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PI G DELI VERY AND TRANSPORT SYSTEM FOR SUBSEA VELLS BACKGROUND OF THE

| NVENTI ONWE B6449%f erence to Rel ated Application This appl PEAYYSI8/08188i ns
the priority -of provisional application serial no. 60/048,317 filed May 30,
1997. Field of the Invention This invention relates to the field of pigging
fl ow i nes between subsea 5 wells and a product receiving facility.
Descr | PRITUE:O! the Pr i PIGATELIVERY ANDMTRANSPORTNSYEPPEM AFBR M ¢

t he devel oprrent of subsea oil and/or gas fields where there exists the
requi rerrent to "pig" tSHBSlemsLset ween subsea wells and the product

receiving "host" facility. A "pig" as used O In this specification

descri bes any of a variety of typically full bore objects punped through a

pipeline or flowine f a vari et of pur Ei.OSES For exanple, a pig
HNE ¢ IO ng its installation)

may be used to sweep WEEE
by pu of 0 . or ot her deS| rabl e medium O her
types aRé tgggg gent pigs", may include a long 5
train of nodul es which incor porate sensors for measuri ng pi pe wall

t hi ckness, OThI]SIﬁ}EpI]GBﬂﬁn olalimsi thequnioftity, of provisional applitation sefial fey. €
conmon t(ﬁB 'f Ee i.s often referred to as a "scraper pig" which is punped
t hr ougt® ﬂﬁrﬁﬂ fited Mayd8y#98¢al e and/or paraffin deposits which can build
up over tinme resulting in a variety of- problens including |ocalized
jetting, reduced production rate, and 10 even full clogging of the
line. nd o?‘ih@ﬁllnv‘é'r{tJ tances, product fromone or nore renote subsea
gas 'I'?Q‘U'r—rrcm—wa T non- scallng oil wells) is delivered to a

processing Thl‘é@ﬂ%hﬁéﬁ%late t
PCT/ US98/ 09180 -2 ' s to the field of pigging flowlines between subsea

5 wells and a product receiving facility.

Description of the Prior Art

There are many applications associated with the development of subsea
oil §nd/or gas fields where there exists the requirement to “pig” the flowlines
between subsea wells and the product receiving “host” facility. A “pig” as used

0 'in this speciﬁcatiqn describes any of a variety of typically full bore objects
pumped through a pipeline or flowline for any of a variety of purposes. For
example, a pig may be used to sweep water out of a flowline (following its
installation) by pumping it ahead of a volume of gas or other desirable medium.
Other types of pigs, known at times as “intelligent pigs”, may include a long

5 train of modules which incorporate senéors for measuring pipe wall thickness,
or pipe joint weld integrity, for example. One of the more common type of pigs
is often referred to as a “scraper pig” which is pumped through a pipeline to
remove scale and/or paraffin deposits which can build up over time resulting
in a variety of problems including localized jetting, reduced production rate, and

0 even full clogging of the line. |

Under normal circumstances, product from one or more remote subsea
gas wells (or non-waxing/non-scaling oil wells) is delivered to a processing
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facility (typically a bottom supported platformor a floating production
facility, comonly referred to as a "host" facility) through a single

fl ow i new@esrs4spg i onal practice is to provide a second fl ®di/uessebisshe sane
nom nal bore. size as the first if there is a requirenment for frequent
pigging of the flowine. 5 The_gecond flowine allows a pig to be

| oaded into one flowine at the host facility such that the pig may be

Db ea HRME VAR BaraR SHBpged Malrbindfia FBafhd AeduLliohall0 ' OF
mor € agBAfndIney f'éf@\‘t‘éd‘et% Hd s Hdre pﬂa@:xﬂt?) bmréu%rgsbers"ﬁ@ef TRIWINRE.

flowine to another flowine so that the plg may returned to the

host f @orivenfionalpracticeys to pravidén sdvenddiowlinedithe. sédne rominaldigreof
reasons, subsea wells are typically |ocated several mles avva?/ fromtheir
r especSIZ& aﬁot§1e fi atuf tharas;S(ac (equiramest mrdfremuget pigging ef daelowlin®. il es).

pur chasi I l,i.n omﬂ SSI oni ng,

ﬁspecﬁﬁgsgﬁ %l%‘&“ﬁ avﬁ"gﬁgsb?g ﬁgl'f‘gj Bﬁgofﬁﬁl\ﬁ h%gdigﬁ ar gest
expend; I t, many
si ngl eﬁsaa @%@?ﬁﬂfé hsceb'gl %}SW %)ld %h%gjé@c)ﬁ{ ﬂﬁﬁﬁ/g% “%eact o]
frui ti andimamtaitedithefson e tite 8a558a Welld, W\tlboﬁlam\éa:mneﬁamss@wdm of the
f oregoi ng, subsea hydrocarbon field devel opers/opérators are constantly
tr adi ngrofélls mﬂmmeq:heg fwo oremioce ragsoiciated flowlinepaaltows the quigi tee beost s on

"life of field" conom cs, VWherever practical, step- off wells arg@(ceirl 'l ed

fr om hi@nsfaeed fros ong, flowiing te @Q@&ﬁlﬂ%l”ﬂhﬁﬂ |ﬂa%t Yy pa@edency, a

the ! nj EEpy R‘?’ah?%wf%&)&éiﬁf"éﬁvvhﬁ?;@%ﬁe'aﬁ D%W%Faéq%q?? equency can be
suff i ent | ok oty of rBage <L bEsh WIS BB/ doukaseithal Al 11 oo 25

at the subsea to accept a s A subsea pi g

| aunchawaysframdieiraespective hipst fa?dulzwe§ (@nreenpreamrdtoﬁdm is eippeoachith
flowine so that they may, upon {)I cally renpte) command, be |oa ed |nto

the fl @ iMmides).t h&t a rr@suaqm\eems ehrpurchasingd nstaliinge protesings/ 54499
Pt Usgg{"r(x)r%llsss?onlng, inspecting and maintaining flowlines is usually one of the
5 largest expenditures associated with subsea oil/gas field development. In fact,

many single satellite (and even muiti-well) projects have failed to come to

fruition because of the costs associated with flowlines.
As a result of the foregoing, subsea hydrocarbon field
developers/operators are constantly trading off techniques for reducing the
10 impact of flowline costs on “life of field” economics. Wherever pracﬁcal, step-
off wells are drilled from host facilities. To reduce the required flowiine pigging
_frequency, a flowline may be insulated or even héated, or large volumes of
chemicals may be injected into the flowlines. If the required pigging frequency
can be sufficiently reduced, a single flowline rﬁay be used which has facilities
25 at the subsea well end to accept a subsea pig launcher. A subsea pig launcher
is a device which typically stores pigs at the subsea-end of a flowline so that
they may., upon (typically remote) command, be loaded into the flowline without

the requirement for a second flowline.

SUBSTITUTE SHEET (RULE 26)



-3- Neverthel ess, sonme fields may still require a conbination of sone of

t he above techniques in addition to nmultiple, round trip piggable (relative
to the hoYOPHB44P9ty) flow i nes. There are other costs assoRCEUSIB/OMIN -

pi ggi ng, such as del ayed or |ost production, which is the | oss of .revenue

t hat could be earned 5 i f producgion does not have to be interrupted
to accommpdat e the pigging operation (as one exanple). Because the path to

be pigged i nﬂkpgﬂﬁggééghgﬁﬁdé’nﬁ%lﬁgrﬁéaf%ﬂ F@&J%@b%rﬁﬁﬁaﬁbﬂ%rﬁggﬁgbgmi 2} ly

t he subsea we ypi C Ss'stopped or at least s

r educedaphik dethfidlies irs abgitith 0/ atiple, Qﬁuhbetri!popigg?@_@é (rélative tbthesubsea
termnation of the pig returning 10 flowine. This is done so that

t he fl uhdstifacility flowlines. | Thererareadtbed costs hespciatedwitrepigiging asuch ast o t he
- second flowine and subsequently back to the host. cour pr oducti on

maykt 0 ae%ay@gtorewﬁsémrrsacti@@ﬁwbm@m l@fsmereye@ug ! tfsﬁefdgéemmedgw i ned

to.,t I ility., The L ' i i .

35" i i ploch tion, Begaidl AV 6. 6% dnteriif: 10 Al aneiudiel i Bigdthg " o
" teky | e ti t

e cpPetRites I Ekama), Bepdlcd e pEftd e HaRed el ks thpRaly 1 e

During {we Slewhges avhicheare dwopedot er’ a0theosulsdda afelld)eprodiuctionenai n

on production through the other production flowine. This technique is
sonet i ntypicaliwis stoppedor al Fstgubstanttalhuneducad while the pigdseeing a

variety of proyen nethods for. reducing the inpact of fJowipe costs on
overal | PH rem tbﬁg?cés’frf(?%‘ftl&&? theahagea §en’pn%lﬁét'8ﬂi q"JI ﬁ?‘\?gplge@fHBNBQy

Bocat oWl THETR 9 B8 8 fid Lo e Abielaicng 3P Rte BT RER
mani f ol Hér!?%fr)l'é%eﬂriﬁf’é"fﬁe fs@ggpafmﬁmw@bha s%%wtﬁﬂbébe% e hbst.Cpyf ous

tradeoffs this 25 ution include the requirenent to bal ance
product course; productionoriavdea gieat extdrt be ressumed dbidriyetheppiggliowndhehe

bl 601 ngsaeand flowiios bk tRdnaaios! fAciibyi There Bre 19GBDIIES avagiablearhiche

ol 828 pa TR AR o SRS el BB SR o b e G

5 pigging. In one scenario, a “third line” can be added to take the returns ahead
of the pig as it is pumped down one of the main production lines. During this
stage of the pigging process, some or all of the wells remain on production
through the other production flowline. This technique is sometimes referred to
as “pigging on the run”.

20 There are a variety of proven methods for reducing the impact of flowline
costs on overall economics. Where reservoir “geometry” and drilling
technology permit, multiple wells can be drilled from closely positioned seabed
locations such that fewer flowlines can service more wells (e.g., manifolding
the product from those wells into shared flowlines). Obvious tradeoffs for this

25 solution include the requirement to balance production pressures between the
wells (i.e., choking/pumping) and the increased impact regarding delayed or
lost prod.uction associated with pigging activities. Furthermore, flowline size
must be larger for the manifolded case, which may reduce installation vessel
options, thereby driving costs and schedule. For highly pocketed, and/or broad
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shal |l ow reservoirs, a manifolded solution may not be practical. In the

wor st caswo sssalmwssubsea wel | may require that dual -fl ow i nesThis9s/0918bet ween:
the well and .the host facility to acconmodate round trip pigging. . An

alternative techni que often enpl oyeq4t_o the foregoing is to run a single
flowine between each well and the host facility, and also a flowine

bet t | I s which, | at i vel I Thi.s,techni

or ovi d@ndh SpRTureResNaise. SmERTPINER KTt o4k AL KBl BiecalyihateRcn el T
' . h . ._ : .

pr ovi dHh CaRERERcT SHb¥ea WA Hiay, ol thardtartowiies Betipbeticeh. B .
pr oductthaivell @nd the H§tqasiity R adcoinblatariuridwipspiggiogr di ng del ayed or

| ost production for this "paired wells" technique. Another flowine

t echni que ofApraltemstivertechhigquedeftenremployeditgithe foregeingdis tntumm@ br oad

and shal |l ow reservoirs (which require that ltiple suQsea wells be w dely
spaced Siogls owlingnbetyeer aach, ﬁngitHQI @rg{aft?& y, ang aﬂﬁ?aﬁr@f’@f"ﬂﬁ ow i ne

Foon. o1 30801 Ro3hs SHTLEEH Bty B RS Aer P BRI P2
TS| Vo A5 HERBI by OB el owriceas s, Mescler

vel | CFstHucé*i&‘idé;béhﬁéﬂﬂ?tﬁiﬁfgﬁm&dvmﬂbwﬁnet?@ssunﬁngsanaWe_rilsim'bvrmll ting O
in an installation and tie-in difficulty, and a reduction in practical
pr essunwhichtinay beplasied inthefpatheetwsaen thef two wells ta iselatetrredustionor

bat od_ FERTGATAYAS & RTINS IPRCL GRS G QhlSh PAPRUED Figigasi e
ol bori Py s WEB BEREL (e broduct flow ines fromthe pig nagasi ne.
I denti fi cati gRoferChbffihe Richinigud W& icihsidered for dealing with highly
pocketed, and/or broad and shallow re'servoirs (which require that multiple
subsea wells be widely spaced across a seabed) is to have a single large
5 diameter flowline loop originating and terminating at the host facility, and
weaving a path running close fo each subsea weH. This technique may be .
described as a massive “ring main” type manifold where the flowline represents
the header and the wells are tapped into it by some form of jumper. Depending
on the well count, the flowline size may be required to be substantial resulting
0 in an installation and tie-in difficulty, and a reduction in practical pressure rating
capability, for example. Of course, the potential for delayed or lost production
impact is significant. _ "
U.S. Patent No. 3,562,014 dated February 9, 1971, shows a scraper pig
system in which a pig magazine is positioned between a pair of product
5 flowlines with pigs being selectively inserted within the product flowlines from
the pig magazine.

Identification of Objects of the invention
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It is an gbject of the-invention to provide reduced overall _flowine costs
by providi28r43% t ernative to the techniques requiting a sBbSU89449489

| auncher or a production capable second (or third) flowine to accommobdate
round trip pigging. 5 Anot hér- object is to provide a | ooped line
froma production facility to subsea wells for receiving a pig with one

section of tltdslgroebjédt iofithe tventiorn wwrsvideredused-overdl flovelired costsand
anot her section being a high pressure product section fromthe subsea wells

to the pyJquroviding amaltermnativeSioviaeRecbriques requENmg@subsea pig launcher an
alternative to a,subsea pig |auncher, or roduction rated second (or

Chi r - PF BTORLEHBAFaRabIs Sesand (r toird) ReWie osacem GNP 1 ound
trip" phggﬁ@g, a low pressure pig delivery/transport line (PDTL) is

provi de rding to the invention. A |ooped |line extends fromthe product

| defCrding 1o the A looped 11 r
3nd returns. CoothEr RIER IO RroRKic R I80Ped I Hiorh plOACHOT INAE0 A

fluid psabsea weilsrfoprecmihﬁla ig With onensectiornof the [bopedtiire beirig Bdew ity to
the subsea wells and a high fluid pressure product |ine section extending
f r om t hpresmyeanaptprodust sectiops entdaanpthsr sectiomeeingnapbigh prepsuguct

fromthe subsea wells to,.the host faciJity. A pair of lgngitudinally spaced
Shut of 1 PSR SeationfatT thesuhsea walliadng prRdlisorasity « he subsoa

wel I's, and an internmedi ate connecting |line section extends between the

val ves to connect the low fluid pressure non-product |ine section to the

hi gh pressure product |i UMMARYOPTHE INVENTIOJuUced into the | ow
pressure |ine at the hosr‘fHCTTTTV‘SUI?%HT‘TT'CHH‘Ue punped toward the
gubsea wel | A5 amwbltemnativevio s subssea pigeihunichier ohe prodiction rdted SardrRict | on
25 allow fluid ahead of the pig (perhaps sea water) to be vented into
t he ocefar third) flowdinedirovidedvgsimerilyforthenpurpaseaot accommedating érourtse
o e i R MRS ABuh i B eb: s TR T{T 4 Hebisd (e
PI g TrogbLlRing to RhE FVERIdH. "R #56Pe@ e extends from the product receiving
facility (also known as a “host” facility) to the subsea wells and returns to the
S host facility. The looped line includes a low fluid pressure non-product line
section extending from the host facility to the subsea wells and a high fluid
pressure product line section extending from the subsea wells to the host
facility for the transport of product from the subsea wells to the host facility.
A pair of longitudinally spaced shutoff valves are provided in the looped
20 line upstream of the subsea wells, and an intermediate connecting line section
extends between the valves to connect the low fluid pressure non-product line
section to the high pressure product line section. A pig is introddgéd into the
low pressure line at the host facility so that it can be pumped toward the
subsea well or wells. Valves associated with the intermediate pipe section
25 allow fluid ahead of the pig (perhaps sea water) to be vented into the ocean
near the well or wells. With this capability the pig can be delivered to the
subsea weil end of the flowline without having to interrupt production through

the high pressure line. For transfer of the pig from the low pressure line section
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the high pressure line section, the pigis first received wthin the

i nt er medi awe sBmIecting |ine section fromthe | ow pressure PCTESIS9ME0ON

wi th the downstream shutoff val ve cl osed and the upstream shutoff val ve and
fluid vent valve open. Then the upstrgam shutoff valve and fluid vent valve
are closed and the 5 downstream shutoff valve is opened to expose the

or oauct & HEEnGhIeSRGre, ik S8 Ang 7 RSt bochifed AT i MedfhoBRERRL <

connect baan{e;ari]rgg fi5& Seetion ?roﬁwgretem& Eré’srs‘i’l\‘é fife §&hoar@ﬁﬁ Yhe %ﬁgéémt he

connecti ng secti1on behin Ig to push the pig past ranch

|i nes f ghutdfevalvesiosetbahd tihe upstream shutofhivalivet dred fluid vent valveasperd.0
facility through the high pressure product |ine section driven by well

L | ui ds. hagstha L;plagremnij shutpfft vaﬁvsp_alnd Hyick vent up;wﬁd@ger@ogeﬁoarp?dhe:c Io\M_ ij ne
¥ ecsur dokarpadR st Vil & Bbsreio enboss B e Tobebyofidp, o
hos: §aCia PPoBbRE Haky pAEng 800 freciir B ieg OMe BBt FvdShn ety ™

faci | ityne confebted ﬁﬂhb%ﬁféfﬁé@él&%ﬁne‘éﬁﬁqub@edtmrﬁs! cpEndd &) Bi'@ﬁ'd@es

overall flowine costs (low pressure PDIL vs. conventional redundant high
pr essur high pessane fiaidiontheacormieetinglinetsentioodsehind dhe pig te pusheive pig use of
any type of pig, and accommodates pigging w thout interrupting normnal

pr oduct Pas} thedbranch lines for the subsewﬁs topsonitretan efthe-pigHieahenNmsstrhe

B’ et oraily ReBdaR 166 Ruph Bresiierpradiies pE areRestivdn BYGYER gl 20" ™
By ref efd _ ESIRHTEP RV A HVREED an
Schomat 1 vi SRT o 19, AERVeIRArRTY e 100 HiiginG, fckped neWIpel < @

subsea WetWebassabsisalivealledrid avhoserddilisy npplroﬁae'ul it whietnca VoW fluidhe
a

flowines are joined at the subsea end b oop” throq?h whi ch pigs can
be pass@iessdia pop-progict linet section o s from the host facill

pressure product line section extends from the subsea wells to the host facility

ty, and a high

5 for transport of the pig and product to the host facility. The pig
delivery/transport system of this invention reduces overall flowline costs (low
pressure PDTL vs. conventional redundant high pressure line) and minimizes
the impact on operations (i.e., permits use of any type of pig, and
accommodates pigging without interrupting normal production).

20 BRIEF DESCRIPTION OF THE DRAWINGS

The objects, advantages and features of the invention will become more

apparent by reference to the drawings which are appended hereto and wherein
an illustrative embodiment of the invention is shown, of which:
Figure 1A is a schematic view of a prior art paired wells system in which
25 each subsea well has a dedicated flowline to a host facility, and where the
flowlines are joined at the subsea end by a “loop” thi'ough which pigs can be

passed from one flowline to the other;
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Figure 1 is a-schematic view of a paired wells arrangenent in accord with

t he' preserYOIBS#I?i on in which a | ooped flowine to a host PQEUSP¥Phs a

| ow pressure non-product line section for receiving a pig and a high
pressure product line section fromthg-paired wells for transport of
product and a pig to 5 the host facility; and Figure 2 is a cross
sectional vi ﬂg@fe 3 R @Sehemadtivwiens of & Cgéireﬁ Weﬁsﬂaﬂtérgmenﬂoimabd@w

bet ween a pair of concentric pipes. DESCRI PTI ON OF PRI ART Figure 1Ais a
schemat withothespresent inwentipn iy wiichsa soeped Aowlinehtoaa host fadility has adow ity PF
has a | ooped |ine extending therefrom conpri,sin separ&'éaehi)roduct fl owines

PF1 and PPESSURginos-paodid e sestiedfredeseivingdraRigcan PUPIRESURR-1 and

tr anspoPPodciigsitian b tie, Bae fEfs §ShEensbBt drligHlcs aff & bt o°

| ggi ng I flowines PF1 and PF2 is closed, and 15 each
\aj/ell wa%b‘é}g%ﬂgfé Into its ow dedicated flowine PF1, PF2. As a result,

there is no IRgute 2ieatcrbes sesticrea vidw of zopraduet flowtioe trowhidheinsalatiorssur e,
as is required for a mani fol ded system To pig either flowine PFl or PF2,

bet h weli$ proMidedrbetmeaen gpainbf goneentniat pip@s. and pi ggi ng val ve V opened to
accomodat e passage of a pig. 20 DESCRI PTI ON OF THE

| NVENTI ON Referring to Figure 1, a schematic of the pig delivery and
transport system conprisi Qg ' ' ¢S il lustrated in which
host facility PF has a | o0& é&ﬁl@i’ 3@@Faﬁ@HRMt ed at 10 extending

t herefrom : or ihi o ' et o line
10 A choke. JA0PLE 24 T'a SerimBHCIOR B priby BFEpigiAg sy sfert In ihieh Bst D 1 )
¥ to baheiigePFasa fsepcling eRterdling themfrémosonmprisind/éepaht¥broduct ne 10

for transport to host facility PF. Renote actuators are provided for
choke( sflowdines R 1 and RiT2.t N&/alisn¥V1 and W2 are connected to respective
flowlines PF1 and PF2 so that each well, W1, W2 has a dedicated flowline

PF1, PF2 for the transport of product to the host facility PF. For normal

production, a pigging valve V between flowlines PF1 and PF2 is closed, and

5 | eaéh well W1, W2 produces into its own dedicated flowline PF1, PF2. As a
| result, there is no requirement for subsea choking or pumping to baiance
pressure, as is required for a manifolded system. To pig either flowline PF1

or PF2, both wells W1, W2 must typically be shut in, and pigging valve V

opened to accommodate passage of a pig.

20 DESCRIPTION OF THE INVENTION
Referring to Figure 1, a schematic of the pig delivery and transport

system comprising the present invention is illustrated in which host facility PF
has a looped line generally indicated at 10 extending therefrom. Wells W1 and
W2 have branch lines 12 and 14 which extend to line 10. A choke 16 is
25 provided in eéch (or at least one) branch line 12, 14 to balance the pressure
of product flow from wells W1 and W2 to line 10 for transport to host facility
PF. Remote actuators are provided for choke(s) 16 as well as for the other
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val ves descri bed below for renote control of this pig system O course,
nore t han wo@s/s@b? s and respective branch |ines may be prowareosssnsmseen one:
wel | and branch line are contenpl ated according to the invention. Looped
line generally indicated at 10 is divigled into three nain line 5

sections or portions along the length of line 10. A first non-product

20 whi oNANCEAEERIRATpERA For B e BRI BT i M0 sosterhc bSO IOdlE e

secti on {ARR tRHWENS ahﬂ%h?é@ﬁ@@'b{éﬁmglﬁ ?‘555\1 m%ﬁ Vél%\)i@éé‘fo?%\fé‘h"\?‘lﬁé WM of

shut-off valve 20 and upstreamo past branch nes 12, 14

for wel land\braich line axeccomemplatest adeording to ffe inventiond i nt er nedi ate or
connecting line section 1 OC is provided betwen shut-off valves 20, 22 and

connect s | i nd-eeped dinelganesally irdicatad ah 10bis dividedtinta threzsnfain line
8 and i,s utilized.to vent

' diate |i tion 1.0C h t,yal
B pr o REEHIORS APARGON APNEIRERAGH RINF: WaelTet NanaUeechFBINGine ont - of

an advangj [ - of f | ye.: ' ff.val ve
22 s oo AL frdth. b RIS PE RS sfiffofovalve A0 R
connect gsbsitforfedUpStreamzsTave s Vi1 SHPV2 S UsECond Ypbdaet iné S6cties 0B |
facility),and a supply valve 33 permts the supply of pressurized fluid to
connect iexjehdsdramanathet sButkbfrvale 22 fdcated \dowristreampefnsiuteofs vatvedf f
valve 20 is closed for di SB| aci ng avgi g fromthe internediate |line section
1 OC t o 2bapAdpstee”m of weds My1 and W2 past branchdinesel 2. s14fouweiiedN

ﬁi:c’lf'?‘ﬁtn anl§iv2 i hoStTatily B, A Y iinroediaie of fenesfion Tofy é’m”ded.aé on from
choke( o)® TROVIFed Befifeh SHLFRL WIRERIA 22 ok e shidl ApR

line corithe seétion 10S.t Aaremtdirie 26 fof itephetiiate Ikl sectiin 10T hashweent

facility PF. Line section 10A gr ovides a | ow pressure non-product conduit
for a piv@ive2Band isngjlizedda venbnongrodugt carmyingrine d OA ghd pntesmediate oduct

line seql o400 Y81 RLel BPGh Tutahiig S St ok Yae BB GpLhrguph i on
15 shut-off valve 22 is closed. A branch fluid “kick” line 30 for line section 10C is
connected to a pressurized fluid supply source (typically the host facility),and
a supply valve 33 permits the supply of pressurized fluid to connecting line
section 10C when shut-off valve 22 is open and shut-off valve 20 is closed for
displacing a pig from the intermediate line section 10C to beyond branch lines
20 12 and 14 from wells W1 and W2 in product line section 10B. A pressure
balance valve 34 is provided for line section 10A adjacent to and upstream of
shut-off vaive 20.
Production from wells W1 and W2 is cio-mingled into product line section
10B through choke(s) 16. Thus, line section 10B forms a high pressure product
25 line conduit for the transport of product from wells W1, W2 to host facility PF.
Line section 10A provides a low pressure non-product conduit for a pig to be
transported from host facility PF to high pressure product line section 10B via
intermediate line section 10C for running through high pressure product line

section 10B for cleaning or inspection, for example. Intermediate line section
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section 10B for cleaning or inspection, for exanple. Internediate |line
section WD 98/ 54499 -

PCT/ US98/ 0808854499 10C i s exposed to the sanme high fluid prgggwgs’%s%i gh
pressure product conduit 10B and requires a simlar pressure rating. Pig
conduit 10A may be a lightweight, typocally | ow pressure rated steel pipe,
fl exi ble pipe (even "hose") or hybrid line that serves as a conduit for

pi gs i ngppt ¢4 elipdded fthe fshki iighPfuld pressusi as high girepsared preduct he
subsea wells WL, W2. Pig conduit or line section 10A need only be rated to
wi t hst apgniioit 4 OBaAnd reqsiresa similar pressurpuiatinghePig contdivih 104nmay be@a. | t
may be desirable to rate this line to a pres_sureqv*'/cypch mght be reqyired to
al | ow clightweightitypicallydoy pressuiehtated:steef pine. | 'Prmpﬁgsyemof\%%br .
pressure supplied ftromthe host 10 . . facil. i ' J0AS
hor mal | §T SHbp R A SRIYes A% ASApLEar @é?ﬂ“ﬁ%‘}%{’ r%qﬂégﬁﬁﬁ?’i@! ER1y

ter o ] e Sea water pressure b
ﬁl ancewﬁf‘:@ié yﬁoﬁs&nﬁﬁé?gfheé)ggﬁg%%gvé\}% ggi)’ Wl%orporat ed in pig condﬁi t 10A
for this pur W%%onﬁuhid)‘hiﬁérgéétmrﬂoﬁl@ded@ﬂy@e reited toavithstand interdal t  10A
may be provided proximte host facility PF for deep water subsea 15
vel | appressureoreguitett toipamptheapig deprsednduil 104ar itimaybesdesiabletposed
length of line will not have the benefit of ,s%ggjaﬂt i al, (ﬁ@a .wat efr "head" to
conpens &gte this lingtaamressirg Whighdpiaht beurgAF AdQW areflatigN PT& R+ 10A
I S not osed t.o,pr d.fluj n ) n . | nt
conpat | EheugateL A fBdane lcah 48" HnG8” dEkRS LS PR Es Forfid RS o
vent va ; b L i id oD fradd ' it in
f0r80nt o?é@'@g%ﬁ %e‘?‘?%ﬁ r;libggiiés%pr ogr ggﬁ%%%yvm pi g ggntgft?i Ptyigguyrbgfn host
facilitypufpingenédiumh Wpﬂﬁllﬁﬁﬁb@hma@ditaﬁéws)ﬂﬁr balnoedriotambigmtosea t he

operation of fransporting the pig to internedi ate conduit 10C. Shut - of f
val ve 2avater pressute bydalance vajvel 34 eamultipie halangevalyegrincerpated nis

B! 19 25ig corhll TOB o s e PeaR oA Hial ek B B 1AS B v
and V) . gt RERE8 brovided proximate host facility PF for deep water subsea
5 well applications, because the air-exposed and near-water-surface-exposed
length of line will not have the benefit of substantial sea water “head” to
compensate for possible pig transport pump pressures.
Since pig conduit 10A is not exposed to produced fluids, and assuming
only “ocean environment compatible” fluids are used to drive pigs down the pig |
0 conduit 10A, vent vaive 28 may be utilized to accommodate evacuation of the
fluids in front of a pig while the pig is progressing down pig conduit 10A from
- host facility PF. Vent valve 28 and shut-off valve 20 are open throughout the
operation of transporting the pig to intermediate conduit 10C. Shut-off valve
22 and. fluid pressure supply valve 33 are closed while the pig is being
25 transported. Because shut-off valve 22 isolates the pig delivery process from
product conduit 10B (and thereby isolates wells W1 and W2), the arrangement
substantially eliminates delayed or lost production associated with pigging.
Once the pig has reached downstfeam shut-off valve 22 which is closed,
upstream shut-off valve 20 is closed. At this point, the pig delivery line 10A
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substantially elimnates delayed or |ost production associated with

pi ggi ng. Once the pig has reached downstream shut-off valve 22 which is

cl osed, upwosmsawhut-of f valve 20 is closed. At this point pcrhusspogss
delivery line. 10A WD 98/ 54499 _

PCT/ US98/ 09189 - 10 - nmay be vented tqoqnbi ent pressure. To transfer the
pig into product conduit 10B, shut-off valve 22 is first opened to provide

" ki ok TRYEERBhEd R nett afssuts; % TSR Prod B el S o
Kick [ . . . . L
Short i TRBREAOH DARELZE [sTRafEhened R BRNIGS 2 path 181 BEPid WARS Stt-off oo
12, 14, Vdigei20 rephains cibsdoNext, valve 8BdmKick inki3teis3dpemad tend tiee pigl,
because the pig thi‘[csgf'dd“ ven thrﬁ%gk%naeggqcttlon d]é%?c;gdhge‘lﬁﬁ A
facili sinedich iressigeci \nat Cappied Sti 30
_ig‘:lsulptprsmug I, );ransfleﬁprfels I d, ?he' roduced fl uyids f l|1s \Alspaanljn\?\z

f tanie:b e
18 gﬁmdhﬁ%ﬁﬁa@qﬁa@?ﬁm@&s %.PBYORANE $ﬂy1; . .eilmiaig s

not .. be ] .

dur ﬁ;flsweyééﬁa%* e 48 54° fi ebi8y ?qﬁéengﬁF@&%ﬁﬁ%yﬁ%c%i&ui t
10B wi ) L : :
PEL or FERTG PopRRd; BRRANSS EDRNIFLEBifEh 1folbh e RPN IR o el d 'he

smal | belvostsacifityoPFumierresetvoirpdwer feam wels VW @nde/ 2. unhileobbost linde
di aneter. For exanple, a single 5.66 inch internal di arreterg&l D) Pi pe has

t he sane3@ssupplingpigitransfar Huid, tbe prodused diyids éom Méﬁ“ﬁﬁ W25, 66"
I D pi | g1 uid vl . unj twp.4.00" 1D
4821 P el ek el FRrBglng Moo 60 s BhogBiet fladec” 1 1
) poeErsT. \ | _ . t
Pone s Wilf o8t beldaged o sRE ERMTRMENt BYlvelth VN PB/AUME dibcalont o2

area" ex tocldse | ow tenperature ocean (although fluid velocity is
anot her 1 mMportanht consideration). The two 4.00" |ID pipes expose about
' While it is likely that product conduit 10B will need to be somewhat

larger than either of the production flowlines PF1 or PF2 of the arrangement of
15 Figure 1A, the difference should be small because pipe cross-sectional area
is a “squared function” of the diameter. For example, a single 5.66 inch
internal diameter (ID) pipe has the same cross-sectional area as two 4 inch ID
pipes. Furthermore, a 5.66" ID pipe can deliver more fluid volume per unit
length than can two 4.00" ID pipes because of reduced friction/hydraulic energy
20 loss. | |
A 5.66" ID pipe (for a given internal pressure rating) of 10B may have a
lower heat loss/unit length than two 4.00" ID pipes because of its reduced
“surface area” exposed to the low temperature océan (although fluid velocity
is another important consideration). The two 4.00" ID pipes expose about
25 40% more area than does the 5.66" ID pipé. If the 5.66" ID pipe is reduced to
provide an equivalent volume transfer capability as compared to two 4.00" ID
pipes (coincidentally providing similar flow velocity), the surface area ratio
favors a single larger pipe even more (plus reduces cost/weight still further).

A single larger pipe arrangement is especially attractive from a flowline cost
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25 40% nore area than does the 5.66" ID pipe. If the 5. 66" ID pipe is
reduced to %rovi de an equi val ent volune transfer capability as conpared to

twor 4. 00" WOIPP448% (coincidental |y providing sinilar flow vRFHES?8/9918% he
surface area ratio favors a single larger pipe even nore (plus reduces
cost/weight still further). A single {prger pipe arrangenent is especially
attractive froma flowine cost WO 98/ 54499

PCT/ USORLASIER e GRBAL INduiafion i Be! roviiats; Dfomeeu distochmumesr

| arger/ heavi er arrangenments can limt i1nStallation options. "Because pig

del i verarfaingeméﬁtsi camiimieinstaléatiorooptiodsced fluids, there should never be
requirenment for it to be insulated. This adva E plus the 5

previ ous advBecaysenpigt delivaryding, ¢0AJs natdxp s &ﬁfﬁdﬂcaﬁ)fﬂidﬁssﬁwrm
Cpeol {1 8PPl newes e auiterhartfaict i biansbiated s Advantadar pliioen: . 40
S anet eprafions” Bubanjdad fihidied hrsist ityided Substaial orgy, Sebiia™s,

b aced POTHA efbecially PRI PIDS (FaArY | NEUSons ROl 5 ' The
pi g del specifidd/justified fomtheerpduet livel 108.né typicaldP|P amangement, d@rime wi de

range of vessels. Low cost, speed of installation and fl|exible scheduling
resul t Figurethitypieally seqdires apexternal gripest2 to have an quisidediameterof t 10A

T e S T R e Tt Bl B 9P et
e, e TRt 540 0 e (0irecgtRel R .,

si zed fap andetePrigl pi 4D of the soft pigis sinply 20 "chewed up”
upon entering line 10B. A single, typically welded steel/alloy or

mechani cal | y instatiationsofdiive/ pigl dslivary 'linec 108! mayi pe providedossing & “reeth
"plastic¢"” d ' flowi 10 f Fi 1 nbi |t | at ed
non- pr otRRATIAURATaGka HOR anae Sesale; diqw cost, Speed of installaon and  °

flexible scheduling result from this method of installation.

5 The ID of conduit 10A may be sized marginally larger than that of
product line 10B to minimize potential for pig induced damage. In fact
“scraper” or other pigs may be driven by a “foam composition” or other “soft”
pig (the “scraper” being sized for the smaller inside diameter of product line
10B, the “foam” being sized for line 10A). The OD of the soft pig is simply

'0 “chewed up” upon entering line 10B. |

A single, typically welded steel/alloy or mechanically coupled steel/alloy
or “flexible pipe” or *hose” or even “plastic” prodhétion flowline 10B of Figure
1 combined with an aésociated non-product line 10A should be substantially
less expensive to procurefinstall than two comparable production capable

15 flowlines PF1, PF2 of Figure 1A, even without insulation. Whereas subsea pig
launchers are limited as to the types of pigs that can be interfaced, the
arrangerhent of Figure 1 which embodies the invention can accommodate all
types of pigs. Furthermore, the arrangement of Figure 1 can accept any
combination of pigs deployed in any sequence over any period of time (untike
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| ess expensive to procure/install than two conparabl e producti on capabl e
flowines PFl, PF2 of Figure 1A even wthout insulation. Wereas subsea
pig launcP B3 | inited as to the types of pigs that canPEE/YSIBRIBIACed,
t he arrangenment of Figure 1 which enbodies the invention can accommodate
all types of pigs. Furthernore, the-aprangenent of Figure 1 can accept any
conbi nati on of pigs deployed in any sequence over any period of tine

(unli kesybsedD 3§/ 1atiABlers which must be “loaded” in advance, typically wi
PCT/U898/0918§ﬂ§ 12 - subsea pig launchers which nust beygloéﬁéﬁﬁhf%

advanceaeseyye oallike-twpetpigs e oedeetomihinkizet nepeadingsrequencigcos), Mhe mi ze
rel oadi ng frequency/cost). The invention provides the sanme flexibility

af f or ddBvegtiondprevisescthecsame: fexibility effosdedibygiwe pspductionrateddines

Whereas Figure 1 jllustrates a "paired wells" arrangement with a pig
del i ve?f?rlp?ggﬁgcﬁp%fﬁﬁc’gsproduct ion line 10B, the invention may al so be

lied to t [l " ' Y ke j | t [ tipl
For1 s T oo VVHEreaS PlaurdPhiliStiate 0P PATRU RIS SirEnBbRMEwRA 2B ' P ©
f1ow i nhslivepy lihe 1b§npan@$>r?er@b!‘mnhemomethe ihventiATnYaY aI$s B! aﬁt@duteo

and/ or cost Teduction. schematic of Figure 1 is pr
i |1 ust rtatteaditionak tmanéfold” applications where productfoememultipletwsli®ig donot be

! nvent iG] KTSERhPRRS WA TElRtiveY ey (Samgtimes ans)lowlnespor in fActany:
h f | icat Sl ar ] h | vi t
and 1y puablERERe WHhrelfte RS, bRae, VBl anfiat st Tg8LER0R, | FHETEN  on

6 | | ust rbRdhatic §5 Fitidrel RBrARdER Y} fii|@§tr%fésfg+§§éex%@%f%& G “DRCRENgNS

wi t hout devi ati omthe princlples an e I nvention. ile a

pr ef er rardamgeEntebut chddid motebentigweenas dimiting heeny Wais foagerd n
detail, it I's apparent that nodifications and adaptations of the preferred
enbodi riivergal| appioatiens tofothe siventioni disdhesed t heraineofusing a sPigp be 20

opi it DR GRS TR SRS HOUING BPPTGALSHS. STRUGHS: e ng
¢l al M8 yalving arrangement and types associated with the preferred embodiment for
5 the invention illustrated in Figure 1 may be modified to suit specific applications

without deviating from the principles and scope of the invention.

While a preferred embodiment of the present invention has been
illustrated in detail, it is apparent that modifications and adaptations of the
preferred embodiment will occur to those skilled in the art. 'However, it is to be

0 expressly understood that such modifications and adaptations are within the
spirit and scope of the present invention as set forth in the following claims.
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WO 98/ 54499 IM‘M’”"’MM M PCT/ US98/ 09189 What | s
d ai ned , Al travel ing pig and havy ends
co'nn'ect'eﬁ?gg@“ﬁ oduct recei Vi ng yaoi lity for subsea well S#%@Q%@Zﬁi ng
the pig for nmovenment along said line in one direction between said opposed

ends, said 5 | ooped line comprr$8ng, a high pressure product line
section extending fromthe subsea wells to the production facility for
pr oductWhatds Slaimed Isiw pressure non-product |ine section extending from

t he product receiving facilit an_ internediate

connecting I%1-ne s‘écﬁqm%émﬁegéf égf“@"&r"&gu_é’ig 13Nk "@lé’é"f'g PPRATed £Rds

oppos COBREEdD éia?éaf@@a@%%ﬁg-‘*%Fﬂ%%%fé%%@%@%ﬁﬁ?g%ﬁ&%%gﬁ”Lng
tchgsgi g;&lo'? capa%ltteék.)g5 slaw'c%&ﬁoé@%?ﬁ%ﬁﬁougﬁ ?Q?@?ggpgrgééfﬁg\{%ﬁd pr gglﬁc%/
§ i ne s¢soped lineocompeisiigduct receiving facility into said connecting | | ne
section wth said downstream shut-off valve closed and said upstream

shut-of f val.ve o%njgm rp@eps@rebpro@c?dimmsectgmn lelettetyiingefn?metheembsea) sai d
hi'ah . ; , . . .

ol osi Eéﬁ%fs“lﬁt  Braduction Ty Jor PraVEl B8NSPStopeni ng of Sai d downst roam
hut-of f . | . . ) _ . .

boost 1ine i s i n 3l BEsHERE-Rrolhctjin sBtfir e¥olid gt tekblodler 5 o

i s conpgebRAng $adilifyf,essurized fluid source for -selectively inserting a
boost fluid i% sal grconnecti ng |ine section behind said pig 25 upon

&l osing of said ugsinternediate conmectiriglinesdctigre betweeh said gproduoislineam
shut-of f val ve. 3. The | ooped line of claim1 wherein,
Section and said non-product line section; and
‘a pair of shut-off valves mounted adjacent opposite ends of said
connecfing fine section and movable between open and closed positions to
define upstream and downstream shut-off valves, whereby the pig is capable
5 of movement through said low pressure non-product line section from the
product receiving facility into said connecting line section with said downstream
shut-off valve closed and said ubstream shut-off val_vé open, the pig being
capable of being transferred into said high pressuré product line section from
said connecting line section upon closing of said upstream shut-off valve

20 opening of said downstream shut-off valve.

2.  Thelooped line of claim 1 wherein,

a fluid pressure boost line is in fluid communication with said
connecting line section and is connected to a pressurized fluid source for
selectively inserting a boost fluid in said connecting line section behind said pig

25 upon closing of said upstream shut-off valve and opening of said downstream
shut-off valve.

3. The looped line of claim 1 wherein,
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WO 98/ 54499 | PCT/ US98/ 09189 -.
1 - avem iine %'!!'Ul"‘!LE'J!JLW' cation wih said comecting Line

| i ne section and said | ow pressure non-product |ine section when-said
upstream shut-off valve is open and ai d downstream shut-off valve is
closed. 5 4. The | ooped line of claim1l wherein a pressure

bal ance val ve i-sai feit lihé i§ GAMMLITHCESMPRUNIChtion avith | sald i fretingnine pr oduct
| ine section. 5. In a transport systemfor the transport of a hydrocarbon

producsettiomandhas & VEWeomerehrsm selettive wemtipgomﬁmidrwmmm fineility,
sai d system conpri si ng e@Sed | i ne havi ng opposed ends
connec8eatien an sawtqwméesswan@omﬁpduwhaa@ ABtWOeR &Rid ppShieaiged to

receive, a t i 0 in.nova | i.ne, between said
opposeshiblrvale i¥ pBefand saic adonageant sBitaRaidlve (S BIGRRR: 1 ne. secti on
extendi ng from sai d subsea mells to the production faC|I|ty for product
transport, 15 a | ow pressure non-product |ine section extending from

st he product 4r eceTpen8opég iihelof cldiff1 avhereirrrmésaure balmE vaelisng section
bet ween said product |ine section and said non-product |ine section; and a

pai r -oflukhcomaftinicationwitiv said lbva gressure rean-proguctsiine sadtons sai d
connecting line section and novabl e bet ween open and cl osed positions 20
to define upstream and downstream shut-off val ves, said valves permtting a

Cad hi g pPossulh & dfteert Bsifodor ik HegRPLr ot MR8 Horl ARG ' 0Tl

5 wher gy & idxr*a't@ BF Subidea wens ol CF‘. g ggﬁtnfbééwangoféyﬁiynbsm kg?,%?’i‘?t h said

25 conn ting I'ine section an ect ed essur i [ uid
sourcecbnux&ﬂhgctlvely I nserting a pressurized boost f|UId in said
connecting line section

0 a looped line having opposed ends connected to a product

receiving facility and constructed and arranged to receive a traveling pig
therein movable along said line between said opposed ends;
said looped line having a high pressure product line section
extending from said subsea wells to the production facility for product transport,
15 a low pressure non-product line section extending from the product receiving
faé:iiity, and an inien*nediate connecting line section between said product line
section and said non-product line section; and
a pair of shut-off valves mounted adjacent said opposed ends of
said connecting line section and movable between open and closed positions
20 to define upstream and downstream shut-off vaives, said valves permitting a
pig to move therethrough from sadeow pressure non-product line section to
said high pressure product line section.

6. The transpbrt system of claim 5 wherein,
 a fluid pressure boost line is in fluid communication with said
25 connecting line section and is connected to a pressurized fluid source for
selectively inserting a pressurized boost fluid in said cbnnecting line section
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VO 98/ 54499 ”“\“Lm g‘M‘M\“\ PCT/ US98/ 09189 - 15 -
behi nd sahgppi%]u on § upstream shut -of f val ve and openi ng of
sai 8 downsY PN Rut - 611 val ve thereby to force a pig into PREUSERAIIEY
pressure product line section, and a branch |ine extends from each. of said
subsea wells to said high 5 presgfre product line section to provide
product to said high pressure product |ine section for novenent of the
product bashingi saitiopighepan elbsing of eid ubstrearh shiy-offTvalve B obaRfRy o
systemas set forth in claim5 wherein, a vent lineis influ

comuni &aid clownsineaa shuteoifivalventhereby tooforce & pig into thediighypressurae
havi ng a val ve. .therein for selective venting of said connecting |ine
section p&ﬂé”é!'@l%‘ﬂf‘e?@ﬁre non- product |ine section when said upstream

e LT

| ance | 5ol ik ' ] | IChi - pfoduct
e Sobreeire frodiict it SoCRom I pEGHE bttt 15'e5id AIMIPLRSSUE AlBRuEY °
pr essur éiner selotion Ifonamovefmentafliné. productabrd! iy & B9 WredREPecdiving'e | S
uni nsul ated. 20 10. The transport systemof claim9 erélin

sai d i n§acilityd hi gh pressure product |ine includes inner and outer -coaxia
conduits, said inner conduit having a smaller dianmeter, said outer conduit
having a | arger dianeter relative to said inner conduit, with insulation

s/ 9o l5 e hfd HBRBpSR' shshdiichs 381 1S T4 FARB\inell, VIO 98754499

a vent line is in fluid communication with said connecting line
0 section, said vent line having a valve therein for selective venting of said
connecting line section and said low pressure non-product line section when

said upstream shut-off valve is open and said downstream shut-off valve is
closed.

8. The transport system of claim 5 wherein,

(5 a pressure balance valve is in fluid communication with said low
pressure non-product line section.

8.  The transport system of claim 5 wherein,
said high pressure product line is insulated, and said low pressure
product line is uninsulated.

20 10.  The transport system of claim S wherein,
said insulated high pressure product line includes inner and outer
coaxial cgnduits, said inner conduit having a smaller diameter, said outer
conduit having a larger diameter relative to said inner conduit, with insulation
material disposed between said idner and outer conduit, and
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0

sai d uni nsul at ed Io “U!“EQ line is of a dianeter substantially
the sane as said |n Id high pressure product line. 11. A
met hod f YO P¥/5448%ort i ﬂg @ ﬁl g fromone end of a | ooped |i REEESHBARRIEYt her
end thereof with the ends connected to a host facility for subsea 5
well's, the | ooped line having a | ow gy.essure non-product |ine section

adj acent said one end, a high pressure product |ine section adjacent said

ot her end thereosﬁﬁ%tmﬁse&té@tw rgure prBauteling RIGH Bediapgreract |i ty,

and a connecting line section between said’l ow pressure non-product |ine
sect i ogubstantiailytHe same &s saiddnpeoconduit ohsaigdsighqressarel predidetdireanpr i si ng
the following O steps, positioning a closure nenber adjacent each end

of said connecting line section, each of said closure nenbers being
menber pos {loned Agtae{6r yaﬁapp&q‘bdqoééﬁéﬁ?@%?@ié srder laohed GagtBon ©o
bosi t1 ea’fﬁsf s HRrEBh Wit 7 pBoSTRITedRh {0 F istaacitg 1) SuBBFHR

downst yapg ﬁie%bpednméq%wn 'aawgré’sé{ﬁétndn -Produiet ImePseetion alfadeht! Ui d

comuni cation wth said conhecting Iine adjacent said downstream and

upst r esaid: bpeuend2@ hlgh pmdsere prodact lige sevtioacadjacent said atiher gadt | i ne
closure nenber in said vent line and a sel ectively operabl e boost l'i ne

cl osur theresbextending between thmeSUbiSﬁgeWtﬁ“ﬁgaadpﬂ@ |h¢5§efﬁﬁllllthv\ﬁpdeasur e
cect | oRONBRRNG S SPRICH eMesn sait ol PirGoHI e BOBFRANE IR ERAOTL AR ng sai d
ﬁgmiiéﬁz'?aﬁﬂrﬂ@%%%@%“mo, BYSiorE 58 meioR mPRsing 8 alichiing' °*“\5
98/544§m§ps, PCT/ US98/ 09189
~ positioning a closure member adjacent each end of said
connecting line section, each of said closure members being selectively
movable between open and closed positions, with one closure member
positioned adjacent said low preséure non-product line section to define an

5 upstream closure member and the other closure member positioned adjacént

said high pressure product line section to define a downstream closure
member;

placing a vent line and a boost line in fiuid communication with
said connecting line adjacent said downstream and upstream closure

0 members;

placing a selectively operable vent line closure member in said
vent line and a selectively operablé boost line closure member in said boost
line;

inserting a pig in said low pressure non-product line section for
movement along said non-product line section;

opening said upstream connecting line closure member, closing
said downstream connecting line closure member, opening said vent line
closure member, and closing said boost line closure member, and then moving
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- 17 - said pig from m‘m mﬁm‘ﬂ ﬂL non- product |ine section into said
connecting |ine sect | 33‘ ‘ J stream cl osure nenber_ | y] pen
position RSB and ct osf ng s&id® upst ream connecting |i n& 3(‘8? Pgls nber,
opening 5 ° said downstream connecting line closure nmenber after said
pig is received within said connecti-n4ine section, and then closing said
vent |ine closure nenber, opening said boost |line closure nenber for

transf esai'drpjgsmbrdl said Ibwopressiude comapradua linenseciian info said coswettinggh
pressure product |ine section through said open downstream cl osure nmenber
for novimersection dheoyghy said diRpireamdcinsure member i} dB6UPBEPr Basition i ne
section,to-a_posjtion at which well fluids force said pig to said host
facili tﬁh reof, and et hod f or transporting a pig in a subsea | ooped |ine from

ot henost |1 acksfid'sBltE ubS8Rafh LoRAeCfl HIETIBsuR hABEL Gpefly’ o
sommuni gaid @Bwistidain fwihe&ng line RIGSse’ mérﬁbbldaﬁéf)%bfd ng%wvbd

conprising the steps of, tranSporting the pig fromthe h facility via

t he | ovwithérs Said mnecungt line Isectiogh andethen elasing isaid vent lise mjosure hi gh
pressure fluid fromsaid subsea well to force said pig.n sad hlfgh
pr essur meraken, Opening:saig brest lingglesurg member for transferring said pig from

said connecting line section into said high pressure product line section through
said open downstream closure member for movement of said pig through said

10 higﬁ pressure product line section to a pdsiti_on at which well fluids force said
pig to said host facility.

12. A method for transporting a pig in a subsea looped line from a host
facility wherein the looped line includes a low pressure section from the host
facility to a high pressure section which is in fluid communication with a high

15 ~ pressure fluid from a subsea well, comprising the steps of,
- transporting the pig from the host facility via the low pressure
section to the high pressure section; and
' using the high pressure fluid from said subsea well to force said
pig in said high pressure.section to said host facility. | |
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