APPARATUS AND METHOD FOR ORI ENTI NG A DOANHOLE TOOL IN A

HORI ZONTAL OR HI GHLY DEVI ATED WELL ' Backgro nd g?

I nvention 5 This invention relates to tools for perfﬁﬂhm ?
downhol e functions in horizontal or highly deviated wel | s, and

rotating one or nore downhole tools to desired orientations before
perform ng the associ ated functions. 10 In a product recovery
well, such as in the oil and gas industry, several downhol e functions
nmust be performed with tools | owered X hrough the well pipe or casi ng.

These tools may include, depending on the required tasks to be

performed, perheraRNTwSIWND METHOMD rFty R 1T

access a target f or mat | -seal |.0g igouﬁylzgﬁiﬁgégigd Qalves
Many wells are drilled atﬁ§ﬁ15§§$@Lt§§vgi vertical upper

portion and a | ower portion that devi ates substantially fromvertical.
Dependi ng upon the 20 angle(gééégid | t such wells are
referred to as hori zontal NTy_devl a we he tool s used in

these wel | § are oftew?h%ﬂn*ﬁﬂ%ﬁ#@@@eﬁelatés to tools for performing
downhole functions in horizontal or highly deviated

wells, and to rotating one or more downhole tools to
desired orientations before performing the associated
functions.

10 In a product recovery well, such as in the oil
and gas industry, several downhole functions must be
performed with toocls lowered through the well pipe or
casing. These tools may include, depending on the
required tasks to be performea, perforating guns to

15 produce holes in the well pipe wall to access a target
formation, well-sealihg tools, sensors and valves.

Many wells are drilled at an angle to vertical,
or have a vertical upper portion and a lower portion that
deviates substantially from vertical. Depending upon the

20 angle of inclination of the well, such wells are referred
to as horizontal or highly deviated wells. The tools |
used. in these wells are often tubing-conveyed, i.e.
lowered into the well bore on the end of multiple
sections of tubing or a long metal tube from a coil, and

25 activated by pressurizing the interior of the tubing.

Due to properties of some geologic formations and
well casing structural considerations, better methods of
controlling the accurate positioning of downhole tools
are desirable. A horizontal well perforated on the lower

30 side of the casing, for instance, can be less likely to
become plugged with flowing sand, or to cause the
collapse of the adjacent formation, than one perforated
on its upper side.



| owered into the well bore on the end of multiple sections of tubing or

a long nmetal tube froma coil, and 25 activated by pressurizing the

i nteeior of the tubing. Due to properties of some geol ogic
formati ons and wel | casing structural considerations, better methods of
controlling the accurate positioning of dowhole tools are desirable. A
hori zontal well perforated on the | ower 30 side of the casing, for

i nstance, can be less likely to beco pl ugged with flowi ng sand, or to
cause the col | apse of the adjacent Tdrmation, than one perforated on
Its upper side. - 2-

Summary of the Invention In one aspect of the invention, a tool
for perform ng a downhol e ' heri, or highly 5
deviated well conprises a dowiho | ongi t udi nal axis

and constructed to ttﬁfh%tﬁsl?t% 8«‘1 $he ipventipense tech foment applied
about the axiperfdfming at&owhhoPei BGhEEESNAknl Ba%braRRdntalll @3 HERAMLr

containingsa Loyabls 081" cBabL28Ls et §hliho1t S e having a
longitudinal axis and constructed to turn about the axis
in response to a moment applied about the axis.’ The
structure includes at least one ballast chamber
containing a flowable inert ballast material, the chamber

10 being carried by the structure such that the
gravitational center of the material-containing chamber
is effectively offset from the longitudinal axis of the
structure to enable the chamber to contribute to
gravitational orientation of the tool within the well to

15 a desired position.

Preferred embodiments contain one or more of the
following features: the structure comprises a rotatable
tube; the chamber is elongated, with an axis of the
chamber lying substantially parallel to and offset from

20 the axis of the structure; and the flowable material _
comprises high density particulate material filling the
chamber.

In another aspect of the invention, a system for
performing a downhole function in a horizontal or highly

25 deviated well comprises a downhole structure having a
longitudinal axis, a swivel rotatably supporting the
structure from uphole and enabling the structure to
rotate about the axis upon application of a moment about
the axis, and an internal ballast within the structure

30 having a material density greater than about 500 pounds
per cubic foot. The ballast is effectively offset to the
axis to enable the ballast to contribute to rotation of
the structure about the axis due to gravitational forces,



10 being carried by the structure such that the gravitational center of

the material -contai ni ng chanber Is effectively offset fromthe

| ongi tudi nal axis of the structure to enable the chanber to contribute
to gravitational orientation of the tool within the well to 15 a desired
posi tion. Preferred enbodi nents contain one or nore of the

fol l-owm ng features: the structure conprises a rotatable tube; the
chanber is elongated, with an axis of the chanber |ying substantially
parallel to and offset from 20 the axis3of the structure; and the flowabl e
mat eri al conprises high density particulate material filling the

chamber . to alighntB80EBElLCcEEPECinOh HbBE8irBdeBLlientadisyisweahior
performng a mmho £ function in a horizontal or highly 25 deviated well
conprises a Structure having a | ongi tudi nal axis, a sw vel

rot at ably support i ng l‘uhesome anﬂamtimemtfsr afi upiten| Igreamtt imrab| they haklast
Structure ;ﬁ dnaté:?:f. bgg Ffz@@daff ? g? #)CBE' eﬂefg\gcﬁln@ﬁﬁ\hn@%‘)m

t he axis, an 1 n ernal ucture aving a materi al
density grBathavingna aBatersad @@aﬁygy grﬁetegubhenf 8BPULTRAOHRPLASS i s

effectively gidsetubdct bSot. axhsthe pﬁébéﬁréaeeﬁabaa@éntg centarl bute to
rotation of | _jne structure aboul jhe axis, due fo gravitafiopal;foyces,
elements having a material den51ty greater than about
1000 pounds per cubic foot. 1In the presently preferred
10 configuration, the ballast comprises either tungsten or
depleted uranium, preferably in a particulate, flowable
form.
In another aspect of the invention, a downhole
gun for perfofating the casing of a horizontal or highly
15 deviated well has a housing with a longitudinal axis, and
a loading tube within the housing. The loading tube has
at least one perforating charge arranged to perforate the
casing, and at least one ballast chamber offset from the
axis and containing inert ballast to contribute to
20 rotation of the gun about the axis under gravitational
- forces until the chamber is positioned generally below
the axis, to orient the charge to perforate the well
casing in a preferred direction.
In yet another aspect, a downhole gun for
25 perforating the casing of a horizontal or highly deviated
well is provided, comprising a housing having a
longitudinal axis, and a loading tube within the housing.
The loading tube comprises at least one perforating
charge arranged to perforate the casing, and a ballast
30 weight comprising either tungsten or depleted uranium
offset from the axis to contribute to rotation of the gun
about the axis under gravitational forces until the
weight is positioned generally below the axis, to orient



- 3- to align the structure in a desired orientation within the well.
In some enbodi nents of the invention, the ball ast material is selected
fromthe group of chemical elements 5 having a material density greater

t han about 500 pounds per cubic foot. In the preferred enbodi nents, the
ball ast material is selected fromthe group of chem cal el enents havi ng
a naterial density greater than about 1000 pounds per cubic foot. In the
presently preferred 10 configuration, the ballast conprises either tungsten
or depl eted uranium preferably in-a%particulate, flowable form

I n anot her aspect of the invention, a downhol e gun for perforating the

casing of a kbel zhimje Mo iﬁéﬂ‘ﬁc}ﬁ:a]ﬁe deveé ab€lll veasihgsin Aopgefigrvetdh a

| ongi t udi nal axis and a |l oading tube within the housing. The | oading
t ube has gﬁ § 3 ne perforating charge arranged to perforate the
casing, and at IeastInnenbahEESasphanbef ahbséMthmdpmhea tandi sfand

cont ai ni ng 'p%&tfo%{l fa | RIS BMied 02016 4 h0PR: Ghe bconUR1 BROY! e

axi s under avi t at 1 ormal ces untl e cha osl t1 one
general | y 5be atedwvebd hag R reusing Hel kg gko %@%‘é@%@?bt 8Xife REM

gaSIEgIIn a Q;EE@%?%jﬁﬁﬂéﬂabI¥1sﬁructure w1$H1ﬂe&héﬂ@&ﬂ§fn§$pe$he a
ownhol e gun or erforating the aS|n of a horizonta |y
devi at ed 4% 4§1Rﬁ§ﬂﬂ?1éhﬁwﬂ*éﬁ %%ME?H% hév?ﬂﬁrées' Pongltud|na
axis, and a gmNMMugumdnalMdéntetrﬁffmnsnvgﬂy of fivet | tmomngheubrisokpri ses

at least one ng&%%&% r&é‘ﬂ{ ﬂ%\-g?ds&?’u&%:@? tghtPSs?é‘é{:”Qo and a

bal I ast 30 wei ght conprising el en or uran of f set
from t he Xki §hteo hewaimch @bouto 'f-'rl‘éﬁ aetxm @d%@g@wtatlonal forces, to

orient the structure in a preferred direction with
respect to the well.
In a preferred embodiment, at least one low
friction bearing supports the structure within the
15 housing to enable free rotation of the structure with
respect to the housing. In the present configuration, at
least two spaced apart ball or roller bearings are
employed.
In another embodiment, the structure contains a
20 ballast weight positioned such that the gravitational
center of the ballast weight is effectively offset from
the longitudinal axis of the housing, preferably
containing a flowable ballast material.
In a particularly useful configuration, the
25 structure comprises a loading tube containing at least
one perforating charge arranged to perforate the well.
Preferably, the perforating charge is positioned within
the loading tube such that the gravitational center of
the charge is effectively offset from the longitudinal
30 axis of the housing to contribute to rotation of the-
loading tube with respect to the housing about the axis
under gravitational forces until the charge is positioned



about the axis under gravitational forces until the wei ght is positioned
generally below the axis, to orient

-4- the charge to perforate the well casing in a preferred

di rection. I n anot her aspect of the invention, a tool for
perform ng a downhole function in a horizontal or highly 5 deviated well
has «a housing with a | ongitudinal axis, and a freely rotatable structure
wi t hin the housing. The structure has along with any nenbers it

carries, a gravitational center effécilvely offset fromthe axis to
contribute to rotation of the structure with respect to 10 the housing

about the axigetiegallgr avélromt itmwlaﬁw,cu dment @herthddge sinuature in a
preferred dlrect Qn_wW 0 _the In a preferred
enbodi nment , nggtregng ect:. cth (ﬁ?st?earl ngo sttﬂoepo“ﬁ S the structure
within the 15 housi ngImoo@meblembcp@ementatubheoframe §sr gongtyumited to

respect to thge]@ Hé' B.Q l'e'&stth%. HiGSRN arkP R U %vﬁiy fofeééh-&.’l‘ﬁ

spaced apart | I'er bearings are enpl oyed another
enbodi ment 5 {RETEPFALLRGe CGHERSs the first cavity containing a

perforating charge and the second cavity containing a
ballast weight. The cavities are arranged to orient the
charge in a preferred direction under gravitational
forces.

10 - In another embodiment, the tool of the invention
has a rotatable seal between the structure and the
housing. In a preferred configuration, a rotatable seal
is employed at each of a first and a second end of the
structure, the structure defining an internal hydraulic

15 path between the first end and the second end.

In another aspect of the invention, a string of
tools for performing a downhole function in a horizontal
or highly deviated well includes a detonatable tool with
a through-passing hydraulic line and a longitudinal axis,

20 a hydraulically activated firing head for
detonating the tool (the firing head located above the
tool in the string), and a swivel between the tool and
the firing head. The swivel is constructed to transfer a
detonation wave from the firing head to the tool to

25 detonate the tool. The swivel also defines a through-
passing hydraulic path to transfer activating hydraulic
pressure from the firing head to the hydraulic line of
the tool. The swivel enables the tool to rotate about
the axis with respect to the firing head when a moment is

30 applied to the tool about the axis. |

In preferred embodiments, the detonatable tool
has a gravitational center effectively offset from the
axis to contribute to rotation of the tocl with respect



20 bal | ast wei ght positioned such that the gravitational center of the
bal last weight is effectively offset from the | ongi tudinal axis of the

housi ng, preferably containing a flowable ballast material .

In a particularly useful configuration, the 25 structure conprises a

| oadi ng tube containing at | east one perforating charge arranged to
perf-orate the well. Preferably, the perforating charge is positioned
Wi t hin t he | oadi ng tube such that the gravitational center of t he
charge is effectively offset fromthe &ngitudinal 30 axis of the housing
to contribute to rotation of the' | oadi ng tube with respect to the

housi ng agouttd heheaxf fringuhdad gbauttahéoaﬁhﬁf ahdes glﬂ'b.ivﬁ.tblmd.o@iaﬁ.r gehi S
positione . n el.gw_t ' tq.orient t ar ge
in a preh£9€ﬁF%1r%%t?5ﬁeg€ Eﬁgegéggtkgo tﬁge§é#??d d12ectlon ﬁiéﬁher

enbodi ment s, nempdetaneoi theowsitucted to deflne at least a first and a
second cavity for cagkyiy %t}gnoeargg |5% jﬂﬁz?nélhf‘nfé rdesdd ! &¥
e secon

cont ai ni ng a perfor at | ng char cavit cont al ni ng _a
bal | ast weP glRriemHelng 2t Feclain arhaﬁgé*an%lopremgb% deviated well

comprises filling a ballast chamber with a flowable
ballast material, placing the ballast chamber into a
swivelable tool housing having a longitudinal axis (with
the gravitational center of the filled chamber

10 effectively offset from the axis), and lowering the
housing into the well, enabling the housing to rotate
under gravitational forces acting upon the offset
gravitational center of the filled chamber.

15 Brief D ot £ the D .

Fig. 1 illustrates a system with a rotatable tool
for performing a downhole function in a well, according
to the invention;

Fig. 2 is a partial cutaway view of a ballasted

20 perforating gun;

Fig. 3. is a cross-sectional view of the gun,
taken along line 3-3 in Fig. 2;

Fig. 4. is a partial cutaway view of a second
embodiment of a ballasted perforating gun; and

25 Fig. 5 is a partial cutaway view of a swivel
according to the invention.

D it ¢ the Pref 1 Embodi

Referring to Fig. 1, a system 10 for performing a
30 downhole function in a horizontal or highly deviated well
comprises a string 12 of tools lowered into the well 14
on tubing 16. The string has a functional tool 18
suspended from a swivel 20 that allows tool 18 to rotate



charge in a preferred direction under gravitational forces. 10

I n anot her enbodi nent, the tool of the invention has a rotatable seal -
bet ween the structure and the housing. In a preferred configuration, a
rot at abl e seal is enpl oyed at each of a first and a second end of the

structure, the structure defining an internal hydraulic 15 path between the

first end and the second end. I n anot her aspect of the

i nvention, a string of tools for performng a downhole function in a
hori zont al or highly deviated well tntludes a detonatable tool with a

t hr ough- passi ng hydraulic line and a |ongitudinal axis, 20 a
Eydgarlicalgngchiraﬁgédh Md%;dhwhéfﬂﬂ aboukﬂaﬂkﬁﬂgmxdqﬁhdlxﬂxiéFmafLring
ead | ocate e 0Q t.he stri and a e t e

t ool and t%@g;ii ¢ }Bnglaﬁq’ee‘a-’l ) eﬁfeerkstvﬁuf\e/eelgr'{ag'r}g% tsJ’[%rnuc e%\%%e% r%ﬁs EQ%E

det onati on wafizofr amitsh@2f ia idigtaame th tchanpyt a carenietthagausectheol .

The swivel al sgoletinedratid Mt axid 3T WIEHWEHEIC RalielD 14 3psfer

activating hydrayli,c pressure fromthe firing _héad to the qigrau Ic line

of the tooPOSHidoBWSFAViSRtHRal IRenteH 2% ey X2 heheym s
Wi th respect te bidehts iteplhaml ivhen degivEdipdsy tIbraMut ased fotthind 0gh

sbout Lhe =X\ Sngpsiasen st S SRR EN iR aaletls oo
contri bute tosufficientofta leyvarmgmerindtatdspeatesisting friction
' between tool 18 and the inner surface of well 14. 1In
10 other embodiments (not shown), tool string 12 has several
tools 18 connected in series with associated swivels 20,
each tool being independently orientable in a preferred
direction by offset gravitational centers 24.
' In the preferred embodiment (see also'Figs. 2 and
15 3), tool 18 is a detonatable gun, and swivel 20 connects
gun 18 to a hydraulically activatable firing head 26.
Firing head 26 is activated to detonate gun 18 by
pressure conditions received via tubing 16 from the top
of the well, detonating gun 18 to perforate well 14 to
20 access product-bearing formations. As tool string 12 is
lowered down the well, swivel 20 enables gun 18 to rotate
under gravitational forces until its gravitational center
24 is below the axis 22 of rotation, placing perforating
charges inside the gun in a preselected orientation to
25 perforate the well.
Referring to Figs. 2 and 3, gun 18 has an outer
housing assembly 30 containing a loading tube assembly 32
with multiple charge-holding cavities 34 and an offset
ballast chamber 36. Perforating charges 38 are placed in
30 cavities 34 during assembly, and when detonated, blow
holes in housing assembly 30 and the adjacent well
casing. A detonating cord 40 is employed to communicate
a detonation wave from the associated firing head to



to the firing head about the axis under gravitational forces, to orient

the tool in a preferred direction with respect to the well.

I n anot her aspect of the invention a nmethod of 5 orienting a tool in a
hori zontal or highly deviated well conprises filling a ballast chanber
with a flowabl e bal |l ast material, placing the ballast chanber into a
swi vel abl e tool housing having a longitudinal axis (with t he _
gravitational center of the filled chanber 10 effectively offset fromthe
axi s), and lowering the housi ng i nto 8 e wel |, enabling the housing to
rotate under gravitational forces acting upon the offset

gravitati onaldetsonatre othé hinflividdathehbeges 385within the gurBri @m

Description I ayes a &gp]Wﬂth a
rotatabl e tog%érgéor per?o?n1n guﬁolsh%get%uh%t#%%ai%% %ﬁﬁi cordlng
to the inventdhave other hydraujically acpivetableufixdypcyiheadst, and

bal | asted 20 gydtf ke nﬁaQUﬂnternal hydraﬁwc $inks azcrasf& %@‘&ﬁa@fﬂ'c vi ew
of the gun ken a is a

partial c zmﬁﬁ}éh%ﬁﬁ%f %Ec%ﬁﬂg en@nBSdEh@nEuBﬁ §°bRFPX§d§jﬁxﬁforatlng

gun; and 25 hydraulfbgpaﬁhlshnopghtgah tet foay actdwatfing shevdlower
according to éﬂelﬂgv&&agn
| Ballast chamber 36 is offset to one side of gun
18 (Fig. 3) so that the effective gravitational center of

10 the gun will be offset from its longitudinal axis 46.
Chamber 36 is filled with a dense, flowable ballast
material 48, most preferably tungsten or depleted uranium
powder. A fill plug 50 in end cap 54 provides an access

" to f£fill chamber 36 with ballast material 48 during

15 assembly, and in some instances to salvage ballast
material 48 from the loading tube assembly 32 of a used
gun. In the embodiment shown, chamber 36 is formed of
thin wall steel tube welded at an upper end to charge
holder frame 52, and at a lower end to loading tube end

20 cap 54. In other embodiments, chamber 36 is clipped or
otherwise fastened to remain fixed within the gun housing
during use. Hydraulic fittings 56 connect lines 42 to
bulkheads 44, which are separated from loading tube
assembly 32 by split spacer tubes S8.

25 Tungsten and depleted uranium are preferable
ballast materials because they have a relatively high
material density (over 1000 pounds per cubic foot, more
than twice as dense as steel), and are readily available
in a flowable form. Their high density enables a

30 sufficient rotating moment to be developed with material
occupying a chamber of relatively small volume,
shortening the required length of chamber 36, for
example. Shortening the overall length of the rotating



Description of the Preferred Enbodi nents Referring to Fig. 1, a
system 10 for perform ng a 30 downhole function in a horizontal or highly

devi at ed wel | conprises a string 12 of tools lowered into the well 14

on tubing 16. The string has a functional tool 18 suspended from a
swivel 20 that allows tool 18 to rotate

-7- - Wth respect to tubing 16 about a |ongitudinal axis 22. Tool 18
has an effective gravitational center 24 offset fromaxis 22 a distance
h to apply a nonent to cause the tGol®to rotate about axis 22 with
respect to well 14 to 5 position gravitational center 24 below axis 22, as
shown, t o porthbnt ofil the towod S&ﬁingjumigsiua1ﬁinimﬁzé(nhﬂrgwgmnt
associ at ed fU{JEtEQEctIQﬁ R Cﬁxﬁ[ rto‘b%t A JHRTE l'ﬁa mééahféi & SMeh 0
overcone rotaflon-resistin betmeen to e inner
surface of wetheigasipgl® ﬂhéﬁséﬁEG@E rot@tiswodd thedioqtring 12 has
sever al tool s 18 oodfestiiy lﬂosﬁig?54wﬁiﬁ aﬁ§@§eﬁteﬂbawumeh& 3& the each

ool bet 19l IESBERAEAL) ¥ SLRRRLS LW Bl Stk ng, 4SRRI Pl ISRt
Figs. 2 and freely rotatable inner loadlng tube assembly 63 supported

by bearings 64. At each end of loading tube assembly 63
is a rotating hydraulic bulkhead 66 for hydraulic
communication between a stationary hydraulic circuit 68

10 defined within housing assembly 62 and through-passing
lines 70 within rotating loading tube assembly 63. Seals
72 and 74 at each end keep hydraulic activation fluid in
circuit 68 from leaking into detonating cord cavity 76 or
housing assembly annulus 78. Loading tube assembly 63

15 has multiple charge-holding cavities 80, each constructed
to hold a perforating charge 82 or a ballast weight 84
that has a gravitational center offset from the
rotational axis of the loading tube assembly. The
cavities 80 of loading tube assembly 63 are arranged with

20 charges 82 and weights 84 as required to provide an
effectively offset gravitational center of loading tube
assembly 63 to cause it to rotate on bearings 64 about
axis 86 under gravitational forces to a preseleéted
position. In some configurations, especially when the

25 gun has a larger outer diameter than about 4 inches, the
arrangement of charges 82 offset from the axis of
rotation is sufficient to induce a moment of sufficient
magnitude to rotate loading tube assembly 63 for downward
firing, without any inert weights 84 being employed. 1In

30 smaller diameter guns, the addition of a ballast weight
enables the loading tube to be rotated to fire downward
in configurations where the gravitational centers of the
charges would otherwise rotate the loading tube to fire



15 3), tool 18 is a detonatable gun, and sw vel 20 connects gun 18 to a

hydraulically activatable firing head 26. Firing head 26 is activated to
detonate gun 18 by pressure conditions received via tubing 16 fromthe
top of the well, detonating gun 18 to perforate well 14 to 20 access
product-bearing formations. As tool string 12 is | ower ed down the well,
swi vel 20 enables gun 18 to rotate under gravitational forces until its
gravitational center 24 is below the gxis 22 of rotation, placing
perforating charges inside the gun i h a preselected orientation to 25

perforate the well. Referring to Figs. 2 and 3, gun 18 has an
out er housipwpxd senbhycéotaint advangagepuadembodimentssemelighg2 84 with

mul L Pl e, charge-dhef g ¢ SuhhESS- Hapld Re91! Fei1ea Bathazheshamber 36

Perforating charges are cavities urlng assenbly, and
when det onat FEEEFBHLY dﬁBF%s %ﬁeﬁBusﬁﬁ@W§§§§nBP}136taﬂﬁt ﬁéa&dﬁﬁbent wel |

casing. A detm&imsmrdeéerisednwhenedetareﬁ&ﬁuabcbhe:1astac@lﬁhm 1380
wave from SSOC, ted

- 8- %ong %Sth Tnd?% %é% %§§g§§§n§§ &f?ﬁF%thgfgﬁﬁérﬁﬁgS q: e case

of Fig. 2,gyﬂnabﬂes loadiéngstubenagsemnbilyg63 to be easily rotated by
gravitational forces to place charges 82 in a desirable
orientation for perforating an adjacent well casing.
Journal bearings or roller bearings may also be employed

10 to support rotatable loading tube assembly 63, or the
loading tube assembly may be allowed to rotate against a
thin film of hydraulic activation fluid within housing
assembly 62.

Referring back to Fig. 1, for embodiments of the

15 invention in which the entire tool 18 rotates about axis
22 to a desired orientation, the length L of the tool
below the swivel 20 is preferably short, e.g. less than
about four feet, to minimize rotation-resisting
frictional loads at the interface between tool 18 and the

.20 well 14. in many advantageous embodiments such shortness
is achievable due to the highly effective moment- '
producing qualities of tungsten and spent uranium. It is
advantageous, in certain circumstances, to place swivel
20 between a firing head 26 and a detonatable tool 18.

25 Alternatively, swivel 20 can be placed above firing head
26, in which case both toocl 18 and firing head 26 rotate
with respect to tubing 16.

Fig. 5 illustrates a swivel 20 that provides
separate explosive and hydraulic communications between a

30 firing head and a detonatable tool in a tool string,-
enabling the swivel to be advantageously placed between
the firing head and its associated tool to reduce the
length of the rotating components of the string. Swivel



above other hydraulically activatable firing heads, and t herefore has
internal hydraulic lines 42, and hydraulic 5 bul kheads 44 at each end of
the gun, to provide a hydraulic path through gun 18 for activating the

| ower firing heads. Bal | ast chanber 36 is offset to one side
of gun 18 (Fig. 3) so that the effective gravitational center of 10 the
gun-wi Il be offset fromits |ongitudinal axis 46. Chanmber 36 is filled
with a dense, flowabl e ball ast mat eri_gl 48, nost preferably tungsten or
depl et ed urani um powder. A fill pldg in end cap 54 provides an access
to fill chanber 36 with ballast material 48 during 15 assenbly, and in sone

i nstances to 24l hage amluppsr housiiey iadsettbXy il @ Hehabaxbpatesbeitbsenbl y
32 of a used gy, Héb[&*bgsefﬁl&i’ia{mﬁwe%h sfﬁ%@é‘éex?@lisléﬁrefﬁgtﬁ
M Eibe wel ded %

thin wall stee at_an upper end to charge ol der frame 52,

and at a | oneFosageso Widdtitrpl tie efhecelarbee rotatier ehbBaradRes,
chamﬁer 36 iSa@(%-'keﬂmtiéy 100 cefjﬂwrxlmjﬁeofé_c?%@rad Gé&ﬁtenm?.fix@dazﬁhé?i 8ot he
gun housin ur i use. raylic fittings conne in

bul kheads %4, %%efh%%%g%ﬁ%@“#yr a3 deﬁj%]dt’?ati%’eng é"?a%}é‘énﬁ@ é‘i‘agy split
spacer tubes B&tedds into uphsmdicersinyl degEmntlnd 10GNiwinexe eipreSer abl e
bal | ast mat er| ¢ 4 el ' L a ensht
(over 1000 poﬁﬁ‘@%ﬁ%’ﬁ%’%%ﬁo{%ﬁ‘o% eéﬁtlh%vf;l ?/?/mﬁ%rgénésb%ﬁ%%é%sigtgegﬁa Y

and are readi Bigdaithapist beanings |Ihfabl & feRFhed RS FORAEMT dewRet §18nabl es

a 30 suffici eaktesidd bEwedtenipgey kihdlawiapatbus ity ned Ssmisl ies @ccur)ﬁi n?
t 0

Sohaber Bl TN U on ANGL LELE Lo S WL LEde LEDORD O
_ a detonation from firing head 26 to tool 18. 1In the

current configuration, cord 114 is constructed with
sufficient slack to enable it to be twisted as swivel 20
rotates. In other embodiments, either end or both ends

15 of cord 114 are mounted in rotatable mounts to increase
the allowable angular travel of the joint. A hydraulic
path is defined through swivel 20 from firing head 26
along holes 118, down annulus 120 of bearing shaft 106,
and down holes 122 to tool 18. Seals 116 keep activation

20 fluid away from detonating cord 114. So constructed,
swivel 20 is placed between a firing head 26 and a
detonatable tool 18 to minimize the length L (Fig. 1) of
the rotational part of the tool string, and therefore
also the frictional drag of the rotational section

25 against the well, without impeding either the explosive
or hydraulic communication between the firing head and
the tool.

According to certain broad aspects of the

invention, the ballast material, e.g. 48 in Fig. 2, is an

30 inexpensive substance having a material density greater
than about 500 pounds per cubic foot. Lead, with a
density of approximately 700 pounds per cubic foot, may
be employed in shot form. Lead may also be poured in a



-9- portion of the tool string helps to mnimze the anount of

friction that nust be overcone at the interface with t he casi ng wal l
resisting the rotation of the tool. Referring to Fig. 4, in
anot'her embodi nent of the 5 invention a gun 60 has an outer housing
assenbly 62 and a freely rotatabl e inner |oading tube assenbly 63
supported by bearings 64. At each end of | oading tube assenbly 63 S
a rotating hydraulic bul khead 66 for ﬂ%aulic comuni cati on between a
stationary hydraulic circuit 68 10 defin&d wit hin housing assenbly 62 and

t hr ough- passi ng lines 70 within rotating | oading tube assenbly 63. Seals

72 and 74 at mekternfoxwepohgliiminateaporeaityn forugFepter efifeafiivess from

Ieaklngllﬂ()dgﬁé5@$lng cord cavity 76 or hou5|ng assenbly annul us 78.
senb

Loadi ng tube as 63 15 has nultl | e charge hoI cavities 80, each
const ruct ed to holldt Fager Moy &%ﬁﬁ TE#%%S thGei ght 84

that has a grsi.\diétﬁé.m@éaischéheﬁ.eﬁf f:hah ﬂ.éaﬁlthe.vz.ngr at aliterdalaxdengsfty he
| oadi ng tupe asse The avihhes 80 .of ot ass l.y. 63 are
arranged V\?t @%%ﬁrﬁggn@bgﬁg \%glhgthuggsa?e e&u?’ ed%?)(;%tpr o%e %n

effectively didund ghavi tungsheh pewder,owikbadi mgtesiel demsddnblof 63 to
cause it to réﬁ&&feg%‘oéeﬁéhﬁaé drabaic fodklSi8onigiay rpddalyera

forces to a prese ositiron. In sone ¢onfigura espeC|aIIy
when t he The net den31ty of the chamber, of course, also depends

on the volumetric packing efficiency of the powder, which

10 is affected by particle shape and settling. Depleted
particulate uranium, with a material density over 1100
pounds per cubic foot, may also be employed. (As used
herein with respect to the ballast material, the broad
term 'flowable' refers to either a particulate material

15 or a ligquid, and includes materials that subsequently
solidify after being poured into the ballast chamber.)

It should be understood that the ballast chamber
for tools according to the invention are shaped acdording
to the requirements of the particular application, and

20 for achieving the required offset moment of the
gravitational center of the rotatable structure. The two
shapes shown represent presently preferred configurations
that have advantages of being mechanically simple and
compatible with existing designs.

25 The ballasting technique and the swivel of the
invention, in other embodiments, are used separately and
in combination with sensors, valves, seals and other
downhole devices to rotate them to a desired orientation
in a horizontal or highly deviated well.



25 gun has a |arger outer dianeter than about 4 insQE;;#Fﬂgréﬁrgiiggggnent
of charges 82 offset fromthe axis of rotation i to induce a

nmoment of sufficient magni tude to rotate |oading mm\“‘ﬂmf or
downwar d firing, without any inert weights 84 bei

snal | er diameter guns, the addition of a ballast wei gh enabl €s the

| oading tube to be rotated to fire downward I n conflguratlons where the
gravitational centers of the charges mould ot herwi se rotate the | oading
tube to fire s ed _ - 10 - upward. In
certai n advant ageous enﬂgdlnﬁh?gn v&ﬁght 84 I's a hollow, charge-shaped

shell filled with thel. e rew )fdie ,fdmtem élmnh@lé)athﬂéhaatfﬁl al

t b t chanber, (Fig.
gf Thgrﬁggggg{%%lona r|c¥% gl%ﬁi $§ﬁ3§gg4%e Zn8§WE§1F&E§iﬁg t ube
assenbl y 633t symhaks | gtrecture Wlnggaahongutudahaﬂoams wadpl ace
charges 82 in Rifshicad& to Qufﬁnéﬁéugntﬂéraﬂﬁf QEa{r ﬁgea(gjoa%ent wel |

casin our nal bearipgs_or ear | ngs e enployed 10 to
suppo?t r ot ét é.’lﬂ“éﬁrftoa%ﬁ’ﬁgg ‘Elb%b%‘é’ée%-} %’Slsor tbﬁeSth'éb!a‘len@nF&b@lé?&enbl y
may be al | odedtt deadtatenagealbist chahibes &bhtudhiRydaaghbwadlll Yale QN

fluid withi g ROUSING material, said chamber carried by said structure
8 such that the gravitational center of the material-
9 containing chamber is effectively offset from the
10 longitudinal axis of the structure to enable the chamber
11 to contribute to_gfavitational orientation of the tool
12 within the well to a desired position.

1 2. The tool of claim 1 wherein said structure
2 comprises a rotatable tube.

1 3. The tool of claim 1 wherein said chamber is
2 elongated with an axis of the chamber lying substantially
3 parallel to and offset from the axis of said structure.

1 4. The tool of claim 1 wherein said flowable
material comprises high density particulate material

W N

filling said chamber.

5. The tool of claim 1 wherein said ballast
material is selected from the group of chemical elements
having a material density greater than about 500 pounds
per cubic foot.

B W

6. A system for performing a downhole function
in a horizontal or highly deviated well, comprising
3 a downhole structureé having a longitudinal axis;



assenbly 62. Referring back to Fig. 1, fo;\\\\\ﬁ‘hEﬁLs\giaigﬁ 15
I nvention in which the entire tool 18 rotates about red
orientation, the length L of the tool bel ow t he swi ”//@!

ably
short, e.g. less than about four feet, to mnimze I’Otaﬂ-OI’hr #WI
frictional loads at the interface between tool 18 and the 20 well I
many advant ageous enbodi nents such shortness I s achi evabl e due to t he
highly effective nonent - produci ng qualities of tungsten and spent
uranium It is advant ageous, in c2rtdin circunmstances, to place swivel
20 between a firing head 26 and a detonatable tool 18. 25 Alternatively,
swi vel 20 a@an be pl acedswbesE rfdtrém]t}eashppoﬁtﬁlngnthéishrua'ser{aofhomool 18

and firing hea t t spec t uhi_n ig. 5
i1 lustrates d’&%@% ?g %ﬁgpl%% ég ggr&?‘égﬁ} a?’e %&% (1):5 \?goélrtfd s‘r?‘lcifaul iC
connunlcatﬁonsxbetuaen aps@xtatnng héad mnmeatd@b@N&t&bﬁeaNyﬂn|an¢1tool

string, genab' ing the, Sidind 10 %P&’é@ﬂ)&fﬂ%ﬂ&'%&ﬂ"é@f@c@@fé’%ﬁvln the

~firing head and its aSSOCIated tool to reduce the | engt h of the ro?étlng
conponent s 8ofa tRAESFLRAgAeBRL Y| greater than about 500 pounds per

9 cubic foot, said ballast being effectively offset to said
10 axis to enable the ballast to contribute to rotation of
11 said structure about said axis due to gravitational
12 forces, to align the structure in a desired orientation
13 within the well.

7. The tool of claim 1 or the system of claim 6
wherein said ballast material is selected from the group
of chemical elements having a material density greater
than about 1000 pounds per cubic foot.

B W N R

8. The tool of claim 7 wherein said ballast
2 comprises either tungsten or depleted uranium.

9. The tool of claim 8 wherein said ballast is
of particulate, flowable form.

1 10. A downhole gun for perforating the casing of
- 2 a horizontal or highly deviated well, comprising

3 a housing having a longitudinal axis; and

4 a loading tube within said housing comprising

S at least one perforating charge arranged to

6 perforate said casing, and

7 at least one ballast chamber offset from

8 said axis and containing inert ballast to contribute to

9 rotation of the gun about said axis under gravitational
10 forces until said chamber is positioned generally below



20 has an upper housing assenbly 100 that rotates wth— firing head 26,
and a | ower housing assenbly 102 that rotates w The Tetative
rotati on of housing assenblies 100 and 102 occurglmm}”ﬂ

to 5 lower housing assenbly 102 is a bearing shaft *

LT

I nt o upper housing assenbly 100, where it is supported for rotation by
radi-al journal bearings 108 and axi al thrust bearings 110. A seal ed

det onator tube 112 ext ends between upper and | ower housi ng assenblies
100 10 and 102 and carries a detonatoi dord 114 for transferri ng a
detonation fromfiring head 26 to tool 18. In the current configuration,
cord 114 iFl ceadld axtied Wid loriemufdaicd eraxjectko tpeefiabieei theowkdlt wi st ed

as sw vel Is ties._ | t]fir ' , either end or both ends 15
of cord 171 arcgsr%o tlggl a} r#}réo’l'tta aebfergi(r}r:géun S It§'o i Nncr ease the all owabl e
angul ar travel of the joint. A hydraulic path is defined through sw vel.

Zg ;rOTon iring hgag 2@1F] lﬁ' aagrzlnekeSg&flegéo r&&&%li:%&?l%@zeofcmaignﬂfzo
shaf t : a own es to tool, 18.  Se eep.activation
fluid away ?r&m?’&a’rﬁ?ma?ﬂg %}'&W %ovmrwﬁia,compgﬁm 20 is pl aced
between a f3ring heada2hcasdng haviiagoaalehgdtuddinals atxi sy rkind ze t he
length L (Fjg. 1) of L otatignal t _af, 4t I %:Hwig;ﬂg, ’?@fj

t herefore 4 al so t he®f %%’%@llé a %gagkgﬁﬁbhggﬁgt_glﬁ%ﬁ'g’lg SecEon agai nst
the wel |, wWthout inpedingati lpastt apecpprforasing ¢haggsr anyanged to

communi cat i @npRelpeRt d haild 'diigadmnd the tool. Accor di ng
to certain broad aspects of I nvention, the hallast material, e.g. 48

h
in Fig. 2, Ts an 30 inexpeﬁsf’?iJ'@ﬁBsY’ﬁﬁ@ EhEPMRI1S1RG: SLtReT ESNOASF SR cat er
t han about &00rpadspletEel wdniun aBfsdteafromiddid axisletsi ¢gnotibute

appr oxi mat el ¥ 200 undsy DY ] WloudWaia HESBRGYFd 10 shot form

Lead may alSo poured |
10 gravitational forces until said weight is positioned

11 generally below said axis, to orient said charge to
12 perforate the well casing in a preferred direction.

12. A tool for performing a downhole function in
a horizontal or highly deviated well, comprising

a housing having a longitudinal axis; and

a freely rotatable structure within said housing
having, along with any members it carries, a '
gravitational center effectively offset from said axis to
contribute to rotation of the structure with respect to
said housing about said axis under gravitational forces,

W 0 3 g b W R

to orient said structure in a preferred direction with

10 respect to the well.

Q

13. The tool of claim 12 further comprising at
least one low friction bearing supporting said structure
within said housing to enable free rotation of said

o W N

structure with respect to said housing.



- 12 - nolten formto elimnate porosity for greater effective

density. In many highly inportant enbodi nentsthe substance
is heavier than lead, having a material density 5 great 0
pounds per cubic foot. It is found that tungsten pomdﬂl“llWlMﬂ“llmral
density of about 1200 pounds per cubic foot, is highly efffeéti¥e.s * The
net -densi,ty of the chanber, of course, also depends on the volunetric
packi ng efficiency of the powder, which, 10 is affected by particle shape
and settling. Depleted- particulate‘u*ﬁnTunl with a material density over

1100 pounds per cubic foot, may also be enployed. (As used = herein
W th respeat to the hal.l astherdoml f dleidirimdcomprising faowhehet tebers

to eith i cull ial 1 Liquis ' terial
that subsedui?ged SbErlabait by Pofied bediifloa  RekBERINE SRS 0 S
It shoul d Be sheneteredvithin fAaigdahrusinghippenabler fregodosagdes ®fg to

the inventyors & SHPREEuRECRLEhNFespetd theshgauhbeseags of the particul ar
application, and 20 for achieving the required offset nonent of the
gravitational center of the rotatable structure. The two shapes shown

represent presently prsef ermted tewdf icfurcltdimmsl2 wherein said structure
2 contains a ballast weight positioned such that the

3 gravitational center of the ballast weight is effectively
4 offset from the longitudinal axis of the housing.

1 16. The tool of claim 15 wherein said ballast
2 weight comprises a ballast chamber containing a flowable
3 ballast material.

1 17. The tool of claim 12 wherein said structure
comprises a loading tube containing at least one '

w N

perforating charge arranged to perforate said well.

18. The tool of claim 17 wherein said
perforating charge is positioned within said loading tube
such that the gravitational center of the charge is .
effectively offset from the longitudinal axis of the
housing to contribute to rotation of said locading tube
with respect to said housing about said axis under
gravitational forces until said charge is positioned
generally below said axis, to orient said charge in a

W 00 3 00 bk W NBR

preferred direction with respect to the well.

19. The tool of claim 17 wherein said frame is
constructed to define at least a first and a second
cavity for carrying perforating charges, said first
cavity containing a perforating charge and said second

n b W NN

cavity containing a ballast weight, the cavities being



t hat have advantages of being nechanically sinple and conpatible with

exi sting designs. 25
i nvention,

Wi th sensors, valves, seals and ot her downhol e de\é’m tate the
a desired orientation in a horizontal or highly d Ww /ﬂl J”

- 13 - Gol ¢ m
a downhol e function in 2 a horizontal or highly deV|ated wel |, conﬁr|5|
a 3 downhol e structure having a |ongitud mal axis and 4 constructed to
turn about the axis in response tora 5 nonent applied about said axis,
structure iacbmwanyediﬁﬁ éfﬁéﬁtOmal@aéhaﬁgeChﬁnbepréﬁakﬂéalﬂﬁr%cEﬁQmﬁb|e

i nert

that the grav

7 bal|

VWhat is clai ned is: 1 1.

Jt ' hanber carried by said structure 8 suc
ﬁ%q réiﬁtal éf%%?f ﬁ% “Meterial- 9 cont ai ni ng chanber is

effectively offset frontthe 10 I ongi tudinal axis of the structure to

enabl e the ghanber 1§0to QﬁﬁtEbB!t%ft%195§¥hba@dyEﬂef”ddﬁﬁfﬁéfﬁbQi t he

t ool

12 mnthln t he Il to a desire
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osition
rotatable seal between Sald structure and said housing.

21. The tool of claim 20 comprising a rotatable
seal at each of a first and a second end of said
structure, said structure defining an internal hydraulic
path between said first end and said second end.

22. A string of tools for performing a downhole
function in a horizontal or highly deviated well,
comprising

a detonatable tocl with a through-passing
hydraulic line and a longitudinal axis;

a hydraulically activated firing head for
detonating said tool, the firing head located above the
tool in the string; and

a swivel between said tool and said firing head,
the swivel constructed to transfer a detonation wave from
the firing head to the tool to detonate the tool, and the
swivel also defining a through-passing hydraulic path to
transfer activating hydraulic pressure from said firing
head to the hydraulic line of said tool, the swivel
enabling the tool to rotate about said axis with respect
to said firing head when a moment is applied to said tool
about said axis.

23. The string of tools of claim 22 wherein said
detonatable tool has a gravitational center effectively
offset from said axis to contribute to rotation of the
tool with respect to said firing head about =aid axis

The bal l asti ng techniqu and the SMAve| of the
i n other enbodi nents, are used separately an |nat|on

ng
ng

t he
h



1 2. The tool of claim1 wherein said structure 2 conprises a
r ot at abl e t ube. 1 3. The tool of cIaiﬂT&—thfe%ﬂ—safd-ehanber

is 2 elongated with an axis of the chanber Iying aral le

to and offset fromthe axis of said structure. u u!ﬂm"n! t ool of
claiml1 wherein said flowable 2 naterial conprlse ticulate
material 3 filling said chanber. . The tool of claiml
wherein said ballast 2 material is selegéed fron1the group of chem cal

el ements 3 having a material density gredtér than about 500 pounds 4 per
cubic foot. 1 6. A systemfor perform ng a downhole function 2

in a horizdntunder birgMifatdwinale fonelels, canurisintg shid tool #ndawnhol e
structure havpperarr@iditdtdlorf¥ith respect to the well.

24. A method of orienting a tool in a horizontal
or highly deviated well, comprising

filling a ballast chamber with a flowable ballast
material,

placing said ballast chamber into a swivelable
tool housing having a longitudinal axis, with the
gravitational center of said filled chamber effectively
offset from said axis, and '

W O 9 o0 1 & W N B

lowering said housing into said well, enabling

=
o

said housing to rotate under gravitational forces acting

=
|

upon said offset gravitational center of said filled
chamber.

P
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- 14 - 4 a swvel rotatably supporting the structure from5 uphole
and enabling the structure to rotate about said 6 axis upon application of
a nmonent about the axis; and 7 an internal ballast within said
structure having 8 a mat eri al density grept er than about 500 pounds per 9
cubic foot, said ballast being effectlvely offset to said 10 axis to enable
t he - ballast to contribute to rotation of 11 said structure about said axis
due to gravitational 12 forces, to align the structure in a desired
orientation 13 within the well. 1 7. The tool of claim1 or the
systemof claim6 2 wherein said ballast naterlal Is selected fromthe
group 3 of chem cal elenents BRstygch oif 4 RNOIVEYreater 4 than about
1000 pounds per cubic foot. 1 8. The tool of claim?7 wherein
said ballast 2 conprlses ei t her tungsten or depleted uranlunt 1
9. The tool of RATUS B ‘ 1 9 : 3

form 1 =

hori zontal or nousi ng having a
| ongi tudi nal axis; and 4 -8 | oadi ng tube wi thin said housing

conpri sing 5 A todt! 468 He MGG U UdSTE" BEEEIGROEA bO ©
perforate said casing

horlzontal or highly deviated well has a downhole
structure with a longitudinal axis and constructed to
turn about the axis in response to a moment applied about
the axis. The structure includes at least one ballast
chamber containing a flowable inert ballast material,
such that the gravitational center of the material-
containing chamber is effectively offset from the
iongitudinal axis of the structure to enable the chamber
to contribute to gravitational orientation of the tool

- within the well to a desired position. 1In another
configuration, the structure is rotatable within a
housing and supported by bearings. The chamber is
preferably filled with tungsten or depleted uranium
powder for maximum density. A swivel for use with the
tool, capable of passing both hydraulic pressure and
detonation waves, decreases the overall length of the
rotating part of the tool string. The method of using an
offset ballast to desirably.orient a tool in a horizontal
or highly deviated well is also disclosed.

+iIS SHEET HAS BEEN
REPLACED




7 at | east one ballast chanber offset from8 said axis and
containing inert ballast to contribute to 9 rotation of the gun about said
axi s.under gravitational 10 forces until said chanber is positioned

general |y bel ow - 15 - 11 said axis,
to orient said charge to perforate the Il 12 casing in a preferred

di rection. 1 11. A downhol e gun for perforating the casing of 2
a horizontal or highly deviated well, conprising 3 a housi ng havi ng
a longitudinal axis; and 4 a |l oading tube within said housing
conprising 5 at | east one perforating charge arranged to 6
perforate said casing, and 7 a ball ast wei ght conprising

ei ther tungsten 8 or depleted uraniumoffset fromsaid axis to contribute 9
to rotation of the gun about said axis under 10 gravitational forces until
said weight is positioned 11 generally below said axis, to orient said
charge to 12 perforate theqyell casing in a preferred direction.
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1 12. A tool for performng a downhole function in 2 a horizontal
or highly deviated well, conprising 3 a housi ng having a

| ongi tudi nal axis; and 4 a freely rotatable structure within said
housi ng 5 having, along with any nenbers it carries, a 6 gravitational
center effectively offset fromsaid axis_to 7 contribute to rotation of the
structure with respect to 8 said housingzabout sai d axi s under

gravitational forceg, 0 orient said structure in a preferred direction
with 10 respect to Qe | . 1 I813. The tool of claim 12 further
conprising at 2 le |l ow friction@earing supporting said structure 3
w thin said housing endbl e free rotgtion of said 4 structure with
respect to said hou - 16 - 1
14. The tool of cl conprising at |east two 2 spaced apart ball or
rol | er bearings sup, ' said 3 structure within said housing to enable
free rotation of 4 ructure with respect to said housing.
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1 15. The tool of claim 12 wherein said structure 2 contains a
bal | ast wei ght positioned such that the 3 gravitational center of the
bal | ast weight is effectively 4 offset fromthe |ongitudinal axis of the
housi ng. 1 16. The tool of claim15 wherein said ballast 2

wei ght conprises a ballast chanber containing a fl owable 3 ball ast

materi al . 1 17. The tool of cPaim 12 wherein said structure 2
conprises a |oading tube containing at |east one 3 perforating charge
arranged to perforate said well. 1 18. The tool of claim17
wherein said 2 perforating charge is positioned within said |oading tube 3
such that the gravitational center of the charge is 4 effectively offset
fromthe longitudinal axis of the 5 housing to contribute to rotation of
said | oading tube 6 with respect to said housing about said axis under 7
gravitational forces until said charge is positioned 8 generally bel ow said
axis, to orient said charge in a 9 preferred direction with respect to the
wel | . 1 19. The tool of claim17 wherein said frane is 2
constructed to define at least a first and a second 3 cavity for carrying
perforating charges, said first 4 cavity containing a perforating charge

and said second 5 cavity containin ast_weight, the cavities being
2 A
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- 17 - 6 arranged to orient said charge in a preferred direction 7 under

gravitational forces. 1 20. The tool of claim12 further
conprising a 2 rotatable seal between said structure and said housing.
1 21. The tool of claim?20 conprising a rotatable 2 seal at each

of a first and a second end of said 3 structure, said structure defining

an internal hydraulic 4 path between saﬂd first end and said second end.

1 22. A string of tools for performng a downhole 2 function in a
hori zontal or highly deyi 3 conprising 4 a detonatabl e
tool with a through-pagfing 5 hHy ulic line and a longitudinal axis; 6
a hydraulically activatfgd firin ¥Md for 7 detonating said tool, the
firing head | ocated abd
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8 tool in the
firing head,
11 the firing

string; and 9
10 ‘'t he swi vel
head to the tool

a swivel

constructed to transfer
to detonate the tool
al.so defining a through-passing hydraulic path to
hydraul i c pressure fromsaid firing

14

and said

a detonation wave from
and the 12 sw vel

13 transfer activating

bet ween sai d tool

ad to the hydraulic line of said

tool; the swvel 15 enabling the tool to rotate about said axis with
respect 16 to said firing head € -nonent is applied to said tool 17
about said axis. 1 23. he sm;ing|of tool s of claim22 wherein
said 2 detonatable tool has a grajtaite ycenter effectively- 3 offset

fromsaid axis to contribute to r
firing head about said axis

5 under gravitational forces, to
direction with respect to the wel
a tool in a horizontal

| [

-ation!

N

lie

NN

the 4 tool with respect to said

18 -

tool ina 6 preferred

824. A met hod of orienting
i
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2. or highly deviated well " conprising 3 filling a ballast chanber
with a flowable ballast 4 material, 5 o pl aci ng sai d bal | ast chanber
into a swivelable 6 tool housing having a longitudinal axis, with the 7
gravitational center of said filled chanber 8Sabstitute shget 8 18 Jaruaryr b898ai d
axis, and 9 | onering said housigpg into said well, c.enabling.10 said

housing to rotate under gravitational forces acting 11 upoﬁ REPIACEMENT. SHEET
gravitational center of said filled 12 chanber. :

2 1 JAN 1998

Abstract of the Disclosure

ARPARATUS AND METHOD FOR ORIENTING A DOWNHOLE TOOL IN A
HORIZONTAL OR HIGHLY DEVIATED WELL

A tool for performing a downhole function in a
horizontal or highly deviated well has a downhole
structure with a longitudinal axis and constructed to
turn about the axis in response to a moment applied about
the axis. The structure includes at least one ballast
chamber containing a flowable inert ballast material,
such that the gravitational center of the material-
containing chamber is effectively offset from the
iongitudinal axis of the structure to enable the chamber
to contribute to gravitational orientation of the tool
within the well to a desired position. In another
configuration, the structure is rotatable within a
housing and supported by bearings. The chamber is
preferably filled with tungsten or depleted uranium
powder for maximum density. A swivel for use with the
tool, capable of passing both hydraulic pressure and
detonation waves, decreases the overall length of the
rotating part of the tool string. The method of using an
offset ballast to desirably orient a tool in a horizontal
or highly deviated well is also disclosed. '

(FIG. 3)
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