleds ofgbmien) ofhereaschomtcgientad in dnbtBerdiRastRf aforbend,
and the length of the bent portion of the wellbore. The | onger the bent
portion of thheonxerltiohd type. Inkeotipr embetimthahactatgeel Mare et inggdnor @ peovaéah | abl e.
The hi gher the bend angle in the wellbore, the greater the active orienting
t or que avaidrehieé O-1BDmhding artahgenggneat er t he anount of torque required to
rotate a piece of raw material through one revolution, as identified in the
bent material torque 10 response tests, the greater the active orienting

t orque gvai] abl e. €mother enbodi ment of the present invention provides a
poSi ti al PHIEEFRbodHRenT @ the PratentiBrRpten ikt aierhin Figuer$: arovides spasforgingptn gun
strings that exists due to nmachining tolerances and cl earances. |n other
wor ds, the JBingiheshaped ehargsn 10 mapntein adgrding rubstl? drabswvivels Withju thegul darBa
ensures that additional gun strings affixed to a first oriented gun string
mai ntai n t H&- Befdnenpithsthered ehasees 1P ghe lpgling thbaig. carist @ meighig?Ofthat sausesahdi gur e
24 the positive alignment carrier 90 conprises an adapter 92, a shoul der
ring 94, aSY¥prlinglosdinggulel2 ta Friatatd thtgriepiatien dSiredAdovsyoahin Rigvee Posi ti ve
alignnment carrier 90 is engagi ng both a second positive alignment carrier
10D, and a downhol e tool 102 such as an additional perforating gun carrier.
The positive alignnment carrier 90 can be used to advantage to 20 engage any
nunber of downhol e string conponents, tools and pieces of downhol e

equi pnent .



16 21 July 2004 Figure 25 provides a perspective view of an enbodi nent of
the adapter 92 of the positive alignment carrier 90. In the enbodi nent
shown, both ends 104, 106 of the adapter 92 can be used to positively align
adj oi ni ng conponents. In alternate enbodi nents) one end of the adapter 92
can be integral with one of the adjoingp conponents, or can elﬁﬁiﬁﬁi to an
adj oi ni ng conponent in a standard mannér such as threadi ng. The "adapter 92
has a shoul der 108 having threads 110. Proxinate the threads 110 are a
plurality of set screw receptacles 112. The set screw receptacles 112 are

| ocated around the circunference of the adapter 92. The adapter surface 114
is further teheépedideyeampleiimaheloyt baRar; :aty protr from

t he adapter sur?gce 114?ﬁThe ta%gre&nkﬁeﬁ1f?%%ﬁﬁggﬁ%ggégﬁék@fg%?“@%8. In

the 10 enbodénmiratsia ooiiain Whein R8s RO kR YSveddd. Blrfhef, %tvgerf%lg%@%anib@ any 1 aP€-

However, in alternate enbodi nents, the tapered-keys 11 ake ‘on any
number of 1 RgkBeRbf Dpesiok EGEYhAtions RARSS holReS ik i d g7, the
shoul der ring 94 i§$shomm ?n Hérspecti%e g%% g?ggkgrgﬁggiﬁﬁégﬁﬁSQ?%Q

di amet er of mhiaa1 SR 481d hdi N B a2 %ol ined by a plurality of keyways 122
that correspond and align m?tﬁgiﬁeé?g%%ied keys 116 of the adapter 92. The

keyways 122 enabl e the shoulder ring 15 94 to pass by the tapered keys 116
in either direction without interference. The interior of the shoul der ring

94 is fUft Henheheie afelkckoyallel perdsdtsink20nd, B turG @ iliERhdnd Bln¥ces hel o cdrhiEeads
110 of the adapter shoul der 108. A plurality of notches 124 are | ocated

around t he lkefihaguodifdnangicknels &difd b Bitdud@dredck MM I4ty, RahEatd & Heﬂogﬁt%#l]xﬁ 128,
an enbodi ment of the spring ring 96 is shown in perspective view. e 20
spring ri nhaGg ifchinaGRoRes dx&lﬂaﬂnﬁ eRtuniigentlif Bro@Sd e YeVdarrPi4 ﬂgachtst?@%d has a
series of keyways 126 17 21 July 2004 defined along its 1 nternal "di aneter
that enabl ehilieinspval, @ fSthel QunPieSSnAMRs dcPQsdpper ed keys 116 of the adapter
Wi thout interference. An alternate enbodi nent of the spring 96 is shown in
Figure 29-31. Figure 32 provides a perspective view of an enbodi nent of the
| ocking ring 98. The locking ring 98 has a plurality of |ocking tabs 128

t hat pr ot r &&lthe a3 af $oplldped perfdusing@uisi In ghowinrig F@8ee 9Ttre glockidngs trmkibe 128 ar e
defined by tapered surfaces 130. The | ocking tabs -128 are sized and shaped
to engdfe eoenekpehgti wigh thapepetichages Hbsch that theshapaishafesgORh@RA i bUZh The
spacers, other adapters, and other downhol e conponents. The inner surface
of the | ockéaiigpsti&bsn ¢@Bodiment obihe pesepinaaitios ilbSPadtbv Fipgret BpRbadesTdes 134.
The key receptacles 132 are sized and shaped such that an interference 10
exi sts bet weenatichef theper edridedy.sAsishGwa et duhearkieyl 4rieepicacle e 137 22by k|

times as the locking ring 98 is maneuvered across the tapered keys | 16.
Thus, the wodksting 24i AgwD8] Z6Lis kffidled utwach thefguh caMer14tah@ tha dapt fiingd2 1 €MOVI NY
all cl earance between the two. In operation, the shoulder ring 94 is first
nmaneuver edergeblenige dahizr a4labate 29 Bede@MGT Ond diendrdw e akie the SHRYE B%e 1308 end BE

shoul der ring 94 is able to pass by the tapered keys 116 by aligning the 15
keyway$5 12@ewirtibr tdhe chapie edrikelyiso dolfe subh tHar hpaaBopId s bREdiBRRRAMeys 116,
the shoulder ring is threaded onto the threads 116 of the shoul der 108. The
spring ring 96 is then nmaneuvered onto the adapter and |l ocated in proximty
of the shoulder ring 94. After the spring ring 96 is placed on the adapter
92, the | ol smpofimegt ifastiated pmFiewro 4P erpvidet pmiddls weight 28 and a bottom weight 30.

The middle weight 28 has a gun thread on the top end and a gun thread on the bottom for receipt
of additional weights. The Jower weight 30 has a rounded bottom end 30a to help guide the string

24 into liner tops and around the comer in highly deviated or horizontal wells. Because the




adapter 92 such that the key receptacles 132 engage the tapered keys 116.
As stated above, there 20 exists an interference between the tapered keys
116 and the key receptacles 132 such that the 1g 21 July 2004 | ocking
ring 9S nust deformto fit over the adapter 92. Such deformation renoves
any cl earance between the two. Once thq | ocking ring 98 is ppsijy oogd over
the tapered keys 116, the | ocking ring 88 is held in pl ace by the shoul der
ring 94 and spring ring 96. The shoulder ring 94 is backed off of the 5
threads 116 of the adapter shoulder 108 until the spring ring 96 is acting
on the locking ring 98 with the desired force. Once the desired force is

attal ned, set. scr e‘}’@ts%%%n& Q?%?Ogrf \ggg%?%@.ﬂg& : B N1 RStiche Andfcafh BOmbdiaf 1i ng

94 into the le e WTecepta In the adapter. The set screws

mai ntain the position of th | di BB detWhi ch in turn maintains the
force supplﬁ? Hpsgteg pige! %Fﬁg°§$§ﬂ”g§£%%‘the l'ocking ring 98. The spring
ring 96 acts to hold the locking ring 98 in place, 10 but also acts to
absorb the forces generated by any axial displacenent of the |ocking ring

98 toward the Shauk 46k dbdddnR dhe cSb6HmaNI iBbsuties pi Figwerehiis poaiicd eone cdaviitg
downhol e operations. In an alternate enbodi nent, the shoulder ring 94 is

backed off o 6305 at eibehaclap beihises it kigdairesdl nvemticnl Farlegample,
shoul der riHbc@Q%F%Ef%%g%ﬁ%%§ﬁ$®mf?h the locking ring 98. Thus, the spring
ring 96 is not, ne adione e Beed Akpedldia P L aiesiientng weigha hedded. ces
acting on§th%&P%§ gﬁgmﬁlng %ﬁgé%ﬁﬁﬁst be %arr?e%mby t he set screws and/or

t hreads 110 pf .th i ng: (2260 nbiR resinh fivirly aBPmidsileseightsed i n
pl ace over tﬁ%mﬁéﬁ%éﬁﬁﬂ%géﬁ‘%T@g“%ﬁg“natiRg conpongg?p(gun carrier, spacer
adapter, etcz% can be attached. As shown in Figure 24, the mating conponent
(100 or 102)"has tapered notches 136, 138 that are engaged by the | ocking
tabs 128 on the locking ring 98. The tapered notches 136, 138, have tapered
surfaces that facilitate a secure 20 engagenent with the tapered surfaces
130 of the |ggli BgifuabseshaSther embOditibniliithe pROEY iMRwsicnodkiciyhe joagnpibs K2 1s
positively aligned and secured by both the interaction between .the keyways
132 and the {apRELFokRYS: shifedansgdshe. Betpedoratdg gund ishaigkdelled gund TGUNEThe
mat i ng conponent (gun carrier, spacer, adapter, etc.) is positively aligned
and secungd Ry, QRGHAGHE flibe Wb tHerdih Elole et thig embisma garopsortisaisadotiiti 1gEePRY 98,
Consequent |y, manufacturing tol erances are elimnated and the connection is
posi tively aldgnedo. PUPhdrs tkiege bhidadngpen diwivdniyotiromdingeeaghpat than
entire string assenbly results in a string assenbly that does not have a
gradual "dri fit, . 0f .3k | SRR erichnf Wepheahbehdoeniy offaddifiensbleagte addefl iriént i on

provi des a system and nmet hod of detecting control |ines (acoustic)

el ectrical, gﬁg%gg@md&mernald magnetic, etc.) based on the detection of
various 10 matefials contained therein. As illustrated in Figure 33, by
detecting the control line 140 with one sensor and at the sane tinme mapping

its position with respect to a fixed position in the casin% %4% ée 912
Rel ati ve BeaFigng 10BR) 11 iustie diegihodimgns ob thelpathpraithesubil PPHBE FiB[AFN H
informati on needed to position the perforating guns 1 in the. desired

di rectionsi s weightil teohnd the smbaimhaiges t0hEigine|1d roviles HAOSSEREBHMFoT %% ne 140
is mapped with respect to the high side RB, and the Perforating 13 gun 1 is
ori ented andpéidr@migizn & vehile@tgureold prdvidtis @ aErpECHYE iFreO AP PR tght g &i4fs any
interference with the control line 14D. It is inportant to note, .that the
system and Mgkt SriemugelghelRis candighred anst loksigeiseahahas dsdepding s e ARy s |
downhol e equi pnent and downhol e tools that can be damaged or affeph&g ifin

or near shaped charge 10 is oriented in a horizontal plane. The cutouts 32a in the orienting weig

match the pattern of the shaped charges 10 so that the orienting weight 32 doe; not interfere with

20 either the charges 10 or the detonating cord 16.




the path of a shaped charge jet. For ease of discussion, however, the

invention wll be discussed 20 with reference to control Iines. 20 21
July 2004 In one enbodi nent of the system and nethod for detecting control
lines 140 (and ot her conponents), the control line 140 is mapped and the

gun 1 is indexed during the same trip ]HE the hole. In this %m
focused detectors) are used to determ the position of the co l'ine

140, and a gyro is used in conjunction with the detectors) to map the
position of the control 5 line 140 with respect to the |l ow or high side of
the casing 142. Once this is determned a gun string with an

i ncl i nonet exyHighatby e K& Aist-HQ Per.for | nclinoneter Tool)
and gyro is run in the %ﬂf #s ﬁséw}ée:%‘q Bgﬂ er 1%%39% e?fofaﬁeé”ahommm[

i nclinomet ebl/aﬁ@h@ﬂdu}'c?bettﬁ@éﬂsﬁgd lthgtqgl &EJhngn‘ggglﬁ %‘t%’\tM whggub%gg%r 0 (required

for wells with small 1nclinations K¥€guns 1 and
i nclinonetegtrel \, tool are run (the gyro tool is renoved) with
the gun 1 10 Sosllg%flnoaﬁ)ég&%a@%"e desired shooting direction. The
inclinoneterlrelative bearing tool is used to confirmthat the gun 1 is
positioned in the desired direction and the guns 1 are fired. The guns |

can be ori enkdgkir ByibetiMerRbf the ghvafy e iRkl %Qur@?%é‘&d ovﬁgg %@%c’u attcg%veggll‘llp S

can be positioned by conventional passive neans i ne

Per f or at§ ngspdeh0 to\ped it cBHecBbidnifioR 8Bint E&g&itra][igg %ﬁé{!h?o%&brcﬁ& %}cﬁ% of’grfoth ors)

(downhol e nmotor - Wreline Perforating ocused

are sel ect eghjdaseds HR@GMW% akt&@lafé@ Relcht Lé P&§ c&nﬂts%%rseﬂi-ﬁ?%u n@é)' rt]u ats)

are made of or contain Wlt In one e I ment em

uses radi OaQttﬁaY@cgﬁB?éat\hﬁﬁhaﬂdﬁoLv §C&HQQQ'(£E%%m AR A i 1B '“9 “tool s

used to detect the control Jine 140 or any conpohen e '€ont’ ol I|ne

140 that | HAMRPEn Wtdait BHbRRGLY Bie bhREGEEd Gk HPQEJ &ri¢ Bgﬂfa.ke ?j‘e%nég‘?% et of

etc.). Likew se, the ganma ray iInaging tool e use

radi oacti vgnpkp tag 20 placed in the brackets that fasten the control. Iine
140 to the casing/tubing. The gama ray imagi ng tool. can al so be used to
detect radioactive fluid injected into the control |ine I40. 21 21 July

2004 I n anot her enbodi nent of the system and net had of detecting control

lines 140, Thhgpacke tibe UDEsntaifd LplaRY of PEsam GRUKL ke HRUSGhAA lordd il Fﬁmﬂ%
i mging tools can be used if the control line 140 has a significan

di f f er encecitn 1 BeOERE the cirdPSPRAGSF e BelsD e Sk E%ﬂﬁ@ 19 JuMRipeet ﬁx%E’E‘nxtn 0
cake) formation, gravel pack, ete.). In yet anot enbodi nent of th

system andsdmh@dgrﬁﬁnts%tvﬂ&bm%atﬂﬁgH{egégnﬁénﬂﬂ% td 80disehBized AGHMIES MRt agLors)
are used for thermal detection. In this enbodi nent, thermal detection tools

(Product i otutSer alioGase dphétk fUBE B2 \RAGHBHIE J@tﬂ&ﬁ&@%ﬂﬁcﬁn %Qﬂsthﬁéﬁz{lgﬁﬁ?eluéed to
t

detect cooling fluid that is punped down the control I1ine

anot her  entaqee i Biuchiraltphdpefié SirRPriaRe, ARLBLH. Ofongrﬁl'hg el 29 stﬁf?é]ﬁrtﬁ)e! i éht nes 140

utilizes
IS direction). The segments 46 at each end of the spacer tube 42 are attached to alignment plates 48

that are used to lock the articulated weight spacer 40 to the gun carrier 14 or gun string.

Within each segment 46 is an appropriately shaped weight 50 (best illustrated in Figures 18A —
18C). The weights 50 orient the spacer 40 and thus the gun string in the desired orientation. In
the embodiment shown in which the spacer tube 42 has a semi-circular shape, the weight 50 may

20 also have a semi-circular shape enabling it to fit nicely within each segment 46. However, any




10 el ectrical detection. In this enbodinent, the control line 140 is
detected where the coupling of an induced EMF signal on the control tine
side of the casing 142 differs fromthe opposite side. Alternately smart
card type transducers, or other electronic tags) can be oriented in the
casing 142 or control line 140 and detegted. Another enbodi mpnj,whodie
system and net hod of detecting controlﬁﬁines 140 uses nagne??%gqg
detection. A Magnetoneter can be used when a nagnetic tag is placed in the
control line 140, control line brackets or the casing 142. Another

enbodi ment of the present invention provides an apparatus and nmet hod of
confirm ng that a correct, ord L Onfiin WGy RELIDE BE thi GhvEH#dn IEdDRSegheRN
achi eved. As“%ﬂ%Wﬁﬁﬁﬁ”ﬁFEU?eé%Qﬁgg%?ﬂFﬁé con irné?ion device 200 i s housed
within the gun carrier 14 and af i t1ead (AL e WRR) movedneRdlof diél Y 2004
12. It shoul%g]lﬁ@’ﬂsc?t%%u%haﬁten?wgtfﬁlsb)ét(ree%giSehenﬁoc}i g%nts, it is not necessary
that the confi.r i on. devi ce Q,be affixed to the | oading tube 12, as |ong
as the confiWﬁﬂ%% ﬁ“@EVﬁ%%mﬁfélfggattached to the gun string at a fixed
angle with respect to the orientation of the shaped charges 10. The
confirmation device 200 provides a trigger charge (small shaped charge) 202
that is Ini tAsaéh%gmlﬂ{}B%E&% éﬁﬁ@?aﬂ%%&zm i§ @fa6holiGo tRteghihd dcahaissibdmd mai n

shaped char ges etonation, the trigger charge 202 shoots into a

proof plaie s2c9u4n : thp-[ie(?% .tgﬁth%yeﬁgggﬂg&vglfcaﬁ BE cEL el tOfth Edtedponbing Sdgmichetotby me  of
firing. e BV dence 1 provi ded w thout piercing the gun carrier 14 and

risking damage 1.0.1hesyel b LARE & o RRMBNBRGEmpleNEdch@ovel blstdat ed
enbodi nment , ﬁ%sepogéaggsﬁgbégéﬁfoc{néy% sem -gi rcular plate housed within a

highly 10 polished ftr T08e BLR AbmthAdoRerdRERASbFR204n dpRfiieg heel s
204a t hat en%l‘ﬁtlla@ytc ‘e‘.’“gﬁ%g %Sotgwa %e?ot ate. within the track 206, around the

center axis of the gun 1. - | ] Htdhowh I Heh eRfguPkiahgis204 wi |
al ways be ont?"frﬁ'i‘r%'ggf%er‘fl]%grl e?%%)P%héeténv?e “he tP‘i”gEer charge 202 is

positioned to shoof , straiLght i EOm oGRS 86 tRf de@Ritalicord cai
t he | oadi ng ?Sﬁ%’g’?ﬁthﬁh Slrjrgfar?bg%\é\@ééegt%a( ether at 0. 90, 180, o any

ot her deyj ated angl e en prope L& &fonad iUSrd Withih e sgdeerddol ent at i on
of the |X‘gdi‘ﬁ&f’aﬁ‘jg_@%‘§ R rnrle%:@%ts%rg}etﬁ%gger?t Char gel 202 vméiél al ways shoot

straight through the center of the proof plate 204. If the charges 10 are
not correctly oriented, the degree of msalignnent can be neasured by the
shot fired i’f‘t‘ieoar&éh?ata‘ar&h@%mﬁﬂae&aoa%-noi donfaitnadi gehmalhoprefdmedaifingss imbendinndt e
enbodi ments, the proof plate 204 can be manufactured to extend conpletely

around the t4),GaekmCaRRAR. 40siaiide Bilchlinhor Bindingatoetintyf igruw it drociioes or d
sl i ght

Although it will still provide a gravitational correcting torque to the gun string when the gun
string is not oriented in the desired direction, the articulated weight spacer 40 will not rotate the
15  guns out of the intended gravitationally preferred direction when the spacer assembly isbentina

non-straight wellbore (i.e., when the bend is not in the 6 or 12 o’clock plane).

Thus, by fabricating the spacer tube 42 in this manner, the segments 46 remain stiff while the
spacer tube 42 as a whole is able to bend with no resistance in any direction. The quantity and

length of segments 46 and the width of the cuts 44 can be chosen to allow a suitable bending




20 and | arge devi ati ons. 23 21 July 2004 In anot her enbodi ment of the
confirmati on device 200, illustrated in Figure 37, the trigger charge 202
is positioned in a rotating support 208 housed within the | oading tube 12.
The support 208 has a counter weight 210 thereon that biases the support
208 such that the weight 210 is oriented toward a |ower posijq obgy t he
enbodi nent shown, the trigger charge 203 f aces opposite the counter wei ght
210 such that the trigger charge 202 is always oriented in an upward
direction (although in other enbodinments it could point in other
directions). The detonating cord 16 is provided in operable attachnent to

the trigger r ; such that detongtion of the detonating cord causes
the trigger rgﬁgsr' g‘ghé%n?e&'t ??L@.ca@g%'??sifgtt@ﬂ%hi adignt weliboreyighgescondsan e tR02
fires creati indication on the | oading tube 12 that can be inspected
to 10 deter ﬁP%gratP%ee oqufI R INCEFHY OFHE G EPF BFBE i ons. Once again, the
orientation is confirnmed without the necessity of penetrating the gun
carrier 14 with the trigger charge 202. Anot her enbodi nent of confirmng

that a corr Ofol ' gratin un. 1 has_ bheen achieved is
i Tustrat cd R T g&%ﬂggp?rﬁé?%@gmﬁe&ﬁ%% e Hadng i ?? ﬂﬁ{ PEAPURGI Be 200
5ol 15XC, e dRU R 2 0 SRS SN L 08 a0
pace. pr ot oo e e o SR (o T MG T b5 onins
conf T mati oPami e by e Y RS BT S R e s T E R e rser
al i gnment pl; igidly affixed within an external housing 216. The
upper al i gnérlrgtrlll?f%%]gff {éfl ‘%@%@“@%ﬁﬁ"&%ﬁ A 2319 @hﬁ?@ {Radipe s4bs 79 fnto sepahtepr ovi de
a centrali i l4a, for receipt of a central shaft 24 21 July
2004 218. -Zﬁ?%“‘%ﬁ% g’:‘%@%@%‘fﬁ%ﬂ‘f&e SETOE ‘HB%E gisgneageddeay qach ater; BheraytsdRe
f I t . Fi tt dtoth tral haft 218 i t
wei ght 210 Thad SR LSER et DR ereh s Bk s Gnloeging hee 010
. . . ty ) d 16
passes Thr oo G om0 <SP ITBLaEs chiessdethenavTony
cord 16 to f}ﬁ ihg thaﬁ)ed ch?rg %ﬁ%nOt shown), the pressure inside the
central Shé)lp% %ﬁ’@mre & 8O LK 1S i BRGNS Heat etchiepdof tanleadinptube Tharexpand and
| ock itself Hﬁs' he UEgtr and | ower guides 212a, 214a. Thus, the central

de
shaft 218 i'8° 50&?&8‘5 PR} A& Thataes ¥5e6 10 Ipk thpdrtisulatesasding twbmp tothetghe sishaped

charges. Upon retrieval of the gun string, the position of the central
shaft 218 within the confirm ng device 200 can be exam ned to determ ne the

orient ati oma@fsefh& G4 thay tilclB9a ﬁ‘lhraiit}eof Bbé?ﬂ?ng%‘?s L reg:%%to Dr}aslt'lzllpgg charges (not
shown). Tabs 80 may also be included in order to help secure the shaped charges in place. An

15  opposing opening 82 may also be defined opposite each opening 78 for receipt of the back end of

the corresponding shaped charge.

By fabricating the loading tube 70 in this manner, the individual segments 74 remain stiff while
the loading tube 70 as a whole is able to bend with no resistance in any direction. The quantity

and length of segments 74 and the width of the cuts 72 can be chosen to allow a suitable bending



It should be noted that it is only necessary that the central shaft 218
expand to lock with one of the guides 212a) 214a. For exanple, the | ower
gui de 212a may be nmade of plastic and only used for guiding purposes rather
t han | ocki ng purposes. It should further be noted that the guides 212a,
214a can include uneven surfaces that chanically | ock the ﬂer]jrgboéshaft
218 so as to not rely on 15 friction al'Onhe to naintain the Ioc'l]<e¥i posi tion.
Yet anot her enbodi nent of the confirmation device 200 is illustrated in
Figure 39. In this enbodinent, the confirmati on device 200 is once again
attached within the gun string in fixed relation to the orientation of the
shaped charges. The. external housi 1 Ne Lol Rt oH@Y 8 200 is
again affi xe‘iﬁ“?‘f’i‘)];hﬁ’sd‘b%@?” %Fi%%%%r??g?)%%dggg%ot gﬁ\gwn) CWthin the external
housi ng 20 216_.is a confirn ng wei.gh in position by two roller
bearings 22202dgfuba kY lrﬁyﬁﬁmgoﬁqfhgiﬁcfﬁﬁ’gggﬁ%ﬂnéﬁi\ei ght 220 provides a

har dened spear 221 and is shaped such that it will preferentially, by neans
of gravity, orient itself on the |ower side of the confirmation device 220
and point th ‘i‘?”z’ i 0 5D 6 rekAVR Eheidh bRG{dbO meRbtEcfdeinpaaitingdoraon-d ( not
shown) passe‘gnﬂ%ﬁeﬁ%g ﬁdégcen?réer dril It hgl e 224 of the confirm ng wei ght
220. Upon det onat.i.on .of s A6IONA LG aE R cBmpdrefts PileE $EMELridrs, $8S spaseps, aidy

wi thin the d‘ﬂlrllgfm ocfr}éheffﬁag%l%g{nng t he srgggr 521 to be driven upward. The
har dened spear 221 SLbLKSS uIMhIAORRL S 1hPA of B AnoBiil AGandiral hecit er nal
housi ng 2%6 ‘5?’”%?1%‘%“?“&%5%%'1 et oﬂr?gﬁﬁoﬁ. AFter Ql?“he gerfor ating job is

conpl eted, the external. | bd ScpbrRATNEH 2 86HI wemsne. Vaidiete: Ml =i ne
the actual oftFén r%cfeénﬁohggﬁigﬁ%mgheﬁ%grat |pons in the well bore. 10 Anot her

he a PRERatTon oF T re. 10 Anotfer
embodi ment of 1 e, o0k LB, ARGARKPE2 e kol bslegato Begupianda. Once

again, the pi evi ce is attached within the gun string in

fixed relation to.the orientation of - Res: LRARFHES zedoM akdBED deprees.
enbodi nent , ’EOWEOIE“dH“F?SHEPivgtrsllgdiéﬁlgl}lgfe%OE%J(%ﬁlloﬁE%udes two di sks 226 with a gap

228 defined t herebetween. A sl|eevg 1S g bh et i:ahkd i@ldidted in
bet ween t he cglg?a%enqﬁgbﬁﬁ%cggggsfgggsﬁd s%@%a%ﬁgﬁﬁ fi xed?i n rel ation
to the exier al I%%:;Si ng 216 such as by 15 screws 231, or pins 232) for
exanpl e. ' sheyr chani sm 234 provides a tube 236, two bearings 238) a hub
240, a barrel 242, and a spear 244. The tube 236 is positioned within the
central openings 246 defined through the disks 2Z6. The bearings 238 are

mounted on t R3Bs PRatidaNRbreSinthl@owbf thdveqditeh ti24@, plotieti hgditsetht uigde 36
al so passi ngﬁg%ﬁr&gggﬂ thse %rglﬁ{tlral E’ropeni ng 248 in the hub 240. The bearings

238 enabl e ZrQstzﬁigﬁ.%iePBL Ofis8 oiidpreddf: a ABPubRET BbndZdn@ndnesitserfia il Hakeorhub
240 and is in conmunfcation with 26 21 July 2004 the central opening 248.

The spear 245, LAGALSHONLLIR: B ARisthg RéRoAndermVieda tielbtiiad berbided in
he&r pI

pl ace by a s . The spear mechanism 234 is wei ghted, such as by

the inclusi of Ol dRGn:Rbses Ao RRbheSDEH 2dd, USRI abguhpodiinr 8] 242 and
Spear 244 are oriented, by gravity, on the |ower side of the gun string.

The detonati SROWRua P HRieh e krdd16 89 thp BB Edqub p@ gizld hie tleengle al
openi ngsqg46ﬁ?ﬁgﬁﬂ'§h§?&s 22\24%‘13{1% through the interior of the tube 236.
Upon det onat j qn. of 1 e, et 0Raki e Rerk Giself ionglthtbiasia8furvanurelsfart afgheat ed
and the pin ?3&811&51&5{}6;96%1, causi 1ngp{t'he spear 244 to be driven downward and
i ndent the ingsi e the sleeve 230. After the perforating job, the
| ocati on of fﬁ%ggi%ﬁglgh%rg?iggn "Gan be used to determine the actual orientation
of the perforations. 10 Still another enbodi ment of the confirmation device
200 is illustrated in Figure 41. In this enbodinent, a ball bearing (or

count er wei ghYy kndfidg inedhmuste wallbdx majecidrpand kgpwinaibe Tryele SEbEA sun camers,
gun spacers, and weighted spacer housings can be provided that will actively orient the gun string

20 in the desired direction. The gun carriers, gun spacers, and weighted spacer housings that are




allowed to rotate therein so that the ball bearing 252 remains on the | ow
side of the bearing housing 254. The detonating cord 16 extends through the
beari ng housing 254 such that the ball bearing 252 is positioned between

t he detonating cord 16 and the inner wall 256 of the housing 15 254. Upon
detonation of the detonating cord 16, e pressure increase W thi e
housi ng 254 causes the ball bearing 25;§t0 Create an indenté?ﬂ%ﬂy?%@?he

i nner wall 256 of the housing 254. The bearing housing 254 is fixed in
relation to the shaped charges such that the indentation is used to verify
orientation@sf the perforations at the tinme of detonation. 27 21 July
2004 | n al t browatce pirddo behtaed ihh®ehQbSioh | Lt.iple ball
bearings 252. Further, it should be notedg?ﬁgﬁmﬁgﬂhgﬁﬁéng gﬁ@?ﬁﬁm§§ﬁ

havi ng a r otmuegleshipiseitrwitthie @iealt tdibeRESA R bent DAILQLI €Nt ation of the gun
string may be determined in multiple axes. In other words, the balls) 252
rotate to the | ow side of the housing 254 enabling determ nation of the

| ongi tudi nal angle of the guns as well as the rotational orientation. Yet
anot her enbGdHERudsPf thh éorgusrpiovidests dramailibly] i ehedve FiehtatiohSah 8L 8creFi,OUT €
42. In this enbodi nent, an eccentric weight 260 is nounted on a %earlﬁg
support 262V diamhige shasessrizatipn oofithe anemaEdal if e b&d SRRk tSrq)ﬁ@}eggb%; eztg.gs Rt at es
so that the weighted side remains in the | owernost position. Pre earing
support5262“E@§ﬂawﬂﬂ@asﬂqmnﬁngadhahmpaﬁﬁag&%@Ymaﬁﬁmﬁﬁﬂ?ﬂﬂkQQ?5@%&8&&5099h

10 The. detonating cord 16 extends through the central axis~o e 'bearing

support 26she imgthedfithprhrargorianlug H268: 1156t M ekt thebaie ' 16. Upon
detonation of the detonating cord 16, themg%ignnentﬁﬁﬁﬂgkgggﬁ%%ggtﬁg

shrapnel t Bsttephsantise biwnting ordub @vHRBle Orhe KHE: thafhng! SBOSURYS. 466 in the
beari ng support 2& and inpigées t he innggﬂbégﬁﬁﬁgagggiace %@MFhéeeccentric
wei ght 26028t thawptivegridntify BFque BYAkLHIO Finkily,dAeeof 2aldi al
passageways 266 with respggct qt o the ori enl%/'e{t i on %ft&[aﬁl{egaéﬁoéc%()erguecrﬁ%wrﬁggi t he
ori ent at i oretaxfa pibre of exvf MA@ CHsuHRYe RGold ' ' ction of the
eccentric wei ght 260. In an aIté?E%te enﬁ%ﬁ?ﬁgﬁ?ﬁg %fﬁgﬁgﬁ?lﬁ%q§%?¥ﬂ in
Fi gur el®2, restioesedestso thaigieater fiau@Re bhentn@aiduaQy54RROTt 262 to swell lock the
rel ative position of the eccentric werght 260 and the bearing support 262.
One exanpl e enbodi nent using the swell |ock method is shown in Figure 43.
In 20 this, enbodi nent) the eccentric weight 260 has one or nore radial
passageway¥oRepernbpgimént of the pgsentingantipn £0Gdesad pogitie€lalWninBnrlcBgie PME o VIR! €
radi al passageways 266 of the bearing support 262. Wen the guns are fired
in the corfBEREnbFTasin sbseskend geh stinegs et @idts Ao tnacHi0EK@rdntestah@ 1RBALENY
support 262, the one or nore radial passageways 266, 270 are aligned. The
ori ent ati ShOfeRases, theppsitiwchlipymesit pptist 90 kR rikg Floupds4i30tRsutdighal | gned
passageways 266, 270 or by other inspection of the passageways

additional gun strings affixed to a first oriented gun stnng maintain the orientation of the first

15 string.

Referring first to Figure 24 the positive alignment carrier 90 comprises an adapter 92, a shoulder

ring 94, a spring ring 96, and a lock ring 98. As shown, the positive alignment carrier 90 is

engaging both a second positive alignment carrier 100, and a downhole tool 102 such as an

additional perforating gun carrier. The positive alignment carrier 90 car be used to advantage to

20  engage any number of downhole string components, tools and pieces of downhole equipment.




266, 270. It should be noted that the confirmation devices 200 can be used
at both ends of a fixed string of guns. In this manner, the orientation at
both ends of the gun string can be confirmed. It should be further noted
that the above enbodi nents of the confirm ng device 200 are illustrative
and not intended to limt the scope of the present inventio 1]’ 2&@§cribed
features can be conbined and 10 nodifi d® and remain within the stope of the
present invention. As one exanple, the hardened spear 221 of Figure 39 can
be used to pierce through a cylindrical sleeve thereby |ocking the sleeve
to the external housing 216 and fixing their respective positions. Wiile

the foregoing is directed to the preferred enbodi HendsLRsRat
i nventi on, O%E‘@'P 2%11%'19“@?%%&?‘”&?‘?%8&%%%‘? ° (])Te“?ﬁ%eﬂ?%}\?gﬁ ?%n n‘% be devi sed

wi t hout departing fromthe basic sco | S thereo & Lheseeh is
det er ni ned bé}ligtlmeméFEFl’rPé)-F’Hﬁ‘i“\“llﬂdi%‘wps'\oi’mi%"thﬂ’gsfé%p?%g%ftt?ﬁe fion of the -

applicant not to invoke 35 U S. C. 112, paragr .6 fo 'yl L ens of
any of the clogostveieatigh ﬁf}JO’@%éE‘E“P‘?T@F‘StlﬁSg'é“?t%maﬁq%%e“&hémc rﬂgf’#r]&'g?i{)a?gsg?y

uses the word "neans" together with an associated fungtion. ... . y
2004 CLAI MB danck iitegral yx.ithAnmftthwimeddpmé?ﬂeﬂﬁg“fscﬁ‘b‘bee%‘*gfﬁ%"’%“g“é%",‘“‘%%??%’gﬁ"‘é%”ﬁg:
wei ghting one or nore gun string conponents eccentrically to orient the
shaped char g@s standardemackes suckds HiFeediagi on) wherein the one or nore gun string
conponents is an articul ated | oading tube. The nethod of claiml, wherein
the one or nore gun suing conponents are selected from shaped charges,

| oadi ng tubes, and gun carriers.. 3. . HodhaRfhCh@hdd 110 adhemetlny t he
one or nore W%R‘?‘%’ﬁd‘%?ﬁ%ﬁﬁ&rnltog%5\Fﬂég %ﬁ%% 1?? eccentrical ly by adding
additional material to alter the center of gravistye ofedArdBlRREiedmference
orienting shafpfétﬁ‘:@f'}’d'?‘ijé?‘ile%%?'?%*ﬁ@fewv&g‘fcﬁﬁgfﬁg Ghe of more gun string

conponents eccentrically to orient the. ' diepses kéedis
di rection, whidberdapehy- %Pfeadéi’te"nsb’% Cegﬂ%m?f]%%ﬁgc@%%gﬁ ]H{agtytar & wei gh}?ed

eccentrically by renmoval of materj al alter .t 18hanRfed SidVi 1BYIn v  The
net hod of cl tiliamr&t{udﬁ,ﬁfé’ff\éh?\aqaﬂtéf%‘Hjécec}rla‘ﬁ_{ﬂpéapaﬁcﬁtkggﬁrllgﬁg SoRponents are

wei ghted eccentrically by placing the one or npr 1 g gepanent s
within tHe gembasimenyghoxn. e Fa@E‘&‘Eﬁﬁﬁl %?éecEaﬁ%UI%rén%hgw]g? Evérggv[i]ty of the one

or nore gun string conponents is renoved from the axi . ' of the
gun stri %g_ embodirgents,mtapered keys 116 can take on any number oﬁééﬂar%t- ifeRlAL hORs,

Referring to Figures 26 and 27, the shoulder ring 94 is shown in perspective and side views. The
internal diameter of the shoulder ring 94 is defined by a plurality of keyways 122 that correspond -

and align with the tapered keys 116 of the adapter 92. The keyways 122 enable the shoulder ring

15 94 to pass by the tapered keys 116 in either direction without interference. The interior of the

shoulder ring 94 is further defined by threads 120 that can matingly engage the threads 110 of the

adapter shoulder 108, A plurality of notches 124 are located around the circumference of the

shoulder ring 94.

Referring to Figure 28, an embodiment of the spring ring 96 is shown in perspective view. The

20 springring 96 isa conventional spring, such as a wave spring, that has a series of keyways 126



6. The nethod of claim1l1l, wherein the one or nore gun string conponents is
a swiveling loading tube. 7. The nethod of claiml, wherein the articul ated
| oadi ng tube has a 30 21 July 2004 plurality of segnents engaged with
each other such that the individual segnents are adapted to bend wi thout

becom ng di sengaged. 8. The nmethod of claim1, further corrpr;_i‘]s‘jdi&ggom
determ ning the non-uniformty of the Pendi ng nonent in the one or nore gun
string conmponents; and conpensating for the non-uniformty of the bending
nmonment. 9. The method of claim8, wherein the non-uniformty of bending
nonent is determ ned by bending the one or nore gun string conponents at

the angle o e, wel.l bore .devi ation d nmeasurjng the anmpunt of torgue
requi r ed toJcP}é{&aagoggtl ]enq%fﬁ% Bimeich rat gabic tespring 9(%%{3%8}‘&%“%‘%?3{614&3%%? pled

orientation.wh.le at the | e of deviation, 10. An oriented perforating
gun affi xegh o tergvﬂ‘h’oé' ‘Pfe%nﬁ,g“@ogﬁﬁlf@afﬁm@ﬁ@‘%?Ufﬁﬁ?sé’“ﬁﬁl?lﬁ Behewign Eisisonent s,
conpri si ng:,,qne or rmore shaped charges having a charge case; gun carrier,
and a | oadi r?'gi tube; wherein at | east one of the one or mare gun string
conponents are eccentrically weighted to orient the shaped charges in a
desired direction. 11. The oriented perforating gun of claim 10, wherein

the geomet Ry, qf 32tﬂ?8vi§et§qrpg§pe%ﬁ§eevi8$ of A%mbodiment of the locking ring 98. The locking ring
5 98 has a plurality of locking tabs 128 that protrude axially from the locking ring 98. The locking
tabs 128 are defined by tapered surfaces 130. The locking tabs 128 are sized and shaped to
engage corresponding tapered notches in the ends of gun carriers, spacers, other adapters, and
other downhole components. The inner surface of the locking tabs 128 are key receptacles 132
having tapered sides 134. The key receptacles 132 are sized and shaped such that an interference
10 exists between the tapered keys 116 and the key receptacles 132 at all times as the locking ring
98 is maneuvered across the tapered keys 116. Thus, the locking ring 98 must deform to fit over

the adapter 92 removing all clearance between the two.

In operation, the shoulder ring 94 is first maneuvered along the adapter 92 toward the threaded
shoulder 108. The shouider ring 94 is able to pass by the tapered keys 116 by aligning the

153 keyways 122 with the tapered keys 116. After passing the tapered keys 116, the shoulder ring is
threaded onto the threads 116 of the shoulder 108. The spring ring 96 is then maneuvered onto

the adapter and located in proximity of the shoulder ring 94.

After the spring ring 96 is placed on the adapter 92, the locking ring 98 is maneuvered onto the

adapter 92 such that the key receptacles 132 engage the tapered keys 116. As stated above, there

20  exists an interference between the tapered keys 116 and the key receptacles 132 such that the




one or nore shaped charges is nodified to shift its center of gravity. L2.
The oriented perforating gun of claim 10, wherein weights are affixed to

t he charge case of the one or nore shaped charges. 31 21 July 2004 | 13.
The oriented perforating gun of claim 10, wherein the one or nore shaped
charges are 2 affixed within the | oading be at a | ocation

center of gravity of the one or 3 nore shi%ed charges is ren%@ggﬁf$gﬁ1the
axis of rotation of the perforating gun. 1 14. The oriented perforating gun
of claim 10, wherein additional material is added to the gun 2 cagier. 1
15. The oriented perforating gun of claim10, wherein material is renoved

fromthe gun 2 Id‘cﬂi’n? hg% D8 }nu;t@efo;ll;ﬁ?o B dvenhe s per ‘512?"51?)4# c{gﬁaéﬂyt'fbnqgmgvleggrﬁp cFetdance

wherein the renova material forms scall ops gun carrie

surface. 1 17. hdheAhi &4 €d perforating gun of claim 10, wherein additiona
material is affixed to the Z loading tube. 1 y 18. The oriented perforating
gun of claim 10, wherein material is renoved fromthe loading 2 tube. 1 19.
The oriented perforating gun of claim 10, wherein the |oading tube is an

eccentrical ly Pnvehghtiadg Sy 98k poigtidne@ehen thetrapeRd kdys 206, Hd18cIOkd BRI9BAs held in
perforating gun of claim19, wherein the swiveling | oading tube has a 2

pendul um wei ghplagftlyitkedhoulterdthg 57 agd QPring Ahe96. T8E §HRGREH iHg 98UbakeddrPdiRd 9,
wherein the swiveling | oading tube has an 2 orienting weight within that

surrounds af | eaals B 6RO tHela@iptdshdulRr 0UBLNAT thB O TNAPE & actir?g%n&h&l!&ﬁ&ﬂ%@ng o8l
July 2004 1 22. The oriented perforating gun of claim19) wherein the gun

carrier is oriweffhee died idrs DREI thddsed ke 3MMRAEA, B4 sérd@glAd thsbrtkanBYeHARE OF

nore weights. 1 23. The oriented perforating gun of claim22, wherein the

one or mare WeidkheS18 of SRR AR 94 i8todhd REsceWIreEepfable®! 12 in the adapter. The set screws
maintain the position of the shoulder ring 94, which in turn maintains the force supblied by the
spring ring 96 on the locking ring 98. The spring ring 96 acts to hold the locking ring 98 in place,

10 but also acts to absorb the forces generated by any axial displacement of the locking ring 98

toward the shoulder ring 94. Such axial displacement can occur during downhole operations.

In an alterate embodiment, the shoulder ring 94 is backed off of the threads 116 of the adapter
shoulder 108 until the shoulder ring 94 is in abutment with the locking ring 98. Thus, the spring
ring 96 is not needed. However, any axial displacement or axial forces acting on the locking ring

- 15 98 must be carried by the set screws and/or threads 110 of the shoulder ring 94.

Once the locking ring 98 is secured in place over the tapered keys 116, the mating component
(gun carrier, spacer, adapter, etc.} can be attached. As shown in Figure 24, the mating component
(100 or 102) has tapered notches 136, 138 that are engaged by the locking tabs 128 on the
locking ring 98, The tapered notches 136, 138, have tapered surfaces that facilitate a secure

20  engagement with the tapered surfaces 130 of the locking tabs 128.




1 24. The oriented perforating gun of claim23, wherein the one or nore

wei ghts are provided 2 with rounded ends adapted for guiding the
perforating gun through well deviations. 1 25. The oriented perforating gun
of claim 10, wherein the |oading. tube is an articul ated | oadi ng tube
having a plurality of segnents engaged y@th each other such {hat, bhey 3

i ndi vidual segnments are adapted to bend W t hout becom ng di séngaged. 1 2G
The oriented perforating gun of claim 10, wherein the gun carrier further
conprises an 2 articul ated wei ght spacer affixed to the gun string, the
articul ated wei ght spacer having a 3 plurality of segnents engaged wth

each ot her STHodvatrrgisg id fliivhidundned SAIRBL S B St @fRRLEM, bt DEnd. i t hout
becom ng di sengaged. 1 27. The oriented perforating gun o Srarm 1o,

conpri si ng akepwaysaba had @é wp&Ed @ﬁﬁl@&dﬁfihl:”a%nior??r%ﬁe sthmﬁer [ ?2.233% v forating

gun of claim 27, wherein the plurality of perforating gu Bffixed to

Gun of ol ai m B Wb ey B ha AT/ A4 s Hhuh et B YuR e arent

gun of claim 28, wherein the positive

error resul tyimdhd LehIBEN] A3 2[ anc nd cl earances that exist in the
33 3 plurali tly of perfT o?g%%%ndég%%ﬁésﬁg%ng ur ?0‘55@5" Y- %Puf%“ﬁﬁé’tgﬁ@afaﬁqfsm
orienting ackgifaahd 0.8 deviated | bore: 2 providing_ an

articul ated wel Sht s%%gg%\?\f t{oﬁilsﬁpc{sﬁ'é’cgéﬁﬁﬁqpﬁﬁmﬁﬁH}'S YBNIcPRICREPn 3 a
plurality oty eesenty Ly weight.ed segnents engaged such that the

i ndi vi dual seg%%ntghgﬁng 3%%% @5"33@%"@??%56¥gﬂgégﬁfﬁ&SBW§@H§hg@HHfrom
the 5 surrougeing.f ts. 1 31. A nethod of actively orienting gun string
conmponents, conprisrtng determ ning the wellbore trajectory that will be

experienced by the gun string 3 conponents; 4 bending gun string raw
material in a curvature resenbling the wellbore trajectory the 5 conponent

W | experi an6Bér enbaBiaRHI df ik Jﬁ&,@nlmﬂﬁén r_fg%v;&égfraqgs?erﬁ g)ﬁf;}'b%tg% %Xﬁi:trfe%t ngégﬂt}ogf

gun string conponent to the desired 7 arngle o rien

1 el or v Ceotonuindh selaf ot SO SRR L RSPl
and 10 materials contained therein. As illustrated in Fi gure 33, by detecting the control line 140 with one
sensor and at the same time mapping its position with respect to a fixed position in the casing
142 (e.g. Relative Bearing (RB) to the- high side or low side of the hole) the information needed
to position the perforating guns 1 in the desired direction is provided. As shown in the

iNustration, thc controf line 140 is mapped with respect to the high side RB, and the p;erforating.;

15 gun 1 is oriented and fired in a direction (indicated by the arrow) that avoids any interference

with the control line 140.

I is important to note, that the system and method is equally applicable to dowhhole sensaors,
controls, downhole equipment and downhole tools that can be damaged or affected if in or near

the path of a shaped charge jet. For ease of discussion, however, the invention will be discussed

20 with reference to control lines.




10 providing gun string conponents manufactured wth the selected gun
string material. 1 32. The nethod of claim 31, wherein the torque is
nmeasured with a bent torque response 2 assenbly. | 33. A nethod of |ocating
one or note downhol e conponents and mapping their position in a 2 single
m, conprising: 3 providing detectable jjterial in the one o¥1m$rgoapmnhole
conponents; 34 21 July 2004 running t or nore focused defetibfs in
conjunction with a gyro: detecting the one or nore downhol e conponents wth
the one or mare focused detectors; and nmapping the position with respect to
a fixed position in the casing of the detected one or g nore downhol e

conmponent s, ipf@e g,gg@%@gm §f) %g] iﬁgfeqn IV BB AGOH RtectingZénerdl igesntad emd otkr cl ai m 33,

wherein the ol e conponents are control 2 lines. 1 35. The

met hod of claim 33 erein JR EheORWN hOih Bexe® ARt et sametrip in the
sel ect ed froﬁ?ﬂﬁﬂﬁﬁ%ﬁ@cg@#&ﬁ%§$4ggﬁﬁﬁﬁTe eqdﬁ%nent, and downhol e tools. 1

36. The method of claim33 uherei t 06 8 BLEmIRY 8 paltioh 8f hadémaL:t i ve
tracer eIeneh@%IbFﬁVWﬁ@@“E@“ﬁ%ﬁ?ﬁ&gfﬁg%%gg ortnore downhol e conmponents and

the one or nore focused 3 detectors are . AETR o to IniEB el @siti@0f thelcoBtfol The
met hod of cl Hne48zandyedrds Kot FecuP e b e nat eri(?ll iﬂggone or nore

radi oactive pip tags provided in the one 49 QR Qi £1s Q@ PR G and
t he one of F%lﬁdﬁ%%ﬂ’e%“ﬂ‘éféo&?ﬁrgg%ﬁ%Og%gwméelr ay imagli 1ng tool. 1 38. The

met hod of claim 33, wherein the detectabl ' s e TR8hsRGdrimesn) bhdii d
provi ded by ﬂnpéwﬂhH@mFWEmFFﬂhgﬁwﬁﬁﬁmFﬁ%Dgﬁé gggggbgtdgmnhole éﬁnponents

and the one or nore 3 focused detector, [ gﬁﬁfhﬂﬁﬁﬁﬂﬁgﬂQﬂh. 1 39.
The net hod oByrelismminde Ol P PR FEDARE oy IncHAC e @i BB ng fluid

SLSVi ﬁgdogg ggfgff;ﬁggwgﬂ? &efglyr%i(lgquiperdc%glg\belf[s heH QNG QLHiTAbE) FUAL B BhdoARPHREME S

guns 1 and inclinometer/relative bearing tool are run (the gyro tool is removed) with the gun 1

10  positioned in the desired shooting direction. The inclinometer/relative bearing tool is used to
confirm that the gun 1 is positioned in the desired direction and the guns 1 are fired. The guns 1

can be oriented by any of the above mentioned methods, Further, the guns can be positioned by

conventional passive means (Wireline Oriented Perforating Tool, Weighted Spring Positioning

Device) or active means (downhole motor — Wireline Perforating Platform).

15 The focused detector(s) are selected based upon what the control lines 140 (or other components)

are made of or contain within. In one embodiment, the method and system uses radioactive

detection. In this embodiment, 4 gamma ray imaging tool is used to detect the control line 140 or

any component in the control line 140 that is doped with radioactive tracer elements (cobalt 60,

cesium, etc.). Likewise, the gamma ray imaging tool can be used to detect a radioactive pip tag

20 placed in the brackets that fasten the control line 140 to the casing/tubing. The gamma ray

imaging tool can also be used to detect radioactive fluid injected into the control line 140.



35 21 July 2004 3 focused detectors are thernmal detection tools. 1 40. The
met hod of claim 33, wherein the detectable material is an induced EME
signal having 2 signal variations based on the |ocation of the one or nore
downhol e conponents and the 3 one or nore focused detectors ate el ectrical
detectors. 1 41. The net hod of clain13§, wherein the detectagaﬁ @g@ﬁ&ial i's
a smart card type transducer 2 provide fin the one or nore d Hel
conponents. 1 42. The method of claim 33, wherein the detectable nmateri al
is an electronic tag provided in 2 the one or nore downhol e conponents. 1
43. The nethod of claim 33, wherein the detectable material is a nagnetic
tag pr ovi deds bR emBodiin: OF (HIRfEert M R8N P one or nore
focused detectors are 3 nagneto%%ters. %h%ﬁgggﬁ%q§§9ﬁggﬂ%¥E%ﬁ&?ﬁ§§§?dﬁ
wher ei n t he ;aNQePor IRLEITREHSEIL fors. ul.trasonic 2 i ing tools
that detect variations in acouéfﬁ%éﬁﬁéggﬁﬁ éggﬁﬁﬁ%%mFﬁg%%ﬁﬁﬂga.Wﬁ?ﬂJ@ma
downhol e copaBeRt: Siffelendo: i 1] ignment carrier. for positively
engagi ng a E}%ﬁrm ity of dgv?ﬁ%oﬁ@&cﬂg%{r%gﬁ}é?f?g’cfu{rﬁun ngimedip (Emeah fadicals,
conpri sing: g ] a kng having tapered keys; and 4 a | ocking ring
havi ng keyways 6¥9%§%$%?€g¥§ engagi ng the tapered keys of the adapter and
5 having tabs for positively engagi ng downhol e conponents. 1 46. The
positive alignnent carrier of claim45, wherein the positive engagenent

bet ween theln yeBnothtr eibodirdéHO 1 Be 5\ARET B BV E oMMk KEY WRYS Hn@é%beﬁu]; fc():c:f.xscd

manuf acturing tolerances. 1 47. The positive al'ignnent carrier’ o alm 45,
wher ei n thedepa:sdr@a/reumq&gﬁmde&%ﬁeﬂ@ﬁmk*&ﬁb&i&g@?m@lyﬁﬁx EIJ?&H?IPW&IQO' <
: e [

conponent s renoves manufacturing tolerances. 1 posi five alignnent

carrier of @kaiohBeriéts Phtbrt MERbhSRPERARTe SHIPEEM LAY ifecPodeRSi N0

ring in positive engagenent with the adapt posi tive arlgnnent

carrier of ghiaid #Bum é%ﬁ&é&ﬁn&hﬁé?%ity of downhol e conponents are
perforating guns. 50. The positive alignnment carrier of claim45, wherein

the plurality of domnhqle conponent s
Still another embodirncnt of the system and method of detecting control lines 140 utilizes
10  electrical dctecli;on. In this embodiment, the contro] line 140 is detected where the coupling of an
induced EMF signal on the control line side of the casing 142 differs from the opposite side.

Alternately smart card type transducers, or other electronic tags, can be oriented in the casing 142

or contro} line 140 and detected.

Another embodiment of the system and method of detecting control lines 140 uses magnetic

I5  detection. A Magnetometer can be used when a magnetic tag is placed in the contro} line 140,

contro] line brackets or the casing 142.

Another embodiment of the present invention provides an apparatus and method of confirming
that a correct orientation of the perforating gun 1 has been achieved. As shown in Fi gures 34-36,

the confirmation device 200 is housed within the gun carrier 14 and affixed to the loading tube



2 are selected fromdownhol e tool s and downhol e equi pnent. 1 51. The
positive alignnment carrier of claim45, wherein the downhol e conponents are
2 selected from perforating guns, downhol e tools, and downhol e equi pnent. 1
52. A nethod of confirmng the correct orientation of shaped charge firing,
conprising: 2 providing a confirmation device initiated by t ?

charge detonating cord: 3 naintaining t hé2orientation of the contirmation
device with respect to the orientation of 4 the shaped charges; and 5
detonating the shaped charge detonating cord to fire the shaped charges and
initiate the confirmation device. 53. An apparatus for measuring the

orientation of aped, char U t . . rsl.ng, Bromtioon
et co i nt ai hod T bR AT RO By AR AR & IR ©" )
Jul'y 2004 charges, . a natd n | [
charges and i ni "i"%? g@gﬁﬁfé%ggﬁf}ﬁ#ofrag%n',gﬁ% gg\% E:Je}@taf g@ﬁ&%@‘@&%ﬂr@%ﬁggpo% cigzldai m
53) wherein the confirmatijo evi.ce. comprises: 2 a.tri] rhgidly
affixed withi n{#fBY8sire f‘ﬁ“ﬁaﬁ]’icgﬁ”ﬁ%mtﬁrees ec{tﬁ%?eeosn S &"tdgg%ﬁséapggg%?%ﬁtlgti on of
t he shaped charges; and 4 a proof plate eccentrically weighted to maintain
the proof plate at an angle relative to the orientation of the shaped

charges and adggtccﬁﬁrkfa&m{ GSRE B0 fbvilile difdcd BRkseQiAdI08a R d SNRLH) SHDMar id infe%teg

The appar at us al m 53, whereln the confirmation device conprises:

trigger chag gebﬁﬂééame%%ﬁadf@ GbYaN 6 Fhaf Rlrilel B rSHPOApddchBed 100UFn@etonRioathe T O

bi asi ng the rot'ati ng suppo In adrection relative to the orientation 4

of the shaped tgg% 0Fce ﬁﬁgi&ggﬂm$ﬁ§éo%'f Bﬁle 20915 BadAdaRERD iRIguh e6RERIcRE: t he

trigger charge ul'st on. apparatus of claim53, wherein the

confirmation %gi@gﬁ ;r%fe%;c%n&@s &g&s&m&nongﬁérwgiheéu@czﬁmfmaﬂa i the

external housing rre of the detonating cord therehrough; 4 one or

nore gui des to, maintain .l e d&€d within the external housing
and to enable qaﬁ]eag%ﬁ?g*et%etlfggrt% g%‘ibofer%é{p?){l "and 6 a count er wei ght for biasing
the shaft in a direction relative to the orientation of the shaped charge
such that upon detonation of the detonating cord, pressure within the shaft

rises to |ock e iBhahid EneddiBent iR 6 plite T0ACa Gitii-diesildr planstionded iwithinheehigiaf t
in the biased direction.

10 polished track 206. The proof plate 204 has one or more wheels 204a that enable the plate 204 to
rotate, within the track 206, around the center axis of the gun 1. Due to its own weight, the proof
plate 204 wiil always be on the bottom side of the well. The trigger charge 202 is positioned to
shoot straight down relative to the correct orientation of the loading tube 12 and main charges 10
(whether at 0, 90, 180, or any other deviated angle) when properly oriented. Thus, if the

15  orentation of the loading tube 12 is correct, the trigger charge 202 will always shoot straight

through the center of the proof plate 204. If the charges 10 are not correctly oriented, the degree

of misalignment can be measured by the shot fired into the proof plate 204.

It should be noted that in altemate embodiments, the proof plate 204 can be manufactured to
extend completely around the trigger charge 202 and still be ordinated by gravity to record slight

20  and large deviations.




3g 21 July 2004 1 57. The apparatus of claim53, wherein the confirmation
devi ce conprises: an external housing; 3 a rotatable and confirm ng wei ght
eccentrically weighted in a direction relative to the 4 orientation of the
shaped charges, the confirm ng wei ght housing a hardened spear 5 and havi ng

a central opening for receipt of the dggonating cord; and a Spear
housed within the confirm ng wei ght anggadapt ed for firing iir:"?%ﬁfg%

external housing upon an increase in pressure within the central opening
caused g by the detonation of the detonating cord. 1 58. The apparatus of
claim53, wherein the confirmation device conprises: a bearing housing

adapt ed for i aetiepémtdihdieotss @Rakhi%n eTalefs %B?ﬁigsttgfeg'gglﬁﬁurgag e t(t)'irc]r%e% (ﬁ)fll’argrgor €

bal | bearings rotatable within the housing an I ase a direct

relative t o262 is6si@dre@ H Aoladfe %pé&@)ﬁ&ﬁ&ﬂ%&ﬂ?@g Iﬁﬁdiggﬂb??f%ee sdIJ[p]cRi(?rL2(E8h o

indenting the bearing 5 housing upon an increast essufre W
Appar atus. o ol B L o RN Bt P 20 e g
23 cact onatBheRESoE T B bR BN RA. PR oSG b RT. Brenateetir e
i recti on et eEi PREh e R RS,y 5 s Bl BT e e el
cccent i TuRP B AR ERTh RIS r P el BRETARY ora, T

The detonating cord 16 is provided in operable attachment to the trigger charge 202 such that

dctqnation of the detonating cord causes the trigger charge 202 to fire. Upon detonation, the

trigger charge 202 fires creating an indication on the loading tube 12 that can be inspected to

10 determine the orientation of the perforations. Once again, the orientation is confirmed without

the necessity of penetrating the gun carrier 14 with the trigger charge 202.

Another embodiment of confirming that a correct orientation of the perforating gun 1 has been
achieved is illustrated in Figure 38. In this embodiment, the confirmation device 200 is affixed to
the loading tube 12 (as shown), housed within the loading tube 12, or attached to the gun string
15 in fixed relation to the shaped charges (not shown). The confirmation device 200 can be located
inside a space protected from damage from the firing of the shaped charges (not shown) such as

Spacer subs, trapped pressure regulators, swivels, etc.

The confirmation device 200 has an upper alignment plate 212 and 2 lower alignment plate 214
rigidly affixed within an extemal housing 216. The upper alignment plate 212 and the lower

20 alignment plate 214 each provide a centralized guide 212a, 214a, for receipt of a central shaft




39 21 July 2004 1 60. The apparatus of claim53, wherein the confirmation
devi ce conprises: 2 a bearing support adapted for receipt of the detonating
cord therethrough and having at 3 | east one radial passageway extendi ng

t heret hrough; 4 an eccentric wei ght having one or nore radial passageways
and nmounted on the bearing 5 support sych that the weight i i in a
direction relative to the orientation %ﬁ'G t he shaped chargzgpgﬂggﬁ%% one
or nore radi al passageways are aligned with the at 7 | east one radi al
passageway in the bearing support, the eccentric weight locked in 8
orientation with the bearing support upon detonation of the detonating

cord. 1 61. A perforati.n St CONnLi Si ; Qf bR [Fex el
desired ori eﬁlf?g{flﬁ%gﬁld@g2%321!43?@&6%58&4 %&H?hse%ﬁgrgggrr%ggi {1% systeme gﬁd 4

means for confirmng the corg .orientati to fheql] detanaiiven. 1
62. A net hodarhgsde F%‘Itﬁ'ahg‘,a“?géwﬁrziCg?’]’iﬁ:weég%?rza%&%I;g} dtl%%gﬁgﬁoﬁjore to avoid

perforating sel ected downhol e co nts; ori g the perforating
systen and not‘ééfhﬁpﬁf-h?ﬁ%@“‘?aﬁ‘é“e%vﬁﬁrlg’@blsbcr[f’@ﬁ%gﬁcfBné}%\!tl&t he time of detonation.
5 63. An oriented perforating gun, conprising one or nore eccentrically
wei ghted gun string 6 conponents. 1 64. The oriented perforating gun of

claim 63, wherein the qu trin 815 ¢)u8% H@bhaBod 6fahe Sdumpe:
char ges, Ioaal;%‘a)ct?qﬁB'é%, r%h%ﬂasﬁﬁ%é%%%??hfﬁﬁﬁ 158 °
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device 200 is again affixed to an upper alignment plate (not shown). Within the external housing

20 216 is a confirming weight 220 held in position by two roller bearings 222. The confirming
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weight 220 pravides a hardened spear 221 and is shaped such that it will preferentially, by means
of gravity, orient itself on the lower side of the confirmation device 220 and point the spear 221
in the upward direction. The detonating cord (not shown) passes through the center drill hole 224

of the confirming weight 220.

Upon detonation of the detonating cord, the pressure rises rapidly within the drill hole 224
causing the spear 221 to be driven upward. The hardened spear 221 strikes and indents the inside
surface of the external housing 216 at the time of detonation. After the perforating job is
completed, the extemal housing 216 is removed and examined to determine the actual orientation

of the perforations in the wellbore.

Ario.thcr embodiment of the confirmation device 200 is illustrated in Figure 40. Once again, the
confirmation device 200 is attached within the gun string in fixed relation to the orientation of
the shaped charges. In this embodiment, the confirmation device 200 includes two disks 226 with
a gap 228 defined therebetween. A sleeve 230 is disposed circumferentially between the disks
226. The disks 226 and sleeve 230 are fixed in relation to the external housing 216 such as by

screws 231, or pins 232, for example.

A spear mechanism 234 provides a tube 236, two bearings 238, a hub 240, a barrel 242, and a
spear 244. The tube 236 is positioned within the central openin gs 246 defined through the disks
226. The bearings 238 are mounted on the tube 236 on either side of the hub 240, with the tube
236 also passing through the central opening 248 in the hub 240. The bearings 238 enable

rotation of the hub 240. The barrel 242 extends from the hub 240 and is in communication with
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the central opening 248. The spear 244 is located within the barrel 242 and may be initially held
in place by a shear pin 250. The spear mechanism 234 is weighted, such as by the inclusion of

the barrel 242 and spear 244, such that the barrel 242 and spear 244 are oriented, by gravity, on

the lower side of the gun string.

S The detonating cord 16 (shown in dashed lines) passes through the central openings 246 in the
disks 226 and through the interior of the tube 236. Upon detonation of the detonating cord 16, the
tube 236 is disintegrated and the pin 250 is sheared, causing the spear 244 to be driven
downward and indent the inside surface of the sleeve 230. After the perforating job, the location

of the indentation can be used to determine the actual orientation of the perforations.

iO Still another embodiment of the co;nﬁrrnation device 200 is illus.'trated in Figure 41. In this
embodiment, a ball bearing (or counter weight) 252 is housed within a bearing housing 254 and
allowed to rotate thesein so that the ball beating 252 remains on the low side of the bearing
housing 254. The cjetonaﬁng cord 16 extends through the bearing housing 254 such that the ball

bearing 252 is positioned between the detonating cord 16 and the inner wall 256 of the housing

15 254

Upeon detonation of the detonating cord 16, the pressure increase within the housing 254 causes
the ball bearing 252 to create an indentation in the inner wall 256 of the housing 254. The
bearing housing 254 is fixed in relation to the shaped charges such that the indentation is used to

verify orientation of the perforations at the time of detonation.
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In alternate embodiments, the housing 254 contains multiple bali bearings 252. Further, it should
be noted that by using a housing 254 having a rounded shape in the axial direction, the
onentation of the gun string may be determined in multiple axes. In other words, the ball(s) 252
rotate to the low side of the housing 254 enabling determination of the longitudinal angle of the

3 guns as well as the rotational orientation.

Yet another embodiment of the confirmation device 200 is illustrated in Figure 42. In this
embodiment, an eccentric weight 260 is mounted on a bearing support 262 having a bearing
surface 264. The eccentric weight 260 rotates so that the weighted side remains in the lowermost
position. The bearing support 262 has at least one radial passageway 266 extending therethrough.
10 The detonating cord 16 extends through the central axis of the bearing support 262. An alignment

tube 268 surrounds the detonating cord 16.

Upon detonation of the detonating cord 16, the ali gnment tube 268 creates shrapnel that passes

through the one or more radial passageways 266 in the bearing support 262 and impinges the

inner bearing surface of the eccentric weight 260. By knowing the orientation of the one or more
15 radial passageways 266 with respect to the orientation of the shaped charges, the orientation of

the perforations may be determined by inspection of the eccentric weight 260.

In an alternate embodiment of that illustrated in Figure 42, the detonation cause the bearing
support 262 to swell lock the relative position of the eccentric wei ght 260 and the bearing
support 262. One example embodiment using the swell lock method is shown in Figure 43. In

20 this embodiment, the eccentric weight 260 has one or more radial passageways 270 that are
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aligned with the one or more radial passageways 266 of the bearing support 262. When the guns
are fired in the correct orientation and the weight 260 is Jocked to the bearing support 262, the
one or more radial passageways 266, 270 are aligned. The orientation may be verified by simply

inserting a pin into the aligned passageways 266, 270 or by other inspection of the passageways

5 266, 270.

It should be noted that the confirmation devices 200 can be used at both ends of a fixed string of
guns. In this manner, the orientation at both ends of the gun string can be confirmed. It should be
further noted that the above embodiments of the confirming device 200 are llustrative and not
intended to limit the scope of the present invention. The described-_features can be combined and
10 modified and remain within the scope of the present invention. As one example, the hardened
spear 221 of Figure 39 can be used to pierce through a cylindrical sleeve thereby locking the

sleeve to the external housing 216 and fixing their respective positions.

While the foregoing is directed to the preferred embodiment of the present invention, other and -
further embodiments of the invention may be devised without departing from the basic scope

15  thereof, and the scope thereof is determined by the claims that follow. It is the express intention
of the applicant not to invoke 35 U.S.C. § 112, paragraph 6 for any limitations of any of the

claims herein, except for those in which the claim expressly uses the word “means” together with

an associated function.
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CLAIMS

- I claim:

1. A method of orienting shaped charges, comprising:
weighting one or more gun string components eccentrically to orient the shaped charges

in the desired direction, wherein the one or more gun string
components is an articulated loading tube.

2. ‘The method of claim 1, wherein the one or more gun string components are selected from
shaped charges, loading tubes, and gun carriers.
3. . The method of claim 1, wherein the one or more gun string components are weighted

eccentrically by adding additional material to alter the center of gravity.

4. A method of orienting shaped charges, comprising:
weighting one or more gun string components eccentrically to
orient the shaped charges in the desired direction, wherein the
' one or more qun string components are weighted eccentrlcally by -
removal of material to alter the center of gravity.
5. The method of claim I, wherein the one or more gun string components are weighted
eccentrically by placirng the one or more gun string components within the gun string at a

Tocation where the center of gravity of the one or more gun string components is removed

from the axis of rotation of the gun string.

6. The method of claim 1, wherein the one or more gun string components is a swiveling

loading tube.

7. The method of claim I, wherein the articulated loading tube has a




10%d&' () - C10%d& () - 10]]

) TH109B484& ()-]!) THL0%H #1 & ()-]v ! 109

10]j " 0" [ bbbbbbuj @1 #M 10109l & ()- 10d 10d
10d5p#10%& ()-9-110%l& ()-!8' "10%d& () - PYL0%I& () - Ybhdef ghi zX6j _@
| #3" 10981 $1 & ()-!1 ##10%J U & ()-c ! ###10%G G & () -¢ !

& ()-ViiiiiiljjjxY: !'$10% ()-g

100& ()- 1100& ()- #f10%& ()-110%& ()->108 $I 108l $I 108l $I b} JgpusppdEXY:
1) (109&' ()-#& 109& ()-1"10% ()-f 10%&' ()- "109%& () -

VI 109 () - #nnGoooGppppdE: / 10 10, 5! 109%&' ()- P3! 109&' ()- P1 109%& ()- |
109%& ()-1, 10%& ()-f*"109%& ()- ppp+qqsturP./!#p#10%&' ()-! #10% & ()-! m
#1098 ()-! 1#10%& ()-..Y ' - :

10.

11,

12,

plurdlity of segments engaged with each other Stzéh that the

individual segments are adapted to bend without becoming disengaged.

The method of claim 1, further comprising:

determining the non-uniformity of the bending moment in the one or more gun string

components; and

compensating for the non-uniformity of the bending moment.

The method of claim 8, wherein the non-uniformity of bending moment is determined by
bending the one or more gun string components at the angle of the wellbore deviation and
measuring the amount of torque required to rotate the one or more gun string components

to the desired orientation while at the angle of deviation. .

An én‘eﬁted pérforating gun affixed to a gun string, comprising:
One Or more gun string components, comprisiﬁg:

one or mors shapéd charges having a charge case;

gun carrier; and

a loading tube;

wherein at least one of the one or more gun string components are eccentrically weighted

to orient the shaped charges in a desired direction.

The oriented perforating gun of claim 10, wherein the geometry of the charge case of the

one or more shaped charges is medified to shift its center of gravity.

The oriented perforating gun of claim 10, wherein weights are affixed to the charge case

of the one or more shaped charges.
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) 1 109 S) -IM 10n{g¥§‘sl'(a)pcasﬁarges 15 removed Rc%ﬁt{e axis o«FLro(ugnon of the perforating gun.

1 14, The orented perforating gun of claim 10, wherein additional material is added to the gun

2 carrier.

1 15, The oriented perforating gun of claim 10, wherein material is removed from the gun

2 carmer.

I 16.  The oriented perforating gun of claim 15, wherein the removal of material forms scallops

2 on the gun carrier surface.

1 17.  The oriented perforating gun of claim 10, wherein additional material is affixed to the

2 loading tube.

1 ' 18.- The oriented perforating gun of claim 10, wherein material is removed from the loading

2 tube,

1 19.  The oriented perforating gun of claim 10, wherein the loading tube is an eccentrically

2 weighted swiveling loading tube.

1 20.  The oriented perforating gun of claim 19, wherein the swiveling loading tube has a

2 pendulum weight affixed.

1 21.  The oriented perforating gun of claim 19, wherein the swiveling loading tube has an

orienting weight within that surrounds at least a portion of the one or more shaped

2
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2 to the swiveling loading tube by on¢ or more weights.

1 23. The oriented perforating gun of claim 22, wherein the one or more weights are external to

2 the gun carrier.

I 24, The oriented perforating gun of claim 23, wherein the one or more weights are provided

2 with rounded ends adapted for guiding the perforating gun through well deviations.

1 25. The oriented perforating gun of claim 10, wherein the loading tube is an articulated
2 loading tube having a plurality of segments engaged with each other such that the

3 individual segments are adapted to bend without becoming disengaged.

1 26. The oriented perforating gun of claim 10, wherein the gun carrier further comprises an

2 articulated weight spacer affixed to the gun string, the articulated weight spacer havinga
3 plurality of segments engaged with each other such that the individual segments are
4 adapted to bend without becoming disengaged.

I 27. The oriented perforating gun of ¢laim 10, comprising a plurality of perforating guns.

I 28  The oriented perforating gun of claim 27, wherein the plurality of perforating guns are

2 affixed Lo one another by a positive alignment carrier.

1 29. The oriented perforating gun of claim 28, wherein the positive alignment carrier removes

2 alignment error resulting from machining tolerances and clearances that exist in the
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3 plurality of perforating guns.

1 30. A method of orienting a perforating gun in a deviated wellbore:

2 providing an articulated weight spacer within the perforating gun, comprising:

3 a plurality of eccentrically weighted segments engaged such that the individual
4 segments are adapted to bend without becoming disengaged from the

5 surrounding segments.

1 31. A method of actively orienting gun string components, comprising:

2 determining the wellbore trajectory that will be experiencéd by the gun string
3 components;
4 bending gun string raw material in a curvature resembling the wellbore trajectory the
5 component will experience;
6 measuring the amount of torque required to rotate the gun string component to the desired
7 angle of orientation while bent at the wellbore [rajéctory;
8 selecting the gun string raw material that requires minimal torque to rotate to the dcsired'
9 angle of orientation; and
10 providing gun string components manufactured with the sélected gun string material.

I 32, Themethod of claim 31, wherein the torque is measured with a bent torque response

2 assembly.
1 33, A method of locating one or more downhole components and mapping their position in a
2 single run, comprising:

3 providing detectable material in the one or more downhole components;
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4 running one or more focused detectors in conjunction with a gyTo;

5 detecting the one or more downhole components with the one or more focused detectors;
6 and

7 mapping the position with respect [o a fixed position in the casing of the detected one or
8 more downhole components, the mapping provided by the gyro.

1 34,  The method of claim 33, wherein the one or more downhole components are control

2 lines.

1 35. The method of claim 33, wherein the one or more downhole components are selected

2 from downhole sensors, downhole equipment, and downhole tools.

1 36 The method of claim 33, wherein the detectable material is radicactive tracer elements

2 provided by doping the one or more downhole components and the one or more focused

3 detectors are a gamina ray imaging tool.

1 37. The method of claim 33, wherein the detectable material is one or more radioactive pip

2 tags provided in the one or more downhole components and the one or more focused

3 detectors are a gamnia ray imaging tool.

1 38, The method of claim 33, wherein the detectable material is radioactive fluid provided by
2 injecting the fluid into the one or more downhole components and the one or more

3 focused detectors are 2 gamma ray imaging tool.

1 39. The method of claim 33, wherein the detectable material is cooling fluid provided by

2 pumping the fluid through the one or more downhole components and the one or more
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1 40.  The method of claim 33, wherein the detectable material is an induced EMF signal having
2 signal variations based on the location of the one or rmore downhole components and the

3 one or more focused detectors are electrical detectors.

1 41, The method of claim 33, wherein the detectable material is a smart card type transducer

2 provided in the one or more downhole components.

1 42, The methed of claim 33, wherein the detectable material is an electronic tag provided in

2 the one or more downhole components.

I 43,  The methed of claim 33, wherein the detectable material is a magnetic tag provided in the

2 one or more downhole components and the one or more focused detectors are

3 magnetometers.

1 44 The method of claim 33, wherein the one or more focused detectors are uitrasonic
2 mmaging tools that detect vartations in acoustic impedance around the one or more

3 downhole components.

1 45 A positive alignment carrier for positively engaging a plurality of downhole components

2 in a fixed orientation, comprising:

3 an adapter having having tapered keys; and

4 a locking ring having keyways for positively engaging the tapered keys of the adapter and
5 having tabs for positively engaging downhole components.

1 4e. The positive alignment carrier of claim 45, wherein the positive engagement between the
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2 ) tapege&é)% and’ keyways removes manufacturing tolerances.

1 47.  The positive alignment carrier of claim 45, wherein the positive engagement between the

tabs and the downhole components remaoves manufacturing tolerances.

RS

1 48.  The positive alignment carrier of claim 47, further comprising means for securing the

2 locking ring in positive engagement with the adapter.

1 49.  The positive alignment carrier of claim 45, wherein the plurality of downhole components

2 are perforating guns.

1 50, The positive alignment carrier of claim 45, wherein the plurality of downhole compornents .

2 are selected from downhole tools and downhole equipment.

1 5L.  The positive alignment carrier of claim 45, wherein the downhole components are

p selected from perforaling guns, downhole tools, and downhole equipment.

1 52. A method of confirming the correct orientation of shaped charge firing, comprising:

2 providing a confirmation device initiated by the shaped charge detonating cord;

3 - maintaining the orientation of the confirmation device with respect to the orientation of
4 the shaped charges; and

5 detonating the shaped charge detonating cord to fire the shaped charges and initiate the
6 confirmation device.

1 53.  An apparatus for measuring the orientation of shaped charges upon detonation,

2 comprising:

3 a confirmation device maintained in fixed relation with the orientation of the shaped
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4 charges; and

5 a detonating cord that both fires the shaped charges and initiates the confirmation device.

1 54.  The apparatus of claim 53, wherein the confirmation device comprises:

2 a trigger charge rigidly affixed within the confirmation device with respect to the

3 orientation of the shaped charges; and

4 a proof plate eccentrically weighted to maintain the proof plate at an angle relative to the
5 orientation of the shaped charges and adapted for receipt of the trigger charge

6 expulsion,

1 55 The apparatus of claim 53, wherein the confirmation device comprises:

2 a trigger charge positioned within a rotating suppert;

3 a counter weight for biasing the rotating support in a direction relative to the orientation
4 of the shaped charges; and

5 an external housing adapted for receipt of the trigger charge expulsion.

1 36.  The apparatus of claim 53, wherein the confirmation device cormnprises:

2 an external housing;

3 a shaft within the external housing for receipt of the detonating cord therethrough;

4 one or more guides to maintain the shaft centralized within the external housing and to

5 enable the shaft to rotate freely; and

6 a counterweight for biasing the shaft in a direction relative to the orientation of the shaped
7 charge such that upon detonation of the detonating cord, pressure within the shaft
8 rises to lock the shaft inside the one or more guides to maintain the shaft in the

9 biased direction.
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2 an external housing;

3 4 rotatable and.conﬁrming weight eccentrically weighted in a direction relative to the

4 orientation of the shaped charges, the confirming weight housing a hardened spear
5 and having a central opening for receipt of the detonating cord; and

6 a hardened spear housed within the confirming weight and adapted for firing into the

7 external housing upon an increase in pressure within the central opening caused

8 by the detonation of the detonating cord.

1 58 The apparatus of claim 53, wherein the confirmation device comprises:

2 a bearing housing adapted for receipt of the detonating cord therethrough; and

3 one or more ball bearings rotatable within the housing and biased in a direction relative to
4 the orientation of the shaped charges and adapted for indenting the bearing

5 housing upon an increase in. pressure within the housing caused by the detonation
6 of the detonating cord.

1 59.  The apparatus of claim 53, wherein the confirmation device comprises:

2 a bearing support adapted for receipt of the detonating cord_therethrough and having at

3 least one radial passageway extending therethrough;

4 an eccentric weight mounted on the bearing support such that the weight is biased in 2

5 direction relative to the orientation of the shaped charges; and

6 shrapnel that passes through the at least one radial passageway and impinges the eccentric

7 weight upon detonation of the detonating cord.
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The apparatus of claim 53, wherein the confirmation device comprises:

a bearing support adapted for receipt of the detonating cord therethrough and having at
least one radial passageway extending therethrough;

an eccentric weight having one or more radial passageways and mounted on the bearing
support such that the weight is biased in a direction relative to the orientation of
the shaped charges and the one or more radial passageways are aligned with the at
least one radial passageway in the bearing support, the eccentric weight locked in

orientation with the bearing support upon detonation of the detonating cord.

A perforating system, comprising:

means for mapping the desired orientation;

- means for orienting the perforating system; and

means for confirming the correct orientation at the time of detonation.

A method of perforating, comprising:

mapping the wellbore to avoid perforating selected downhole components;
orienting the perforating system; and

confirming the correct crientation at the tirne of detonation.

An oriented perforating gun, comprising one or more eccentrically weighted gun string

COMpAnents.

The oriented perforating gun of claim 63, wherein the gun string components are selected

from shaped charges, loading tubes, and gun carriers.




