;e3e, % " "8%6%T, %1 Method and Apparatus for Orienting Perforating
Deviges and Confirmng their Orientation a~~K~RO, ~0~. ~"., ~~e~, ~0o~ *(@00002*
5 This application clains the benefit of U S. Provisional Application No.
60/ 286,907, flied April 27, 2001, U.S.qProvisional Application No.

60/ 306, 938) filed July 20, 2001) U.S. Provisional Applicati o

60/ 307, 086, f! |l ed July 20) 2001, U S. Pr ov! s! onal Applicatio ,mm,m,lmm Iml l,

60/ 307,087, filed July 20, 2001, -U.S. Provisional Appl i cation

60/ 310, 970, filed August 8, 2001, U.S Provisional Application No 5%

60/ 314, 200) filed August 22) 200/, and U.S. Provisional Application 10 No.
60/----- ) filed January 23, 2002. Field of Invention. The present invention

relates to tMethiod #hdApparitwisdor Oriendne Pepfthafing Ddvicestdirl ComFRiRS
relates to devices and net hods fOftﬂE?Ig)ﬁ@tﬁﬂbh“g perforating devices and

confirmng themorientation. Backgroun e Invention. Formations

penetrated by a downhole well, particularly 15 horizontal or
deviated wel |l s) are studied mmkemmelrm}m OAEENBIOMNNt ageougnmmHMmMm
of perforations. The desired orientation may be sel ected base
possibility of sand production, based on the heavy overburden pr esSUrE

and/ or shear stress existing, or based on the |ocation of control |ines
and/ or ot hebhisapphdatibrcleinsityerhenafit ofd-St Brovisional ApplitatiereNent0E8690% filkd ol e, a
need for an apparatus and nmethod for orienting perforating guns and for
confirm ng 27301t HS. Borisoodl A@piuanoraNodﬂBﬁé.%&aébd Jelg B0.0eH U.SBxviRYialThe
present invention provides an apparatus and nethod for orienting
per f or at i ngApplingion Nv. 601207386 nfidedtilutyedt 200 ud.SsProvisignat dvpploragert Bo. £0/807,087,
eccentrically weighted to actieve a desired orientation
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

10 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
production, 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.



of perforations. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
,cross-sectional view of a prior art conventional perforating gun. Figure 2
is a cross-sectional view of one enbodi nent of the present invention having
a nodified 10 shaped charge geonetry. 2Figure 3 is a cross sectional view of
anot her enbodi nent of the present invention having a nodified shaped charge
geonetry. Figure 4 is a cross-sectional view of another enbodi nent of the
present invention having a nodified |oading tube. IS Figure 5 is a
cross-sectional view of another enbodi ment of the present invention having
a nodi fi ed Thoeedixisty, therbfore, Finepdifer 4@ apparatusgind sthoé farjodending péréanatio gamsand tor
enbodi nent of the present invention having a nodified gun cagier. 3

Fi gure 7 i sopfimmngsibatdecdormestakientatiow haf beamachiesed. enbodi ment of the present

i nvention having a nodified gun carrier and |oading tube. Figure 8 is a
cross-sectional view of another enbodi ment of the present invention having
a nodi fied shaped charge and | eading tube. 5 Figure 9 illustrates an

enbodi ment of the present invention F'&'weighted swi vel i ng | oadi ng
tube. Figure 10 illustrates an enbodi nent of the present invention having a
swi veling | oading tube and | ower weights. Figure 11 iIIustrates an

enbodi nent .Qf the ention wher e is 10 weighted
around che Teasir SRERGRero R oty B ulhdfeod B e "e

enbodi t illystrated in Fiqure 11. 13 i s e.V] t he
orent § g, VEgHIEBE B syhsompandrestenfithie et & %ﬂevsﬁgiesge%{ FrfPL of
an enbodlne t aof the articul ated wei ght spacer of the present invention. 15
Figure 15 | g%FBH’ﬁleM/of an enbodi ment of the articul ated wei ght spacer
of the present invention. Figure 16 is a side view of an enbodi nent of the
articul ated wei ght spacer of the present invention. Figure 16 is a side

view of an enbodi ment of PherRPESEHIPTRIN U BlE DFOAWENGSET the present 20

i nvention.

Figﬁrc 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. |
Figure 3 is a cross sectional view of another embodiment of the present invention having a
modified shaped charge geometry.
Figure 4 1s 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 1s a cross-sectional view of another embodiment of the present invention having a

modified gun carrier.



Figure 17 is a perspective view of an enbodi nent of the cover of the
.articutated wei ght spacer. Figure 18A - 18C provides top, side) and end
views of an enbodi nent of the shaped wei ght of the articul ated wei ght

spacer. S Figure 34 is a side view of an enbodi ment of the confirmation
device of the present invention. Figure 35 is an enlarged side view of the
confirmation device illustrated in Figure 34. Figure 36 is a
cross-sectional view of the confirmation device illustrated in Figure 34.
Figure 37 illustrates another enbodi ment of the confirmation device of the
present i nvidgire Dis.a ctoskisgtiml 8i8wiolf hnosler erbiaslinaamobdiey presenaaven®or haoingh he
confirmati on device of the present invention. Figure 39 illustrates another

enbodi nent mébdifiddezue onfieran@idading e ce of the present invention. Figure 40
illustrates another enbodi nent of the confirmati on device of the present

invention. @B e dtloskkdctibial de@f aivtHePehbrAmMadbiRpresht ihtRus&OAVingAAL i ON
device of the present invention. Figure 42 illustrates anot her enbodi nent

of the confhédifdd sBiped edrganicatiing wpeesent invention. 10 Figure 43
illustrates another enbodi nent of .the confirmati on device of the present

inventioN. wipuré § ifuStrdd al @BELImBR\WEME hresdnbAberiBf hARRANASLht &l AV Ioading
illustrate only typical enbodinents of this invention and are therefore not
to be consiggyed limting of its scope, for the invention may admt to

ot her equally effective enbodi ments. DETAILED DESCRI PTI ON OF THE | NVENTI ON
15 Figure Igahoyeifsfes ueBhbeain BERE fedhl ittbndbiMhavii3e sGRBNENbAdRbbe and
perforating gun, indicated generally as 1, conprises a shaped charge 10, a
| oadi ng tubg,d3)eidgun carrier 14, and a detonating cord 16. The
illustrated gun 1 also includes a scallop 18 nmachi ned out of the gun carnet

14 and al i %‘E‘geﬂ IfstaPt€ aﬁ@xﬂlz&fi’m{ﬁgﬁg %gﬁ%ﬂ l‘ﬁ‘lfﬁn&ljgﬁhréipﬁeiléagfﬁ?wb@tise‘j

conventional “perforating gu oped gun 1, nportant to

note thgj t@gﬁﬁgﬁi@h tﬂerm&;g%ic(l}?%eis_s equal ly 20 applicable to slick-walled

guns. 4 Figure Isato w of an enbodi nent of the articul ated

Do . . .. O ! f
oadl ng tUbﬁFlﬁ% PR JSSEﬁ%g%aBQFS%E fhgngJ:dbrgéﬁgﬁlugtgaéédgn %lsggr%'tcll.‘“ ew ot an

enbodi nent 0o he articu e oadin re i nvention. Figure

21 1s a perl*sxg\g‘gtlﬁ %%r?}[éx%sg%gti\?%vig\lpaﬁtlﬂggdéé\gﬁé]&ei(g)ﬁt o?pigurae‘%u z?nldllit ed | oading tube

of the prese inve a~perspective view of a "bent

t p nbl y. Fi 23 1. | ot ' t
o e T eSPRRRE 1t RLSSIRLY o GLOUE § Bl P8 SRR B AN oV
positive alignnment carrier of the present invention. Figure 25 is a

i
per spective‘"g‘?"BW'of an enbodi ment of the adapter of the positive alignnent

rrier , . :
ca €Ms Figure 15 is a top 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
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.



10 Figure 26 is a perspective view of an enbodi nent of the shoul der ring of
the positive alignnent earner. Figure 27 is a side view of an enbodi nent of
the shoul der ring of the positive alignnent earner. Figure 28 is a
perspective view of an enbodi nent of tfe spring ring of the positive
alignment carrier. 15 Figure 29 provides a side view of an alternate

enbodi nent of the spring ring of the positive alignnment carrier. Figure 30
provi des a top view of an alternate enbodi nent of the spring ring of the
positive alignnent carrier. Figure 31 provides a cut perspective view of an
al t er nat e ditgoaiddnie asidobietvho€ arsgnbodignent ofghe Qofifmagion devd2 of e arepe spatibh.ve Vi ew
of an enbodi nent of the locking ring of the positive alignnment earner.

Fi gure 33 iRsguse 3150ip aiv ertmgaiciidervidw f v coafitmpapibic ddvice dRistmgédia Figued 34 | ne
configuration indicating the relative bearing and the direction of

per f or at i OrFigure % ikl gtokSsectidnlal WSk sBth€Sonfifitatidfiiodietitrated intHigurgsesent

i nvention, wherein the geonetry of the case of the shaped charge 10 is

nmodi fi ed s@igunad7 illigratd® bigfier EthBddirhdh b tAE\cdANi ANAtAR Fe el R pkedéndl URedtRnOr | ent
the gun 1. As shown in Figure 2, the case of the shaped charge 10 has

addi ti oal PFi@EkEId iBlstrhRS addtiRY belesbihdie baBEcotindien Basde)of Be pRBéH: @veont he case
of the charge 10, to provide an eccentric 5 weight noving the center of

gravity frqmuddr ifduated hndite edbblimen 6 th@cd@shAidon QaERS tHe pResslipfverRion0 t O
orient for firing in an upward direction. Note that the additional

mat eri al / wei; g 40LfastiRY affhel BhE@Rdnt ¥ thcdnfifmA10A REHcR He Presdrl iREnRAded
thereto as a separate conponent such as by screwing a weight to the shaped

char ge 10. %Mﬁl@stia{ek WidtieR LiRBocRG DEhe ESHARRIIIR BEviQfor IRQreRé @ 8RB on.
i nvention, erein the geonetry of the 10 case of the shaped charge 10 is

nodi fi ed. Il"?ngé"@Z RURIARE Gnddler EnBdHiRent of @HilpARN dgq]?_%‘%ff itslﬁlpre]sgﬁ‘idvéntﬁﬁpw ded

at the front; or nouth, of the case of the charge uch a design causes
the chajge F:l'glre 43 illustrates another embodiment of the confirmation device of the present invention.

It is to be noted, however, that the appended drawings illustrate only typical embodiments of this
invention and are therefore not to be considered limiting of its scope, for the invention may admuit

to other equally effective embodiments.
DETAILED DESCRIPTION OF THE INVENTION

15  Figure 1 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 | is a scalloped gun 1, it is important to note that the present invention is equally

20 applicable to slick-walled guns.



to orient in a downward direction. As discussed with reference to Figure 2,
,the additional material/weight 10a nay be integral with the shaped charge
10 or added thereto as a separate conponent. 15 Note that in alternate
embodi ments, the charge case 10 may bg additionally nounted in such a way
that the center of gravity is further renoved fromthe axis of rotation
Providing a plurality of charges 10 nodified in the manner described with
reference to Figures 2 or 3 nmultiplies the effect of the eccentricity that
can provide a significant orienting torque. For exanple, by nodifying the
geonet ry ofFfigle 198 akopd¥iew BRanRhd38imeai A i@QNGARERd IABME Abt YT Be plRYentidvention.
SCHLUMBERGER TECHNOLOGY CORPORATI ON) 48 grans of extra material can be

added 7 DPBEur& D@ @fop Vi ofanbolineSi? thedRicBlict FoakiiAf BE ofthe Bsentilmtibn.i S
generated. This illustrative amunt of torque represents a 40% i ncrease

over a 7 ftriyst IhiaGeSPRAEA! view ofanibolittentd thelafcilaR8 loaliifig HBEHF @S pkhig: VWi ght
material. Additionally, the gun using the nodified shape% charge 10 of the

present i nvgiign provides a better utilization of the space and provides a
space savings. 5 Figure 4 illustrates another enbodi nent of the present

| nvent i on Vﬁg&@bi‘isfg*};&tsk&ﬁ% ﬂ&vk%%eﬂ}éonjil;er@n%gi){?i’gs@erﬁ@y.pr ovide the needed

torque. For anp e loading tu ave nore material on one side

of the tubqﬁégeg?g%éﬁﬂgﬁg%ﬂgﬁgbg eSER gE?PF%gﬂgﬁ 4, the | oading tube 12

has nore nmateri a a om Si ., the side that is intended

to b bo. : L Cal | :
cocent 11 c iPInee Harapss IeW pARERbARR of bl LR of e gifertl
fromthe axis of rotation. In this way, gravity will cause the |oading tube

12 to rotate and orient in a preferential manner. The enbodi ment of Figure

5 provides l§1g1|1r9 %is%%ésg&%vel%ew oF 291 é%togigﬁ-egtl of %Qd&p?e%ygg pgsﬁtpvg]aﬁgn‘?nent carrier.

10 Figure 26 is a perspective view of an embodiment of the shoulder ring of the positive alignment
carrier.
Figure 27 is a side view of an embodiment of the shoulder ring of the positive alignment carrier.
Figure 28 is a perspective view of an embodiment of the spring ring of the positive alignment
carrier.

15  Figure 29 provides a side view of an altemate embodiment of the spnng ring of the positive
alignment carrier.
Figure 30 provides a top view of an alternate embodiment of the spring ring of the positive
alignment carrier.
Figure 31 provides a cut perspective view of an alternate embodiment of the spring ring.

20 Figure 32 is a perspective view of an embodiment of the locking ring of the positive alignment
carrier.
Figure 33 is a top view schemattc of a typical casing/control line configuration indicating the

relative bearing and the direction of perforation.



side of the shaped charge 10 to provide for a different orientation than
that provided in the enbodi nent of Figure 4. In the enbodi nent of Figure 5,
the | oading tube 12 has a center of 15 gravity offset fromthe axis of
rotation that tends to orient the shaged charges 10 in a horizontal
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 nmay be provided on one side of the gun
carrier 14 so that the carrier 14-itself will provide a degree of

pref er ent i diguos 2 Bluttedidsone ethodAenEofiybie pre®@nt i veatigy wheainrtheegeothdtinhad sherddietaf pl e
scal l ops 18 provided on its top portion. Thus, the 8 housing has a center
of gravity thdwhbpedshabd ik nforlified kdwRatake Seight disaibationgproaded egdu@l tdryue\td dencause
the gun carrier 14 to rotate and orient in a preferential manner. The

f eat ures dareguneds wiois i Bigele@N®e cise of thg bHap&d cRargh | ®kkg Ad&iusmymbreri4 oodi ned to
enhance orientation or used individually. For exanple, as shown in Figure

7) the gun plovidy tisédnat e BRA| dribBEorl UNhe Bdsé bfathe chdrga g, 1@ pR0MdE b @derdu@adi ng
tube 12 with conventional charges 10. Anot her exanple, shown in Figure 8,

conbi nes; magkidht GRviah tHe@Ofertd gith it fréin BRAk bEfe LRAGhdMG detiBecalides AtAhge 10
conventional gun carrier 14. The above are intended to be illustrative and

not |im tingoMink For igiRP8CHh ubRakiBediRn Nk @aRdRidBhA ARErihAldiiHIJ0MthifHen the
scope of the present Tnvention. The guns 1 of the present invention nmay

i ncl ude songeghalidtfe dHpddiRhrg@iCorTRbid th&blo 3N 8scp M cdiflpdnBRlud a8 b Rkewing
nodi fi ed, or conventional. As one exanple, of many possible, the charges 10

of a gun 1 Qpdightesle iipd dhbfzsio.di rection are eccentric and of the nodified
type (i.e., having a center "of gravity that is offset fromthe axis of
rotation), whereas those oriented in another direction are of the
conventional type. In another enbodi nent, the charges 10 arc: used ma gun
1 to provi dégan3 diuseadsedotBerk8bogimastiof hepraseann goerioh, whbkeirhe pdvatetrg phxbeli ment
of the present invention, Illustrated in Figure 9, provides a perforating
gun 1 havi ngsedicheshgee dhefealogemodiQedriuhe exhmpie d Figogedi, Adlitidabiematatiat ats
swvels within the gun carrier

provided at the front, or mouth, of the case of the charge 10. Such a design causes the charge 10

to orient in a downward direction. As discussed with reference to Figure 2, the additional

material/weight 10a may be ntegral with the shaped charge 10 or added thereto as a separate

component.

15 Note that in altemate 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 onenting 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



14. In addition to the shaped charges 10, the |oading tube 12 carries a

.wei ght 20 that causes the swiveling |oading tube 12 to rotate to the
orientation desired (dowward in Figure 9). 9 In the provided exanpl e,
the weight 20 provided is a sem -circ@l ar weight. However) other
configurations remain within the scope of the invention. Further) the

wei ght 20 can be any nunber of types or configurations such as holl ow fl ask
type weights filled with a high density material, or half solid netal bars,
for exanple. In the case of slick-walled perforating guns, no further

al i gnment i psr ehacassEaa 200§ guman gxirp torgne ofe8 inch-th sgereraied. fThis miustatiyk amemt ar ound
its circunference. Simlarly) in the case of a perforating gun 1 having
machi ned graoweys repesenidia Hg%dnoreasmdver £ ftivelghted apagerriula silmalaggun iCsget isesed bd  at
each shaped charge Interval, no further gun 1 alignnment is necessary. In

t he case ofthsweightopatatiahAdflivipedlyrthe gunsing thesimgiffedisimpEd charge 19 of thiagregeun

carrier 14 nust be 10 oriented to align with the shaped charges 10 such

t hat t he shapadochrardes: hkerakibation bif tbeigphce dné poeikd Opscels8vindn 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 carrier 14
and t he IworKigue ¢ illvgiraes anethersaypdimenteof theprasent inygntiop wheeittee lgadingdes!ds y. One
or nore weights are affixed to the lower end of 15 the earner 14 to cause

t he car ri ermadifiedgo peswige thegeded tanaue. Fheexample. thploading tubel X agsihaye Wownwar d. The
enbodi nent illustrated in Figure 10 provides a mddle weight 28 and a

bot t om wei gfhaterB on Teesideiod thedubgd dfien tRDthen Dsgheymin trguesest tf@goqdhle tghgd2 b#5d and
a gun thread on the bottom for receipt of additional weights. The | ower

wei ght 30 hasrematepahide dn Betbbdom sidel(i 80 thetsige Het ip inganderbtotbh en Bettomndpridg i nt o

| iner tops and around the corner in highly deviated or horizontal wells.
Because t hefiringl.G\cadrdidily, the logdingstuD8 L'ald abyedcerdng weigkjippion@Ghat has ageispredt t o

wel | conditions, they can be nmade of heat treated steel to survive the trip
in and dut ghvityhist welffset fiom thhroud of ritetiamnbehis e @ravivawilt dagsegneddloatimpmte 12
illustrated in Figure 10 is provided as one exanple the nunerous

conbi nat i one rathte wsd giehsintalpadtfereraial lhennesed wi th t he present invention. For
exanple, 5 a plurality of mddle weights 28 can be used dependi ng upon the
orienting weight needed. Further, depending upon the application) it may
not be necessary to provide any mddle weights 28. Figure 11 illustrates
Aot her  enbBt FRERKIMST AT pr DRBYTesia RASENER TANGR S hED P JOPaBR 12 1 s
wei ght ed around the shaped charges 10. The Perforating gun 1 is a

slick-wal eﬂd"g‘ﬁ theshppsd ic%gealo to provide for a different orientation than that provided in the

embodiment of Figure 4. In the embodiment of Figure 5, the Joading tube 12 has a center of
15  gravity offset from the axis of rotation that tends to orient the shaped charges 10 in a horizontal

direction.

Figure 6 illustrates an embodiment of the present invention where the gun carrier 14 is modified
similarly. For the gun carrier 14, scallops or thinned portions 18 may be provided 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 14 has multiple scallops 18 provided on its top portion. Thus, the



10 swiveling | oading tube 12 therein. However, this enbodi nent can al so be
~used, wth a stationary |oading tube 12 where the entire perforating gun 1
swivels. By surrounding a portion of the shaped charge 12 with an orienting
wei ght 32, the necessity of additionalg | ength added to the string is
avoi ded. Figure 12 and 13 illustrate an enbodi nent of the perforating gun 1
havi ng the | oadi ng tube 12 15 wei ghted around the shaped charges t0. Figure
12 provides a cross-sectional view of the perforating gun 1, while Figure
13 provides a perspective view of the orienting weight 32. As shown, the
ori enting vieugihg h32 cergerad gfaviguohatds afifidt fron tie exis sUotutivhatd grdvey Wwilbdiuseghd ube 12
and shaped charge 10 is oriented in a horizontal plane. The cutouts 32a in
t he ori ent iguy caeieghit to 3Ratermidodrietthie a pafdrantial mdnnéhe shaped charges 10 so that
the orienting weight 32 does not interfere with 2U either the charges 10 or
t he detonating cord 16. 11 Wiile the above exanple illustrates use of the
orienting weight 32 to perforate in a horjizontal plane, it should be
under st ood Th@g‘@awrﬁ“ede&‘rribewm&fwcg i Figpescdhropgh ¢ may besigrbined t9 ghbangs de
orientation in any desired plane. Another enbodi nent of the invention,
i 11 ustr at ederieptaigprerugesd indjviggally gras i agepde, agshaye indiigwe édhsgindipaysisapacer 40 to
provi de correct orientation of the perforating gun throughout a tortured
wel | bor & t rapdifiedgup carfigr §4/and a modified loading tube 17 with epreentiped! gharzes pa.ceothgn
conprises a sem-circular spacer tube 42 that is deployed within a hollow
gun car ri erexamplesshowmin Figysé 8.reomhinkg§ medifi¢drhmigepuliOevith) a medifigsMeadingitubed R aed nat e
enbodi nents, the articul ated wei ght spacer 40 nay take on any nunber of
shapes. 10 atvevepeanygurt arer 42 The abave ag ideplkditodieiijustrgfve pndysalimping MiB- | i ke
cuts 44 spaced along its length. The cuts 18 traverse the circunference of
t he tube 42esprctsoltie passikiecoadimaons fidllitgeitspthe esopt ofzbe gr@sehrnib engapar at e
segnents 46 wi thout enabling the segnents 46 to be di sengaged from each
other. The cuts 44 allow the spacer tube 42 to bend a little at each cut 44
Wi t hout causi ng the spacer tube 42 to lose its structural properties and
primary funbieigaps | of the presspy igyantipmmexniaciydfsome Fhanggs il A thahde ppdifigd ang some
direction). The segnents 46 at each end of the spacer tube 42 are attached
to al i gHhenthatdrenot Siodigied,ipgeonyeniiopd e s prs gxa@Rletdh gagy posgiblcaheeharges Yhaf aspacer
40 to the gun carrier 14 or gun string.

gun | oriented in a first direction are eccentric and of the modified type (i.e., having a center of

gravity that 1s offset from the axis of rotation), whereas those oriented in another direction are of
the conventional type. In another embodiment, the charges 10 are used m a gun 1 to provide an

oriented 0-180° phastng arrangement.

15  Another embodiment of the present invention, 1llustrated in Figure 9, provides a perforating gun
1 having the shaped charges 10 mounted in a loading tube 12 that swivels within the gun carrier
14. In addition to the shaped charges 10, the loading tube 12 carries a weight 20 that causes the

swiveling loading tube 12 to rotate to the orientation desired (downward 1n Figure 9).



Wthin each segnent 46 is an appropriately shaped wei ght 50 (best
Jdllustrated in Figures I8A 18C). The weights 50 orient the spacer 40 and
thus the gun string in the desired orientation. In the enbodi nent shown in
whi ch the spacer tube 42 has a semi -cigcul ar shape) the weight 50 may 20

al so have a sem -circular shape enabling it to fit nicely within each
segnent 46. However) any 12 nunber of shapes and types of weights remain
wi thin the scope of the invention. Each segnment 46 may al so include an end
plate 56 at each of its ends to prevent the axial novenent of the weight 50
Wi t hi n t he Isglegedsvidedlbeardple, tHaSvesghd M providéd igu kenildrculdSyeighndldwéyerpothpver 52 is
attached to each segnent 46 enclosing and 5 securing the weight 50 therein.
The cover aaffifueationnemain@dihinthe icdpeaicianpmaci. Fortisegrendighd 60 ban tehgy use of
tabs 54 snapping into engaged to the segnent 46) for exanple. Each cover 52
al so has paiitribad dfYypesiér configutRidhs ath istatlowByskRgmeR@nhfrrmvithe h%a\aa{suﬁz Each
tab 58 has an opening 60 therethrough sized for receipt of a detonating
cord (not shayi,or MIEdlil RRial B4 f&lekimide.i S assenbl ed, the tabs 58 can be
bent to extend away fromthe cover 52, and the detonating cord can 10 be
passed t hrough each opening 60 to secure the detonating cord within tile
spacer 40. The articul ated wei ght spacer 40 does not contain a

di r ect i dnallhyheprefof slickavaled pdrfoesiag igmsrerfditiveg aligntnelwd s ndchwarg asthe giin dafrizess, or
resi stance to bendi ng, or bending nonent of inertia) in all directions.

Al t hough i t14das & urgforrh khigkhessiacb@ndiitgeiguinfesdinc© Sahilatlgrin eetcase®f & perfpueing guit he gun
string when the gun string is not oriented in the desired direction, the
arti cul at echawsg glathisgatmvesd tening cinminferettialtieardind thegug warsieoldtat edch sihaged
intended gravitationally preferred direction when the spacer assenbly is
bent in a nbagsinevaimb fuveiel por lealighment js nabsssury. he bend is not in the 6 or 12
o' clock plane). Thus, by fabricating the spacer tube 42 in this manner, the
segnents 46 renmain stiff while the spacer tube 42 as a whole is able to
bend with no resistance in any direction. The quantity and | ength of
segrment s 48N #k¢aserné sl lened pesforating gt b sipvndn Fighe % We gehcartier &f mostba sui t abl e

bendi ng
10 oriented to align with the shaped charges 10 such that the shaped charges 10 shoot through the

scallops 18. An embodiment 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 carrier 14 and the work string 24 to
enable the carrier 14 to rotate as necessary. One or more weights are affixed to the lower end of

15 the carner 14 to cause the carrier 14 to rotate such that the scallops 18 are facing downward,

The embodiment illustrated in Figure 10 provides a middle 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 lower 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



13 radius. In this manner, the gun can be passed through a bent well bore
.W thout concern that the spacer tube 42 will try to incorrectly orient the
gun string. Figure 19-21 illustrates an enbodi nent of an articul ated

| oadi ng tube 70 that incorporates theqgrinciples of the articul ated wei ght
spacer 40 descri bed above. The articul ated | oading tube 70, 5 which is

depl oyed within a hollow gun carrier 14 (shown in phantomlines in Ftgure
19), contains a plurality of jigsaw puzzle-like cuts 72 spaced along its

| ength. The cuts 72 traverse the circunference of the |oading tube 70 in
such a way rasldle wvetghts 28 land battac weightuidmre/ Gibjerttto wekk parddioes, g perttesnadd ofn t hout
enabling the segnents 74 to be di sengaged from each other. The cuts 72

al | ow t he |headiengd stedd €o stiviteathéripdn and qut of the w¢ll.each cut 72 wit hout causing
the loading tube 70 to 10 lose its structural properties and primry
function (i.e., holding t he shaped charges in their correct position inside
the gun carrier 14). The segnents 74 at each end of the |oading tube 70 are
attached t dt #heuldpe yedessiong ﬂﬂﬂlﬁﬁle cpedipers dllusiatedip Figurrel 045 providedas@re paadieng
tube 70 to the gun string. Each segnent 74 may include a plurality of

openi ngs 78h¢ mmareiis epmbingions playrightcthaicaiebe yspbvits e wigjent MytnsiopFonespmaleso be
included in order to help secure the shaped charges in place. An 15

opposi ncf opeplimlity 8Dmiddie vedights IBecanl b usad depoprliessipor thepoipntiop aeighignerdeds or

recei pt of the back end of the correspondi ng shaped charge. By fabricating
t he | oadi ngFurthéredepending upln theapplivation, it ey netde weadssaty te pgrigeany middle amighta st i f f
whil e the loading tube 70 as a whole is able to bend with no resistance in
any directi2z¥n. The quantity and | ength of segnents 74 and the width of the
cuts 72 can be chosen to allow a suitable bending 14 radius. In this
manner, the gun can be passed through a bent wellbore w thout concern that
the |l oading tube 70 will try to Incorrectly orient the gun strin Anot her
enbodi nent 98U hbillyptess HPO‘P‘?’E\‘i@H?C?‘@FPtBF g Preeent WMVERYOR YheTER t*&d?@&é}séﬁaﬂl Ads for
non uniformty of the bending nmoment in gun string conponents (i.e.) gun
carriers, ghfis¥ghaERng t'&rﬁﬂaﬁdﬁkﬂf@ﬁtl%drhﬁéﬁg‘?‘ﬁ%)g“ L ashpisvallpg sup hbing &

| ength of gun conponent raw material is bent in a curvature resenbling that
whi ch mi bwviwlipe foeding e L hthgrepe Hpwaksr: thiberabodipsnt enplie beped ivith astatient | it
is rotated about its |ongitudinal axis. The anmount of torque required to
acconpl i sh ipwbn&te?%ﬁwtih§emﬁwsfioea&"&élrrbw‘v%Bah‘gwn@vsmﬂam fhebet ween a
reference "zero" and 360 degrees. Such neasurenent can be acconpli shed

usi ng a " betppadGhagrel % wishynarientingewashh B thesnepgssityf pdihiéanal lengthorddedyigthe 22
Figure 23 provides a graphical representation of the required torque

pl otted agaitmRa!s eypidedngl e of rotation. The plot illustrates the effect that
a non-uni form bendi ng nonent of inertia will have on the gun string
conponents. The "static" or resting position is described as the |ocation

where the tﬁéﬁ §2 bt Estlllﬁ’s“rpd%'agtenfﬁra‘?@§n‘?%f@né‘ éd)—fora?hgg?m{r’sv hetlﬁaecn Al 12t he

"optimal ang p05|t| enti angul ar pdsi tion,
referr e(fIS t Owgight;[:ch arounla%[l]et sh%;?eléi%l’xjarge%qbpﬁ gﬂ'ghfprowldcs dtcrr]()ess QngJm%] view of the

perforating gun 1, while Figure 13 provides a perspective view of the onenting weight 32. As
shown, the orienting weight 32 is configured and located such that the loading tube 12 and
shaped charge 10 is oriented in a horizontal plane. The cutouts 32a in the orienting weight 32
match the pattern of the shaped charges 10 so that the orienting weight 32 does not interfere with

20 erther the charges 10 or the detonating cord 16.



at which the conponent would actively orient itself along the inside
,curvature surface of the casing of the bent wellbore. By knowi ng in advance
the wel |l bore trajectory, and knowi ng the "angle of bend," gun carvers, gun
spacers) and wei ghted spacer housingsqgan be provided that will actively
orient the gun string 20 in the desired direction. The gun carriers) gun
spacers, and wei ghted spacer housings that are 15 known or planned to be
| ocated in a bent section can be nanufactured to have the bent torque zero
angl e coincident with the angle of the bend of the bent wellbore. The

nmagni t ude oWhildtRe AR ElERMPIQMIsHREs uselof MY B#idnARE Reign 3 pafoldid/ia adblifhtpt | ON
can be determned as well fromthe characterization o? the raw material in

the bent Mgk iddhobid e Ufder GRS fie bRSHiRg wiiaht 72 ARG chHglRedto bloviR! Y
dependi ng on the individual piece of raw material, the degree of bend, and

the length gfenddi RGN deBMdliAL Oof the wellbore. The longer the bent portion
of the wellbore) the ‘greater the active orienting torque avail able. The

hi gher the bend angle in the well bore, the greater the active orienting
torque available. Finally, the greater the anmount of torque required to
rotate a piftthedémbaivhetiibiths mbertibi,olighaiedia Rigives| 1418 iovides an aeindlad welghtn t he
pent material torque 10 response tests, the greater the active orienting

t or que avaisphaiat 40 to AROIdEHrr&bEAt BN bf thd peirfotatipg gmembughavenbinged weliviedes a
positwe alignment carrier that renoves alignment error in subsequent gun
strings thatajeetorys s ildis@atéd) theRARLIAIeD Yeighl sPhcRNIBSNRDEItEs @ls@Akane@sspadenubd her
words, the positive alignnment carver 90 illustrated in Figures 24-32
ensures t hatz i@ depopel withia Bdlloles cahiér 14€eholR irPphahtbmlingy fn @pugd)gun string
maintain the orientation of the first 15 string. Referring first to Figure
24 the postidwQedin' HHARE bmbsHihéy, 1RArORRE WeRA sggbcﬂﬂﬁrﬁ&ﬁﬁkegﬁbanﬁnﬁﬁ&%ﬂer
ring 94) a spring ring 96, and a |l ock ring 98. shown, the positive

al i gnnent qﬁhkger 90 is engagi ng both a second positive alignnent carrier
100, 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 pneitt . Thekfackd Qb 42 cAbtajps @ pluchbsy o jipewgmedt-likecus dwpatd donggbogihnn®int  of
the adapter 92 of the positive alignment caner 90. In the enbodi nent shown,
bot h ends 1, 18ltfGerasthé diumetagncess tB2tubad? ibesudisadhytaotopasthé spasdryubali? gim
adj oi ni ng conponents. In alternate enbodi nents) one end of the adapter 92
can be i nt egpaite vdgivant® 16 withoult BreabBitl the stgthetOMpve disengaged f@aeabieothdrXed t 0 an
adj oi ni ng conponent 5 in a standard manner such as threadi ng. The adapter
92 has a shatl4dalok @ sbavet fige 4216 Balisa kit eBh@NI 4aMBLithol Uity tRaGacet dBe 2 e a
plurality of set screw receptacles 112. The set screw receptacles 112 are

| ocat ed ar ogmdde tthaneiuk prohetiesmne phfady fencasla@e eonedidng b gunastkaptie the sighitf ace 114
is further defined by a plurality of tapered keys 116 that protrude from

t he adapt erdittidn e ickefnentt 36 af cagteend @f e ysacdrkbelid\ne diaped edilignbes plak848 | n
the 10 enbodi nent shown, the tapered keys 116 are rectangul ar in shape.
However, i nchalateatsedfotockinOdtidiitddSyeighn epata @ tettle kieytamier 16organ sttiake on any
nunber of regular or irregular shapes. Referring to Figures 26 and 27, the
shoul der ring 94 ~s shown in perspective and side views. The internal

di aneter of the shoulder ring 94 is defined by a plurality of keyways 122

t hat cor r esYéhia eaghicsegineng A6 {gjap aprrepsiateliirbpred W@@?Sﬂ)l(g‘@t dlustrated imHigpree 8202, The
keyways 122 enabl e the shoul der nng 15 94 to pass by the tapered keys 116
in either di§ackheoyeightstI@euentithespriert®andshustheesun piriag trthedesiradonsaagiand@r ring
94 is further defined by threads 120 that can matingly engage the threads
110 of the thelembadimentshiwadp WhioB theapaseiinbe 42hps pfemistreiushippshawaieht 58 ared

around the circunference of the shoulder ring 94.
20 also have a semi-circular shape enabling it to fit nicely within each segment 46. However, any



Refening to Figure 28, an enbodinent of the spring ring 96 is shown in
.perspective view The 20 spring ring 96 is a conventional spring, such as a
wave spring, that has a series of keyways 126 17 defined along its
internal dianmeter that enable the spripg 96 to pass over the tapered keys
116 of the adapter without 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 locking ring 98. The |ocking ring 98 has a
plurality of locking tabs 128 that protrude axially fromthe | ocking ring
98. The | oakinber df alupeslihd tyreeofded ghnardmbiy wihpehedomf tledeenidOEachhegneacki ng
tabs | 28 are sized and shaped to engage correspondi ng tapered notches in

t he ends of46guay atalincluze an esifae§6Gat eadhlvé its exdiapt @é@nt thnakid rvesmaovnbol e
conmponents. The inner surface of the | ocking tabs 128 are; key receptacles
132 havi ng vewe 5@ ithin desspdddubeldre 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 tines as the locking ring 98 is naneuvered
across the tapered keys 116. Thus) the locking ring 98 nust deformto fit
over the adesshewn BFigwerbdiilignd 1], acheandisagadhed wearh sepreert Woenclasingpet at i on,
the shoul der rang 94 ~s first maneuvered al ong the adapter 92 toward the

t hr eaded shecuridg the Wdgsht TersinoThedorercamiy: @dnecsd ahilseotresppatirg sbymdnhéd byaper ed
keys 116 by aligning the 15 keyways 122 with the tapered keys 116. After
passi ng t hahd @per abs SdenapplikGntotehgagadio uledegment #4) forexirple ddadcovatsa atsh das
threads 116 of the shoulder 108. The sprang ring 96 is then maneuvered onto
t he adapt erpagially beeat etk S8Rha mayx bameny frah tHelveves HnHacketab 68 hay a8 4peniifgtédr t he
spring ring 96 is placed on the adapter 92, the locking ring 98 is

maneuver ed thdiéthrougtesifed dfatredeipd 3f sdeednatidpaiord (R skewh)r Waaphaginasmnk3? engage t he
tapered keys 116. As stated above, there 20 exists an interference between
t he taper edséeaiptedth6tadnIsk ¢ande key to eaphan) fesn hd 20vetsh) ahdiat détbreating bdd ¢aacki ng
ring 98 nust deformto fit over the adapter 92. Such deformation renoves
any cl epr aregasied iesuiah 4R opstihg 60NE sechild &hel darkiating coddmgihfihé $ag@ps0d.t i oned over
the tapered keys 116, the locking ring 98 is held in place by the shoul der
ring 94 and spring ring 96. The shoulder ring 94 is backed off of the

The articulated weight spacer 40 does not contain a directionally preferred stiffness in bending. It
has the same stiffness, or resistance to.bending, or bending moment of inertia, in all directions.
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 is bent in a

non-straight wellbore (1.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 stff 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



5 threads 116 of the adapter shoulder 108 until the spring ring 96 is
.acting on the locking ring 98 wwth the desired force. Once the desired
force is attained, set screws are inserted through the notches 124 of

shoul der ring 94 into the set screw rggeptacles 112 tn the adapter. The set
screws maintain the position of the shoulder nng 94, which in turn

mai ntai ns the force supplied by the spring ring 96 on the |locking ring 98.
The spring ring 96 acts to hold the I ocking nng 98 in place, 10 but al so
acts to absorb the forces generated by any axial displacenent of the

| ocki ng NNga@fs. R MthnhdtthS Rbakl 8¢ pdsied GhrBkh aDYMRveRKbra bvitbia BbRERMRDThe CaAN
occur during downhol e operations. In an alternate enbodi nent, the shoul der
ring 94 is dackede o1 Wilafy th hRokétigadén: hkGuotiikdie adapter shoul der 08 until
the shoulder ring 94 is in abutnment with the locking nng 98. Thus, the
spring ring 96 is not needed. However, any axial displacenent or axial
forces acting on the locking ring 15 98 nust be carried by the set screws
and/ or t hr eéigise 19-01 idusttans as liabdditesnt of agpritlate@anding; Inebe [70 dat incprporates B8 | s
secured in place over the tapered keys 116, the: mating component (gun
carrier, spameiples aftapardcylatad €eightcpated® datctibalabave. Bse stiauted loadiiggubed024, t he
mati ng conponent (100 or 102) has tapered notches 136, 138 that are engaged
by the [Sckwhich is dlgstoyta 8ithin athoBow garkéantpr 14 (shova8in phineorh HparieBigmetl Bhemtali36,
138, have tapered surfaces that facrlitate a secure 20 engagenent with the
t aper ed surd pleakty bBfigsad plirte-hieckisNQ spaasibaldng8ts lengthOThEats|7ACliverg the Ng 98 i S
positively aligned and secured by both the interaction between.the keyways
132 and t hecidcapferenck dfalysloddfy ard7otih euch atwag as wicut thelosding fubkeTO ihfokgpalide The
mat i ng conponent (gun carrier) spacer, adapter, etc.) is positively aligned
and secur eckeprerRéTURGIHBRANnaMnglthd BEmérmCHi 16 Be Higdgagtd BoMtadhEher OTKcE72 i Ng 98.
Consequent |y, manufacturing tol erances are elimnated and the connection is

posi tively AlowdReBadiidbd T0ab bag 4 1NiiSatleddARuOT2 VEENRRRGLdiEthd RERMONBANO @n
entire string assenbly results in a string assenbly that does not have a

gradual 1§ driofdiis s@hct@bhl HOPERRE andAHMBLRnEITR G, WBRIng Ae shiiRd PRESE M théNapREd on

provi des a system and nethod of detecting control |ines (acoustic,

el ectrical , pd3iich §Ride te}h BRticr 19RARCIdgMment® £ atkadhRAE BF :ﬁalo;mﬁ%:ﬂsé Rf4k on of
various 10 materials contained therein. As illustrated in Figure 33, by
detecting tl@cK=aRS &idlpldids8 thht bke MiddRo REBEHE RS R @GRS b é@{%ﬁ‘ kiiRg. MPPI Ng
its position with respect to a fixed position in the casing 1 (e.q.

Rel ative Bearing (RB) to the high side or |ow side of the hole) the

i nformati on needed to position the perforating guns 1 in the desired

di recti on iBachscgmedeth mésindindpvarplurality hEopehihgrsi8rfat re@ip) of dhapedehdrgsl(ndti ne 140
is mapped with respect to the high side RB, and the perforating |5 gun 1 is
ori ent ed anghoivn). @ebsi &) naayaisp ée tnclmded inpctiectathelg skpprettheshapadohdrgdshmplaaevdn ds any
interference with the control line 140. It i5 inportant to note, that the
syst em &hd smphuoglopesing §Ualay gisappdefipeddppodite eabbwhéndd g7 3derrs@im of thobdck efdsqf
downhol e equi pnent and downhol e tools that can be damaged or affected if in
or near thethpatrrespindmgshappdchatdear ge jet. For ease of di scussion, however,
the invention will be discussed 20 with reference to control tines. 20 In
one enbodi ment of the system and nethod for detecting control |ines 140
(and ot her congqnents), the control line 140 is mapped and the gqupn 1 is

| ndexed dur PRGPTFENE Hioning bR 70 Fethistaaner; e v sbmirirerema el
detectors) are used to determ ne the position of the control line 140, and
a gyro is udedrapingsubs70Ats vople wiabls t9 brad ith Be fesisence p ayireetin. Hsguaqubh of
the control and length of segments 74 and the width of the cuts 72 can be chosen to allow a suitable bending



5 1line 140 with respect to the Iow or high side of the casing 142. Once
.this is determned a gun string with an inclinoneter/relative bearing tool
(Wrelme Perforating Inclinometer Tool) and gyro is run in the hole. This
is used to verify that the inclinonetgg/relative bearing tool is in
agreenent with the gyro (required for wells wth small inclinations).
During the shooting pass the guns 1 and inclinoneter/relative bearing tool
are run (the gyro tool is renmoved) with the gun 1 10 positioned in the
desired shooting direction. The inclinoneter/relative bearing tool is used
to confine rhdia! Itthi€ n@bier, thd guinROShd fatiae thrdugh b Bent deBbdredittbuf &mbérp hatthd t he
guns 1 are fired. The guns 1 can be oriented by any of the above nentioned
met hods, Fusddi@mlbet70 Vil bl PRAIthd @NeMinRY conventional passive neans
(Wreline Oriented Perforating Tool, Wighted Spring Positioning Device) or
active nmeans (downhole notor - Wreline Perforating Platform. 1 S The
focused detectors) are sel ected based upon what the control lines 140 (or
ot her conpomethes9miaxiznanaaiehcfresort icventi@ prowides himethol of aneeesatrgdonent ) t he
met hod and system uses radi oactive detection. In this enbodi nent, a ganm
ray i magi ngnifeglityios the s&diigand@ineimtguh heing anipoodntd (i.e1eguh4bkrions, g fpcagpanent i n
the control line 140 that is doped with rad~oac~ive tracer elenents (cobalt
60, cesisumwesihedhoudiigée ™ tHid embbEimgiaNMBngtiayf guieghpugieit®od medhal isbersied to
detect a radioactive pip tag 20 placed in the brackets that fasten the
control |i rervike: re@mblieg WasFingy/ rhayle Bgperidited parbent walole W Hild e inawhal@an al so
be used to detect radioactive fluid injected into the control |ine 140.
21 I n anot heiit, @ edicdeidut o lohdiRdinysikR Tz RchosR toh e ue freqlRédx6 hédEPLMNLY Ol
| ines 140, the detectors) are used for acoustic detection. Utrasonic
i magi ng t 0qbtgticie s MEswMEEkriuk teRfgle OMbatdn betwien 1 4B “Rrs HABEC @ants.
difference in acoustic inpedance fromthe surrounding nedia (cenent, nud
cake, for mutipmeasdlfem¥ftcalBeecoriiRhdd usiag b NbénElorqal eds ptke "B R8iyE Nusikedtihe
system and nmet hod of detecting control |ines 140, the focused detectors)
are useg f ghigfrdgr mal detection. In this enbodinent) thermal detection tools
(ProducUon Services Platform Manoneter Tenperature Sonde) can be used to
detect cooling fluid that is punped down the control line 140. Still
anot her enbodi ment of the system and nethod of detecting control |ines |40
utilizes 1Figire2d provdds adedphetlirepresehtatidniuf sheaerjoorel wapt plottdngaiostttirecinglk bfie 140
is detected where the coupling of an Induced JrM signal on the control
| i ne si de aobtatitre Toagibrifusird@s thie Bffeot thaf 4 munenmo@pdis g tremsntdé inedilatwelt ek eh y
smart card type transducers, or other electronic tags, can be oriented in
t he casi ng thedg@mGrring@tmpaients.i The “d Q" andstihgipedd@ds ddrrich ¢ the bathh b tlef t he
system and net hod of detecting control lines L40 uses magnetic 15
det ecti on. térgvigingivo pet @ovssesarerdrerqus diinglienlaa, thatppeinatangalgr gosiupd”dced 1 n t he
control |ine t40,

15  identified. This optimal angular position, referred to as the “bent torque zero angle,” is the angle

at which the component would actively orient itself along the inside curvature surface of the

casing of the bent wellbore.

By knowing in advance the wellbore trajectory, and knowing the “angle of bend,” gun carniers,
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



control line brackets or the casing 142. Another enbodi nent of the present
i nvention provides an apparatus and nethod of confirmng that a correct
orientation of the perforating gun 1 has been achieved. As shown in Figures
34-36) the confirmation device 200 isq#oused within the gun carrier L4 and
affixed to the | oadi ng tube 22 12. It should be noted that in alternate
enbodi nents, it is not necessary that the confirmati on device 200 be
affixed to the |loading tube 12, as long as the confirmation device 200 is
attached to the gun string at a fixed angle with respect to the orientation
of the shapedvicoraiaesd th®e lobhed martfent seation o hawinafacRRQ (@hiavy thd @entdoripid gger
charge (small shaped charge) 202 that is initiated 5 by the sane detonating
cord 16 thatroianglé t@hddent With e anglSttapestne bahgesit Lellbokdpon det onati on, the

t ngger charge 202 shoots into a proof plate 2p4 to provide evidence of the
gun 1 orientation at the time of firing. The evidence is provided w thout
piercing the gun caner 14 and risking danage to the well bore or well bore
conponent s.The magtiwde pf thetorgue providad odrvebaide, i1t the agtive ofiengstion eand@ detersniged as

sem -circul ar plate housed within a highly 10 polished track 206. The proof
pl ate 204 el fomethechappicazaiioe ef the R84materivhin tharlent watctind tpdustresp@Bd tests. Thet at e,
within the track 206, around the center axis of the gun 1. Due to its own
wei ght, St henagnioct will 2tre d&@dding ¢ thaindiideallpéece of rawenatroizt, thendegrebeof bénd;, rel wel | .
The trigger charge 202 is positioned to shoot straight down relative to the
correct or itleritrgth efnhaobient pretidnad dieng: 1 iborb.eTh 2ongerdhateen npottizmrog e wklbdravhlet her  at
0, 90, 180, or any other deviated angle) when properly oriented. Thus) if

t he 15 ori grdast theactbk otibreing GaglienngaitablaeTHEDighsr thobdnd aigle inhie wellbggethe char ge
202 wi Il always shoot straight through the center of the proof plate 204.

| f the charggagr & aétive ofiedting torfeCivhilabler Fiedilyaitly greher thkegiicnat diforfiesaduirgdsent

can be neasured by the shot fired into the proof plate 204. It should be
not ed that rbtate@lptecé farbe nesddi@cthiREH Sne révdRutipi, a0 fdelfRt én (BOY¥ene Matefift torque

manuf actured to extend conpletely around the trigger charge 202 and still
be or diat eekpbnse GsBMhE Fredier thegarvdorihiiggbrgd®avangbid. ar ge devi ati ons.

Another embodiment of the present invention provides a positive alignment carrier that removes
alignment error in subsequent gun strings that exists due to machining tolerances and clearances.
In other words, the positive alignment carner 90 illustrated in Figures 24-32 ensures that
additional gun strings affixed to a first oniented gun string 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 can be used to advantage to

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



23 I n anot her enbodi nent of the confirmation device 200, illustrated in
Figure 37, the trigger charge 202 ~s positioned in a rotating support 208
housed within the | oading tube 12. The support 208 has a counter weight 210
t hereon that biases the support 208 sygh that the weight 210 is oriented
toward a | ower position. In the enbodi nent shown, the trigger charge 202
faces opposite the counter weight 210 such that the trigger charge 202 is
al ways oriented in an upward direction (although in other enbodinments it
could point in other directions). The detonating cord 16 is provided in
oper abl e atHiguwh2feprovides atpasspective \gepe of anteanbgdim@df theaHaptdr &2 ofibe posattvieon of t he
detonating cord causes the trigger charge 202 to fire. Upon detonation, the
trigger chatigené_arfigri9esinthreeatbbdignentrshowrdibotatendsni0éniod bitht adegiend tanbeudd t hat
can be inspected to 10 determne the orientation of the perforations. Once
agai n, the topositnieBtaligmadjciniag odmpon@ds. Wi dllemate etnbedimente 98¢ énd o thepaaped pat i ng
the gun carrier 14 wwth the trigger charge 202. Anot her enbodi nent of
confirm ng cahbd inkg@DWite6ie oF kHelfoed Odinheritd) 6r R LE Okl b Agadjsifing césonbigen
achieved ~s illustrated in Figure 38. In this enbodi nent, the confirmation
devi ce 200 ijh § s@hdata@shnbGut® threatkgng tube 12 (as shown), housed within the
| oading tube t Z, or attached to the gun string t5 mfixed relation to the
shaped charges (not shown). The confirtnatton device 200 can be | ocated

i nside a space protected from damge fromthe firing of the shaped charges
(not shown)Theaddpten 82 Basacheuldanh@l havingthpeads p k& Proimeaty ey threatp}1® aresanplyrality) et c.
The confirmati on device 200 has an upper alignnent plate 212 and a | ower

al i gnment pif agtecrew deceptaplad| 1y 2. 3¢ sot ectewrecentaclesr L 2xt ncated arhndshegre@mfgrendehe
upper alignment plate 212 and the |lower 20 alignnment plate 214 each provide
a centr al i zdthegdante 92 [lhe ad@let ayrfacot L4rie bathgtdefifieddy oehtratay ofgipmfed keys246 218.
The gui des 212a, 214a allow the central shaft 218 to rotate freely at both
ends. Fi xedhat patiuéecined tHeadipte saréaat i B. Thh@apdredXe@s |16 havectapenddaidesvbl 8gmtthe2! O
that is always positioned in the |ower portion of the confirmation device
200 dueld o dmbeditrencshowi, tig taperddykeysTié agtataangtlhnig sicape. dHolE vgraia akandtéir ough t he
central shaft 218. Upon detottation:-of the detonating 5 cord 16 to fire the
shaped charegewdifrieots, tsd1apeidd kelyh £l 6ae mkeioieanymemnte of fgulaeottitaulasdhapds. 218 ri ses
qui ckly causing the central shaft 218 to expand and lock itself inside the
upper and | ower guides 212a, 214a. Thus, the central shaft 218 is | ocked in
the position it was in upon firing of the shaped charges. Upon retrieval of
t he gun st rRekgring tad 1 gyesi2oianth2 b theshaildearing 2 1s shvamtin perepegiive lgndhsidedewso®hd r mi ng
device 200 can be examined to determne the orientation of the gun string
at t he ti mantemabdiarpeseref theiskgulder nng 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 nng
15 94 to pass by the tapered keys 116 in either direction without interference. The interor 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  spring ring 96 is a conventional spring, such as a wave spring, that has a series of keyways 126



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 furtfpr be noted that the guides 212a,
214a can include uneven surfaces that nechanically |lock the central shaft
218 so as to not rely on 15 friction alone to maintain the |ocked position.
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 wdéfimed alohgitgiarmal diamederitimt Enabledhe sphiag 9600 phew ovdrehexbpessdtkays 106 oHf t he
shaped charges. The external housing 216 of the confirmation device 200 is
agai n af f i xeddipter avithoig peérfeadnce Ameattermptk ainBodimedt ostheypng 9§\stshown inlFezuesxt er nal
housing 20 216 is a confirm ng weight 220 held in position by two roller
beari ngs 22@.31.The confirm ng 25 wei ght 22D provides a hardened spear 221
and is shaped such that it wll preferentially, by nmeans of gravity) orient
itself on the |lower side of the confirmation device 220 and point the spear
221 mthe upward direction. The detonating cord (not shown) passes through
t he cent er Figuiel32 pholides 2 Bekspebtivehvieweafh emhodigienief Ghtoc@agringI8fomlockangmet i on

of the detonating cord) the pressure rises rapidly within the drill hole
224 cau$i n§s hise pyeality oRRdkingralizl 28 thay pratredswairly {rdth éhehieokihg miag 98 Jtha tocRigg
strikes and indents the inside surface of the external housing 216 at the
time of detabni2§ aedefbd By tapdnel spefades it X Thglocing tgbsd@fplesizediandishapee ot er nal
housing 21b is renoved and exam ned to determ ne the actual orientation of
t he perf or atgapsicoriespontiag wetrbdattehes ihGhemas dfgun earbiarelispaeadts, afier bdvpteespafdi r mat i on
device 200 is illustrated in Figure 40. Once again, the confirmation device
200 i s att atheedbwahbllicompdnents The Finéd sofade f the keekling ebat18aim: key réchgadidsil@nt at i on
of the shaped charges. Tn this enbodi nent, the confirmation device 200

i ncl udes t Wwavitl apseddes \b4. Thakeyagre@a8esddP araited hrskiped vk that & igledfavee230 i S
di sposed circunferentially between the disks 226. The di sks 226 and sl eeve
230 ar aof i xgieks b&tweal tht tapdted Kby Db B4 the kBpdecdpaidies [RR of ABtimescd tiedodkyhgtingscr ews
231, or pins 232, for exanple. A spear nechani sm 234 provides a tube 236,
two beari ngs isAadhkuirddubrodsifc taperbibitey el 1628aks, taalbckinS MeroR mubddefdiittto fib@r 236 i s
positioned within the central openings 246 defined through the disks 226.
The beari n@f ad@ferdngeri®il BRI Rivicethe 23§ ON either side of the hub 240,
with the tube 236 al so passing thiough the central opening 248 in the hub
240. 'The bearings 238 enable 20 rotation of the hub 240. The barrel 242
extends fromthe hub 240 and is in communication with 26 the central
openrng 248n operasios,ghaghoglder ring 9f esdfirstanhnel vetsit alonh e bdapeep2 avardghrthrseded be
initially held in place by a shear pin 250. The spear nmechanism 234 is

wei ght ed, stiidens08fhe shoulderaing it trpbisfto pise bhie tapgred Reya hth yrdigningdd) such

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

si de ofl5t hékeyyays 22 witiythe BipFhdkajet bhafterppssdne the thper¢dhepnht 6i the shwgldedtingiines)
passes through |.he central openings 246 in the disks 226 and through the

i nterior ofthredded putbehe2B8ads Wpdef thkeshowlderi 168, Tof spring ridg PO isdhdnmganewed 280 t he
tube 236 is disintegrated and the pin 250 is sheared) causing the spear 244
to be dri veie aieptervead docadin prelemity efithe shasldetaing @4f ace of the sl eeve 230.

After the perforating job) the | ocation of the indentation can be used to
determ ne the actual orientation of the perforations. 10 Still another

enbodi nrent of the confirmation, deyice 20 | lustrated in F re 41. In
TS Emb ociAtisn the Spvga e Ly OF the Spfen 0 b sk iere D8 S e S8 i

b h 54 || oved t te t t 11 b
252 1 onai ndREHERBUN N L Brenk(es L et RODEI RS0 s EPR A PRg corc

16 tends th h the b h 2 h,that t 252
1o XIS centnn e R B e o T st G ke Rt R g R "3 2 e

housi ng 15 254. Upon 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 beati ng housi ng
254 is fixed mrelation to the shaped charges such that the indentation is
used to ver7fy orientation of the perforations at the tinme of detonation.
27 In alternate enbodi nents, the housing 254 contains nmultiple bal
bearings 252. Further) it should be noted that by using a housing 254
havi ng a rounded shape in the axial direction, the



onentation of the gun string may be determned in nmultiple axes. In other
.words, the balls) 252 rotate to the Iow side of the housing 254 enabling
determ nation of the |ongitudinal angle of the 5 guns as well as the
rotational orientation. Yet another eppodi nrent of the confirmation device
200 is illustrated in Figure 42. In this enbodi nent, an eccentric wei ght
260 is nounted on a bearing support 262 having a bearing surface 264. The
eccentric weight 260 rotates so that the weighted side remains in the

| ower nost position. The bearing support 262 has at | east one radi al
passageway lagtgaingdR adiusgdefdmarte fihoveuthh adap@r I Spdelectomattiongercoesiarlyleasahends

t hrough the central axis of the bearing support 262. An alignnment tube 268
surrounds theovedethomad.i ng cord 16. Upon detonation of the detonating cord
16) the alignnent tube 268 creates shrapnel that passes through the one or
nore radi al passageways 266 in the bearing support 2& and i npinges the
inner bearing surface of the eccentric weight 260. By knowi ng the

ori ent at i orPnse thedeckingaing 98 pnogitiamed oyerithy tapeieddaysehifyBe pekmgiingPeickbier t o
the orientation of the shaped charges, the orientation of the perforations
may be det efase hethetshouldes prg94 avd springiring %8 ckhe shauider virg Yis bazber off of thm
alternate enbodinent of that illustrated in Figure 42, the detonation cause
t he beari nghisedsgadé of theadapisr shpalder L0 aptilithrespring g Sfds #5688 o1 Gp losking Heg 98
eccentric weight 260 and the bearing support 262. One exanpl e enbodi nent
usi ng the swit the flesged fopoeH@uereithe doi rEeis Fitainpd eseusgrews gredgserted tgroughibeli ment )
the eccentric weight 260 has one or nore radial passageways 270 that are
28 al i gned natches Y24ef ghealder ringifiddntp thdisell sciowgerapfaciesyid 2 poBe adapieh d heeasaravs
support 262. When the guns are fired in the correct orientation and the
wei ght 260 manthipdheembsition pftbe thepldenTggHdppinett in 28R mainkwinsdiefore sypplied bydks al
passageways 266; 270 are aligned. The orientation may be verified by sinply
i nserting asppngring@6oont theeloekingyired8p ElssspgegEngO62686 fo RIdthe fockipg othes in place,

i nspection of the passageways 266, 270. It should be noted that the

confir il i dmt adevactes aRHD thafordee gansattddy alpodxinl disglscembntaf fhex@tingtng B8 of

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

In an alternate 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 [orces 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.



guns. In this manner, the orientation at both ends of the gun string can be
confirnmed. It should be further noted that the above enbodi nents of the
confitzning device 200 are illustrative and not intended to limt the scope
of the present invention. The describ features can be conbined and 10
nodi fied and remain wthin the scope of the present invention. As one
exanpl e, 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. Wile the foregoing is directed to

the pref er reg 16RRHEBY s REitild¢ alines 8t seduiad@ bb@he iRleRefiordREveby ik her

enbodi nents of the invention may be devised wi thout departing fromthe

basic s copexwayl&?)tsh@n &Rf the AP&ted RSs PPRA tlehehiids m*e%hmlie_%mg S£dhbyaddpe cl anms

that follow is the express’intention of the applicant not to i nvoke 35

us.C 112@“%5&9(3%9%@%{ Gface aétér%t&.%ipgﬁt?vcﬂfaligﬁ% aﬂg SJ\XDD%Q ﬁ{gggieg{;ﬁtr ein,

except for those 11m whic claimexpressly ‘uses t

toget her wi f &8 \ARAO R Abrd WL ing 952 8ofkAEMR. InafhlrhiHng foidhancés L 0T Of
orienting shaped charges) conprising: werghting one or nmdre gun string
Girecti on SR nERe chuleuis filodkl) i guaNSIERRE IEE (kBB GCR! (BT,
conponents are ected from ape ’c ing t S)..an n

carri or s, - 1R SERR A GV ARE kR e Rk SRRl g
conponents are.wei.ghted 2 eccentrically by adding additional material to
alter the cg{ %ﬁ?%%n5F%Vity. 1 4. The nethod of claiml, wherein the one or
nore gun string conponents are weighted 2 eccentrically by renoval of
material to alter the center of gravity. 1 5. The method of claiml,

wher ei n t heaRRRerQmbBBEnt e the prestr? thvERATAQRRIS 2 S8mMRH BRINSE oPdcREGRITORIrAal | Y
by pl acing the one or nore gun string conponent's within the gun string at a

3 location pheiRohdE, HEHCAT n&ie-Q'El‘%%ﬁl)’nalj%etﬁéﬁé‘tc.?%e%n t?ﬁﬁ&ecﬂ%oﬁafi&ﬁg

conmponents is' renoved 4 fromthe axis rotation of e gun string.
10 materials contained therein. As illustrated in Figure 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
illustration, the control line 140 is mapped with respect to the high side RB, and the perforating
15 gun lis oriented and fired in a directi.on (indicated by the arrow) that avoids any interference

with the control line 140.

It is important to note, that the system and method is equally applicable to dowhhole sensors,
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.



1 6. The nethod of claim1) wherein the one or nore gun string conponents
.is a.swveling 2 loading tube. 1 7. The nethod of claim 11, wherein the one
or nore gun string conponents is an articul ated 30 2 | oadi ng tube having
a plurality of segnents engaged with each other such that the 3 individual
segnents are adapted to bend w thout becom ng di sengaged. 1 8. The net hod
of claim1, further conprising: 2 determ ning the non-uniformty of the
bendi ng noment in the one or nore gun stung 3 conmponents; and 4
conpensating for the non-uniformty of the bending nmonment. 1 9. The nethod
of cl ai m 8, Inwhneembdithéne ofrhesyseinf and methgd 6fr dertenial beptabliren 140 @ndl@ber M ned by 2
bendi ng the one or nore gun string conponents at the angle of the well bore
devi ati on acuihpdne¢iB.Shy doRgoltliie 14008 tiappedfand e guel fsediekddatirihehe dnititap tige One
or nore gun string conponents 4 to the desired orientation while at the
angl e of dendlatm Bi.embodithentMdctied BB (sPat (2083 df@mbid thedbfitidest theoftrgun
string, conprising: 2 one or nore gun stung conponents, conprising: 3 one

or nore shaped40hald8Frohdlsed B cBnfalidiod &1tk & Qeredod) o MAY the BhsitioRdEthe céhopadi ng
tube; 6 wherein at |east one of the one or nore gun string conponents are

eccentr~¢al fuié l\ﬁ@'wgthtn%gec?tottﬁe BCv'o?ﬂTPgh ReoSRARRH g Qﬁﬁm@éthls“s &te@mbd £6un
di rection. 11. The oriented perforating gun of claim 10, wherein the

geometry of stﬂﬁfwﬁﬂ‘ﬁ{ 1981n6ﬁ§£r/ﬁfat|9@€ea3n§%9ﬁ (WirelTRY IRriShaReH itk @ FodnSangdi f i ed

to shift its center of gravity. 1 The oriented perforating gun of claim
10, wherein %@ls%n%t@tﬁ;l@ﬁ“ﬁn’s%‘sﬁﬁe&t@ vE:li'f? DAL GR1ifARE el Rfve bEMRInP RS Ry MOT €
shaped charges . The orientéed perforating gun of claim10)
wherein the [

tube at a @%%?’.eg“m @9&85‘3%%?525&2?@? S SRR DU B S BRR R e
charges is 1 14.
The oriente per %lrnglglﬁgmétegger@)ggf‘ ﬁeaﬁ {ogf%uu\a/rrqtg?é){rﬁn)gclj ?ﬁlégﬁgltw ﬁg?%al i's

added Loyt h§$slﬂfg)ﬁed%n%rdé§i{ed éﬂt%oﬁﬁ%ndxyﬁﬁorpﬁ“h?@&lﬁgm‘gél:/i[e%l?é %%Qn#tg& 19&&6&: a' m 10,

wher ei n nat 1'S renove carrier orlented

perforating. g, gmmf ijsgbmm%& il te EJ&ﬁeJ IR an@the TS dhtired FhlBuRG2! | OPS

2 on the gun carr|er

can be oriented by any of the above mentioned methods, Further, the guns can be positioned by
conventional passive means (Wireline Oriented Perforating Too!, 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, a 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.



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 renoved fromthe |oading 2 tube. 1 19. The
oriented perforating gun of claim10,2t%herein the |oading tube is an
eccentrically 2 weighted sw veling | oading tube. 1 20. The oriented
perforating gun of claim19) wherein the swiveling | oading tube has a 2
pendul um wei ght affixed. 1 21. The oriented perforating gun of claim19,
wherein the swi veling | oading tube has an 2 orienting weight within that
surrounds dn anashes embodiment oHithe aifsterraand ongthod pf detactingsdvapeldines 319, Be dhetagels. 1
22. The oriented perforating gun of claim19) wherein the gun carrier is
ori ent ed wiadusedbpenust® dewctidieUBmsongl imagjng wald icargbet userbif by comm! bae i#0ihes a

wei ghts. 1 23. The oriented perforating gun of claim22, wherein the one or
nmor e wei ghtsignéicent@iffessnoain acousic nipedgonframtheisamrounding Mediziementi mod edie,
perforating gun of claim 23, wherein the one or nore weights are provided 2
wi t h roundegdmexids getelpteeld efcor gui di ng the perforating gun through well
deviations. 1 25. The oriented perforating gun of claim 10, wherein the

| oading tube is an articulated 2 | oading tube having a plurality of
segnents engaged with each other such that the 3 individual segnments are
adapt ed X o Ipaet@netherisehedimertofihe gystans e gusghod of deteripg qaatroldiee Hletlie fsufedr at i ng
gun of claim 10, wherein the gun cancer further conprises an 2 articul ated
wei ght spacisiectai(fiareeused or themmad defecsion il his ampedimens, tharmen ddeolies Ak spacer
having a 3 plurality of segnents engaged with each other- such that the

i ndi vi dual (Bewguasian Seryices Hla pMe@pmqserg'emervwrteﬁ@me) padesadgo detece eepdined. 1
27. The oriented perforating gun of claim 10) conprising a plurality of
per f or at i ngludithetis punRd dowe thgrcprsred liek 1981 f or ati ng gun of claim 27, wherein
the plurality of perforating guns are 2 affixed to one another by a
positive alignnent carrier. 1 29. The oriented perforating gun of claim 28,

wherein the, positive align t carrier renpvyes 2 alignpent error resulting
f r om nachi rﬁ‘ﬁlganf’ ?fgffﬁ)ﬁé'gg“{ﬁg&‘eép’%%{? ﬁ'ffg’ﬂeéﬁctdt?igc%%‘i"%mﬁwrﬁ‘?él 0 ‘5@7‘%5 plurality
of perfgratin ups. ‘1 30,, A hod of orientin erforatin nina
d evipat eb() V\ququ-gglec@tection. n this emggJimcnt,t e controﬁgte 14(9is%etgctetj where the (Cr'ou%{'ilng 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 onented in the casing 142

or control line 140 and detected.

Another embodiment of the system and method of detecting control lines 140 uses magnetic
15  detection. A Magnetometer can be used when a magnetic tag is placed n the control line 140,

control 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 Figures 34-36,

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



2 providing an articul ated wei ght spacer wthin the perforating gun,
.conprising: 3 a plurality of eccentrically weighted segnents engaged such
that the individual 4 segnents are adapted to bend w thout beconi ng
di sengaged fromthe 5 surrounding segggnts. 1 31. A nmethod of actively
orienting gun string conmponents, conprising: 2 determning the wellbore
trajectory that wll be experienced by the gun string 3 conponents; 4
bend~rtg gun string raw material in a curvature resenbling the wel Jbore
trajectory the 5 conponent will experience; 6 neasuring the anount of
t or que r equi2 &dhduld SeGiogidehat thealtgitte 8inbodingercO iPOte nécetsary ikaethd esifirmatiod angl e
of orientation while bent at the well bore trajectory; 8 selecting the gun
string raw deiceR0@be dffval ¢ e tiadiag tube N2, ABlong ax thielcontiematioh déveeet200 ish@adhesi red 9
angle of orientation; and 10 providing gun string conponents manufactured
W th the seboeie @ s@idgatsd e GndlBh#H edect td the drientitPon B ihB Sihped chatgad 10. 31,
wherein the torque is neasured with a bent torque response 2 assenbly. 1
33. A nethod of |ocating one or nore downhol e conponents and mappi ng their
position in a 2 single run, conprising: 3 providing detectable material in
t he one or Tercenfilmatitredeyice 80ppneaddss:triggeBehargd (ymatlishapgd dreged202that és ifivietad ed
detectors in conjunction with a gyro; 5 detecting the one or nore downhol e
conponent s by thésareeleonaing condd b ¢haf ingiae the dstireshimed Sharges d A.dUpon weopitiog, thehe
position with respect to a fixed position in the casing of the detected one
or 8 nore dmggdnohagec202phvverin®)a prdo€ plaw 204 roprovidesdvdieskeloy the lgen Yymemtatibn 84. The
nmet hod of claim 33, wherein the one or nore downhol e conponents are control
2 lines. 1 @Bbtimdbefitmet Mhdevidenel18pmvidd) wittver gercing the gomeanaar 14endxisiimgnhol e
conponents are selected 2 from downhote sensors, downhol e equi prent, and
downhol e t o@intage th tRbwellboR orwiehiste @mpohentsm 33, wherein the detectable
material is radioactive tracer elenents 2 provided by doping the one or
nore downhol e conponents and the one or nore focused 3 detectors are a
gamma ray imaging tool. 1 37. The nethod of claim33, wherein the
det ect abl e hheitlisuated smbediment, thepreofrpdale Hidas p samisitpilar plasggwugpd axiibiechighly t he
one or mare downhol e conponents and the one or nore focused 3 detectors are
a gamma 1@ aypdlwhegitragk 2T he progplate2é hasergddmore vdieals AP433hat opabledharplat 204 to
detectable material is radioactive fluid provided by 2 injecting the fluid
i nto t he onetats, withingheckoask RO, erogurhtho erater axiapithe gim loRee @nts gwn aveight, the proof

plate 204 will 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, 1f the

15  orientation 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 alternate 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.



3 focused detectors are a gamma ray imging tool. 1 39. The nmethod of claim
.33, wherein the detectable material is cooling fluid provided by Z punping
the fluid through the one or nore downhol e conponents and the one or nore
35 3 focused detectors are thernal depgction tools. 1 40. The nethod of
claim 33) wherein the detectable material is an induced EMF signal having 2
signal variations based on the |ocation of the one or note downhol e
conponents and the 3 one or nore focused detectors are el ectrical

detectors. 1 41. The method of claim 33, wherein the detectable material is
a smart carflaiomee embaitiéhd 6Ehe donfifrfatiofl Aevitd 20D 1BusBBRd OV FiSRE 87, dRWALR! harge
conponents. 1 42. The nethod of claim 33) wherein the detectable materi al

i s an el ectaQm gositigbd M SRS sipPor? 208 HduAGYiBin FHDIEISONGN P, TheRpPRBRt s. 1
43. The nethod of claim 33, wherein the detectable material is a nagnetic

tag provi dags i fbuhlREweighg0 HercdP it ﬁ&wﬂnek%&@m%a tBWei Q1 PR BriitedTOT €
focused detectors are 3 magnetoneters. 1 . The nethod of claim 33,

wher ei Nt N§oRRE a welPds iot,.qin:1mmiflﬁm%ﬁs\oﬁ,%haﬁggepgﬁa{%%@@iaees%P{)&ﬁgiheg tools

that detect vanattons in acoustic | npedance aroun e one or nore 3

downhol & ¢ 3 bdd [ 4Gk j LLd el
g CQl &Qﬁ% 2xg)f)fs% thﬁﬁigﬁqgg%érmr 209 W HRys Gﬁén][téldilé g{ YwRPELLGRE! Y

engaging a plura own onponents 2 i'n a ori entation,

COMPI i 51 NG (oihofifh AR EfpclAnG: DN hARRE Bkelisys; and 4 a | ocking ring

havi ng keyways I positively engaging the tapere ys of the adapter and
5 having tabs for positively engagi ng downhol e conponents. 1 46. The
positive alignnment cattier of claim45) wherein the posriive engagenent

bet ween t herhe déibnating o€ N6 ¢ Pr@NEd A6helaBI\BBYH mERITO Ve $n dFa kb€ RO dubigthat
tolerances. 1 47. The positive alignnment carrier of claim45, wherein the

positive engRgfvARE theatisrting tdie caisésahstriga chdi@ 200 wire! @poadBpRARAltE: ' ENDVES
manuf acturing tolerances. 1 48. The positive alignnment carrier of claimA47,

further conpgdesttagzePORftes tREUNERA iHdidaGor! dhah2lohddkiubRgl X thit@art B 1RPStéd te e
engagement with the adapter. 1 49. The positive alignnent carrier of claim
45, whereei nietehfin®thdloAbrtdion f the g¥wdia ofs. CAEPRRARNE orerddiBn REOABHRE WitBodUNS .

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 1s illustrated in Figure 38. In this embodiment, the confirmation device 200 1s affixed to
the loading tube 12 (as shown), housed within the loading tube 12, or attached to the gun stnng
15 1n 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 a lower alignment plate 214
rigidly affixed within an external 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



1 50. The positive alignment carrier of claim45, wherein the plurality of
.downhol e conponents 2 are sel ected from downhol e tools and downhol e

equi pnent. 1 51. The positive alignnment earner of claim45) wherein the
downhol e conponents are 2 sel ected frog perforating guns, downhol e tools,
and downhol e equi pnent. 1 52. A nethod of confirm ng the correct
orientation of shaped charge firing, conprising: 2 providing a confirmation
device initiated by the shaped charge detonating cord; 3 maintaining the
or~entat ~on of the confirmation device with respect to the orientation of 4
t he shaped nBaTigemidesida, R 10eilPRahd cegirdl BRafS113 pediatd fadefenr Bath enBi Fixgilycord to
fire the shaped charges and initiate the G confirmation device. 1 53. An
appar at us faaacha®ashé tentt@ shdfe218Nd Levuaket wilglaR2 | Ghapesdwaiaiogigsned Adie @Rleonat i on,
2 conprising: 3 a confirmation device maintained mfixed relation wth the
ori ent at i orpogfontdh the ThFRRGtion dBVicé200NARE 8L5e foddd@f Bradydet onating cord that both
fires the shaped charges and initiates the confirmation device. 1 54. The
apparatus of claim53, wherein the confirmation device conprises: 2 a
trigger charge rigidly affixed within the confirmati on device with respect
to the 3 orThent@hiting cafl 16 hassshiapegh thdha@ngd shafte18. Upon dptooaion pf ét detonating
eccentrically weighted to maintain the proof plate at an angle relative to
t he 5 ori enbat i6an fiof tht Slepsivhped (odiahges, thapiesdra pisield tHeaentrab ghaft 218 ofes t he
trigger charge 6 expulsion. 1 55. The apparatus of claim53, wherein the
confirmat i ouidtbvdacsngaberenirdebaft 228ao ¢xpaglyend ek dtsdfangpdesthe uppacohd e wen guides
rotating support; 3 a counter weight for biasing the rotating support in a
di re; ctt on 21eh attd4a FhiisOthe bentar shafo 2 B8 is toked! inthephatichiapadn eparfgagof and 5 an
external housing adapted for receipt of the trigger charge expul sion. 1 56.
The appar atsispe@ichartcdi UpdpIetrivhesahdigun3@ingahé pdsitidh bDfe cedvrbichalCDIPVithaeke 2 an
external housing; 3 a shaft within the external housing For receipt of the
det onat i Ng wAfighibh@Vet NODEEb: ehndie 16 BetéfdiiR 1BLOrRRGESroof MRt dih 8fnRg bl whaf t
centralized within the external housing and to 5 enable the shaft to rotate
freel y;1anthr@e@dngi@dnt erwei ght 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 | ock the shaft inside

the one or nore guides to maintain the shaft in the 9 biased direction.
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 example, the lower guide 212a may be made of plastic and only used
for guiding purposes rather than locking purposes. It should further be noted that the guides 212a,
214a can include uneven surfaces that ‘mechanically lock the central shaft 218 so as to not rely on

15  friction alone to maintain the locked position.

Yet another embodiment of the confirmation device 200 is illustrated in Figure 39. In this
embodiment, the confirmation device 200 is once again attached within the gun string in fixed
relation to the orientation of the shaped charges. The external housing 216 of the confirmation
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



38 1 57. The apparatus of claim53, wherein the confirmation device
«conprises: 2 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 ghtadousi ng a hardened spear 5 and having
a central opening for receipt of the detonating cord; and 6 a hardened
spear housed within the confirm ng 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
clam 53, WRRIght motg6vided RhirabRE spar $A\GhE R sRARBECA B it %ilRprBRAMLAY, H1HSHhNY
adapted for receipt of the detonating cord therethrough; and 3" one or nore

bal I bear i R@grali), 8fi&0]i&1tWntikl 1Bwéifie RPIS chTirARbnREASETh0IRd ﬁoiﬁ{itﬁ&%&jr a9
relatwe to 4 the orientation of the shaped charges and adapted for

I ndenting tnge BERrl BFecho GHE UElohaUROELr@ fhot MG EARSseS fhrdd ﬁﬁé‘dérﬁer‘éﬁéﬁl 'ﬂ!%ﬁ éézf‘e

housi ng caused by the detonation 6 of the detonating cord.

apparatus QfyglaidBnhs: gsf n the confirmation device conprises: 2 a
beari ng suppE)rtc afgqgg@ew or receipt of the detonating cord therethrough and

having at 3 | east one radi al passageway extending therethrouth; 4 an
eccentric wei ght nounted on the bearing support such that the weight is

bi ased i5n a@pon détbtibh 6fthé @dtéHatingcokd) tHelpeesQird €92k ApidDwittin ihbarils helpemh char ges;
and 6 shrapnel that passes through the at | east one radi al passageway and

i npi nges t ReusREAR RS 271 e @RVenUuRRArdiehagichésperl 22 héarike baNiaddnRdhoingigs 39
1 60. The apparatus of claimb53, wherein the confirnmation device conprises:

2 a beari nQu$itp Pt eddARMBGi{LOI 6 heGeliRk oiﬁet&nhtﬁmdﬂft@rﬂﬁ’éﬁ&’@raﬁ@%jdb {sher et hr ough
and having at 3 | east one radi al passageway extending therethrough; 4 an

eccentric \Weinglled NAYexRGNLP RousA 28 sGerh il Ald RADHEDRWRKNAN the ARNH bR A8 t he
bearing 5 support such that tﬁe weight is biased in a direction relative to

the orient gk irQRe@dratont RRhSRARRE. charges and the one or nore radial
passageways are aligned with the at 7 3east one radial passageway in the

beari ng support, the eccentric weight locked in 8 orientation with the
beari ng support upon detonation of the detonating cord.

10 Another 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

15  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 openings 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

20  rotation of the hub 240. The barrel 242 extends from the hub 240 and is in communication with



1 61. A perforating system) conprising: 2 neans for mapping the desired
«orientation; 3 nmeans for orienting the perforating system and 4 neans for
confirmng the correct orientation at the time of detonation. 1 62. A

met hod of perforating, conprising: 2 pgpping the wellbore to avoid
perforating sel ected downhol e conponents; 3 orienting the perforating
system and 4 confirmng the correct orientation at the tinme of detonatton.
5 63. An oriented perforating gun) conprising one or nore eccentrically

wei ghted gun string 6 conponents. 1 64. The oriented perforating gun of
claim63) wheteirdl opdiengi48. Tie'shédg 240 RRACINENiAHR baed1 061 Sl Mayfve diahapad
charges) | oading tubes, and gun carriers. . A Y.A{3%A{l.Ah .AU.A F. A

. AF. AAY. Ah3q 'ﬁﬁbe Wﬁh@&?\ 586, PHe ¥ éhﬁieéﬂé&sxﬁ@& A Wgighted; &k & by the inclusion of
. AhY. AhY. AUY. A{ F. AUF. L. AUY. A{ 3L. AUF. A3. AUYr . AAF. A, r. A& Yy. A9. F. A9Y, . A. | .
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bearing housing 254 is fixéd 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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5 pguns 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 throqgh 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 alignment 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 weight 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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109 () -* ]'gQJ?M t‘x?s- aﬁ%&?%én@niaﬁoﬂ: %m&%% gun string can be confirmed. It should be

further noted that the above embodiments of the confirming device 200 are illustrative 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 1s 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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claim.

1 1. A method of orienting shaped charges, comprising:

2 weighting one or more gun string components eccentrically to orient the shaped charges
3 in the desired direction.

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

I 3 The method of claim 1, wherein the one or more gun string components are weighted

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

1 4. The method of claim I, wherein the one or more gun string components are weighted

2 eccentrically by removal of material to alter the center of gravity.

1 5. The method of claim |, wherein the one or more gun string components are weighted

2 eccentrically by placing the one or more gun string components within the gun string at a
3 location where the center of gravity of the one or more gun string components is removed
4 from the axis of rotation of the gun string.

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

2 loading tube.

1 7 The method of claim 1, wherein the one or more gun string components is an articulated
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1 8. The method of claim I, further comprising:

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

3 components; and

4 compensating for the non-uniformity of the bending moment.

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

1 10.  An oriented perforating gun affixed to a gun string, comprising:

2 one Or more gun string components, comprising:

3 one or more shaped charges having a charge case;

4 gun carrier; and

5 a loading tube;

6 wherein at least one of the one or more gun string components are eccentrically weighted
7 to orient the shaped charges in a desired direction.

I 11.  The oriented perforating gun of claim 10, wherein the geometry of the charge case of the

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

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

2 of the one or more shaped charges.
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1 13.  The oriented perforating gun of claim 10, wherein the one or more shaped charges are
2 affixed within the loading tube at a location where the center of gravity of the one or

3 more shaped charges is removed from the 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 carer.

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

2 carrier.

1 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, wheremn 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 penduium weight affixed.

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

2 orienting weight within that surrounds at least a portion of the one or more shaped
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2 to the swiveling Joading tube by one 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.

1 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 having a
3 plurality of segments engaged with each other such that the individual segments are
4 adapted to bend without becoming disengaged.

1 27.  The oriented perforating gun of claim 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 to 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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1 30. A method of orienting a perforating gun in a deviated wellbore:

2 providing an articulated weiéht 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 experienced 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 trajectory;
8 selecting the gun string raw material that requires minimal torque to rotate to the desired
9 angle of orientation; and
10 providing gun string components manufactured with the selected gun string material.

1 32, The method 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 gyro;

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

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

I 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 radioactive tracer elements
2 provided by doping the one or more downhole components and the one or more focused

3 detectors are a gamma 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 gamma 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 a 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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40.

41.

42.

43,

44.

45.

46.

The method of claim 33, wherein the detectable material is an induced EMF signal having
signal variations based on the location of the one or more downhole components and the

one or more focused detectors are electrical detectors.

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

provided in the one or more downhole components.

The method of claim 33, wherein the detectable material is an electronic tag provided in

the one or more downhole components.

The method of claim 33, wherein the detectable material is a magnetic tag provided in the
one or more downhole components and the one or more focused detectors are

magnetometers.

The method of claim 33, wherein the one or mote focused deteclors are ultrasonic
imaging tools that detect vanations in acoustic impedance around the one or more

downhole components.

A positive alignment carrier for positively engaging a plurality of downhole components
in a fixed orientation, comprising:

an adapter having having tapered keys; and

a locking ring having keyways for positively engaging the tapered keys of the adapter and

having tabs for positively engaging downhole components.

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

2 tabs and the downhole components removes manufacturing tolerances.

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

2 locking ring 1n 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 components

2 are selected from downhole tools and downhole equipment.

I 51.  The positive alignment carrier of claim 45, wherein the downhole components are

2 selected from perforating 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 onentation 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



10 10 LF1:!109% ()-EpdEbC 10" 9@@*10%& ()-Y

Q@109 () - YO@BHL09& ()- Y[ 9109& ()- 9s"10%& ()- 9s"109%& ()- pJUij kl oxnbC
10", 1109%4& ()- 10 10 10 9@@109%& ()-Y 9@R109%& ()-Y 9@RH10%P& ()-Y
9@@#10%: ()- Yo, pdEmbC 10" 3" 10%4&' ()- 37FL0% ()- ~ @10%& ()-

T @09 ()- @1099& ()-Y 10%4& ()-p8QIENDC 10"C (10%4& ()- a- #10%4& ()-
a- #10%4& () - a- #10%& () -0 10%4& () - 10%4&' ()-- WK\ bC 10"xI ql0%&' ()-Y
109 ()- 10H 10H 10H82- #10%4& () - &+* "10%H& () - &+* " 10%4& ()- 83edEbC

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 support;

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

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

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

2 an external housing;

3 a shaft within the extemnal 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

) biased direction.
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2 an external housing;

3 a 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 clasm 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 compnses:

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 a

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, téle 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 syste}n; and

confirming the correct orientation at the time of detonation.

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

components.

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

from shaped charges, loading tubes, and gun carriers,



