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BACKGROUND OF THE INVENTION

[0005] Field of the Invention. The invention relates to the inhibition of the formation

of deposits inhibiting the flow of fluid in conduits and the like and, more specifically,
to methods and devices for inhibiting the formation of unwanted deposits in downhole

production equipment.

[0006] Description Of Related Art. The problem of unwanted solid deposition in oil

wells, gas wells, surface production equipment, and in hydrocarbon flow lines has
presented a challenge to the petroleum industry since the first wells were drilled more
than one hundred years ago. Although scale deposition is a major problem that
interferes with the production of oil and gas, it is not the only problem. Paraffin or
wax deposition has also been recognized as a major problem from the inception of the
oil industry all over the world, as has asphaltene formation. The occurrence of these

vawanted deposits in hydrocarbon producing conduits and related equipment can



costly start up problems following pipeline shut down. Other problems with
unwanted deposits can include congealing hydrocarbons, interface
Vﬂgmgm%ogepositions in tank bottoms, high line pressures,p 9&95918%57
lines, under deposit corrosion, plugging of injection wells and filter )
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include acid treatments or the use of a_ variety of other cﬁemlcals to
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the ACUMERTM polymer products, such as ACCMERTM 2100, a
carboxylate / sulfonate copolymer commercially available from Rohm and
Haas Company (Philadelphia, PA) are often used to inhibit or prevent the
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or deposit. Chemicals, such as polyelectrolytes, phosphonates (such as DETPMP),
polyphosphinocarboxylic acids (PPCA), organophosphonic acids (such as
diethylenetriamine penta(methylphosphonic acid) and hexamethylenediamine
tetramethylene phosphonic acid (HMDP)), and polymers such as polyacrylate (PAA),
polyvinyl sulphonate (PVS), sulfonated polyacrylates, phosphomethylated polyamines
(PMPA), and the ACUMER™ polymer products, such as ACUMER™ 2100, a
carboxylate / sulfonate copolymer commercially available from Rohm and Haas
Company (Philadelphia, PA) are often used to inhibit or prevent the growth of
unwanted hydrocarbon deposits, such as scale crystals, on production tubing interiors.
Other chemical-related treatments include the use of bacteria, enzymes, and
continuous or batch down hole chemical injection and squeeze treatments of crystal
modifiers. Typically, such chemicals are effective towards and limited to only

specific types of deposits.



specific types of deposits. 2 WO 2006/029203 PCT/US2005/031857
[0009] Despite their advantages, chemical treatments are usually
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very sensitive, working effectively only on specific crudes or on specifi
types of unwanted deposits. Chemical treatment often requires dedicated
equipment to introduce the chemicals to the deepest sections of the well
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and control unwanted deposit formation, Mechanical removal can include

the use BT FSIIHE SHRPBIMEAEOETS o BHFRITS: te R TS o fap s blocked.
from theraviatiog G thghpubihgctich i binglinaisciedasionallysameht chemicals are

processes Cayss: Aamagndaieeistalabing ibing and can cause

worse scale accumulation rates in. ‘the future as a result. In worst-case
scenarios, the production tubing must be extracted and replaced. Other
physical methods which have been described include hot water

circulati®n Gt anre idgectitrare stthagdchay iieetitririg aspmeptivdassiscofepritnetibysical

devices,Qhods for their removal, including mechanical removal. Physical methods have
been studied and put to use for the past several decades as an alternative to chemical
methods and to prevent and control unwanted deposit formation. Mechanical removal
can include the use of drills, mills and other tools to grind or tear the deposits loose
from the interior of the production tubing walls. Occasionally, such processes canse
damage to the interior of the tubing and can cause worse scale accumulation rates in
the future as a result. In worst-case scenarios, the production tubing must be extracted
and replaced. Other physical methods which have been described include hot water
circulation, steam injection, cutting or wire-lining, and the use> of magnetic devices on
electromagnets, such as solenoids and yoke-based electromagnets. However, while
electromagnets can produce magnetic fields of great intensity, their choice for use in
downhole environments is often not practical, as electromagnets need an electrical

power supply, cooling, and require periodic servicing.



electromagne_ts, such as solenoids and yoke-based electromagnets.
However, while electromagnets can produce magnetic fields of great

%3&%%9%;” choice for use in downhole environments is ?‘f@%?{;{)s 031857
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practical, as electromagnets need an electrical power supply, cooling,

and require periodic servicing. 3 WO 20161029203 PC17tJS20051031857
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device fetdhe treatment of calcerous fluids was disclosed. Described

therein is a device for magnetically treating liquids to inhibit the deposit of
scale in plumbing systems, appliances, boilers, and the like. The device

has - . . . .
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an elongate housing with an inlet and an outlet for the flow of liquid therethrough. A
support structure is located inside the housing to retain a plurality of longitudinally
spaced-apart magnets. The magnets are held in position by a plurality of transverse
holding elements which are positioned so that the magnets are angularly disposed in a
helical arrangement. The magnets are ditectly immersed in the liquid flowing through

the device,

[0013] As a further example, U.S. Patent No. 5,178,757 to Mag-Well, Inc. describes a
device that inclndes an elongated hollow core providing at least one passage through
which the fluid to be treated flows. An array of magnets extends longitudinally along
the core with the poles of the magnets arranged so as fo provide a magnetic field
perpendicular to the flow path to enhance the magnetic conditioning effect of the tool.
An alternative embodiment of the device has three longitudinally extending arrays of

magnets with two fluid passages between them. The magnets are formed of a rare



the device. [0013] As a further example, U.S. Patent No. 5,178,757 to
Mag-Well, luc. describes a device that includes an elongated hollow core

wWSO¥iding AL least one passage through which the fluid to bedpateshiayyss
An array of magnets extends longitudinally along the core with the poles

of the magnets arranged so as to groyide, a magnetic field perpendicular .
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earth MEEHEEORRAGIERICSE B BhEKS ARy haiiber o Of the
cobaltsirgmealloy, with rounded corners so as to reduce loss of a magnetic
field. Each magnet is mounted at least partially within an outer surface of
the core with the flux-carrying member contacting, covering, and

extendin tween the oute jor faces of the._magnets; [ US. ¢
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every 1,000 to 1,500 feet, éOOlS U.S. Patent No. 5,453,189 issued to
Flores@r 1esst dhegepiiB 58%@@% suggests an apparatus and
' metho_d for preventing and minimizing the formation of deposits of
paraffin, asphaltene and scale on the inside of downhole oil string line and
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adj aced@mai%@tfm*aﬁﬁ@,tgﬁ@?é@ﬁ?év@ sigle on the inside of downhole oil string line and

on the surface of flow transmission lines. Successive magnet pairs are provided in

magnetic discs along a section of pipeline. Each successive pair of magnets is rotated
through a particular angle relative to the adjacent pair of magnets to achieve an
advantageously prolonged trajectory of charged particles that populate the flowing

fluid.

[0016] U.S. Patent No. 5,700,376 issued to Carpenter on December 23, 1997
describes an apparatus and method including first and second housing halves which
are welded together to attach the apparatus to a pup joint installed in an oil casing.
The housing includes a cylindrical portion and first and second frustoconical portions
at opposite axial ends thereof. Axially extending L-shaped spacers are secured to the
inside portion and include longitudinal edges which abut with the outer surface of the
pipe. Series of axially spaced, first and right parallelepiped shaped magnets are
sandwiched between the inside portion of the cylindrical portion and the outer surface

of the pipe, with the poles of the first and magnets being reversed relative to the pipe.



advantageously prolonged trajectory of charged particles that populate the
flowing fluid.. [0016] U.S. Patent No. 5,700,376 issued to Carpenter on.
December 23, 1997 describes an apparatus and method including first

and second housing halves which are welded together to attach the
apparatus to a pup joint installed in an oil casing. The housing includes a
cylindfibahpaitighadved firstveldel séwaribeirstaitohivh fgorisesaliar dppeositanped
axial epdsntherept @’tﬁ%ﬁe@gm#rcﬁaﬁﬂ&@esﬂ%‘e%ﬁ%%% seeMed 0dheipe
inside port%%n an % nc udeflon itu ugal e(g; ich abut with the outer
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shapegtowad ot érec@amnehE@MGm@éﬁﬁh@@ﬁ§m ipsrtida: of the
cylindrical portion and the outer surface of the pipe, with the poles of the
first and magnets being reversed relative to the pipe. 5 The housing
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together by a clamping hand with sufficient force to secure the apparatus
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production, including those by Farshad, F.F. et al. [SPE paper No 77850
2002: and, SPE paper No. 76767.2002], and Tung, N.P.. et a
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and meétlidasifoddwhiikiriy degosin uildopgradwrinole hydrocarbon
producing equipment SUMMARY OF THE INVENTION [0019] One aspect

of the present invention proé’{%ﬁ%ﬂ@?ﬁafﬁ%'ﬁ\f‘%’gwme use

[0019] One aspect of the present invention provides an apparatus for downhole use
for magnetically treating fluids flowing through a conduit to inhibit the formation
and/or deposition of solid phase deposits within the conduit, the apparatus
comprising: an elongated tubular member configured to be interconnected with the
conduit in an axial manner, having at a first end an inlet and at a second end
longitudinally opposite the first end an outlet for the flowing fluid; characterised by: a
cylindrical magnet, having a North pole, a South pole, an inner surface and an outer
surface; a tubular magnet retention device, comprising a flange having a top surface
and disposed about an outer surface of the elongated tubular member; and a collar
threadably disposed at the second end of the tubular member; and wherein the magnet
is located between the flange and collar and the inner surface of the magnet is
adjacent an outer surface of the tubular member and an outside diameter of the

magnet is less than an outside diameter of the flange or collar.



for magnetically treating fluids flowing through a conduit to inhibit the
formation and/or deposition of solid phase deposits within the conduit, the
apparatus comprising: an elongated tubular member configured to be
interconnected with the conduit in an axial manner, having at a first end

an inl a second en itudinall osit e the first end an outlet
o the i R St AL B3 ne oy b el gLy TR e
Northipbieyizg Jetirpolethancimiarasyitadesing andshearrsosfdedaimtubular
magnet retention device, comprising a flange having a top surface and

dispo ﬁout outer surfac of the elon ated tubul rmem
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accompanyingdiaviagand e appended glaims. [0020a] An alternate

aspect of the present invention provides a system for reducing buildup in
a hydrocarbon flow path located in a subterranean well comprising:
appargii® el Alitctbsegsgbové e phisld disposad abautthe oliter surfacdiction

of the ma QﬁeEoﬁ?ﬂs%%aBE?a% 1 RPIEEIHREHRIREH WRHIE IS IBCRGRAARN IR, the

subterranean well the shield havm%fﬁn outer diameter; and wherein the
outer HRIRGY SIRRSEIHENR 1Ry S PINeAB RIS EaRTART BRANEHIEh Y
or colleyd(@a20h]bAfingheuiaspact otithel piesentinpvedtian gigvidé panidihg an
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path in terranean we ow path comprising an inner surface

and afPdteicstitfaderditecadiptdatbndvind hychathrmemsianyfigtpcent the
from apelisiaherd toanpiaximaliend;anc ReovidiBg AR spRpakALS as

disclosed above adjacent to the outside surface such that the North

magnetic pole is adjacent the distal end and the South magnetic pole is
adjacent the proximal end, the magnet having first and second axially
spaced endsBRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0021] The following figures form part of the present specification and are included
to further demonstrate certain aspects of the present invention. The invention may be
better understood by reference to one or more of these figures in combination with the

detailed description of specific embodiments presented herein.

FIG. 1 illustrates a perspective view of a magnetic assembly in accordance with one

aspect of the present invention.

FIG. 2 illustrates a cross sectional view of a magnet retention device in accordance

with the present invention.

FIG. 3 illustrates a cross sectional view of a magnet in accordance with the present

invention.

FIG. 4 illustrates a cross sectional view of the magnetic assembly of FIG. 1, taken

along line A—A.



BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS [0021]
The following figures form part of the present specification and are

included to further demonstrate certain aspects of the present invention.

The inVEntioHImbgitser hdfteqctintaretootianysiendiznceasihecorvitors gfpect of
these figesin BoBARKation with the detailed description of specific
embodiments presented herein. FIG. i illustrates a perspective view of a
magnétic asséwsiblieirnacobrdeth cowithcone! aspect dfichesprégent FIG. 5, taken
inventign, Fi, g-iligstrates a cross sectional view of a magnet retention
device in accordance with the present invention. FIG. 3 illustrates a cross
sectiofdbview idharanagnedliraccordancefwithyirerpretanttomvesiitmy flGlosed
4 illustrates;it fross secHRARAhYIEWPLENS Magneticassgmbly of FIG. 1.

taken along line A A. 7 FIG. 5 illustrates a half-section view of a assembly

in accondanpeiwithan.aspast @ thensesenbinyedien FriC.AOil bsiates.

an enlarged cross-sectional view of the assembly of FIG. 5, taken along

line B-BGFfGllmkatta stratesiaohad fisectivhvnieswadioa diypsfboltarsdogion string
assembhyiRloS gAML R BRERIAANSE IR RBASPRFHOL INEREESE e present
invention. FIG. 7B illustrates a half-section view of the collar stop of FIG.

7A in OPERYSYm. FIG. 8 illustrates an elevational view partly in section of a
downhole production string including a plurality of subassemblies in
accordance with an aspect of the present invention. 7a WO

24)01,/02921)3 1'CT/11 S2005103 t 857 [0022] While the inventions
disclosed herein are susceptible to various modifications and alternative
forms, only a few specific embodiments are shown. by way of example

7a



in the drawings and are described in detail below. The figures and detailed
descriptions of these specific embodiments are not intended to limit the
weath Rk scope of the inventive concepts or the appended:glais iR ai¥s7
manner. Rather_, the figures and detailed written descriptions are provided
s ore BB AR eR S RO 16 A
inventivedcireapts. METANFDIDESCHRIFT NG FHE VR R roKOf example
[0023] onig o more lysirative emtedimerts N eUPRrating thgdrueatipRctailed
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compliapresiiitte systarn-péRiker b kil ds Srcsdad do oot igisasg to make
and othen canstrainis Wi ah: varntiyeicoptepaentation from time to tone.
While a developer's efforts might be complex and time consuming, such

efforts would be, nevertheless, a routi ' f ordinary
skill in the art havmg%E%%ﬁ@fﬁ%?%ﬁ@ﬁﬂ@ﬂ@%@ %(sel\r?eral

terms, Applicants have conceived of and. developed devices and =~
method A Quize BeinHWTH TGRS BOBFEE Hf B gy ion disclosed
cylindrigakiaterceprifbmagbatsvdisposed adjacent tharhydredaiboafiomtion are
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buildup. Tn generaﬁ, he magne}f)c assembly is _orlentect Such that , )
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ownhole and retrofit equipment to modify existing. downhol yi Ao
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e

the conduit is described. T . ) o .
neverfheless, a routine undertaking for those of ordinary skill in the art having the

benefit of this disclosure.

[0024] In general terms, Applicants have conceived of and developed devices and
methods that utilize permanent magnets, such as but not limited to cylindrical rare
earth magnets disposed adjacent the hydrocarbon flow line or other flow equipment to
prevent and/or reduce unwanted deposit buildup. In general, the magnetic assembly is
oriented such that hydrocarbon flow is from the North magnetic pole to the South
magnetic pole. The devices and methods include original equipment for use

downhole and retrofit equipment to modify existing downhole equipment.

[0025] In one embodiment of the present invention, an apparatus for magnetically
treating fluids flowing through a conduit or other equipment to inhibit the formation

and/or deposition of solid phase deposits within the conduit is described. The



WO 2006/029203 PCt/U52005/031857 apparatus may comprise an
elongated tubular member configured to be interconnected with the

vE@nelidfhimman axial manner, having at a first end an inlet meags A@2005/031857
receiving the flowing fluids and a second end Iongitudinally opposite the

first end which provides.an o tlet s for the fIOW|
havin gqum(%?fﬁ éogqg 5680 e %a %?n?%%% g}cg&l:la’ 5 gcéna gﬁo?)i&gg%&%ﬁmected
surfaceyith thootadwitdy mmﬂemv@wfdhfww AV enfirst islel merysglor recelving
Secon%%”ﬂw%l@F?ﬁ!ﬁi'é‘gnﬁlf@@%ﬁ@\iﬂagl&xgﬂﬂcmfgﬁeﬁﬁﬁl@%é fhetweevhich

the first and second end an Cir, Iln on at ub
and a @8}[5‘;?%%&% 968 g;gg;szga fg(mlh glé O a eﬁe 'W}ill & ﬁrm §féneé South

rests upds the itopicusfabecoftheflantge S %W@aﬂyttﬂhéam@@g\'éﬁ |$€8ﬂlé‘?ﬂe‘éﬁ"1°e
in a m@l@@ﬁ% sueh thatthe Novih paleRihe nagnsidsangniesawase dposed

distal end of the apparatus. [00261 To a further em odlm

presenlfﬁfH’\’F@HﬂBh %%ﬁﬁ?ﬁ’t‘é§%ﬁ %ﬂ?ﬁ@ln}%&} glopeate Waugar member and a
fluids weishin denimihalapoyetacdrbomqrbehdctidretibithy toagrevesit m@n the top

f°fmat'argée%déﬂh%eﬁé?@é'ow%éﬁiw D35 ALROIRMINIA INSAIRINGS that the

described. wherein the apparatus comprlses an elongated tubular
membeaVebriurs e sashicrHemrblseds 1?1%1%&‘%?5}4 f PR Al

manner, having at a. first end an inlet means for receiving the flowing
fluids and a second end longitudinally opposite the first end which

prowde@@@ altietneansfidbedlawing B%ﬂﬁl@}/@ﬁﬁiﬂ@ﬂﬂrﬁﬁ@nﬁﬁs for treating

having a North pole, aSouth int rlors rfac an outer.
Surfacélyglf)ﬁ }aﬁﬁl gthe i %?O%Pgmwcge aVIlfn El r on p10 uon tubing to

secon@m@;%mf@ﬁ%@laﬂﬁhgeiebmﬁg af @b@;&?ﬁ@@é@@ﬁ}@s@&%%@ﬁmg 18

the firsandisacend-&pdandaneitcing s alangaiaedtiipular member configured
membher,and a ‘collar th ea r}%ifdls osed att e secon end [t

presenfﬂlbﬁr’é‘félﬁ‘étal?ﬁtﬁ TR FraLd %?)’8?1 TRAFSE Sy a?’fﬁ‘ end an inlet
flange. mypicilyredpidog dird divsengiftuithisndspeastood e ﬂqvgmmmlhquposue the

cylindrigal magnEkis AUEAte R RMARRETURD HialithgiNerhoppiaRhihgagnet,

magnet Is oriented toward the distal end of the a para us, and |s able
of longReEst AV RIS aTOHE EHLF AT Bty BB ML GE AR, B e ol
the retentignideramandtae kollag. {002 74ukh aduntheradpadt mlﬂpemwélange

embOdlgg%%Sa [B% g%@a%%a&@&%@ {)lé{m@ﬁ the first and second end and encircling the

elongated tubular member,and a collar threadably disposed at the second end. It is
presently preferred that the magnet rests upon the top surface of the flange. Typically,
in accordance with this aspect of the invention, the cylindrical magnet is oriented in a
manner such that the North pole of the magnet is oriented toward the distal end of the
apparatus, and is capable of longitudinal movement along the main body of the

assembly, between the retention device and the collar,

[0027] In a further aspect of the above embodiments, the apparatus can further
comprise a cylindrical lock nut longitudinally placed between the magnet and the
second end, a first cylindrical seal, and a second cylindrical seal, wherein the first

cylindrical seal forms an interface between the North magnetic pole of the magnet and



comprise a cylindrical lock nut longitudinally placed between the magnet
and the second end, a first cylindrical seal, and a. second cylindrical seal,

wihsieimhgsfirst cylindrical seal forms an interface betweenythg NatBo3 1857
magnetic pole of the magnet and 9 WO 20061029203 PC

17US2 1051031 57 the to%surfaceo the flarage 1a dthes

mdrica seﬁ f(’)rms an interface

cylindridl§l S PFRFRCh DR ters e Betheon he magnetic pole an
an edgéati the thockontit regebtithad daedap mﬁ@éﬁ%&@lﬁw presheifies the cylindrical

longitudipglmoyaraeniakiheimagnainiafadhdnaduther embodiment of
the present invention, a collar stop apparatus for magnetically treating

fluids flowing through downb.ole hydrocarbon production tubing which
extends (1928]dn suliteiearahndiormatiohs thesed! iaverbpnappabatusgop apparatus for

Comp”%gn@ﬁc dQﬂgéﬁﬁéj ﬂﬁﬂ@%ﬂ@”ﬁﬁwgp@mﬁ% Regdyhavingr@uction tubing

proximal end and a distal end; a. lock nut threada *y attached to the

proximaV MRS HigiA BB&%W&%&?H’EW&O%ES OF RIS ARPAeig R o mprising an
slidableclsetentipsbsmsivtithdupluraiityofsideking pinsxihel satemtiandistal end; a

assemily.d 'ﬁmOﬁsgaaébt@ea%ﬁ%'aeead&J H}sxmaméaad(yﬁ aoulingrisalynagegining

retention device havinga top ed ge and a bottom. edge, the retention
device BSRRPlUiEpELRE Sty il hé%&ﬁ@ﬁuﬂf‘aﬁavfﬁbdra fiplitigol dagking pins, the
and ha\tmhgraqgu@mrbﬁang@suﬂltm hddptsusiecd aicomeiehodand gdindrical magnet

cylind “Cé{entmg nc% \41”%161 2 C{ rth e%géean% %%%ng Oé&gea%'ep %{égﬁ()sfy g&gcee being

and an exterior sur ace Witerein the cylindrical magnétis disposed upon
the supé’@W?P&Hﬁ’é“ﬁﬁ?ﬁE@H@&{jﬁé& apd b frip e Reger e atine a support flange
accordamgeawith dxhi&@&pemb@fmh enthy epilighicth enaghiariatopzappatatutess South

an F-ypeicolah el ARt e ey iUIEH M AIREL IS, AR Stk 0 AIAAN Hagyer is

such thgt >'North pole of the magnet is orientéd toward the distal end of
the appé‘ﬁﬁﬂﬁ%d awansteasamne of auRgiiLinanEeeerieriloffyitie muitally, i
body ofdhe:asspembly, thietuwpen thentcientios, d&edlaﬁlanﬁd;ha@ﬂfk&ﬁs [eaa9]-type
In anothey ¢ “189911'{5“8“%0{1}1 G RIGsenL nvention, a&’rocesssf&’c § R%mhpoie
|nh|b|t|ng or pr ventlng ormatien of unwanted ase ep05|s

from hydrbearsenss m@gewhtawdMéwiﬁgeadr@ﬁgiw ﬁi@d@@t?@ﬁ%ﬁﬁﬁ@ﬁ@ﬂe of

describggheth@inal movement along the main body of the assembly, between the retention

device and the collar.

[0029] In another embodiment of the presevt invention, a process for removing,
inhibiting, or preventing the formation of unwanted solid phase deposits from
hydrocarbons present in a fluid flowing through production tubing is described, the
process comprising threadably attaching a magnetic assembly apparatus as described
herein to an end of a first conduit to be placed in a subterrean wellbore, running the
conduit into the subterranean formation, attaching and placing a plurality of conduits
to the first conduit, and threadably attaching a further magnetic assembly apparatus as
described herein to an end of a subsequent conduit to be placed in a subterranean
wellbore. This process can be repeated a number of times, so as to have a plurality of
magnetic subassemblies running substantially the entire axial length of the conduit.

Such a plurality of magnetic subassemblies are preferably spaced a longitudinal

10



process comprising threadably attaching a magnetic assembly apparatus
as described herein to an end of a first conduit to be placed in a
wybistrea,yelibore, running tile conduit into 'the subterrangaq, fRHaMeRKs7
attaching and placing a plurality of conduits to the first conduit, and
threadably attaching a fu ther ma netlc assem I s describ
herein t i St Bt Hugile Gl Lok P fcﬁn%% qeed nt\alélbj(;t? ettetPrga%lé foet
wellborepaFhis process can be repeated a number of times, so as to have
a plurality of magnetic subassemblies running substantially the entire
axial length of the conduit. Such a plurality of magnetic subassemblies
are pr ced al 203 " "
PCT/U@@OB m%‘?’m %%gggéej%@&?@lﬁgptﬁ%%%%t&ém%|8£ VR
about 10T FEEERBISOISSU0 FEEfE RO WHAS LohimiHBH g ﬁ*aﬂed to”),
methodake:agseibethin @emsdofcipomprisingstasiotial soafponentssar of i

steps (mter reted as meanlcpgtelnc u%ngilbut ot i ﬁq Bo" it It})?eted as (%Ceﬁnmg

18 CO! SU 11110 500
composfrons an (t S can a SOQCOI’ISISt eéggentl or “consist

the varf@i@%‘rﬁﬁ@ﬁ@ﬂ@ﬁh@ gt@ps; such terminology should be
interpreted as defining essentially closed-member groups. [0031] Turning
now to a more detailed description of an embodiment utilizing one or

more of Hwﬁrﬁﬁﬁng'%n&'g%@ I luRlaleSR Hrag %%m%mamg one or

which includes a magnet retention device 20, a magnet 50 and a collar

60. Maghco adScHB R ol S RSB RO ARG B O i
tubing dngidisgaodgishowtm)iithedetiyep2Oyidinggheid o amchuniodtion0. Magnetic

between, Ao SNGS(PokSHONN) RUAINGHRY PAGIRYS BRRIGY e (o

[0032] Magnet retention device 20, illustrated in 2, has a generally

tubular SkaPE WRtRbHPIAKEE Hridsossaatalisg Qﬁ‘%‘?ﬂ’i’clé"?%gp?‘b\‘)féﬁ W shown)
commuaigsitienthetaeencassatention device first end 22 and a retention

device second end. 24. It is preferred, but not necessary, that orifice 25
maintains a constant orifice diameter 26 throughout: the device length 28

of retentlo??? EII\\/fagnet retention device 20, illustrated in FIG. 2, has a generally tubular shape

with an inner S'Lu"face 36 defining an orifice 25 providing communication between a
retention device first end 22 and a retention device second end 24. It is preferred, but
not necessary, that orifice 25 maintains a constant orifice diameter 26 throughout the

device length 28 of retention device 20.

[0033] First end threads 32 are provided proximate to retention device first end 22
and second end threads 34 are provided proximate to retention device second end 24.
First end threads 32 engage collar 60 shown in F1G. 1. Second end threads 34 are used

to threadably connect magnetic assembly 10 to an adjacent pipeline (not shown).

[0034] Magnet retention device 20 has a device wall 30 having an outer diameter 23.
Device wall 30 has a wall thickness 31, which is measured between device inner

surface 36 and device outer surface 38,



[0033] First end threads 32 are provided proximate to retention device first
end 22 and second end threads 34 are provided proximate to retention
wigviee s8eeNnd end 24. First end threads 32 engage collar GQ-$hewshdms 1857
FIG. 1. Second end threads 34 are used to threadably connect magnetic
assembly 10 to an adjacent pipeline (not shown). [0034] Magnet retention
device 20 has a device wall 30 having an outer diameter 23. Device wall

30 hasggaal thickness;3 o Whith SR ASMIRUDALYSE R deMiS IN8sm first end
surface 36 and device outer surface 38. ar WQ 2006122@9203 0. thus fl 40
| S 4% % thus flange

PCT/UZLJd8a58 P85 7Pips a1k ARAGE AtPiSPRSAdE rtion
device 20yat adengid 42 fiemofirstidng 420 Magide nédttywitaihpedstianppAl has

a top syriace 44 of Jange 40; HWSHARIE AN ARG RHITERIESk @ Arlange edge
bottom surface 46 to provide addltlmnal support. Flan%e 40 h%% a flange

width 48 viirege 1 mregletdsussrgt Hendds e eS8 Y a flange
edge 49. Flange 40 encircles device wall 30 and. has a flange diameter
45. [0036] Referring now to FIG. 3, magnet 50 is substantially cylindrically
3 hapeotwsb]d ﬁgrg?ﬁﬁ@iﬂﬁzﬁéme.rs, thruglsoNtagBekahasyanmhagnesiapar with
lameter (i.d.), a magnet outer diameter (0.d,).53. Magnet },d. 58 IS
argor TS TR QUACE 3 Bt e B [k S R o
permittingentagniet Somwistide by Ep fitdesist 2D 0hedasesifalh B0 ingistic retention
p:’lesenHeM@eQﬁ@E)ié%rF%ﬁt@m!l%iei@@?}ﬂﬁﬂﬂl@ngiﬁ%@@%%@? dhereby: first end 22
allowing magn 0 be prevented ,from slidi eyand flange 40 toward
second 8158 Eﬁ%’f s ﬁ’@ﬁ%’?"’é?é’ﬁti A Stvilccs('é %1 Sélga rﬁé? ' ct){l(qj11 gf?nggn%?%%eger 4,
less thahesbyedimatitg flemge dfamdteptSe@OInliding hspust Bingr40 toward
presengé@é{ﬁ]gﬁ){n2%&%@%@%@1@@?@%@@@’ 18 1835, HRa0.dflange0sdess than or
diameter 45 so that magnet 50 is substantially protected and not lifted off
from flaiya! sotlmarelBigietic assembly 10 is lowered downhole. In one
aspect of the present invention, when magnet 50 is placed onto magnet
retention device 20, the North pole 52 of magnet 50 can be facing flange

tO}p Jsur_t@@?’?‘ffﬁ Iﬁ@ﬁéﬁa&hﬁ By |ﬁ‘§ﬂ§§ﬁiﬁ}ﬁ@ﬂ@t&&§ﬂ§ﬁﬂm HagdHQIEh is less than
(negat'\fﬁ};ég c% 'eli!tatl}agge g}tk\%es)oflgg){ xggg%l%tcl Mss substantially protected and not lifted off

from flange 40 while magnetic assembly 10 is lowered downhole. In one aspect of the

present invention, when magnet 50 is placed onto magnet retention device 20, the
North pole 52 of magnet 50 can be facing flange top surface 44. That is, the
cylindrical magnet is installed in a North (negative) to South (positive) flow direction,
relative to the flow of hydrocarbons through the conduit. However, magnet 50 can
optionally also be placed onto magnet retention device 20 in such a manner that North
pole 52 of magnet 50 is oriented opposite flange top surface 44, and the South pole 59
is facing flange top surface 44 (not shown)—that is, in a South (positive) to North
(negative) flow direction. Thus, as illustrated in FIG. 4 with respect to magnet 50,
fluid flows through orifice 25 in a north-to-south direction, as represented by the
arrows. With respect to fluid flow parameters, the rate of fluid flow through orifice
25 can have a critical flow velocity such that the spacing of a plurality of magnetic
assemblies 10 along a tubing string can be preferably maximized, e.g., from about 400

feet to about 500 feet apart. However, as the critical flow velocity changes, so too can



relative to the flow of hydrocarbons through the conduit. However, magnet
50 can optionally also be placed onto magnet retention device 20 in such

Wwananesinat North pole 52 of magnet 50 is oriented oppositg HARARASRs7
surface 44, and the South polé 59 is facing flange top surface 44 (not

shown) -that is, in outh .S|t|ve North_(negatiy, ﬂ directi
Thus, abSIfe frg%eﬁrj V\Iffthlsrsesntgg(é opr)ha(é % gl ngic Cl%%a?rhmd How
througtvebrdtite, 25 m@udmmq mubd@mmmu@weagompﬁéb@m@wwm velocities

arrowsiéﬁ/gmgr%ﬂ?%&w@/J&@wop@@@emwisaU@eﬁaae qﬁéluaﬂngowhrq;u@bm 2

orifice 25 can have a critical t h that th
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preferabyfiisexintizéekoe 9. fikom @bt 00 Feeti8aboet 00 eest é@%rﬁt/sec as

Howevey, as, %&KH&%QM MeloeHy ﬁh@@&ﬁﬁraﬁ%é@@e@%&:n]a%yv@) of these fluid
2006/029203 PCT/1182005/03t857

spacin o he mag
assemBIes YEihIeS of SehekeN ¢ cffgfg‘é i 8“?1%\% &8?0&&*@@ f apparent to those
acco_rdaﬂ@hmlmﬂma"pmemnnﬂshﬁmd, fhetudeflijdiflow telooltigsrameter upon
fang'ngxmwssy%% &i&éé% g&L%mgmlwltq gagraﬁku#mao@p% bs tubing

ft/sec, 2 ftsee, 3 tusee, see, 5 fl/sac, 6 ft/sec, / it/see, 8 ft/sec, 9

f/see, 1F560" %%Yﬁ%eeéfe“é@“ff)’é’é@a%%f‘ffs‘b%‘“ﬁ@‘ﬂ/%?ﬁ‘a%‘%?‘ﬁﬁ§&?“%“’s 10.
fusee, 80 ft/sec, 90 ft/see, 100 fl/see, as well as velocities greater than

100 fusee and ranges between any two of these fluid flow velocities, e.g.,
from alqoutsy WHSRGER whpuE GOV Eetedtyilnb e @ppasens tojiiase, of iskitbsently

in the aft, homcf%}v}gr jhat fitd f'n%gv V‘?'O‘f %bf ong a@sson Y PARTEH P ecutes
which spacin he ma ne assem ies can r as other factors

such aérmtmhfgv@amm@rt@ahmé% EG éfﬁ'éhéﬁwfﬁﬁh@ﬁg‘lﬁ?ldebmﬁdwléﬁd by

magnett‘ﬁ‘e@ﬁ%{am'ﬁ@lcﬂ-%d[gpa%ml@mtlﬂﬂﬁmﬂ%t%b@ Juwitechba@ms are less
one theor¥ of oper tlon [ lFrese beI| ved that he res%

magnetit {28 26°Hdd8g ’po atiza on%¥sﬁw o eec“b &S 1oy in%eﬁ Suiigee 36 of

passingumobighl field t7 0hin isnohse frrarmichearmislscildagase repel(aer shown),

the ma%&@%?é@eﬁ%@ﬂa@h@ﬁc Ia’ﬂKt‘s“l‘il@?'@&iﬂﬁstﬁ%@ul[%%@ mﬂueme of the
molecules are less Ilke{g/ tta & ch other and to f}ﬁyﬁé II|ze

adhere RS tHE iSRS 12 é%fs%é BRI YO PR RS iagperstc

sur ace (0]
the dowatHojedsipingiog tbbing¢rotadiddevn)his is believed to occur when the ions are

arranged in the fluid as they pass through a magnetic field of North to South
orientation. As such, the positive effect of the South pole will repel the positively
charged particles contained in the fluid, and will thus cause the particles to change
from a random arrangement to a structured arrangement. By arranging the magnetic
field such that particles pass through the positive, or South pole last, the positive side
of the particles thus become the farthest spaced from the negatively charging conduit,
or tubing. This realignment of the ions then carry, or retain the positive charge from
the South polarization, known as the magnetic memory effect, and may be retained

for periods of time up to one year.,

[0039] Returning to FIG. 3, magnet 50 has a magnet inner surface 54, which faces

device outer surface 38 when magnet 50 is assembled onto magnet retention device
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thereby preventing scale buildup. This likely occurs as a result of the
influence of the positive, magnetic flux of the South pole, which changes

&Bﬁ_(ﬁgﬂﬁﬁi&n characteristics of liquids, making them more %&lmgﬂ,{m,gli%,,

believed to occur when the ions are arranged in the fluid as they pass
through a magnetic field of North to Southi]h% rientation. As
f

positivélefrEersk 1RSSR ST /I FOI tha% Ssrrads) ‘?5?‘@1 88“65%?t{c gaenet
contairedsrithenflyigidacivill thusroaussltheparticidstointadge Hpodda of the

randor, HAREUTER (9,2 Bl r?&l@!&aﬁlg%H}%?éﬁé’n?é@f%ﬂﬁu‘%hﬁaﬂable from

magnetlc SUC t at partic es passt roug th ef[})]osmve or South p

last, thevifshrvickiddaaethéRsaimiiss HISbelsmisethdFsithdlt dpaetfre carth
From thedhegatvely.chargisigieonguits ompuisingoTisysedlibnetitofith@oup of
lons thep, CaKY, oL I t%'s”r%@ae & é%#t\;(e s%ﬁr&%d[q é r?s SoWi Rz Al Benets

known 38 the fnagne ic memory effect, and may bé retained for periods o

tirne uptirbadyeake mm}lR@ﬁ&rﬁiﬁ@‘% 160 30eERgharorrh a8 FRmYReeobalt

inner SM‘I@Q@a@ﬂatW*ﬂi@fMﬁ%lﬂ 8MiC8; AUlETSIdacs [ whess magneihthisobalt
assembled on ma netlglaten fgoallcge %gayvo 006/02@8%9 \t invention
PCTIUE3HY5 Niaghet 50 hids'a magnet wall 58, which has a

magn ebwaiﬁhtékﬁéssos?i‘ﬂmlagma%/ iSiFreeRlyip refidpteniotpagagtic tirength,

earth magnehieitheksintpredemnbonrdsdipf mmelsafwmm goballagnets are also
o B A D R AT 0 S AN o0 B i e
; 1 ;

Levick usedherein erm "rare eart
magnetstds nt@&htﬁ@%ud@@&dﬂéis%@ﬁ?p&%‘éﬁ%ll@@%ﬂﬁe Sr0-6(Fe;03))

Lanthapige gy 05'(919fu %ﬂﬁnﬁﬁﬂ?f@lhaﬁﬂjﬂfﬁrﬁaﬁh vaosi{ionramtalagnets, For
bl

oot &S ALHERS S VAL LS SOBS gy HAGHAL T (656
includingbetia:S maosanetSMROELTyperaghets) A‘@ﬁﬁﬁ‘ér‘mm reesbbgtsuitable
magnet 20 ds typically preferred for use in accordance with the present
invention because of its corrosion resistance/ resistance to oxidation,
magnetic strength, structural strength, and thermal stability. Other

rare-earth type magnets are also suitable for use herein, dependin qu

the partf@4driapvr drpagnt wPtertize shighl| PYanay be apphed to magnet 50. Protective

shield 51 is provided to prevent fracture of or reduce siress on magnet 50 in a
downhole environment. Shield 51 can be of various materials having sufficient
strength to provide added protection to magnet 50. In accordance with the present
invention, the protective shield 51 can be nickel, zine, aluminum, or any other
appropriate, metal or composite material. Preferably, protective shield 51 is a non-

magnetic nickel or a nickel-containing alloy.

[0041] Referring to FIGS. 1 and 4, after magnet 50 is resting on flange 40 of magnet
retention device 20, collar 60 may be attached to prevent magnet 50 from sliding over
first end 22. Collar 60 includes collar threads 62 or other coupling mechanisms along
collar inner surface 64. Collar threads 62 accept first end threads 32 so that collar 60
is threadably engaged at a collar first end 66 with first end 22 of magnet retention

device 20. Collar 60 has a collar outer diameter 67, which is typically greater than
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used. Such magents include hard ferrite (strontium hexaferrite,
SrO-6(Fe203)) magnets, berrylium-copper magnets,

WIS RRsiron-boron (NdFeB) magnets, For example, in appicatigns: 1gs7
wherein the ambient temperature is less than 150 F (65.6 C) a. rare

earth the,n mnriron-horen (Ndize pe sui tabFso
for us(raTl [%l%{ ?{%egrﬁiéa%%%é({act a@g(ggtec%l\ggghgl\élc}hg%r%’ qbu ? atwo is
magnet St eshbtbtsrelsRld s rofroffided to prevent fracture of or

reduce stress on magnet 50 in a downhole environment. Shield 51 can be

of various materials having sufficient strength to provide added protection

to magmmspzm@&wééa@pﬁwbsmﬁwﬁﬁﬁm aH‘W!Pﬂftﬁ? RTRIESHMS e, collar

shleIdE};L? n.be nic eI zinc, inum, ora other .ap iate, metal

or composité rrqgt%ai’?a °© BRI T§°nﬁ)r%?§1&%;é) .é|%i% d ﬁ ﬁwm%ﬁ’ﬁ%‘ﬁ‘?: S0 to
nickel oneypibkgliedintdinirigralldsife04id Refeeknip i Fli@Shicala 2, adte permit
magnet&isiresting L udlangs 49 af: m@ﬁléﬁt%w}%&%\@sedzﬁe&%m 58 llar

may be attached to prevent magnet 50 from slidin i%over first end

Collar 60 TAS fde&eBh A& d§“§2“8‘rf?5t?18? ebepy é‘ﬁfé&ﬂé‘xﬂ%‘h@%l&‘i@g“ toa
collar irnBarsurfacec6d 6€ dllalithtieeds 62 mog@pitéirstiandetordaas 82 86 used to

that. colia8Q isdugadabhygngag ajn.@alﬁ éﬁ(}aﬂﬁﬁeﬂ{é&%ﬂ(ix’\&? with first end

22 of magnet retention device 20. Collar 60 has a collar outer diameter

67, which is typically greater than 14 WO 2006/029203
PCTI1-1S2005/031857 magnet inner diameter 56 (shown in FIG. 3),

thereby @H3LFKG thi¥lupiaighedBthis appesiné hbprevedrinfanie 4oharh ecliagnetic
60. [Ooé%hk{ﬁm?@m%gg%m@é%@@& mi?ﬁégmo@%@hgwgh I#bﬁk&égléetf@é collar
exam r first can be arated fro g

spamrrl)goeq_ Jﬁ%wmg er%&agnetqeg(‘y% ]Q@%e Ioﬁﬁwé%£1%£ @"Qé\/fgg%ﬁf@r 104,
surfacé%eﬁéﬂ@ﬂmﬁmﬂmmz alsshgbe mitxierhovéahot Gelibst8Cpdiiowingdor end

replacament ob magnet e A% NPLessaNICAIan e ARS AL EXRDHR00, fist
the mnergtﬁrfa%gpm of collar 60 from collar first end 66 to a, collar second
3)

end 68 alTaP R readi S5 BRI Lehilradtdha i dgrdiich juisadehly engage

collar 60 at the proximal end of assembly 100. Distal end threads 34 are used to

threadably connect magnetic assembly 100 to an adjacent conduit or pipe.

[0044] Magnetic assembly 100 is also provided with a flange 40 along retention
device 20, which is Jongitudinally displaced from distal end 104. Magnet 50 rests
atop flange 40, but is constrained from longitudinal movement along outer surface 38.
While shown in the preferred orientation of the North (N) magnetic pole of magnet 50
oriented towards the distal end of assembly 100 and the South (S) magnetic pole of
magnet 50 oriented towards the proximal end of assembly 100, it is realized that the
orientation can be reversed, and that a plurality of sﬁch cylindrical magnets 50 could
be used, provided they do not extend outwardly away from outer surface 38 past the
outer edge of flange 40. As is firther shown in FIG. 5, magnetic assembly 100 also
comprises at least two seals 82a and 82b, and lock nut 80. Seals 82a forms an
interface between the North magnetic pole (N) of magnet 50 and top surface 44 of

flange 40, while seal 82b similarly forms an interface between South magnetic pole
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connect magnetic assembly 10 to adjacent pipeline (not: shown). [0043]
110. 5 illustrates a further aspect of the present invention, wherein a

whaghelis,assembly 1.00 comprises a magnetic retention deyieR; 2305031857
flange 40, magnet 50, collar 60 and lock nut 80. Assembly 100 has a

proximal.end 102 and a |stale le spaced longitudinally t.

the proxihidIBAg et (W' d SRR Olgt?{% eellcril 0 6thc:ie’a(g ' g ?napgéﬁemuy
respec@Meiﬂm@imxM\aieewdhlﬂﬂomslmﬁﬁ@tb@ugbﬁlhm}@%@ﬁﬂﬁ% pigp face and
threadg §gttl?ﬂ1dg%%cg{ﬁg%}/e '@%@@ﬂj ﬂl&%dﬁltgﬁ) ﬂ@%ﬁﬂ%%ﬂl@éﬂltmﬁaﬂa@%xnnal
engage collar 60 a eprOX|ma Distal en

34 are %@e‘&l@“’ﬁ%&d%”%% ’(?t gé{ﬁg%cq%%ts%‘ﬁ%ﬁ fﬁj@ o@n ad}%?c%%fab]‘y
conduitditepipe:[004id} Miagrétid' dssenbilyin00cls mis80provitietrwithagainst seal

flange g%aggmsfﬁéﬁ%%cg %y'Q%Ig&h\‘ymﬁ&ﬂ&l@ﬁ%@@ﬂﬁ@ﬂ%ﬂ&@l%ﬁd&@mmw
distal ’104. Magnet 50 rests atop @%8%40 but is constralned fr%ﬁg Such

Iongltuaméiorﬂ&ﬂ/éﬁﬁ%rﬁdéfb% QUi Qi 8 i HORIS TR e
preferradeati¢datinchoktenbiastin¢NilaagnetiespEle. of otlad netsstket set scrows),

oriente g)yvar %Q%\%%ﬁé% ﬁidc%t)?iﬁscf%g@@%@99{@&%&“@1&%@2@@& screws, oval

magne ic po magriet 50 oriented towards the prOX|maI end of
assemBRjt 6o, 5&‘%"’ PesliFaRPTH AL R B SRt Rcogm Rt st assas, dnekradar 89
a pluralitysofssaiah @Mgﬁdﬂ@al mapnsisb@gould flbegtisél, provideadtineyadstatic,

not ethogd £S ISq? O ﬁ}’ﬁereeR%S@%’f&C& ?6%19@0%}% aﬂh‘t&rll@pﬁ@tghd 66.

flange her shown in F magnetic assembly 100 also
comprises at least two seals 82a and 82b, and lock nut 80. Seals 82a

forms an interface between the North magnetic pole (N) of magnet 50

and tofi BWfhBens4804 fBnBRbAG: inbitetebat@Rvdimitarlpeomsmmber of sealing

g?{iﬁ?ﬁ%%%%%%‘égg@sgﬁ@gwtm@% t&%?j&é%@&@%@l@%%bc 1|11 ai?y suitable
or magne an otto oc t
80. LocRHtilises Eﬁjéﬂé?&’llﬁeainm(:lrﬁg%ﬁ‘ H’sﬁéﬁ ee? E)aw %gl%%en&mgsna% other

therethsouigd, (rotshbwmry, Mavity witop fauebanda(bz Histtom fambsapt Geflemeric

edge 84, Lok Lt 80 ik slidahly addesh oussdhepraximahemsholansermbiv 82b
100 prior to the threadable attachment of collar, 60. fnce S|Id bII %}rﬁd a0 be

over oSN EEge s arhwsElemntcddel SEYEEs 6"?3{%%33 agains

seal either axial or radial, as known in the art. The O-ring seals 82a and 82b shown in
FIG. 5 are illustrated in a radial seal geomeiry. Seals 82a and 82b can be made of any
number of materials which can provide both chemical and temperature resistance.
Such material typically has a temperature resistance in the range from about ~26 °F (-
32 °C) to about 600 °F (316 °C), and more typically from about ~15 °F (-26 °C) to
about 400 °F (205 °C). Suitable materials for use as seals 82a and 82b include but are
not limited to fluorocarbon rubber (FKM)-type seals and O-rings, including KEL-F®
and FLUOREL® (both available from 3M, St. Paul, MN), VITON® and KALREZ®
(both available from B.L DuPont de Nemours Co.); chlorosulfonated polyethylenes,
such as HYPHALON® (available from DuPont Dow Elastomers); PTFE
(TEFLON®) and filled PTFE such as FLUOROSINI® (available from Quadrant
DSM Engineering Plastic Products, Reading, PA); copolymers of butadiene and
acrylonitrile, known as Buna-N (nitrile; NBR), such as HYVCAR® (available from
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82D, and is held in place by a plurality of threaded attachment means that
attach look nut: 80 via enter edge 84 to the outside edge 38 of the
weagnetissassembly. Such threadable attachment means inglggg b/ 031857
screws (e.g., slotted or socket set screws), countersunk screws, cup point

socket cr knu I oint sqcket fva omt t scr.
cone PO AL hA O SRR S RS SR and
retains $RbgrrdiBoorupositbbeatyamseitaiitgd 20/ i Raintains a static,

longitudinal distance L2 between the top face of lock collar 80 and collar
first end 66, [0045] Seals 82a and 82b, as indicated previously, can be

any numierof sealing . MAGHals, slawuggénglptbtf%maﬂesgcéﬂ elasiomers.—s,

and can be |n any suitable multip I|C|%m four seals). Typically, seals
WFett

82a and’8?B KrE16-Siryevdpe st RRARGRIS AL AR s astE kL Which
can be mad® frany amhinshes ofiglastomeriepinfatdrialslisomasttseald the lock nut

against i OIS AN 031anes 74REAR B30 200 SRR (Bl in contc

O-rings, they are ty Elca y inserted into cavities, known as glands, whic
can be Vithaaaseai 8 thdialukasAtivm foThing Jf‘r‘f‘e@"ﬁr%‘%%‘s%‘ﬂ&““ inner
and 82Rushowss )y Hidksfoarebtiustiatéeirten Rac dl.skahgeenietiyd Seatd orifice

82a an%B Zlgeclanﬂebe n:f‘%g of Lsa'g%bf}um %%ﬁl%fgpgt‘%? %a\grmﬁb 'ﬁ B{&\élﬁgﬁ The

both cherhical and temp erature resistance.” Such matorial typically has a
temperafa?@bbswa(ﬂ&bqrwf@éeﬁaﬁ Genrsis sHBdricpbegnet Sbsery (tk‘)“él% gpsenbly
600 OF((B1& Ql)xgﬁéldlmlﬁl'gaatyﬂi&aﬂ%f@{él(ﬁﬂOLﬂ\hd51@ﬁe(n2ﬁl@) d6s RPQUtface 44
400 F (2 table mate el s for u eals 82a d 82b in e bu

are not| ?ml e%tgﬂflugr% amﬁo{n Fubber %—SKI\%gst l;u}ueg%aemlfé and 04 ﬁ% % walks in
includingf REInE & praanth PEIIBR Eﬁ(ﬁm»dmgmrémfﬁwgmais%maﬂﬂm of the
MN), VIERNE) and KALRIEZ(r) (both available from E.I. DuPont de

Nemours Co.); chlorosulfonated polyethylenes, such as FIYP'11ALON(r)
(available from DuPont Dow Easterners); PTFE (TEFLON(r)) and filled

PTFE such as FLUOROSINT§r) (available from Quadrant D

Engined?iy PTHatic b rsduict! ieBaaing ong: ’%bBWﬁﬁ‘é@S&P*b‘E}Yﬁa?é’ﬁe Anghovn
acrylonifidejknoymas BundiNonitri 6 ;yDNBR), ceilah sap TN GHR($Y available from

(a"a"a%gciﬁé.,%@ew %e%gpﬁquc%%%?ﬁﬁn%gHﬁ&%%%bo g’é;qgt%ntion arms 92 and 94,
locking pins 95a and 95b, support flange 91, magnet 50, and lock nut 98. As
illustrated therein, magnet 50 rests upon flange 91. While not illustrated in FIG. 7A,
magnet 50 can also have seals above and below it, as shown in FIG. 5. After magnet
50 is resting on flange 91 of magnetic retention device 90, lock nut 98 can be attached
to prevent magnet 50 from sliding over proximal end 101. Lock nut 98 includes
collar threads 99 along the inner surface, which accept end threads 97 on the proximal
end of assembly 90 so that lock nut 98 is threadably engaged at the proximal end of
magnetic assembly 90. Lock nut 98 has a collar outer diameter, d;, which is typically
greater than the outer diameter of magnet 50, thereby ensuring that magnet 50 is
restrained between lock nut 98 and flange 91. In one aspect of the present invention,
lock nut 98 is longitudinally separated from magnet 50 by a length Ls, allowing
magnet 50 to move along main body 96 of apparatus 90. Threadably attached lock
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Goodrich Chemical Co.); and silicone or silicone rubber. Typically, seals
82a and 82b are fluorocarbon rubber-type seals, such as VITON(r).

\Lqpﬁ\@]}/&ﬂgss-section of the sub-assembly of FIG. 5, taken Wﬂ%&%@/dsmw
B--B, is shown in FIG. 6, showing several of the components of magnetic

assembly 10 which include many of the same components except for the
collar 28¢EMpRP aHaRL MR Pﬁli‘i.‘g/’éaé ‘i’fE %‘f@@f Bt %i)g‘%sst?n‘?: 4 e?%%e ’)c%%ﬁl et of
of the nopnmagnetiedsig-zonduit in contact with magnet 50 of the
hydrocarbon flow line. The flow line tool includes timer surface 36, which
forms a boundary between Rare Earth magnet 50 and central orifice 25,

the inn ce of.assembly 10 bej f a non-magneti flal,q..:
The aCUE LA e R B A P ey SR baining
surroundingasaéRtbiss 1osthshingia: RAvivd BprReedting amsPsrd Afm a
Xigibllle 1?15;@- I?ﬁifﬂﬁgg Méﬁgﬁﬁﬂmﬁﬂmﬁ AQef sippingndotimmesuraetbly 90.
, illustrating that magnet 50 warks in. providing a,smoqth,exerior. no
extendfﬁﬂagﬁ%i&%s%“ b Horma %??nf%rgg” (ﬁg\éo?ﬁﬁg ® eﬁ'laﬁd[yoggﬂ?lé?g bly %0,
7A andhBnglastrate embshier aspekboflecs ese iriatioridd Shehan upper
the r'Ie ! rgﬁi%@%@%ﬁ&ﬁ?%“ﬂ*ﬁ%@@ll i ?ﬁ_@ﬂﬁiﬁg mageliasostop (sichastosestaining
available from nc,, New lberijg, mpYisi main b 96, .
retenticﬁ’%ﬁ%s%%%ﬁ'@%{%ggﬁhngs %%jﬁsi“ﬁis%%a‘r%‘ 5@%@%1{1%%8?{2‘?%39%1%? tool
magnetS@sandaiotic mung82Asdifdstrdtelth thepematatfhét Bokdsis pissien, for
flange 9L WVhile nofillustrated in FIG. 7A, magnet 50 can also have seals
.above and below it, as shown in FIG. 5. After magnet 50 is resting on
flange 91 of magnetic retention device 90, lock out 98 can be attached to
prevent magnet 50 from sliding over proximal end 101. Lock nut 98

includetW8iiAFnreb s g atampepis irer L faidy, YoRich Becrp st prior to
threadsQhomthe proximial endeabmsaenblin@Aeathabiogkartubiaf iging, a wire

threadably en ed at the proximal.end.of m eti ) .
oo L PSR AR e Resr S kagh o
outer diametdicdfrsligneb &0 tereblicenbis S TRt HRAYAGTSining arms 92 and 94
restraingghiPBVERA RGKAuABANG fangend delbReneoBsRRCtOf dhenprasent
invention, lock nut 98 is longitudinally separated from magnet: 50 by a

length L3, allowing

[0050] As illustrated in FIG. 8, a plurality or series of magnetic subassemblies 10 can
be integrated into a pipe or tubing structure that is being placed down hole. In one
aspect, the magnetic assemblies 10 are connected into the pipe or tubing 200 at
intervals of approximately 400 to 500 feet. Other spacing atrangements may be
provided within the scope of the invention, such that the spacing arrangements of
magnetic assemblies 10 are in the range of from about 50 feet to about 500 feet, as
well as ranges in between. Typical spacing ranges between magnetic assemblies 10
include, for example, about 50 feet, about 100 feet, about 150 feet, about 200 feet,
about 250 feet, about 300 feet, about 350 feet, about 400 feet, about 450 feet and
about 500 feet, as well as ranges between any two of these values, i.e. from about 150
feet to about 400 feet. As discussed previously, magnetic field 70 produced by the
magnet 50 within each magnetic assembly 10 prevents unwanted solid phase buildup

on the inside of the pipeline.
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magnet 50 to move along main body 96 of apparatus 90. TIn'eadably
attached lock 17 WO 2006/029203 PCT/US2005/031857 nut 98 also

vadlowss fiesAhe removal of the lock nut so as to allow for replagemenbefoszisss
magnet 50 as necessary. [0048] Magnetic collar stop assembly 90 also

comprises slidable, lockable retaining arms 92 and 94, as illustrated in
FIGs. 7A and 713. Retaining anus 92 and 94 form a part of retaining
assembplysiQh, decatecatitiie tlistaleend 10 spiasseamibly@SenRiotaitipgy as well

assemblygeogsls%ghgqb;(eggg %%91@#{%9 oM ggggyugm 255eMP 1% NRast one

havmg a Itower ond stop formed by flanged end 1.04 at distal end 10921 and
an uppmdeewa:@twfbvh@é@%90@5%@@@i%&ﬁdpéiamglﬁﬁég‘ﬁé%‘(fnﬁ e the
distal q%%rﬁt%m@ REOAS A2hanih. 94\altee|ﬂ)(hlénag1,plmstﬁﬁﬂa ‘antid9Btese deposit”

i e HBRR Y NCL 06l (PIBASRIRIANIA BB SAANCKAL dposi

and allti appara sition, for instance in a collar
[0049] wﬁﬂ@nmarmgtmewﬁagﬂ@ﬁ@aég‘aﬁﬁﬁrgzdbﬁa?f@%d@i@@%oa GfonTbese

Juzt Prign i@ ﬁd&gaﬁﬁéﬁ%dﬁmmmm (b@(blﬂgrﬁhlﬁdl M0 dhigeiipoiatscoualifib dbgosits,
tubing strln , awire tooI 0 erabl e Ips pins 95a and 95b.
Magnetieh fiaf deRosfiinlly 6B'sE ¥ de(“r? pui e&)l%gk lf[p))%the interior of the

tubing string, wherein retaining arms 92 and 94 latch the collar stop
assembly into one of the selected collars of the tubing string. [0050] As
illustrajedsizy Bi@e Soaphica)ity oseddrespiomagnetitsbdbeesiibes 20 edherent

Ee Integ ated é@é‘?r&t&lﬁﬁa{?ﬁﬂm‘?&ﬁtf%8&&{{)&1’}!3@ I$.D@IRGRIREER M process

ole. in e aspect, the magnetic assem 10 are connecteg into t

pipe Orlﬁﬁﬂ)‘ﬁ‘?gl?mlétfo}ﬁ%@f%@ w%wg% Y/tlﬁ?aé)lf%r%tj)ﬁsfls t e@iﬁcé?fauon of
spacingpariiajigesheiissanayibe @ifnlitibdnesthfvtive G ohe bingsecimi@ntioficient

such ey (e, SpACINg ALANITGII O LADRANl GSSRAIRlIR 10 Biakd fhenda

range of from a out5 feet to about 500 feef, as well a
betwech TypKen SpHEYAHE A5k aR T A SRS scele exist.
includeofesnexe mpietphert&: featiabautibed feeltibouhd 50rfeet] abdutnance

200 feet, about 290 feet, Aout 300fsh ARRHEAGP Rhabou: AREReatons,

naturally occurring radioactive matetials have been found to incorporate themselves
into the scale, resulting in health, safety, and liability concerns and increased scale
disposal costs, in addition to the removal and/or inhibition of scale formation.
Accordingly, scale deposits, as used herein, refer to those classes of compounds
including but not limited to calcium carbonate (CaCOj), calcium sulfate (CaS04),
caleium sulfide (Ca8), barium sulfate (BaSOs), barium sulfide (BaS), barium
fhiosulfate (BaS,03), strontium sulfate (SrSO4), sodium carbonate (NayCOs3), sodium
sulfate (Na,SQy), sodium sulfide (NayS), potassium carbonate (K,CO3), potassium
sulfate (K804), magnesium sulfate (MgSO4), magnesium chloride (MgCly), halite
(NaCl), zinc sulfide (ZuS), zinc sulfite (ZnSOs), zinc sulfate (ZnSOy), lead sulfide
(PbS), lead sulfite (PbSOs), lead sulfate (PbSO), and the like, as well as

combinations thereof.
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about 500 feet, as well as ranges between any two of these values, i.e.
from about 150 feet to about 400 feet. As discussed previously, magnetic

wekhc@ pragduced by the magnet 50 within each magnetic agsemdlynd 1857
prevents unwanted solid phase buildup on the inside of the pipeline. 18

WO 2006/029203 PCT/U82005/0318$7 [005I In accordancte wig?3 t@ﬁ which i
NIC. S

apparafis Hrrelaienis BF Yt SHURhASH A RYP a8 t5E"
associateduiiethods:er ployihg klchoapparatl typicd isysieristhatteastionBoidal

undeSi@@&s%&ﬂdsagﬁﬁgdq%paﬁgr%thﬁw&gm@ll?éjm%@imi,z%wﬁﬁltenes are often

prevented using the magrietic systems described herein. As used herein,

the terBi*gBlitPphiacl ABISELIPSrSRUS HPERAIS PR SU Lo URER gPe catbon,
composmg%ﬂymﬁhg@anafﬂrmmmd A@H@.@iﬁk&ﬂ@ipmﬂﬂ tioctionst @simgfraction of
thereby deerasiNg NS HeE LRIBAURIAN RIS ThRsEn DRl BNARE compoitionsl

deposits mecflljde, ut are not limited to, scalé deposits, paraffin deposits,

asphalféaesereodieso e Targiarismatioher trerBacpb 05 Pisighehemical
formay@@g@giﬁ@equﬁi@ec@@@gmemlIyab&;&h@ughpi@éla&@m@ﬁhmenhnd other
deposit ofégred?mlnan inorganic comgoungf‘,. In Bh ree%grgly%&%g&%aﬂng

is
procesgqﬁ11 é%ﬁ%g {6 s¢a e%r(mgt?onl?naﬁlyd?%carqbgﬁ ber%%nuctlon operations
is the plevigitatidnett spPasigtpasiidbldesitaspshiceriierI B 1 Seihumerous
Oilﬁe_ld hHipemsaptaipassdfisigntsaltats iariinathpipreseneaahdariubalars and/or
calcium, ind_/or sliro tium HP”S that tlga. otential f%f%rm] ‘Pari,um s{_ulfate ;
(B5S04) AR Hromtiant Sulfaes (&F 5%1? SCafe Sxists. Often. the O SoPHaor
formatiemipisoaleltedutsith redwestplisdpredertiandoperaubsefiuire the need for

maintepancecAsts Assatiaed withstheHwiocashars Preduetion taferthar, polar

in some locations, naturally occurring radioactjve materials have been !
oo ST R R e R R R RS A P BBt o
and Iiabﬂitylcbmseiwfmgh_@hihdﬂsaﬁed brdhalldispfodal COstandfvasiditidiiorstties of
the remoyigl aagéor ”X“}?&@@f&t%s%tﬁﬁﬁéﬁﬁn@&% Hecordipaly, 868iRed Structure

deposits, as used herein, refer to those clasges.of compounds incjudin

but not fiHkAke8 céﬂﬁurﬁ%ﬁ’&?ﬁ‘éﬁaﬁ%@ﬁ%), égicif?ﬁlf@ﬁ’ﬁﬁ% (&% 02%)91% ralis. 2.

calciunDeudfigeé@aly; Farivlans fiate ¢BABB4)Y barluf sulflde{Basypbariimeds.:
Elsevier Science B.V.: pp. 103-127 (2000)].

[0054] Natural gas hydrates, or simply hydrates, as described herein, comprise
“cages” of water molecules enclosing “guest” molecules of natural gas, which occurs
with sufficient combinations of temperature and pressure. Typical hydrate guest
molecules include methane, ethane, propane, light hydrocarbons, methane-to-
heptanes, nitrogen, hydtogen sulfide (H,S), and cartbon dioxide (CO;). Natural gas
hydrates can form during the production, gathering, and transportation of
hydrocarbons in the presence of water at high pressures and low temperatures.
Depending on the pressure and gas composition, gas hydrates can build up at any
place where water coexists with natural gas at temperatures as high as 80 °F (about 30
°C). Once formed, hydrates can deposit in the tubing, flowlines, and/or process
equipment, thus restricting flow. In many cases, these restrictions eventually form

plugs. Gas transmission lines and new gas wells are especially vulnerable to being at
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thiosulfate ('‘BaSa03), strontium sulfate (SrS0.4), sodium carbonate
(Na2C03), sodium sulfate (Na2S04), sodium sulfide (i a2S), potassium

vagthe@ie(34,2,C03), potassium sulfate (TcSO4), magnesiumy subiatzissr
(MgS04), magnesium chloride (MgClZ) halite (NacCl), zinc sulfide (ZnS),

zinc SUftge%ntS s§ nS 4 a a sulflde %d A i
(Pbso STl 8“2%% 85 the Tike, a5 Well egs com TRtiGAg s s they
thereofcdiBri 25061028268 ﬁewezebwmgﬂ%sz 0083 h@pﬁaﬁ@né@ break

are Cornez%lylsfémadx #@@I&Q{é{@&@é&f@%@&% I,\Qﬁldﬁeénﬁ@lédlblﬁ I!tﬂmy in the
heptano, are s Lible in toluene, a ically exist in the for q Ild )
Ciaper S AT DA bl BB i ARG T R, e
are oftén rimediatatthlacicatimorious SO|IdS W|th complex structures,

involving carbon, hydrogen, nitrogen, and sulfur. Asphaltenes are

typically the most polar fraction of crude oil, and will often precipitate out

upon pf 6§§§ir%éﬁ£ 211‘89591%%%’ 3pd,5AmROSHIQRAl &0300S8 MG % common in

resulting from or other mechanical or ph S|cochem|ca

proces#iy. %egpHépft@h%eée?ﬁnatr&ﬁsea‘en}éeupﬂ#léeéﬂ%gl e Shagapgpgpamics
and oth\erm@wslﬂmemn@etmadbmldmmhale@mﬂmfﬂh@&ﬂbterpmeam petroleum.

hydmc?ﬁ?eoqa% g RUNAUEN, el R ARAOSIER (1P IE ASBRRIRNGE lincar

generally fesent nimerous problems for hydrocarbon producers, such
as plug@lm@ iR T B %@enc%\mﬁgwmmﬁ&o pRjroleun.

lnterferrngaw&;bbﬁheﬁwﬁcmmglﬁxfs,sewammﬂmm@nﬁam@f wdmba or even in
compound the proguction costs a d require the neeg for

CSCIVOIL " 10OC) cause si CIresce 08§ O q n I'OdllCthll
Asphalt‘enes as usedmnereln ncludes the non-volatile and P

fraction&sotopBraksafintenosite csubs astiafigorsbalivlebiam fa}maWé’s fipjday places

as Pent@ReRsINEXANE has Qﬁﬂﬂ@é‘ ﬁﬂﬁe@@@@[‘@ﬁ&@é{ Qx@'@lﬁm@t&o—ﬁms and similar

["Thermodynamic Proper phaltenes: A Predictive Approach
éc g? gf:e?éo th 'Pﬁ c?u i

Based SRES R IpEpa e poduced pelaletion o mistic

Simulations”, in Asphaltenes and Asphalts.2. Developments in Petroleum
Science, 40 B.; Yen, T.F. and Chilingarian, G.V., eds.: Elsevier Science
B.V.: pp0050RP[2A(2000)jnd deposition of wax are associated to phase equilibrium of

hydrocarbons and to fluid-dynamics conditions of flow, respectively. The paraffining
becomes one function of petroleum intrinsic characteristics and temperature, velocity
and pressure variations during the production. The appearance of a solid phase in
petroleum and the subsequent wax deposition are related to changes in the phase
equilibrium, caused by petroleum cooling and/or separation of lighter fractiovs,
originally dissolved in petroleum. As used herein, paraffin or wax refers to non-
aromatic saturated hydrocarbons, or a mixture thereof, having the general chemical

formula CyHonia, wherein n is an integer between and including 22 and 27.

[0057] The general methods of use of several of the assemblies and systems described
herein are now described. Prior to selecting a magnetic system, typically one must
first determine the fluid flow rate through the hydrocarbon conduit, and using this
information further determine what system is needed, and the relative placement of

such systems within the conduit. Information needed to calculate hydrocarbon flow

21



[0054] Natural gas hydrates, or simply hydrates, as described herein,
comprise "cages" of water molecules enclosing "guest” molecules of

w@atsralgass which occurs with sufficient combinations of tempeiaiee aies7
pressure. Typical hydrate guest molecules include methane, ethane,

propane, igt iyprpcarhop tu@]ﬁﬁ%ﬂi&?g BEPIINGSrUFARE BNAROIEM or gas

sulfide (132S), and carbon dioxide (CO2). Natural gas hydrates can form ~ ~

during tHEFSAGCHORGHRENAYC S uaSpobelfdrrureRpeFoRaldadigyid ratio;
the presenastiof wates alctightpeasyresantoby teinpenaitesiahepenaingitside
on the %E%%%%Lea%%xgﬁg & riﬂ%&?ﬁé'&h‘?{“ﬂugﬁﬁ feglipte; ?g@nop%d ﬁ% %tlé%sﬂégbmg;

place where water coexists with"hatural gas at temperatures a _ _

F (aboutesios eyeofitadisttidd, g deatets s HBpseRdsapetipimgsed in the tubing
flowlinegriandiar, prace gsose didipment, thiswestrotingdomatio MAMLRASESem to
these restrictions eventually for lugs,, Gas transmjssio é es,and,new

o el b S A L R A et or
PCT/1S2005/a81H5E-SedsP paitialishpiitked by hydrates. Hydrate plugs
represent safety hazards as they contain significant volumes of

compressed natural gas and have been known to break free as

projectiiggsg) HRGUARELEUNINAREY IS RIPGIRET URIHESRAR, S iR Wagnetic

in the industry feel, it prudent to prevent hydrate plugs whenever ‘

possibl & FRRB Y 5 FRTREHLE T BHOS et Ersss (s the
phenomﬂeﬁmd_ ohqzaraffiady, wak tepaosit ﬁmemamdrhec‘s mommamhmmﬁtr@@u rhis is
'”dUStrX@%dﬁl%%%%&%sﬁg UERLIORTIGAHONE P Oe e INAUAAMIERe fist

variables that change the solubility of wax or paraffin fractions present in

petroledtHerHiesARRHE G HE RSHERIATHISR S S prtsan/ Ealtibags re attached
hydrocq;&bbn&atdhn&aﬁe,cmm anduliity mﬁ)lﬁ@ﬁaﬁw@@ﬁi@dﬁir@ being positioned
prOdUCtﬁg&gJeBVXb%‘GfllH(?ﬁtmg %b@fﬂp ) 'érﬁ),l GHY the;r Qﬁgﬁ@ﬁ?ﬁ'gp 8 u%%& Eubing has

Iines, surrace equi me‘nt, pro uctio cplumn, or even i yes rvolir I‘QC )
can causetshitrtibanit Abrsereseche [BbaePplatrdiamrpreifrtsembly is laid on the
Typicallyilparasijrae pasisanvihaswalohcansahplie wbwatscanda@thier, The next

similar %'}F‘&SF' a%o‘e’-"uﬁri?'t S SRR LARS T 2 SXIR QT FROKERL BT, and
along collars and similar

the “make-and-break” device is connected onto the tubular above and below the
assembly. The desired torque is then applied, and the double tubular is picked up and

connected to the tubing string being inserted into the wellbore.

[0059] In the instance that the tubing string has already been placed in the wellbore, a
retrofit magnetic assembly system 90 is typically chosen. For example, the Type F-
collar stop magnetic retrofit assembly may be connected to a running tool used by a
wire line operator, and the a,sseﬁlb.ly is run into the wellbore. System 90 is typically
run about 12 feet past the connection point of the tubular where the system is desired
to be placed, and the system is then retrieved (pulled back up), releasing locking pins
95a and 95b. Collar stop magnetic assembly 90 can then be lowered to the collar
connection, wherein it will lock into position, for instance in a collar gap, with

slidable arms 92 and 94. The running tool is then removed, shearing lock pins 95a
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restriction devices in the flowpath of the produced petroleum. [0056]
Precipitation and deposition of wax are associated to phase equilibrium of

Wy aiesasbRps and to fluid-dynamics conditions of flow, respgetiyedye ER8 1857

paraffining becomes one function of petroleum intrinsic characteristics

and temperature, velocity and pressure varjations duri{w the rodugﬂ]ion. )
The app¥darineridharasatsiaserhly B%WHHE% g Stib8RY IRt wax e
depositien anetreiaiehid dhangessnetheph abeirecuiiibrilitg. o Csurbetiyby F-collar
petroleym %%0"Qﬁfaa@94&5&%%ﬁ%%é}&ﬁ%&%&%@%@ﬂ?'e. Qrigial%very 450 &t to
dissolvedin p%ltro eum. As used herein, paraffin or wax réfers to non-
aromatibstflfhfed hydrocarbons, or a mixture thereof, having the general
chemical formula C"H2"+2, wherein iris an integer between and including

22 and 27. [0057] The general methods of use of several of the

assemblies pRgiay e vas AR SariRath Hereinndrs e HesariadsdRiar kerein have
selecting a magnetic system, tt}égic%g’y one 'mugt first‘fetecgmivne e Jlug‘ will be
flow raReEhIBRIGHIHRS ORI o St S DG TS S TS

further ggieshninetwhttesystetivisoeepie tiughichtheirdiztiverplisaéomdnebiiypes of

such systems withinhe, coBglH} UHEWI%QQQQIJ&@%GME Moreove, the
hydrocarbon flow 21 WO 2096/029203 P %/USZOQE/O 1857 drate

througHRRUEHUR (STGY AR &S ShE SIS &S Ot YO REWIG Bl Blrltg%%y be
condensatepesehuojrbresdapes(psijlbottonchokeiteme faterarhere scale is often
water-to-ligilid ratio; Formation Gas Specific (typically about 1.01); tubing
inside diameter and outside diameter, and/or the tubing type and tubing
weight; depth of the production tubing; casing inner diameter (i.d) and
depth; type of threaded connections used in the tubing string; and, tested
gross lifiel k8. of dirowtiep thepersrspenination povrithdiydees tad glsimed herein
either an,PyginahassanekiiRgtalalian symte B SithettAt i JighOSE theOpresent
a retrofjt s ste\m&. ., FIG. 7A) is chosen, [00 1 In the instance tha ihed i
tubing g§%ﬁ%’f§/e Blggﬁﬁ R g\%vsnﬁblg? L?haiotlﬁiﬁlf%% Srr]{lgﬁlrll%%ﬂ:fl%‘gs;ﬁj C&c;sm et
systemiecsushtrefssedbhpadninn s @ vElidetppennane Hote wigtitein (thnptt that
is, the desiredmagnehpealiswandiral aubr@asalles appharseambiyg steps
and this is ) o . ‘
or in the sequence of steps of the methods described herein without departing from the
concept and scope of the invention. More specifically, it will be apparent that certain
features which are both mechanically and functionally related can be substituted for
the features described herein while the same or similar results would be achieved. All

such similar substitutes and modifications apparent to those skilled in the art are

deemed to be within the scope and concept of the invention.
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threadably attached to the end of the first tubing to be placed in the well.
The first tubing of the tubing string is then run downhole, and consecutive
tubings are attached and run downhole, with a plurality of magnetic
assemblies 10 being positioned between about 400 It and 500 t apart,
cLAIMMtil the entire length of production tubing has been placed. At the
surface, the tubing below the magnetic assembly is laid on the drill floor,
and the assembly is hand-threaded into the box connection. The next
tubular pin end is threadably attached into the box connection of the

] abﬁ%gﬁgl%tﬁr}gr the nmakesangd-Rreaki device s coRnaceA A NBM P Ulduit to

' above and. below the assembly. The desired torque is then applied, and

inhibit tthe densiéorubudarisiekbenuyf ankd ebattedtaesitd HB BN CotdRY BRngpparatus

compridiggrted into the wellbore. [0059] In the instance that the tubing string has
already been placed in the wellbore, a retrofit magnetic assembly system.
ois EpgRieiy EHESRe ST SRAMSBIES RePTypERnEEisH St HngRARL in an axial

mannef EHERTHASSE M RIaN BaEoREstaddeoadomning iaalised iy aitwiie & end an
operator, and_the assembly is run into the wellbore. System 90 is typically

outlet Gha o8 fuit past the connection point of the tubular where the

charac®yStdrmyts desired to be placed, and the system is then retrieved (pulled
back up), releasing.locking,pins 95a and 95b. Collar stop magnetic
e D R et LTI gt
lockiinder positienicfontinsténtes in@moptising ap]anith helitatletarmsie and disposed

avout uThe pynnIBB o0l dhens smoedsheasing lock pins 95a 22 WO
2006/029203 4'C1'/1152005/031857 and. 951), and the magnetic
assetabirosiahly tHenvsesbaldbketntrpbeltibhirPhlaiamivey: 1ol is

retiienetnanding RrRcess reReaad. RIRAGIHE RIANM BeSHER surface of the
Type-F-collar stop magnetic assemblies at the desired distances apart,

magnegipadiefirg et 250°R°E" HpSOTBOT " fsoBt L IvHilk dhéidarigLy the magnetis
less thambedinnenisat the pirsanbinveantien disclosed herein have been made
in the context of downhole hydrocarbon well production tubing, it will be
appreciated that the inventive concepts taught herein have application to
all types of

24



surface and downhole equipment that experience deposit buildup.
Moreove, the application of these inventions is not limited to the oil and
gas industry, but may be implemented anywhere deposits build up, such
as in water lines where scale is often an issue. [00611 All of the methods,
2. processesiuant Onapparatusidisclosedrantnclaietes dieredd seanthe tiallerth pole
and executed without ue. experimentation in light of th
o the B T O N b B AR EARE S e of he
magnetdesuriied rvamiatis efqordferded tmybuienawtsbér will be apparent to those
of skill in the art that variations may he applied to the methods, processes
and/or apparatus and in the steps or in the sequence of steps of the
3. misthouerdesefibldnhbreteikitibe eiEaRh G TEoRt et pREEPI A scope
of the invention. More specifically, it willbe apparent that certain features
which are both mechanically and ibnctionally related can be substituted for
4 tHdTeBrARLS PSSR HERETH (heite tifaramistst Sihipberdun es kb dtacne
achieved. All such similar substitutes and modifications apparent to those
skilled in the art are deemed to be. within the scope. and con of the
GO S ARRS: T K SPIBAPARS P GO ROIE LS S Tty fae
of the itg@aiéng fluids flowing through a conduit to inhibit the formation and/or
deposition of solid phase deposits within the conduit. the apparatus
comprising: an elongated tubular member configured to be interconnected
6. wiihe thrpazemel oftGlriam lasidhanzamreisihgiving at a first end an inlet and at a
Sggg&%ﬁm 1oRgditsinatyaenRosie dhediska i anAutishior e ewing
fluid; characterised by: a cylindrical magnet, having a North pole, a South
palérsheyindepdseric®énd an outer surface; a tubular magnet retention
deviesndcQmHRKising.a flange having a top surface and disposed about an
outer surface of the elongated tubular member; and a collar threadabl

dieprRred st sdEuhigdAgr RIS RibiNsrATe ARFeR iRy North magnetic'pole of the

magnet and the top surface of the flange, and
the second cylindrical seal forms an interface between the South magnetic pole and an edge of
the lock nut,

such that the cylindrical lock nut prevents longitudinal movement of the magnet.

7. The apparatus of Claim 6, wherein the first and second cylindrical seals are elastomeric O-
rings.

8. A system for reducing buildup in a hydrocarbon flow path located in a subterranean well
comprising:

apparatus as claimed in Claim 1;

a shield disposed about the outer surface of the magnet and adapted to protect the magnet
while it is located in the subterranean well, the shield having an outer diameter; and

wherein the outer diameter of the shield is less than the outside diameter of the flange or

collar.
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wherein the magnet is located between the flange and collar and the inner
surface of the magnet is adjacent an outer surface of the tubular member
and an outside diameter of the magnet is less than an outside diameter of
the flange or collar. 24 2. The apparatus of Claim 1, wherein the cylindrical

9. rhhgRetem SfieHtatPstBr BT mBATRT S hebisRcRd gt iR Pt P tace of

the tubiQWaNGsHtae first end of the tubular member and the South pole of the
magnet is oriented towards the second end of the tubular member. 3. The
apparatus of Claim 1, wherein the cylindrical magnet is a rare earth

10. nTagrated dltRaapparatisioftClaimma; wherein theraretearthnmagnet is a
samarium cobalt magnet. 5. The apparatus of Claim 1, further comprising
a protective shield applied to the outer surface of the magnet. 6. The

11.  appasates:of Claim! 0, fixther bemprising negyinedricahdoeh eitalt magnet
longitudinally placed between the magnet and the second end; a first
cylindrical seal; and a. second cylindrical seal, wherein the first cylindrical

12 séht fortam ahGhierfacd etvibe mrienNormgnatialis|ef slagetpgfseapart

from ofDgLthe.top surface of the flange, and the second cylindrical seal forms an
interface between the South magnetic pole and an edge of the lock nut,
such that the cylindrical lock nut prevents longitudinal movement of the

13, MBENEtln fheiapnatatihe.Qltiainimg; wherein the first and second
cylindrical seals are elastomeric O- rings. 8. A system for reducing buildup
irf ARl AHO SERSEH RSN A SRR A IEIARREN well comprising:
appasadysnaselagried in Claim 1; a shield disposed about the outer
surface of t e,ma ne}_ and adapted to protect the magnet while it is
1oL SXEF T HBEBETaA8an well, the shield having an outer diameter; and
whaeetin the fosteyltidugterabfdines shigidrisdebsrtivan tthe\outsidezoktinstierof the

magne?];ya%}g%gg Sufthice of the flange and the second cylindrical seal forms an interface between

the South magnetic pole and an edge of the lock nut.
14. The system of Claim 9, wherein the first and second cylindrical seals are elastomeric O-rings.

15. An oil or gas production process, comprising:

establishing a hydrocarbon flow path in a subterranean well, the flow path comprising

an inner surface and an outer surface and adapted to flow a hydrocarbon-bearing fluid from a
distal end to a proximal end; and

providing an apparatus as claimed in Claim 1 adjacent to the outside surface such that the
North magnetic pole is adjacent the distal end and the South magnetic pole is adjacent the proximal

end, the magnet having first and second axially spaced ends.
16. The process of Claim 15, wherein the magnet is slidably disposed about the outside surface.

17. The process of Claim 15, wherein the magnet comprises a rare earth magnet.

25a



collar. 25 9. The system of Claim 8, wherein the magnet is slidably
disposed about the outside surface of the tubular member. 10. The
system of Claim 8, wherein the magnet comprises a rare earth magnet 11.
18, THE SYRLEMQLGIRIM 10 WRERRIRIDEFAT G eauN MARGHIT A SRR
cobalt magnet 12. The system of Claim 8, wherein the system comprises
a plurality of magnets spaced apart from one another. 13. The system of

19. GRS NENeLEOTDHSIRG: &J&&%iﬂgtrd&smﬁg sheeprths.masasiand
a

the second end: a first cylindrical seal; a second cylindrical seal; and
cylindrigsl epsmviRe AREEiRbIRSE BisA96i9R % Rhterface between the North
magnetic pole of the magnet and the top surface of the flange and the
second cylindrical seal forms an interface between the South magneti
20 pUIE R g E AT AR B PRt R B SR B g o
anothefifistoadgaoodckopintneakspalshate Basianenatings. 15. An oil or
gas production process, comprising: establishing a hydrocarbon flow path
in a subterranean well, the flow path comprising an inner surface and an
21.  Oltepsyfacé Ghonadapieddo fow dnyydrotante ribesdnyg flaid ficonarises
distal end to a proxima , idl] tus as claimed in
cfaim’ 13%%0%%’%%%8%?3%?321 %l%%\({:}éj é?ugc %h%%ﬁﬁ&eﬁ’North magnetic pole
is adjacemnimetblisiaitenadai dnhesSeltdriratsietic polbiesramtidcerdiithe

proximal, eyd.fhe magnathavingfirst abgarcand axialyspaced ands at feast a
16. The process of Claim 15, wherein the migfnet is slidably disposed

pluralityid sy tsBroloRg el gty spaced 2parhiso OB 88t itk 15 IRPIET8IN the

MRENEE SRS A BaIS It MAGREethe3Rkdfs The process of Claim 17,
wherein the rare earth magnet is a samarium cobalt magnet. 19. The
process of Claim 15, further comprising providing a plurality of other
substantially
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cylindrical permanent magnets adjacent the outside surface. 20. The
process of Claim 19, further comprising spacing the plurality of magnets
apart from one another from about 100 feet (30.5 metres) to about 500

2. BRLLRAJIEERS, 2L 'fIrn%rm&%n%fsg@m AQeMNsIeR BreN g Ratus

system as claimed in Claim | comprises connecting an apparatus of
longitudgppdivn Wéﬁ@ﬁ@e@ﬁﬁﬁiﬁs‘éi&@ﬁﬁlﬁ@%ﬁmmdQﬂé@ﬁF§%?k8ﬂEﬁ§?f%ﬁ‘daS%%b%?3@8t
(152 me%@d}ggar{n a subterranean well; connecting and running additional conduits
and systems so as to have at least a plurality of systems longitudinally
spaced apart from one another in the wellbore; and flowing a
23, hydreeashar-braring, faigddhroughiithehsysteposit2ihadddhenpisicasseakale
. Claim 21, further comprising spacing at least.one additional apparatus
depost g AR R B PSP Been A WIS HRS o SBBUPLO0 YU (0.5
meters) to about 500 feet (152 meters) apart. 23. The process of Claim
, Wherein solid phase osits remaved ar.inhibited. are - .
TR O T L AR B S o n i
6. combinations thereof 2 4. The process of Claim 15, wherein the apparatus
provided is an apparatus as claimed in Claim 6. 25. The process of Claim
24, wherein the magnet comprises a rare earth magnet. 26. The process
25, ofteivressfiire it thdsie BRPRSHPAGPIBPTS S 3aRafiivh BBAlt magnet.
27. The process of Claim 24, further comprising providing a plurality of
other substantially cylindrical permanent magnets adjacent the outside
26, STheAEecPBOTHIBrd e BT PARt RS Cot i RS Wh SLHAL THenet
plurality of magnets apart from one another from about 100 feet (30.5

metres) to about 500 feet (152 metres). 26 . . .
27. The process of Claim 24, further comprising providing a plurality of other substantially -

cylindrical permanent magnets adjacent the outside surface.

28. The process of Claim 27, further comprising spacing the plurality of magnets apart from one
another from about 100 feet (30.5 metres) to about 500 feet (152 metres).
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