| NTELLI GENT PRODUCTI ON RI SER/ The inventi on genggy i ser
such as those used in the production of hydroc
particularly to intelligent production risers, which nay be SUItab e for

use with associ ated equipnent in relation to handllng sl ugs, riser basé] ’)
lift and nmetering flows. In the prodyction of 0|I and qggf ng can
occur in multiphase production flow nes as resul t any of the
foll owing nerchanisnms: hydrodynamc slugging;, terrain incluced

sl uggi ng; production fl| oWINBEEL HEENTESROBYCTSENE rgfsﬁﬂigglng at the base of
the riser Slulgging is the phenonenon of Tluids f winstability.
Hydrodyam ¢ slugging is caused by the nature of the physical
property diffrences between the highly conpressible gas phase and
relatively incBhprdssignden igandraphasezbeicrg transpeeted sudigeter in a
flowine. The nature, size, and frequency of slugs are statistically
dependent ‘éh‘aset NS ofB, To2 p@l’féeaniLénsIQIg Svdeorsrhsed tamcsi mersl ug

. catchers, ,for gn? Terrai_n i nduced slugglng occurs when liqidis held
up in the BRPELIGHIZTHE FRWlRSRI ldgerico PredueBaoproLsRTs onvirishesagnoe t he

profile of the terrain o i evere slugging-can result upon a
productlonsfég% f% 5P BF8 wnEﬁLagﬁccP?Bﬁuc??%hg$?%M/%atéakﬁah@%st%an

i ncrease t i the flow i.ne when production flowrate is
reduced, |% %%gt tﬁés pfé%UtD%ﬁT £1arge ST TFaTHSWEE]ME -i ner ease.

-2- Severe slugging can be considered as a special case of
in the procduction c¢f oil-and gas, siugging can cccur in

multighase producticn flowlines as a result of anv cf rtha
Zfollowing mechanisms: hydrodynamic slugging; terrzin  incducsd

slugging; producticn flew rate changses; or savers slugging at

. b od - -
ghysical property diffsrsnces bstwesn the highly comprassibls
- - A’ - b
Gas phase and rslatively incompressible liquid ghase being
ot - 32 = 3 3
transcorted togsther in a flowline. The nature, size, and

$9-percentile slug size is used to size slug cacchers, fo

croduction restart or rats increase.

Production flow rate changes can increase the liquid hold
ug in the Tlowline when production flow rats is reduced, which
is then swept out as a large siug upon flow rate increase.



- terrain induced slugging and occurs when the flowine in 17”!8%}??2@]%@”‘—* '
before the vertical riser and the flow reginme is segregatled. SREPL&GE@ EEN
rS Lng

conventional systems use large and costly slug catchers ca-+he
facilities to mtigate,slugs, stabili se ow,_and inprove separation .
efficiency. SSF® spatl¥Iiod FPhe °F eCBIMVFNY FAcFi ty CSFFShor Epiatform
is tight and at a pren a ¥ onal probl 1$HEh a8 6Q0Lr0
trips resttidg' ﬁ’généa‘{@odjn%l“és&l}g%v%% g%%g%thrgés' tﬁ'é:‘gf) Egggé'#%ss‘ﬂgf"g‘
producti of, and NENCE-EGUENUS . AGLLSEL, PASGdgasSdd f korgyStenli s-usied o5
conpl ement” 'sl'ug Catchers to mtigate slugs, especially during systens start
up. Riserchasedgas lift systens are generally conplicated and 15

costly. . They ﬁequire an unwant ed degree of systens conplexity, both at the
subsea | ocati it {rtiond)f foisai=n)s ard topgkdescobotbey phatfecmr-z£e. ¢n,
chem cal inhibition system val vi na, heating, power, etc.). Existing
mul t i phase.dretefs wrey hghlli denpleex mdedizees shags20sczbilusessopbist &écat ed
mechani sms such as gamma radi ation and m xers, as well as power and data
capt ure angttxranssessreniequi phbintienald. of T clsEEA tCRcArzacy €2l vidy) ,
reliability, and increase Costs. It can be seen that the current state of
the art |&aidd & 260 EIshqyedriariagli phentiehat ere &apabl X dF - Handf FPge
slugging with reduced cost and conplexity. The invention addresses the
above neédtl ORI HCOrUMREN (A 155 sTospect L iokEY hespirbskin -2
in__voention, there i s . .
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slugs anc ¢gas surcas tnat causs less c¢f prcaucTign &anc
]

revsnue.
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catchars ©o nmitigats slugs, espscially durins systams scart up.
ves . et
Risar kased ¢gas Llift systems are gensrally complicated ana
S - - - -~ - = -
L) costly. Theay require an unwantsd degres of systens complexity,

Zxisting multighass msters zre highly complex dsvices that
29 uss sophisticated mechanisms such as gamma racdiation and mixers,
as well as power and datz capturs and transmission equipment,

211 of which limit accuracy (+/- 10%), reliability, and incresas2

nead for eculpment that is capablse of handling slugging with
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raduced cost and complexity.
The invention addresses ths abcve nsed. What is provided
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provi ded a production riser, conprising: a. an outer pipe; b. an--i nner
pi pe received within and concentric with said outer pipe to define an
annul us between said pipes, said inner pipe having a plurality of
perforations provided adjacent each end of said inner pipe; and c. means
for selectively supplying gas into thesupper portion of the annulus defined
bet ween said i nner and outer pipes. ‘In accordance with a second aspect of
the present invention, there is provided a production riser, conprising: a.
an outer pipe; b. an inner pipe received within and concentri.c with said
outer pipe to_ 10 _..define an annul us between_said pipes, said inner
pi pe havi ng a2plRFPAYTYO5f Dpes3or ARREnS IdFEded= 2RIj ReSrtisac end fiwai d
i nner pipe, w.th thgsggpeggggrtLQn19Lhthe annul us being closed to the
anbi ent prEFSE ‘afd Sthe SEowST SHor tioh’ of "EhE ANTRFIRS 0B YRF bHockett i
blind flange,: . and,the ;annulus, hayi ng a.vol.u L OXi =Lel _equal to or
great er t%nntcﬁe 2*1"!%(1‘rl i éJ|“n"t“e‘ri or \%SI“U‘rresnorEElsog{)daTnnéngra"‘ﬁi%’é';‘ganc?:c'-./gas
means for sSehectdy SMRRIYI Ng-gas,. i f.o the-upper portion of _the annul us
defined between s\sz‘i[i\éd%i“nnejfl and out e'r’gr}él"pe"::g.~I W%?‘T s"b‘rr)‘évfdé‘d"‘ "-‘3?“'#3 “a
productiog:kisser trhat provt des the benelist serof cacsl ug, catgher, . ri ser; _hased
gas lif, and multiphase nmeter in a single devicée and 1s suited to both
shal | ow arfdudeep- waketcotkigas £ielg-slemdOpBEES chENgddSahd $Iopred-Lrom
a pipe within a b pipe. The inner.pipe provides the path for the
procdut i odnfkui dése. PEnéotapians oo ol ded asanlidecdase-anthd gpoak t he
inner pipe. The top and bottom of the annul us between the pipes i

is clos=2 and is in fluid communication with a Ggas

®

15 For a further understanding of the naturs of t
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present invention, rsference should be made to
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following description, taksn in conjunction with th
accompanying single figure drawing which shows a sids
sectional view of an embodiment of the invention.

generally comprised of an inner pipe 12, an outer pipe 14,

temperature in the annulus betwezn the pipes 12 and 14.

The inner pipe 12 is preferably formed from production
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normally used to prcduce oil and gas. The. inner. pipe




IS cl osed and is in fluid comunication wth a gas
suppl y/ conpression systemvia a surface nmounted isolation conrol

val ve/ choke. Three sets of pressure and tenperature transducer
transmt-ters are installed at the top,tﬁgntEr, and base of the riser
through the outer, pipg wall, 15 . FOr a _further understanding of
the nat ur 826F1¥RE p?‘g%%hlhrf theyveREToN, P58 efénc?® doultd BE Wd‘ee"ttg:d"’ t he
fol l oving,,desgsiRli Oy chllkeruedisCUN UAEHIQI 9 ! Bockbe, A66MRARYENI
single figurée raw ng whic shows™ a  side séctTonal view of an

enbodi mengrgf tHhe hAVEHEEON. 0 20he 2nnuiR8f BRELBEAT ERENSI EAW NG 1 Aas o
production riser 10 is generally conprised of an inner pipe 12, an outer

pi pe 14, angasmpuppky pkessard neans: s18id oF 1 GDAI EOnkOgiBEESSNI Q:iaRd: cas
tenperature in the annul us between the pipes 12 and 14. The inner pipe 12

i s preferghbylipcomsrésoinpr oshpctdron &% i pesnofad | yndlgedd 0 ARG AOI |
and gas. The.inner Pipe 12 is -4- received within the outer pipe 14 so
as to be conteolrielvhécaokeh, Thadcthusudelinés amoahdabusn2@rbetispensthe
pi pes. The top and bottom of the annulus between the pipes is closed to the
ambi ent pfessuitvadd i ¥hird | Ded cemainiidéaskbngwictlfsagas siEdiprcongpr essi on
system via a surface nounted isslation control valve/choke. The gas
supply i sEpredi *d@tdRPhe t SpHErFladiv i oy PerfopRtépnmmydeia Hroatcad

of fshore pLg;f0£g1o%=a fixed platform A pIun@ILig of perforations 29

i s provi d&d- agFacehtet RESHadECartPRfrpdic = P&t it i t lRRFhnBEPHi pé £¥SSuch
1010 t hat rh;hetljxgt:?r{éeorrioog otf_hetbjemlgr"@@i g?;%zlf‘nané h‘&agné]rl.{-l. Hs-'czgoara%ei r.]n

—han e lwibve mbllleited AWd Wa wihiile maseew -t -~

fluid communicaticn.

The outer pipe 14 is formed from anyv pipe suitable for the
pressures that are encountsred during production cperations and
the offshore environment.

i5 Inner and outer pipes 12 and 14 are held in concentric

A layer of insulation 26 may be provided around the outer
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pipe 1l4. Any insulation suitable lfor use undcsrwate

20 usad.
Mezns 18 for monitoring the temperature and pressure in
the annulus 20 is provided in the form of & plurality of
transducers 28 located at the upper, middle, and lower porticns

cf the annulus.

(3]
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In operation, the lower end of the production riser 10 is
positioned at the seafloor 30 and attached to a producticn flow
line 42 so as to be in fluid communication therewith. This

allows for the flow of oil and/cr gas, which flow is indicated



fluid conmunication. The outer pipe 14 is formed fromany pipe suitable for
the pressures that are encountered during production operations and the

of fshore environnment. 15 | nner and outer pipes 12 and 14 are
held in concentric reltionship by a connBetor 24 at the upper end of the

pi pes andby MArmak f BAngdnk® athg héntemepipad 1@f. t h&hpi peocuktiayerf bfids
insul ation 26 nmay be provided around the outer pipe 14. Any insul ation
suit abl e feotegdagui@er weiar P deabio enteselhe VBBAY1UE REr thoeiugdr ithg t he
t enper at ure and Qtessugg in the annulus 20 is, Ergvlged in the form
of a pl uPEFIERFeTdfFr ahsdutRe stBBRT Rited 2at St Aol UPppEr teFi I 2 v Wl S°éwer
portions of the.annulus,_25, racne-id N Operation,,, the lower end of .the
product i or?“FWesg‘r"‘TB'“Fg S(S)si%f‘faoﬁéaca‘f“ﬁfé *sgqa"f ?]Ume 3 and" atthded §56° 2
production.flow.ling 42 s 0 e in flyid. comunication. therew th. This
al I%ws fo:&nt‘ﬁe\e’f‘l'ovvggé oi%Jq'p%nc}/Zorng'g'a‘s,a“ ‘:“l"cqa'f %?V%H‘LIQS“?I’] i'Catéf &- t}y“arr ow
32, intogthe)ippep,Pipeciery 1Jhe praductian, Llulds,enterng Lhe J nner

pi pe al so entéer the annufus 20 through the pefforations 27 € i nner pipe
12 is illustraged as-dwddicd he)san® diagetes aschbg:pyoduction flowilisne
42. It is preferable 5 that the inner pipe 12 have an 1 nner di aneter

that is atcbeashgetpathtowelgistighttye |l arged ddmustshe Haredugt inen ifilcowgl i ne
42. The production fluids separate naturaly in the annulus according to
t he wei ghtlow thmeoudhui thbecause ushere Wstar | igdicefddwe t hnatghel t Ba,
annul us.. Water, indicated by nuneral 34, 10 collects at the
botfom ©pPLlerhdi eat &R Yo khiamr aloids, ifkégrsedrpy numerzl 36, floats on

0

top of the water 34. Gas, indicated by numeral 38, collect

[oN

ebove the cil 36. The amount of each fluid is dirsctly relate

to the ratio of gas to liguid in the producticn fluid flowing

through the inner pipe 12. 2ny minor differsnce in the relative
15 cuantities of fluids in the annulus and inner pipe is related to
the additional pressurs head loss in the inner pize dus to flow
and can be easily corrscted for. Hydrostatic wequilibrium

prevents flooding of the annulus.

During startup cperations when the inner pipe 12 is full
20 of liquid, gas is forced into the annulus 20 through the use of
gas supply 16. Gas 1s injectad through valve 40 into the

annulus 20. The gas flows down the annulus and into the inner

-

through the perforations 22. The gas ssrves to temporarily

'o
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reduce the liquid density as the gas moves upward through the
25 licuid. This allows the flow of liquid up the inner pipe to
begin with little or no mechaniczl assistance. Gas injection is
terminated by closing valve 40 after a stable production level

. e

is reached.



top of the water 34. Gas, indicated by nuneral 38, collects above the oi
36. The anmpunt of each fluid is directly related to the ratio of gas to
liquid in the produccion fluid flow ng through the inner pipe 12. Any
m nor difference in the relative quantigies of fluids in the annulus and
inner pipe ispeliaged Jreddie agidifiignal-dr essddrdierd |@ssiidideie | ey
pi pe due to flow and can be <easily corrected for. Hydrostatic
equi | i br ipgsgueeentsndi vistingaekos e tarnubasiofariorns skar tue opesat izons
when the inner pipe 12 is full 20 of liquid, gas is forced into the
annul us 2Qpkhlr gegitiidne aSetinéd daserspppekyareb.sinil@as ilnday ectredddwlough
valve 40 into the annulus 20. The gas flows down the annulus and into
t he i nnecopidpéibhseughchhespehenr at sbug 22terThehgasnzey veipd,0 thansorisrily
reduce the liquid density as the gas noves upward through the 25 _
liduid. a Téegrag| W OFOICEWOBf Tiqni dFaks t hasFaRelipl pdnt ovhEFE n Wit h
little or no mechani cal assistance. Gas injection s termnated by closing
val ve 40PEREEHLE FABISS privuuREFondPévEFERsE F@ééﬁé&?‘cn°-65‘%u Lhg ==
equi libriym . g;oggqg&oH d_coggigipnsh‘_jhe pr. §§uqe_;gggg1t;ongw“gqngss
the per T6¥F&EFBns = HES RECTBRSR > ThdAPFSr Fpoftionof “tHe®t nier=Pijpeare
simlar. . _Under_pop;i sendisthons, such.a N a.18lug enfers-;the i nner
pi pe, thérg | BFES e‘grcejcg'aé 0 %Q‘%r‘géluc ¥o% Pflﬁgvl%‘e J'|San“s°t"élbi Tty"{lr‘i' whi ch
t he presggggeggrgqg t hgePage~and, yippgr,per forations will difer. physical
fluid hydrostatics causes a hatural attenpt to equalize the pressure
differential aRy za1isflld sChgCW-ald-an c9é fnd-dscbes weer thezixneropi pe
and annul us.

travel towards the tcp, a pressure differential cdavelops
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hezad in the inner pipe is greater than in the annulus. This

the annulus, which slows ligquid Zlow
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the top of the inner pipe, which results in gas flowing Irom the
20 annulus into the inner pipe. This flow o0f gas will nix and
break up the liquid slug travelling up the inner pipe when the
slug reacnes the perforations at the upper portion of ths innsx
cipe. 2 similar process occurs in reverss whaa a gas sliug

enters the base of the inner pipe and travels toward the tTop.

The number and size of the perfcrations 22 are selected O

N
w

and gas surge fluctions expected.



As a liquid slug enters the inner pipe and begins- to travel
towards the top, a pressure differential develops across the perforations
at the base of the inner pipe since the liquid content in the inner pipe
has increased.  Thus, the pressure headin the i nper pipe is gregter than
in the annul usThe TWHESTHEt é8da FRHRPBA2EYEY ??ﬁ%§q9ﬁ§ﬁ§hn&F§s,%ﬁﬁkchtgloms
liquid flowin the inner CBLpe. LAs this pgoc.ss_gpntgquega ahge, (if
addi t i onatoF3 g F1§ HRLaTEFacEInQEUECERNDRT AL i hE il G889 §ase3s it
This creates_a pressur ptfferential _ac the; perfaraLiqn St e be
top of th%r??ﬁﬁﬁ)pf%%,sﬁg?é%“rggélf% ?ﬁ&§g§ ngﬁan'Yo%{tﬁé =% aﬁh%lus
into the lnner, plpes;.iqthi s flowal, gas i - mhx geddbreak,upithes! hauid
sl ug traveleng Up t'he i nner pi pe when the slug reaches the perforations at

t hegupper . poLti o Of s e $xwer: PiNe.no1A usi Fhdak REEESSS: OELUN SoddN of

reverse en a gas slug enters the base of the inner pipe and travels
toward thg;iof2s=2 productIBe nuilsls and sigadef the ey or gkbansc22nare
sel ected to handl e a range of operating conditions. The perforations are
pref er abl yod Z€ihd® eI udr@oio$t thegei drskergzsezewiliefaeneglandobas
surge fluctions expected. -7- The pressure and tenperature transducers

are used 49 ioraselt hefiatozixices wsftildbrigas candiditnsand=Zoweveand wWaeer
(if present) and predict gas-to-liquid ratio and water cut of the
product i omi¥} ucdange THECiRGoW I RaEEBS ofordétpEDduct T f1XAUsC fr BebE2
calculated fromthe 'LﬂﬂLd hol d up_and a nmat henmt.i.cal .nodel of .mult
probluct | cRCCHTams . Cue TUtdER T T3R8 RRYeReDE ot AT SeBt it ESREC EREY nD
of these interfaces wl| be negliaible as a,result of atfaining .

equi | i bri SRTRGHRT | ORES “OF¥BVever, fRey SXemPL

liquid surface in cne thousand meters of watsr depth is only one

]
r

th

tenth oif one percsent. The interface mcovement changes &are

generally slow whereas the data acquisiticn Irem the transducsars

-
wn

will pe of much shorter duration.

W

Severe slugging as a result of the cdiffering levels in the

flow lins and between ths flow line and the inner pipe generally
causes liquid slugs that are no greater than ths volumz of the
inner pipe. Therefcres, the volume of the annulus is preferably
20 equivalent to the inner pipe volume. Multiphase slugging
analvsis will provide the sizing recuirements Zor the annulus

volume.

Further this inventicn allows the following:

Pigging operztions to be pericrmed.

25 e The system o be economicaily retro-fitted from the
receiving facilities vessel or platform thus requiring
no additional vesssls for retrofit / replacsment.

acility for =z riser base gas lift by isolating the

-

e A



wi || change during sluggin conditions. The | oss of metering 10
accuracy due to interface novenent is necligible, especially for deepwater
devel opnent s For exanple, a one neter novenent of liquid surface in one

t housand nmeters of water depth is only d¥re tenth of one percent. The
interface novenedP PehfdwRiions dworensl by sl ehidbeg eabethre. dat a
acquisition fromthe transducers 15 w Il be of much shorter duration.

Severe slugging as a result of the differing levels in the flowline and

between the flow.line afd t he inner ,pi pem%erner al y,,causes l'i quid slugs that
"are no greater ttah $HEVOI U DR E5h Bi P& T2 TIR@LERE6EY, OFhe FoFbfe of

t he annul 1s preferably 20 guivalent to_.the _inner pipe volune.
Mul ti phasgfs‘s‘r ug‘g1'°ntgé:‘gnac%/uy“si M Fl‘i“prb‘#dget heS 3t ng“orreqlh“teene'ﬁlsé‘*f otSt he
annglus volLu FUrt ferplahi g, dof GQEL‘H J oS, s ol|lowing; -Pigaing
ope?ati onlgé‘t'éo@%ae’']oe??ortrrrlt\e‘?d.aS‘DZﬂSrMa b1 AY: Th’eeélgosls{ e‘m‘g O bé* 5%%‘50?71‘tél ly
retro-fithed trem thepsecpiyd ngifacilifiesc &ﬁéepeorarpl ariormihus

requiring no additional vessels for retrofit replacement. “A Taci FIr¥y for

a riser besex gasskif ttobyrdm@stintntHeannul@P pepéoratpons bysorags;ef.a
sliding sleeve. The design shown applies for a steel cat'enary or arigd
riser systesandilty. an alternative design for the riser is b5
necessary in the application for flexible risers of conpliant wave type. A
possi bl e al t erBrtduse caniw Mg vdmgeeter icdlf fpicggy backdihsets toz v elps esetd t he
annul us pipe-i n-pipe riser volune externally. Because nmany varying and

di % eri ng gt feAt SIABRE belndde inventive "concept hersin taught and

because many modifications may be made in the embodiment hersin
detailed in accordance with the descriptive requirement of the
law, it is to be understocd. that the details herein are to be

interpretad as illustrative and not in a limiting sense.



10 within the scope ofthe inventive concept herein taught and because
many nodi U"mmml\ made in the enbodi nent herein detailed in
accor danc mm m’ptlve recriregnent of the law, it is to be

under st ood "t hat t het detawrls herein aré&2fo be interpre ed as illustrative
and not in alimting sense. CLAIM5 1. A production riser, conprising:
a. an outer pipe; b. an i jpe received within and
concentric with 5 gggg&g%ter pi pe to define an annul us

between said pipes, said inner pipe having a plurality of
perforatio S p ent each end of said inner pipe; and c.

neans for eI e%:?éu&]?‘g glﬂép—g%y A5G 958 PALS*PFe upper 10

portion of the annulugvg%Jhggdnbggween said inner and outer pipes. 2. The
production’ riser or cla|n11 Whéref n the upper portion of the annulus is
cl osed to the gnbient Hyessige a the Lo RALEQn Qf . the appulus |$...
bl ocked by a g?ind flange. 15 * Qe. The g?gddgf%oﬁ rlserggfgcT“'y° L‘““
further conprising a |lsadey QfcdNSsHsd i 5 agevhgednargm_ =0yt oL ngg
4. The production riser of claim 1, wherein the volune 3? e annul us
defined between saigigiesner szagd ieuker ppbges--{,sn@ppgoxbm@t—eby tgqugk to
the interior volune of said inner 20 pi pe. 5. A production riser,
conprising: a. apersdbertpope; grovided aadﬁBGQﬁtpi@ﬁm{eQﬂkyedJMﬂ%QLB

and concentric with _
inner pipe; and

c. means for selectively -supplving ¢as into ths ugper
10 portion of the annulus defined between szid inner

and outer pipes.

2 The production rissr of claim 1, wherein the upper portion

(o]

15 3. The production rissr of clzim 1, further cemprising & layer
cf insulatiocn providsd arcund said cucar pirpe.

4. The production rissr of claim 1, wherein the volume cf the
annulus defined between said inner and outer pipes is

approximately equal to the interior volume of said inner

20 pipe.
5. A production riser, comprising
a. an outer pipe;
b. an inner pipe received within .and concentric with
said outer pipe to define zn annﬁlus bétween said
25 pipes, said inner pipe thaving a plurality of
perforations provided adjazcent each end of said

irner pipe, with the upper portion of the annulus

being closed to the ambient pressure and the lower



said'Gurer“pre t-o define an annul us between said 25 ﬁgf BEEN
o

pipes pe having a plurality of perfo atlo
adj ace ZN "ﬂl&&@’ said inner pipe, with the upper
annul us's the anbient pressure and the | ower -10- portlon

of the annulus being blocked by adlind flange, and t he annul us
having a volunme approxi nately equal to or greater than the interior vol une
of said inner pipe; e Vi1 plLyi as,
t he upper portion o?aghe o%nr?ﬁl ugﬁfie ?%e?é \{gv\géég&s'gi il %nerié‘h%
outer pipes. 6. The progeetionagd sertlpg clcﬁ-lrruﬁjs furdher,conpgi siag: al ayer
of insulation provided around sai d out er pi pe. 10

approximately ecquel to or greater than ths intericr

- . -

claim 5, further cemprising layer
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6. -The procductior

of insulation providad around said outsr pipe.

10
7. A production riser substantially as hexrsinbefore
described with reference to and as illustrat2d in ths
acccmpanying drawing.
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