e3e+®m +T+ APPARATUS AND METHOD FOR GRAVEL PACKI Nelwuwmmmn
‘ H‘w CHNI CAL FI ELD OF THE I NVENTION [0001] This
rel at ral to preventing the production of particul ate natepdizl s

t hrough a*¥W8¥! bore traversi ng an unconsol i dated or |oosely consolidated
subterranean formation and, in particular, to an apparatus and nethod for
obtaining a substantially conplete gravel pack within an interval of the
wel | bore. BACKGROUNREEARATUY MHTNMEIRINGUR GHAVELIPACKINGNg the scope of
t he present invention, its zgdipchkarsind icr deserniwesrav th reference to the
production of hydrocarbon fluids through a wellbore traversing an
unconsol i dated or | oosely consolidated formati on, as an exanple. [0003] It

is well known in the su?& ﬁﬁ?&ﬁﬁanﬁtb %'EhbngN% g ggﬁpletlon art that
particulate materials StK$;1Erfﬁﬁﬁfﬁﬁﬂfii?fﬁfﬁhﬂﬁggﬂgurrﬂ t he productlon of
hydr ocar froma wel| traversing.,an unconsolidated ar | oose

consol i d ?@@glsubt eh%v?%Fnﬁ?|5%laﬁﬁﬁeﬁﬁhs I bt et WﬁfeW§ﬂﬁ£Q%;EPe
result of the production of such particul ates, For exanple, th

part i cUPECEHCEIPPe aBF asiPAE tWeaH at® coMpbREARS Swi tHIFPYHE wel | W%Uckpp%%
tubi ng, punps and valves. In addition, the particul ates may partlally or
fully cltegversing | @ﬂ@atlngc©héoheédtedr afTrexpdsisgd nor keresol idiateed i f
the particulate matter is produced to the surface, it nust be renoved from
t he hydsobaelramnidamn dsodma ipracessd ngieqpeptentlat, t e sur fagpea rdt000494ndne
met hod for preventing the production of such particulate material to the
sur f acemes hgavebrpagkitagntihg el | sqesasebial Dyt heomprensol geatet qsack

| oosely consolidated production interval. In a typical gravel pack

conpl et ,QRK A $ANd EIUVAl SCHERN S Iwes ed into the wellbore on a
workstring to a position proximate the desired production interval. Afluid

slurry including a I'iquidy6RERKBDBE FuPakii/eNrdbg material known as
gravel is then punped domm*gﬁe~vww*:£¥¢#mr1ﬁéﬁﬁfn1r1h wel | annul us fornmed
bet ween and rol cresn and th erforat i ng or .open hol e
productﬁgﬁsz F@&%@]tT |qw E%ﬁr? ?p%i?ﬁ %gFlgresia HTHE Yo Wit i on
or returns #ﬁﬁ%he sur ace b flomhﬁg throu&h t he sand con rol screen or
both. |RhCEi tﬁé ik d%ngl EFeIFEFTd thetBENF Figton
screen to forma gravel pack, which is highly perneable to the flow of
hydrocanonhMQIQEﬁqhﬁnbIB%RéthethFﬁwqm tthe %%%%P%H?at§§38§ﬁﬁ%&$|r?Qhe
hydr ocarbon fluids. As such, gravel packs can successfully prevent the
problenﬁnaggééﬂéﬂé@aﬁtrpnhelpnsaﬁyti@wnﬂbhﬁﬂaﬁaﬁﬂaﬁ@ﬁmﬁtinnterﬁélsEﬁrom
the formation. [0006] It has been found, however, that a conplete gravel
pack ofekhmpdesired production interval is difficult to achieve
particularly in long or inclined/ horizontal production intervals. These

i nconpl ¢oeopacks are iconwedly kmowesulit @het hubtapitdheat r wel 1enrirarli Nigha
perneabl e portion of the production interval causing the gravel to forma

sand briggecbiptBeiannuts thtergafd efuldte mandrbii dggupheuentsainidienssl urry
fromflowng to the remai nder of the annulus which, in turn, prevents the

pl acenept Bfro%l'df::fe'dc'cﬁ{ltlr%a’yﬁé beoahet&%m'&d%&ﬁoémc%wuwém EOQRA]L

Prior art devices and ods have been devel oped which attenpt to overcone
this s problem For_ e ttenpts en t
deV|ceggﬁa€%%gQ§ rfo?gted Jo ggﬂgéé?%ﬁlby%gss ggﬁgu?§s t%g %§Q$En§:cﬁong
the length of the san control scr en to rOV|d an alternate Bath for_ the
flluid STUPFSEEFBEAR t HeXBARUOBY | dod UMGEuH] | P oRdeM el outic L hovt o

t hat shunt tubes installed on the exterior of sand control screens are
result of the production of such particulates. For example,

the particulates cause abrasive wear to components within the

well, such as tubing, pumps and valves. In addition, the



susceptible to damage during installation and may fail during a gravel
packi ng operation. Also, it has been found that to cost of fabricating such
shunt tube systens is high. In addition, it has been found, that it is
difficult and tinme 3 consum ng to nmake all of the necessary fluid
connections between the nunmerous joints of shunt tubes required for typical

pr OdUCt%&)ﬁtiB&Eét’élsSma&oggg.]t itherefnr e neash hpstigé | senl1f eream iapgpahat us
and nmethod for gravel packing a production interval traversed by a well bore

that ougsgemes, | heprobbens; geeatedcbye sand Bibdges: £ A vigedhasiahagar i sen

for such an apparatus t I's not susceptible to damage during installation
and wi || faLl I a. qr I i ner at | F e as
arisenI?%ggéﬁcﬁgaﬁgééggggt&g ?%E% %&?ﬁéﬁ%ﬁ g& é@%%ggb%ngéﬁgﬁégi?F?§Uﬁpgor
time consunming to asseml e, SUMVARY OF THE I NVENTI ON [ Q010] The present
vent ORCHP SErBSRAE REr SnbE oRBPFEsS 12 ABBAFYERE Sl T FAF TR br avel
packi ng a production interval of a wellbore that traverses, an

unconsol 994 Ed orOneod@shednd@n dREEHSPEAREL | BRSt IREC UV tofeLE heuch

probl ens created by the devel opnent of a sand bridge between a sand control
screen particulate material to the surface is gravel packing the well

adjacent to the unconsolidated or loosely consolidated
production interval. In a typical gravel pack completion, a
sand control screen 1s lowered 1into the wellbore on a
workstring to a position proximate the desired production
interval. A fluid slurry including a liquid carrier and a
particulate material known as gravel is then pumped down the
workstring and into the well annulus formed between the sand
control screen and the perforated well casing or open hole
production zone.

[0005] The liquid carrier either flows into the formation
or returns to the surface by flowing through the sand control
screen or both. In either case, the gravel 1is deposited
around the sand control screen to form a gravel pack, which 1is
highly permeable to the flow of hydrocarbon fluids but blocks
the flow of the particulates carried in the hydrocarbon
fluids. As such, gravel packs can successfully prevent the

problems associated with the production of particulate



and the well bore. Inportantly, the apparatus of the present invention is
not susceptible to danage during installation or failure during the gravel
packi ng operation, is cost effective to manufacture and is not difficult or
time consumng to assenble. [0011] The apparatus conprises a sand control
screen that 4 is positioned within the well bore and a tubul ar menber

di sposedsaspundst heopandeCcapthak igereen formng a first annulus with the
sand control screen and a second annulus with the well bore. The tubul ar

menber Pagogy axi ?U%l@(t}?é‘gh”&oﬂhﬁdu%dﬁ\r&emtHQtW'at hc@m;?ié”éé' It vefl

openi ngs and an axi al ext endi ng nonpr oduction section with a plurality of

outlets, cha ne i h|nt e first .annul.
subst a®f& Iy H%ﬁ?ﬁ eagﬁ gl 5P| Wltf]'in ﬁévﬁ%np%gdugtlrfgfn CJSZL(';:“ écr? of

t he tubul ar menber to a sI passage The.channel has a
web andBSNEETT BRCEHEUSPEary ‘o aog.afg%im K BoBeranCahgPE o 1oRe web
of between about 45 and 90 degrees. The ends of the sides nay be square or
may be ¥oteEdalsn ei ThepecddComHEts dedCksnttde FARMPRAES asuF?%t‘é%toP t he

t ubul ar nenber when the pressure within the slurry passageway is bel ow a

pr edet etine netliigaliide. cp@@Li3jr Weertettinqpr esswperngaihle thersianr yopassdgeway
is above the predeterm ned val ue, however, the sides will separate fromthe

i nner spirdacet Dbnt Hatlernylarcarsbey ther ejrdernd ptessore. alheapdedsidge
relief capability is allowed as the channel is attached to the tubul ar

nmenber it Rkrat t agheils MenbeSrddiete £0NRYE EhAdWEDr Ddgé hereiaiiied et he
t ubul ar nenber | eaving the sides free to deform Alternatively, the channel
may be conpect ed ko kG i$RP% S the remainder of the annulus which, in
turn, prevents the placement of sufficient gravel in the
remainder of the annulus.
[0007] Prior art devices and methods have been developed
which attempt to overcome this sand bridge problem. For
example, attempts have been made to use devices having
perforated shunt tubes or bypass conduits that extend along
the length of the sand control screen to provide an alternate
path for the fluid slurry around the sand bridge.
[0008] It has been found, however, that shunt tubes
installed on the exterior of sand control screens are
susceptible to damage during installation and may fail during
a gravel packing operation. Also, it has been found that to
cost of fabricating such shunt tube systems is high. In

addition, it has been found, that it is difficult and time



control screen. [0014] In sone enbodi nents, the tubular nenber will have
nore than one axially extending production section and nore than one
axi al |y extendi ng nonproduction section. In these enbodi nents, a channel
corresponds to each of the nonproduction sections such that nore than one
slurry passageway is created. [00l5] One nethod for gravel packing an

i ntervakoplsumingl | Ber emaket ha1pr esent théVveidd s £OFPr £ BESd t redteisd igores
formation with the wellbore, locating a sand control screen within the

vel | Dor @ LRl fel Nk Bd 0o pAS LNl iy d UBUls marhars M hifod he
wel | bore formng a first annulus wth the sand control screen and a second
annul us _wi t.h _the wel | bare .di%posin a channel within the first annul us

such thgypﬁﬁglc gﬁﬁeC|¥§QHJ%;eﬁﬁ%%.1y circunferentially aligned with a

nonpr od [ section of the tubul ar nenber form a slurr assageway,
o bot 190881 Ui o TERFEP Toneal AT GRaverT ERRBUGHFT NETs| BPFGBal sagiity
such that the fluid slurry exits the slurry passageway _through outlets and
t er mi nalEkgochd ornjdieng Rtehithea i AFedvaFips éagﬁPféftaél F FFEEEE iR & he
gravel. [0016] This method nmay al so i nclude contacting the sides of the
channel weilfthoae ithedr swefacwedf thie pngilleas nenderedhbyr 6and Heriglessur e
within the slurry passageway is below a predeterm ned val ue and relieving
pressure fresmit hassl aisy passagewaohy sakhowamg ddmmrsitdes ahattheishamtel to
tenporarily separate fromthe inner surface of the tubular nenber when the
pressur guwkckpikablibe S UbkhaRRS SAFEVRY Iihstauettike, pagdeterim nadtvaddiel.
[0017] Accordingly, the apparatus and nethod of the present invention
over poneughﬁgpgo@r%%lawﬁwdoﬁ\émifﬁ. FopREhap, Of $@RE Mas198Sisen
Specifically, if "a sand 'bridge forns, the flurd slurry bypasses the sand
bridge tr I i.ng i t.hi t f . ese i nt §.Q4%.
Ther eaf §¥,S?§§ Fﬁuﬁ#&§%§$§§§Q$¥ga{%eggﬁga?g?ggeéﬁét%édp?§§é5¥'|H§%Hfion
in the slurry to be deposited in the second annul us

allomﬁng tge gravel . 3

such th3t &'BonpPBPETGFEVEC F& S he interval can be achieved. BRI EF
DESCRI PTI ON OF THE DRAW NGS I0018! For a nore coqglete under st andi ng of the
features and advant ages of T ION ef erence is now nade to
the detail ed description of the invention along with the acconpanying
figures fROWAIch EBPr eGSRt gi AVRRELPE A SCRESEC gl f FHUPESSEEf & to
correspondi ng parts and in which: [0019] Figure 1 is a schematic

i |l ustrappanabhsaandf fttdred of prapgdages plaatfioyom appradiagian dpgaratds for
gravel packing 7 an interval of a wellbore of the present invention;

[ 0020] &fgur ew2lildboartitdlatcut raway sesevanf arcappal adarsed orogr dwelsedacki ng
an interval of a wellbore of the present invention in position around a
sand cotdhiebl seseen; flothd]idr ot 3otz rpambkalt heUtp ByByevs evrebtad by

apparatus for gravel packing an interval of a wellbore of the present

inventiohe i Qe POSbHMEALALRURD iRk G N £ $&E8€N: sand control screen
and the wellbore. Importantly, the apparatus of the present
invention is not susceptible to damage during installation or
failure during the gravel packing operation, is cost effective
to manufacture and is not difficult or time consuming to

assemble,

[0011] The apparatus comprises a sand control screen that



[0021] Figure 4 is a side view of two adjacent sections of outer tubulars
of an apparatus for gravel packing an interval of a wellbore of the present
invention that are coupled together; [0022] Figure 5 is a side view of two
adj acent sections of sand control screens having channels of an apparatus
for gravel packing an interval of a wellbore of the present invention

positioned pBsheliahiean tWhamalo; {H23]le Hgbre 6ahd aacr eabuieet i aralbed ew
of an apparatus for gravel packing an interval of a wellbore of the present

| nvent | 80spaskh] oBeduaEOURRa aRA CABRERL15CEERRANd dakanaal ang ding 6-6

of figures 4 and 5; [0024] Figure 7 |s a cross sectional view of an

appar at yg, (91, OL2YE! RACKNY AN, Jaer val, Of, 3,48l LbeLe Egn%uer%smtth
i nventi on positioned around a San coﬁ? Sctéen”and taken along l'ine 7-7
of flgures 4 LS a Ccross sectjo

5; 8 002 8
appar at G&ef dfe * pac &ﬁ’ rrer\‘}%\rf‘ BF 43kl FBoranJo?ff%e ey

i nvention positioned around a sand control screen and taken along I|ne 8-8
of flgupégdgc5ﬁ6n5sectlon with a plurality of openings and an axially

extending nonproduction section with a plurality of outlets.
A channel, that is disposed within the fifst annulus, 1is
substantially circumferentially aligned with the nonproduction
section of the tubular member to form a slurry passageway.
[0012] The channel has a web and a pair of oppositely
disposed sides that from an angle with the web of between
about 45 and 90 degrees. The ends of the sides may be square
or may be rolled. In either case, the sides contact the inner
surface of the tubular member when the pressure within the
slurry passageway 1s below a predetermined value.

[0013] When the pressure within the slurry paésageway is
above the predetermined value, however, the sides will
separate from the inner surface of the tubular member to
relieve pressure. The pressure relief capability is allowed
as the channel 1is attached to the tubular member with
attachment members that connect the web of the channel to the
tubular member leaving the sides free to deform.

Alternatively, the channel may be connected to the sand



[0026] Figure 9 is a cross sectional view of an apparatus for gravel
packing an interval of a wellbore of the present invention positioned
around a sand control screen and taken along line 9-9 of figures 4 and 5;
[0027] Figure 10 is a cross sectional view of an alternate enbodi nent of an
apparatus for gravel packing an interval of a wellbore of the present

i nvent icahtaasl tdewesh ar ound a sand control screen; [0028] Figure 11 is a
cross sectional view of an alternate enbodi nent of an apparatus for gravel

packi ngoprdnterval ebme Vehbhbeigeftst e HY es8Bhi1 bRV e ho8r PQSIItl ORgde
around a sand control screen; [0029] tlgure 12 is a cross sectional view of

an alt ?r{or}%t egﬁgﬁo%{?”%x%ﬁ% f‘%ﬁ?éﬁcﬁﬂf? Lﬁ?ergglh%‘éﬁ'onpa&&{‘goﬁ” 4y epyal of a

wel | bore € present inve posi around a sand control screen;

L0050 00" 503 A S OB BT T o 3 0L B0 PR, ST BB 1

i nvention positioned around a sand 9
embodiments, a channel corresponds to each of the

nonproduction sections such that more than one slurry
passageway 1s created.

[0015] One method for gravel packing an interval of a
wellbore of the present invention comprises traversing a
formation with the wellbore, locating a sand control screen
within the wellbore proximate the formation, positioning a
tubular member within the wellbore forming a first annulus
with the sand control screen and a second annulus with the
wellbore, disposing a channel within the first annulus such
that the channel is substantially circumferentially aligned
with a nonproduction section of the tubular member forming a
slurry passageway, injecting a fluid slurry containing gravel
through the slurry passageway such that the fluid slurry exits
the slurry passageway through outlets and terminating the
injecting when the interval is completely packed with the
gravel.

[0016] This method may also include contacting the sides of

the channel with an inner surface of the tubular member when



control screen; [0031J Figure 14 is a half sectional view depicting the
operation of an apparatus for gravel packing an interval of a wellbore of
the present invention; [0032] Figure 15 is a half sectional view depicting
t he operation of another enbodi nent of an apparatus for gravel packing an
interval of a wellbore of the present invention; [0033] Figure 16 is a
cross sedioppbsyiew ofwithei ref prant isQnrely a pdogupdwalri ag t heeoper aki on
of an apparatus for gravel packing an interval of a wellbore of the present

i nvent il dQ03Indd WAk beiga fé??.év?ﬁ&tiﬁ@ésd’féwﬂ:fon@ ¢hannghyetyan
apparatus for gravel packing an interval ©of "a wellbore of the present

i nventi t qggg o] It er usl. of nd..c l,. sc ; ]
Fi gure p%{?]-s?agtea rgbs% aégg?‘?ghgl tefg’e\%lggﬁ (?tf?r?}aesgcvhea%éfén%%d§%§§?ggg?§g
channel of an apparatus for gravel packing. an interval of a wellbore of the
pr esent>SHAFEHS ok Cant ¢ 0038F L FPYEE Cfgogst cﬁ£§¥%ﬁﬁnW?WBﬁer%ﬁPoghe
anot her enbodi mrent of a channel of an apparatus for gravel packing an
i nt er vATSSSUW She| MEdHe Tof e pr 8I8FTYi nvBAESEASYBETAI LED DERERFPTI BREOF
THE 1 NVENTI ON 10 [0037] Wile the maki ng and using of various enbodi nents
of the pyeskedpriimeashtyaiiear e di scussed in detail below, it should be
appreci ated that the present invention provides nmany applicable inventive
conceptl®0MVilch cardrerdivoplly edthe appedetuar eetly meftheogeciff itheoptesest The
speci fic enbodi nents di scussed herein are nmerely illustrative of specific
ways tanveie iand eiserdédie i Brentgrablaayd dosooiatiedi pitht s copEmOtidhe
present invention. [0038] Referring initially to figure 1, several
appar alysesaf @r nghd%els Packiae i8R cant g val s ofF &R | BRI §gePeAidg £hem an
of fshore oil and gas platformare schématically |IIustra?ed and general ly
desi gnat 1 - siihl e nl atf I I OV Rl 1 Supper ged
oi | anglggg %olrdr?raﬁgﬂr)]y %Qggéa:tgg be n?w%%@#%o%? %g.gb%lg&gségltcrglnrgwt 18
extends _from.deck 20 of platform 12 to | | head,jnstallation_22 ipgcluding
bIomoquB?§3§Hﬁerg%24F ?ﬂé??%%ﬁ&&2133§n£§88rsti G eXSEA A s ﬁéeanﬁf e
derrick_28 for raising and | owering ?ipg'strin s sugh as work sping, 30.
[ 0039] SAMKEN! BUFE"B32L8%t ARRAEH WALt I e\/aFP‘F%%%“%aH‘F{eEFFé’Pa 9% g
formation 14. A casing 34 is cenented within wellbore 32 by cenment 36. Work
stringtBe 9F@VEde WartRrisStebrE FAacPadrrgoappafatisdhe3gecmnd anyplugyravel
packi ng an interval of wellbore 32 adjacent to formation 14 between 11
packer sugh, #Batndai monpheu argraggon rack nodr vahe48invaemailt ¢andex red
to gravel pack annular interval 48, work string 30 is | owered through
casi nga8iiaenedl. apparatuses 38, 40, 42 are positioned adjacent to formation
14 including perforations 50. Thereafter, a fluid slurry including a liquid
carrier and a parti cuBaie& MaESCRIPTIOrh oFs THFRDEHAWINGRInped down wor kstring
30. [0040] As explained in nore detail below, the fTuid slurry may be
injectedogsyirel yoirnt® appar abdmp38trandisaueidndd hy Hrowhlr aurures
apparatuses 40, 42. During this process, portions of the fluid slurry exit
each appar @HU%n%%g,e@oof‘l?ﬁﬁém&réQ@ﬂttfﬁvéll:’c'ign,y VEEY rEREE S s2HH Hade ,
interval 48. Once’in annular interval 48, a portion the gravel in the fluid
slurry,Ls 03 erej . f _th | qu] crer ept f.qrmati on
14 thr%%gﬁql%gr %Ir:g %%ﬁ %%ﬁ%ﬁ%ﬁ Pgérrgclr{néder%g?ﬁﬁéhf Iau]irgg’y%a%?ér ,t%aﬁ ong
wi th sone of the grqyel reenters, certain sections of agﬁgrgﬁuses %gf 40,
42 depdsFPTRE GraFel T1HRF ST n. Pas W RarBr SR SRRIEHS Gf ° %cSnt 181 <S¢ eens
(not pictgred% are positioned within apparatuses 38, 40, 42, the gravel
remai nfhtFReRheILPHIESSFEEEYF it FOLATGRMEF M DMFT Y dTyr s+ gh. The
liquid carrier, however, can travel through the sand control screens and up
to thel@@tPhce i AlgukRovin ManAeschemehigs itlHrstgh tHl Alshf pRpe odddF oo t he
annul us

0oil and gas platform operating an apparatus for gravel packing




12 52 above packer 44. The fluid slurry is punped down workstring 30

t hrough apparatuses 38, 40, 42 until annular interval 48 surroundi ng
apparatuses 38, 40, 42 and portions of apparatuses 38, 40, 42 are filled
with gravel. [0041] Alternatively, instead of injecting the entire stream
of fluid slurry into apparatuses 38, 40, 42, all or a portion of the fluid

slurry &soulkkevd njeet edwdi1estt Yot Nt Re appdkanti Dhoevidliof in a known
manner such as through a crossover tool (not pictured) which allows the

slurry Edbédslgve| F{omd he i1d epbokigh WAIksSELLDY By 0ckheeXkpphehtat

wor kst ring Again, once this portion of the fluid slurry is 1n annular

interv 48 rtion .Qf t ravel _i.n e_fluj ry ¢ pQsi in
annul a?ﬂolrnt 8F35E94§>_a%01% o?gt ﬁ‘é%elra’lﬂld %gr Fi e"kjéirjrla@&fe)%t érf ?tokgeena??%%ggﬁ
throughIferforation 50 whjle the rgnainder of ghe fluid carrier along with
some oft THE Gravet? et sl eRriPindett FARS OP EpBar AFGEEL 738, 40, 42
depositin ravel _therein. The sand control screens (not pictured) within
appar at 3B, 40.9Ue disald oRRFGEBRerCUR gRUBY oV IGY t RE FTavaPPBARTEFI ows

the liquid carrier to travel therethrough and up to the surface. If the
fluid dar rgragednracddiyngprapainitgitivali npeceedvali feene yoifnttdheanpnaeaent
interval 48 and a sand bridge fornms, the fluid sluxry will be diverted into
appar atissent3gin 40) piPsitoi daypassundi s samd d38ntrbii dgeesunch that a conplete
pack can nonet hel ess be achi eved. [0042] Even though figure 1 depicts a
verticdgloogd] , itrishotd dabesnet eddey wiwey skil ted iadjlaterar tsddwedotdeot
apparatus for gravel packing an interval of a wellbore of the present

i nvent iR dyS Bl d ¥s Wekl i diish fiudiseot Ngdeybat 8d MBI ard nehi8pdavel | s
or horizontal wells. Also, even though figure 1 depicts an offshore

operatign, i t  sheul.dbe ot ed by 0ne 5 i'lﬁgeh?ikﬁe fhhet Nafet he appagat us
for gravel packing an interval of “a Well bor & of “the present 1nvention is
equall¥ well-suited for use in onshore operations. [0043] Referring now to

figure f?eﬁﬁﬁ?ﬁin is depicted a partial cut away view of an apparatus for
gravel [%%§I§i]ng arl“iigr{ltreer Vgl igf aa sVXe eI bvoireew ch>ft QSOpral%sj%rclztenitnvseenééioonnst h(% s
sand control screens having channels of an apparatus for
gravel packing an interval of a wellbore of the present
invention positioned in relation thereto:
[0023] Figure 6 is a cross sectional view of an apparatus
for gravel packing an interval of a wellbore of the present
invention positioned around a sand control screen and taken
along line 6-6 of figures 4 and 5;
[0024] Figure 7 1is a cross sectional view of an apparatus
for gravel packing an interval of a wellbore of the present
invention positioned around a sand control screen and taken

along line 7-7 of figures 4 and 5;



posi tioned around a sand control screen and generally designated 60.

Appar atus 60 has an outer tubular 62. A portion of the side wall of outer
tubular 62 is an axially extending production section 64 that includes a
plurality of openings 66. Another portion of the side wall of outer tubular
62 is an axially extending nonproduction section 68 that includes one or
nmore oufd@25] 70. Feogureasonsst hatcrwidd deconEnappatent dH sdhoa@pakdatued in
the art, the density of opening 66 wi thin production section 64 of outer

tubul arebe iy$aRaqh 19&@1@11@{; Lbhan fher-densbky Of yoribeks HF | fhoopREedHGt i on
14  section 68 of outer tubular 62. Also, it should be noted by those

skill ed% er‘iPﬁoﬁ” éaotél% hed! 5?%899 fd ggéﬁdz a5 dep %E?ﬁeﬂpe&ké‘g%a@% and
out | et as being circul'ar, other shaped openings may alternatively be
used mﬁtfout ﬂegaréiﬁg framthe principles of the present invention.

Li kewi se-oR%Yentfobigh Prghrd sSRad 8Bfi cfed openings 66 as being the sane
size as_outlet 70, openings 66 could alternatively be larger or snaller
than out9%%6%70 wi FhetFedépats i Ag FOEH tIREHIITRE pVégWoP Tt RN pREBERA LUS
invention. In addition, the exact nunber, size and shape of openings 66 are
not crif9rabreyetlheoprletent annvardwiral sofl engvatleorei efenther paeisent
provided for fluid production therethrough and the integrity of outer

t ubul ariG@entsiomi micesiirnechndd044obndpasedanidt iantmdler stubehararG® aadean
opposite sides of each other is a pair of channels 72, only one channel 72
bei ng dxsdrid elifdagrel s£72ipue¥sde splAstantial circunferential fluid

i sol ati on between production section 64 and nonproduction section 68 of
outer tigudAr 62 i &hrer €9SuUre J €b+&ds CaRabibhhy 33 HXRIAI f8dahl BeBREe
detail below. As such, channels 72 define the circunferential boundary

bet wee passage aw_ng t dj al . bo efi-ned by
nonpr o lj@t?%%ﬁ%%%t?gngggé%%a%é{tg? ;‘fll?%ulgggv%; g]adélglq{pfoadﬁcwg%E%%gh\%gygm,
havingqubqytgr r%gigh boundar% define%.lS bé.grodu tion section_64 . of
outer tUBUTAT%2° 0048] TXEPokd W R ChaRRBEET795Fs 3 XERA FonPRBF
screen assenb]y 78. Sand control screen assenbly 78 includes a base pipe 80
that h&EHRurstiT57of openings 82 which allow the flow of production

fluids into the production tubing. The exact nunber, size and shape of
openi ng(so%’zelare Notd¢Fetildgis a cross sectional view of an alternate

embodiment of an apparatus for gravel packing an interval of a
wellbore of the present inveﬁtion positioned around a sand
control screen;

[0029] Figure 12 is a cross sectional view of an alternate
embodiment of an apparatus for gravel packing an interval of a
wellbore of the present invention positioned around a sand
control screen;

[0030] Figure 13 is a cross sectional view of an alternate
embodiment of an apparatus for gravel packing an interval of a

wellbore of the present invention positioned around a sand



to the present invention, so long as sufficient area is provided for fluid
production and the integrity of base pipe 80 is maintai ned. [0046]
Positioned around base pipe 80 is a fluid-porous, particulate restricting,
sintered nmetal material such as plurality of |ayers of a wire nmesh that are
sintered together to forma porous sintered wire nesh screen 84. Screen 89
i s desigoertdrbd atkeenfl uid flow therethrough but prevent the flow of
particulate materials of a predeterm ned size from passing therethrough.
Posi ti opggd3ajoundrsgheen B4 iis aasHLeN Beuwsiinga86 vhah haspbcplmgaltney of
openi ngs 88 which allow the flow of production fluids therethrough. The
exact nHH@Pétl?hZ%fa%ch P2 oL, OPLBENGE TR $000 Ay 11 CahebOvbNC BT asent

i nvention ong as sufficient area i's prOV|ded for fluid productlon and

the |nt§g£££¥F8fO?ogﬁ%ngrégephat oth%H% [0047] It should be understood

y those ed’i'n ypes of filter medi a may be used in

conjunc w, th apparat.us 60. exanple as seen n f| ure ,

wire mmg$gg%feen 5&98ﬁﬁ|yf%oﬂﬁhy aﬂFgﬁha e Béa&seﬁlegcr e90
has a base pipe 92 that has a plurality of openings 94. A pIuraI|ty of ribs
96 are PREREIAR 0TI BASENSIHesHROdRNBBL OB far @NgeRRPAF £ TSy IR 1 IGEAMEY

di stributed about the axis of base pipe 92. Ri bs 96 are depicted as having
a cyl i ner¢kang canssnsecvadnofhewweddbore shotihe Ipeepeddr sirosth tyorone
skilled in the art that ribs 96 may alternatively have a rectangul ar or

tri angul@@33f oss Begtiren dr6 other suitaliss geseetignaAdditiiernal ¢of, ithe
shoul d be understood by one skilled in the art that the exact nunber of
ribs 9&dawdimbei depemdentchponet heudi agetae @pdiase i pef 92nasppalrhtas

ot her design characteristics that are well known in the art. [0048] W apped

around #4.bsq98vk3 6p§& f&? Wl € 9& r30T €60 W I'Ge DB PE MR fa PhAIT Bhbkknef
turns, such™as turn | 00 urn 102 and turn 104. Between each of the turns

is a gap, gﬁ%ﬁi whlch formation fluids flow The nunber of turns and the
gap betmeen e turns are deterni ned based upon the characteristics of the

formati ﬁntmh fh Léuhq .S bein% groduc goang the s| %h avel to
be used durinhg the %?ave pé@kfhg % Farfo K] r|bs g8° sCieen

Wre 98 X forma sand contro|l screen jacket mhlch |s attache to 17
pparatus ror gravel pack 1ng an interval a wellbore

the present invention attached to an outer housing of a sand
control screen;

[0035] Figure 18 1is a «cross sectional view depicting
several embodiments of a channel of an apparatus for gravel
packing an interval of a wellbore of the present invention;
and

[0036] Figure 18 1is a «cross sectional view of another
embodiment of a channel of an apparatus for gravel packing an
interval of a wellbore of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

10



base pipe 92 by welding or other suitable technique. [0049] Referring now
to figures 4 and S, therein is depicted two adjacent sections of outer
tubul ars designated 110 and 112 and correspondi ng portions of two adjacent
sections of sand control screen assenblies designated 114 and 116,
respectively. Quter tubular 110 has two axially extendi ng production
secti onB0QU338] 120Weaté thel mdikigoa guiduradiirty of wopehoungsehBddi@anes toudbul ar
110 al so has two axially extendi ng nonproduction sections 124, 126, only
one of #we chrésenMtsthkenihohi guee B sdRGFeNoPrasict i opesesti 98 t23u1426
i ncl udes several outlets 128. Likew se, outer tubular 112 has two axially
ext endi gy p&@ﬁy@&weeae%hg@s 3508 st Y O of s gk CHrb$1Mbs! D@ nkn

o

figure 3. Ea production section 130, 132 includes a plurality of opénings

134. r. : ' endi duction .
sectigﬁgﬁ%%%#g%gg,légéH%gﬁgmggﬁﬁkﬁﬁﬁféﬁg%é%egééaEQOE%F£%§E%§05¥Aé gﬁgﬁld
becone appar.ent tg those.zkilled i,n_the art,_even_ though figu&e 4 degicts
outer tUbUtErY 1187 andPEGEEF St ubQPEE*FE2 at & TH net5SGbht e EFPRAAFEPLSL| al
phase shift relative to one another, any degree of circunferential phase
shift i3 HRIIRAPELGLPNG ThempF 8Nt Lilnpdiatdiveasof hepesidiicvevays to
circunferential positions of adjoining sections of the apparatuses for

gr avel Tdeki pgdamSent ergalingengiwal,| bore 60 1@t dabipiesdhe swewpei of does
not affect the operation of the present invention. As such, the mating of
adj oi nitle seEctsoms Dfivemeiappar at uses for gravel packing an interval of a
wel | bore of the present invention is substantially simlar to mating

typi cal[ga88lt s ofRpfeerimgf Onnt dapipetst Kikgreequi rddge 1wl seepkahtaoupl i ng
tools or techniques. [0050] Screen assenbly 114 includes screen housing 142
having o dlgiraldl YpoExPeET ahat heBsvid4 o rPQr QIS 1IHIUL S5k MA £ EndreshomChgen
146 and base pipe 148 having a plurality of perforations 150,  as best seen
|0 T 9 dhodd kewhseangeieen peacklly i | gehufgs sanagn Dovislogaied
having a plurality of perforations , a porous sintered wre resh scr een
156 an S i 8 A luralit f perforatio 160, best ., seen
in figg¥gﬁ7§eﬁ%g$%%gng %éﬁﬁgggﬁf ?%'sc#%e%eﬁgg H%??riﬁgigr qfﬁ%%ﬁ% 55?62,
164 onl,y channel 162 being visible jn f%gurg 5. P%sitioned gﬂjaoent t
screen ‘BsSEtbTSF G96°8FE EhambEISE 9566, 04kgand gas formation locate

below sea floor 16. A subsea conduit 18 extends from deck 20
of platform 12 to wellhead installation 22 including blowout
preventers 24. Platform 12 has a hoisting apparatus 26 and a

derrick 28 for raising and lowering pipe strings such as work

sting 30.

[0039] A wellbore 32 extends through the wvarious earth
strata including formation 14. A casing 34 is cemented within
wellbore 32 by cement 36. Work string 30 include various

tools including apparatuses 38, 40, 42 for gravel packing an

interval of wellbore 32 adjacent to formation 14 between

11



(0051] In the illustrated enbodi nent, screen assenbly 114 and channels 162,
164 woul d be positioned within outer tubular |10 and screen assenbly 116
and channel s 166, 168 woul d be positioned within outer tubular 112, as best
seen in figures 6 and 7, respectively. Channels 162, 164 are
circunferentially aligned wth nonproduction sections 124, 126 of outer

t ubul arpalker<104, ad ébestd seehoi anhugare r@giCrannel sntédyval68itar e When
circunferentially aligned with nonproduction sections 136, 138 of outer

tubul aritll2s assbest seenyrdvdl gydiek 7anhQ052] iAseirklaustsat edorehaspehy 162,
164 are attached to outer tubular 110 with studs 170. Likew se, channels

166, 168 are ablhached di-Quiier chybrbanlligmithg faéﬁ%th@@s Slgudss d,704have

heads that are received by the channels and shan s that extend into the

e B 1 UL Yot e SV BB N 06,00 pBE ARty er

ﬁggf' o Pf Shide 240 LS LRkIgd MG TRt he RENPS tllq SET Ea £P800eL R4 102
a particulate material such as gravel is pumped down
workstring 30.
[0040] As explained in more detail below, the fluid slurry
may be injected entirely into apparatus 38 and sequentially
flow through apparatuses 40, 42. During this process,
portions of the fluid slurry exit each apparatus 38, 40, 42
such that the fluid slurry enters annular interval 48. Once
in annular interval 48, a portion the gravel in the fluid
slurry is deposited therein. Some of the liquid carrier may
enter formation 14 through perforation 50 while the remainder
of the fluid carrier, along with some of the gravel, reenters
certain sections of apparatuses 38, 40, 42 depositing gravel
therein. As numerous sections of sand control screens (not
pictured) are positioned within apparatuses 38, 40, 42, the
gravel remaining in the fluid slurry 1is disallowed from
further migration. The liquid carrier, however, can travel

through the sand control screens and up to the surface in a

known manner, such as through a wash pipe and into the annulus

12



166, 168 in their respective positions. [0053] The use of studs 170 nakes
assenbly of the apparatus for gravel packing an interval of a wellbore of
the present invention relatively easy and allows for a pressure relief
feature of the present invention that will be discussed in nore detai

bel ow. For exanple, once the studs are position along the length of a

channelsat ameveneptsket puef erablthebetaran abauirope aand ptmpedf edowneach
channel is inserted into the inside of an outer tubular such that the studs

are al i,gnad v {1y OpeNi RS oLBNt hep st efuddbulay . The sizdsymy t haRuber
ext ended t hrough™ the openings by pushing the channels radially outwardly to

Fubul ar e o uht B PRa R EPR s s e turhl (ol ARy Bart Pén of

o ound BHS1D 198 04 Blbstant Tal FyLLRBorn: BUBERYEArface. on the outer

tubularyo f 04T 14, SOULE, 05 101 e Ve Y LhRe i 5tk Trethe
stream of fluid slurry into apparatuses 38, 40, 42, all or a
portion of the fluid slurry could be injected directly into
annular interval 48 in a known manner such as through a
crossover tool (not pictured) which allows the slurry to
travel from the interior of workstring 30 to the exterior of
workstring 30. Again, once this portion of the fluid slurry
is in annular interval 48, a portion of the gravel in the
fluid slurry is deposited in annular interval 48. Some of the
liquid carrier may enter formation 14 through perforation 50
while the remainder of the fluid carrier along with some of
the gravel enters certain sections of apparatuses'38, 40, 42
depositing gravel therein. The sand control screens (not
pictured) within apparatuses 38, 40, 42 disallow further
migration of the gravel but allows the 1liquid carrier to
travel therethrough and up to the surface. If the fluid
slurry is entirely or partially injected directly into annular

interval 48 and a sand bridge forms, the fluid slurry will be

diverted into apparatuses 38, 40, 42 to bypass this sand

13



art. that even though the attachnment device described with reference to
figures 4-7 is a stud, other attachnent devices or nethods coul d
alternatively be used without departing fromthe principles of the present
invention, including, but not limted to, threaded bolts or welding the
channel directly to the outer tubular or attaching the channel directly to

the Sanﬂrﬁ@?&"@ﬂlcﬁctﬁgﬁ- a[ €8hpl cRef Eébkn@ahonbin@ltmgzasama &crasidd oned at
bot h ends of channels 162, 164 and between outer tubular 110 and screen

housi ng ret et fh SG;at irerg@;{-sc only {sptathon yempers 172,
174 bei %%6‘?/?& bl veﬁke@m’lﬁ? pglsli%iulr%ed at lotth ends of channels 166, 168

S0l at 1 R meb RS T e oP Bl B nbor s 178 78 beitg WS BPERR st
seen in_figures and 9, The isolation nepbers a attact}ed }110 adj asc%n_t
sect i ons°bf gtrﬁgegut%‘?dfﬂb%l 8Ps, H ity soggda s‘ﬁ?%@ﬁo’ﬁ%uﬁ ngs ?opﬁj PE i rect
the flow of the gravel 2l ) , ,
invention is equally well-suited for use in deviated wells,
inclined wells or horizontal wells. Also, even though figure
1 depicts an offshore operation, it should be noted by one
skilled in the art that the apparatus for gravel packing an
interval of a wellbore of the present invention i1s equally
well-suited for use in onshore operations.
[0043] Referring now to figure 2, therein is depicted a
partial cut away view of an apparatus for gravel packing an
interval of a wellbore of the present invention that is
positioned around a sand control screen and generally
designated 60. Apparatus 60 has an outer tubular 62. A
portion of the side wall of outer tubular 62 is an axially
extending production section 64 that includes a plurality of
openings 66. Another portion of the side wall of outer
tubular 62 1is an axially extending nonproduction section 68
that includes one or more outlets 70. For reasons that will
become apparent to those skilled in the art, the density of

opening 66 within production section 64 of outer tubular 62 is

much greater than the density of outlets 70 in nonproduction
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slurry fromthe slurry passageways defined by channels 162, 164 to the
slurry passageways defined by channels 166, 168. [0056] As such, the slurry
passageways of adjacent sections of the apparatuses for gravel packing an
interval of a wellbore of the present invention are in fluid conmunication
w th one another such that a fluid slurry may travel in and between these

passageygysi b 0BBORE sQetdOnt@buihe apparaiises fer sticavel wackbhgdaby
interval of a wellbore of the present invention to the next. Specifically,

as bestyseen infjguies & &8 A0 9call eclivelyo ah A AL 1 0l on 5180

exi sts ween outer tubulars 1 and screen assenblies 114, 116 that
allows the, fluid slurry to %ravel fromslurry passageways %gg | 84 .t hrough
annulafé?%iﬁEﬁg VRN E s? rFVdpé§§ﬁg%hayQ fﬁg,gfégg A%Hﬁ? |%@1y9t%er
regardl ess of the circunferential orientation of outer tubular 110 relative
to out etNARBRI KPENENIS hBY| A FSIRATIVERY | Per aveed d it iR ougRPEZERNT
section of the apparatuses for gravel packing an interval of a wellbore of
t he preseon theeptilogipleGs5HL |thehpukdebe apyandrdon.o thbsewskel| édebn t he
art that the use of directional terns such as above, bel ow, upper, | ower,
upwar d,tdoveivaifd game t he haiskedepectséd dpemriglgt | 66 tas being the same
size as outlet 70, openings 66 could alternatively be larger
or smaller than outlet 70 without departing from the
principles of the present invention. In addition, the exact
number, size and shape of openings 66 are not critical to the
present invention, so long as sufficient area is provided for
fluid production therethrough and the integrity of outer
tubular 62 is maintained.
[0044] Disposed within outer tubular 62 and on opposite
sides of each other is a pair of channels 72, only one channel
72 being visible. Channels 72 provide ‘substantial
circumferential fluid isolation between production section 64
and nonproduction section 68 of outer tubular 62 with pressure
relief capability as explained in more detail below. As such,
channels 72 define the circumferential boundary between a
slurry passageway 74, having an outer radial boundary defined

by nonproduction section 68 of outer tubular 62 and a

production pathway 76, having an outer radial boundary defined
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the illustrative enbodiments as they are depicted in the figures, the
upward direction being toward the top of the 22 correspondi ng figure and
t he downward direction being toward the bottom of the corresponding figure.
It should be noted, however, that the apparatus for gravel packing an
interval of a wellbore is not [imted to such orientation as it is

equal | yoweddoduitt boh f sscuseni 641 of| onedrandbhodarzédtal orientations. [0058]
Referring now to figures 10 and 11, therein are depicted cross sectional

views ofocgsRl t ermedgo cadodi bBNL ehadReapparatius 4 ofargd aveht patkisagean
interval of a wellbore that is generally designated 200. Apparatus 200 is

S| aryduddia) oW sl | GBHe%, 6 @0deds exeeRhpANPAGRLUL 200 Dag Baskngl e

slurry passageway 202 an gl e production pathway 204. Specifically,

appar 2ty 20D a0 UL oF, WALLA APCoENGLUdNg, 2 85 OdigEOT, SEGLT 27208

havi ng "a plural ity of openi nd-a nonproduction S&ction

Apparatus 200_i s positioned aver, sand_control screen.assenmbly 114 ipncluding
SOF oo oG R, BTLGH AT peri i | DGO AAS s BEBEN g anti LAY pi pbig g
having a plurality of perforations 150. A channel 214 is positioned between
out er CRAATarNPHBEANd Sd@recinhssaPPy Of1pPenings 82 are not critical

to the present invention, so 1long as sufficient area 1is
provided for fluid production and the integrity of base pipe
B0 is maintained.

[0046] Positioned around base pipe 80 is a fluid-porous,
particulate restricting, sintered metal material such as
plurality of layers of a wire mesh that are sintered together
to form a porous sintered wire mesh screen 84. Screen 84 is
designed to allow fluid flow therethrough but prevent the flow
of particulate materials of a predetermined size from passing
therethrough. Positioned around screen 84 is a screen housing
86 that has a plurality of openings 88 which allow the flow of
production fluids therethrough. The exact number, size and
shape of openings 88 is not critical to the present invention,
so long as sufficient area is provided for fluid production
and the integrity of housing 86 is maintained.

[0047] It should be understood by those skilled in the art

that other types of filter media may be used in conjunction
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whi.ch defines slurry passageway 202. Channel 214 is attached to outer
tubular ‘206 with a plurality of studs 170. An isolation nenber 216, as best
seen in figure 11, helps direct the fluid slurry as descri bed above. 23

[ 0059] Referring nowto figures 12 and 13, therein are depicted cross
sectional views of another enbodi nrent of an apparatus for gravel packing an
intervalitof @ppetdbesecbhat rer gerenpley desigmt edn 220gulepd,ataisw2?e is
simlar to that shown in figures 6 and 8 except apparatus 220 has four
slurry‘9§§§a 2 288, : 1fd Ly paPRARL US 220-Bag an
outer tub Iag% %%inégﬁgﬁﬁgya gﬁufg |tfégsﬁg%g%?késkf%ZQ%Apparatus 220 is
posi tiqn _around nd.control . screen. ass I 4. .Equr _ch . 234, 236,
238, ZEﬁﬁﬁﬁﬁittg@hega o] Sut%?s?uﬁ%}ég gg%.¥ﬁ%%? Pg%la ioﬁﬂprgE é%g 23%,
244, 246, 247 ar§ positiogedﬂgetmee out er bul ar 230 aad sand contr ol

screen ORESeEY 114, [PHOBOFTAs15Kof ’E)Jeb%pé r 6Hi€ £ PBACEFg e ™ 1325¢he
apparatus for gravel packing an interval of a wellbore_of the present

i nvent Pd®Pemay2have BlRar ik y 6E c@ﬁPPﬁaiéVio%%mm%EFhaﬁﬁéycdﬁ$?EH%EPF%H
having one, two and four slurry passageways. O her configurations having

ot her mbobdr stbe sixksy ofasBagewsidear 82al soRidssi Bbe arl de@icdesi desed
within the scope of the present invention. [0061] In addition, it should be
under shaodnigy thosel skdkliedli nctdes ardedthiadn usdosfewear,i ois cehbuddr abé ons
of the apparatus for gravel packing an interval of a wellbore of the

pr esenfunideeridodn iy t khesansxi ted valn | stHd kedpt ancharay beb24 9eprederred.
Specifically, it my be desirable to have a volunetric capacity within the
slurry 1Ragsagewars f hakvis O fateindovar d hec t OphghDa R WelldsCaledel bn OF
heel, in an inclinéd or horizontal well, of a string of consecutive

appar atuse f..th I t inv i t ha . bot {,om t he

. E#' ?zﬁ‘ﬁer %ug.et%}?% o \geéc?%gé;ﬂrf}g. hdiard e, botiom of,§ pg Ofe

i nterva i s may i ng appar at uses of the present

i nvention havin re_slur assage S near_the or. _heel of the

|t ervAPOEAd s T LTy PaSLiatudys tar § et Bt t Reof "eds GrYaY of
interval, This may al so be achi eved by using apparatuyses of the present

i nvent Féhshg i @v& gtéer ‘%?E?ﬁ?%elb%sgfa@‘émé?@ Hgaff‘e?ﬁé £ p%&rs%ﬁpeofé%erﬁes
interval and narrower slurry passageways near the bottom or_toe of the

i nt er vAR11[ GOB2PtRererdsTikghoRhesaFitguretiss athgbhi édr Wbl ekR@W prtess
usi ng an apparatus 248 for gravel packing an interval of a wellbore of the
presenthenegitt-i on will be described. First, interval 48 adjacent to
formation 14 is isolated. Packer 44 seals the upper end of annular interval
48 andipadRér 46Wsemped erdwwerrepsl 66 amsnu ascredrerwake488.Cr ddsaY
assenbly 250 is |ocated adjacent to screen assenbly 252, traversing packer

44 wi thiper bBoE®rafs of qslsnElt pssenbhyn250sashebthenrsi d®0gf thankero24.
When the gravel packing operation commences, the objective is to uniformy

and 25andcaimhet ey .fil BeithieRvatadl Wi htgeavwRirnsloibeldd gepi exderdulyrs
result, wash pipe 254 is disposed within screen assenbly 252.
which formation fluids flow. The number of turns and the gap
between the turns are determined based upon the
characteristics of the formation from which fluid is being
produced and the size of the gravel to be used during the

gravel packing operation. Together, ribs 96 and screen wire

98 may form a sand control screen jacket which is attached to
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Wash pi pe 254 extends into cross-over assenbly 250 such that return fluid
passi ng through screen assenbly 252, indicated by arrows 256, may travel

t hrough wash pi pe 254, as indicated by arrow 258, and into annulus 52, as
indicted by arrow 260, for return to the surface. [0063] The fluid slurry
containing gravel is punped down work string 30 into cross-over assenbly

250 al ongsd hei atdy imdi wal @tndYo AT 6 OMEr 26di tIBeef LtuEHnSHUELY contai ning
gravel exits cross-over assenbly 250 through cross-over ports 264 and is

di SChar[Qﬁfhdd]”tO aRPAd AL 1 2415?@?‘ £8di gaedeRy arroug 266, 1yndhgin s

illustrated ‘enbodi nent, the fluid slurry containing gravel then travels

bet ween chagggis 268 and_t he, non roductio9 sectipn%ugﬁlgg% o) égg Rg?gbﬁ; of

appar atdl?sp]'f astlwroldi%%?ae%e%%/ ar rcotV\l/sonf?O.o AP S poi'nt,” "portions o

fluid slurry containin ravel exit aratus 248 through outlets 272 as
i ndi cat by"”ﬁfr o&EZYg?gASCPHEeFPBPaQBHW PBPIEders nitly grivel 28AREFRRT
annul ar interval 48, the gravel drops out of the slurry and builds up from

f or mat iSGFtioNnS | ¢f | AgnPercOmtaidloric Bremnds apnnl A4S flesigmateg sk bind"dcr een

assenbly 52 formng the gravel pack. Some of the carrier fluid in the
slurry iy respectively. Outer tubular 110 has two axially

extending production sections 118, 120 each 1including a
plurality of openings 122. Outer tubular 110 also has two
axially extending nonproduction sections 124, 126, only one of
which is visible in figure 3. Each nonproduction section 124,
126 includes several outlets 128. Likewise, outer tubular 112
has two axially extending production sections 130, 132, only
one of which is visible in figure 3. Each production section
130, 132 includes a plurality of openings 134. Outer tubular
112 also has two axially extending nonproduction sections 136,
138, each of which includes several outlets 140. As should
become apparent to those skilled in the art, even though
figure 4 depicts outer tubular 110 and outer tubular 112 at a
ninety-degree circumferential phase shift relative to one
another, any degree of circumferential phase shift 1is
acceptable using the present invention as the relative
circumferential ©positions of adjoining sections of the

apparatuses for gravel packing an interval of a wellbore of
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| eak of f through perforations 50 into formation 14 while the 26

r emai nder

of the carrier fluid passes through screen assenbly 252, as indicated by
arrows 256, that is sized to prevent gravel fromflow ng therethrough. The
fluid flow ng back through screen assenbly 252, as expl ai ned above, follows

the paths indicated by arrows 258, 260 back to the surface. [0064]

In

oper at itdR, phesapparaiwsnt Dén gideel PEEKiIFFert | Bher Wile it Boneldfbot iee of
the present invention is used to distribute the fluid slurry to various

locat i ?)'}%s‘@ntth'fh\;é}’?tigﬁ ervals to,he gt‘fl?é’%a@f-ﬁ!?e@beéd.jQ:iiEiﬁ:[ri‘d"gsé@@i&ké‘i d

slurry'into the slurry passageways created by

he channel s and the outer

t ubul arofof @ne %{? %ﬁﬁssge%i ons,. ofq%%pesag j Al s.aJheiSE%ig%)?l ULEY gXxits

s along y passageway an

t hrough t he vari
paratus and the wel | bore

ers the

annul us ween the ich _may.be cased or
ncased e LRES P4 hFBCARRGRGD AIBTHART of 21 RECGF PSR ALA T, AT AR §F ur ry
is deposited around the apparatus in the annulus such that the gravel

ni gr at B8 TBEGh R RAF el @hBFAI P §H@%pGQﬂ¢9mmr6nPﬂﬁ§ string requiring

no special coupling tools or techniques.

[0050] Screen assembly 114 includes screen housing

142

having a plurality of perforations 144, porous sintered wire

mesh screen 146 and base pipe 148 having a plurality

of

perforations 150, as best seen in figure 6. Likewise, screen

assembly 116 includes screen housing 152 having a plurality of

perforations 154, a porous sintered wire mesh screen 156 and

base pipe 158 having a plurality of perforations 160, as best

seen in figure 7. Positioned adjacent to screen assembly 114

are channels 162, 164 only channel 162 being visible in figure

5. Positioned adjacent to screen assembly 116 are channels
166, 168.
[0051] In the illustrated embodiment, screen assembly 114

and channels 162, 164 would be positioned within outer tubular

110 and screen assembly 116 and channels 166, 168 would be

positioned within outer tubular 112, as best seen in figures 6

and 7, respectively. Channels 162, 164 are circumferentially

aligned with nonproduction sections 124, 126 of outer tubular
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outl{ets. This process progresses along the entire length of the apparatus
such that the annul ar area becones conpletely packed with the gravel. In
addition, a portion of the fluid slurry enters the opening in the
production sections of the outer tubular which provides for the deposit of
a portion of the gravel fromthe fluid slurry in the production pathways .
27 betWeen dde mhter dadwl airs ahidyddee sand cChkhak lscr @€, asd&sbl ces.
Again, this process progresses along the entire |l ength of the apparatus

such tf@ir&ﬁﬁfbﬁé@@ﬂ&li?“aﬂ!@bhé@ywQQﬁoméﬁ&f&thiQJrV Paekesh i 1 Bet hesg
gravel. Once both the annulus and the production pathways are conpletely

packed g%t&hﬁgﬂYﬁ&buigf gigvegsp§ggt09§%§t?ﬁﬂ;g@éfgque. [ 0065] In sone

enbodi ment s e present [ nventron, urry may not only be

i nj ected,| t he, sl urr. assagewa but _al inj,ected directly into the
annul uspoode“?\/\]gen tHe é‘pl&)a{tlrarlfgc%ﬁd %ﬁanﬁgﬁﬁbof%' a%%%es?r%eeancﬁanéﬁﬁ%u 8 15.
In the illustrated enbodi nent, the primary path for the fluid slurr

cont ai MHFYraveias {0 ¥1§rsShafged PromeXigV iRt <SHHMNe S aﬁﬁecgﬁ§ into
annul ar interval 48 as indicated bY arrows 280. This is_the primary path as
the fl A% sPUFeGhedeks (T pat hulpplpeadd 2r egiitdt apeeds UAdEr | delapds 170
conditions, the fluid slurry travels throughout the entire interval 48
until i vagadsg itdadonptet ekgepucedywittie gcharhelsn aaddishamks t hbatl ui d
slurry enters the production pathways of apparatus 248 such that the

annul usteinteeinappahat wpe2ddh@ndbSantd caterokudtleen assanidy 262tksnal so
conpletely packed with gravel. [0066] It has been found, however, that sand
bri dges copm®Nbypehamysdut 2 89 otethes avet upaeking 10f &4y i Bhek¥ah WencR8

the fluid slurry is punped directly into annular interval 48. These sand
bridge S} h a f or i N, AN.] rval
of a MSF%%§f§%£?§§%gogrgggﬁ% ?H%g%??oﬁggy fﬁ?%%q% fgﬂﬁﬁgﬁ?ﬁ%&f?ﬁiatgﬁﬁrry
Lo Pass 4o Qg {heq oyt eh s huBHL AL LAL RLLNG Pradugld on, Raldweyses! apparat us

248, bypass the san ge an enréturn to annular interva ht ough

the ou t ar_tq conplete the gravel, packing process. These pat hways
are cohgﬁheﬂggifﬁbng%ﬁﬁdﬁﬁip%%ﬁﬁvgoﬁoﬁh%P??ﬁrd slurry. If a sand bridge

forms i secqndar aths pri or conpl eting the gravel packin
operatﬂgﬁggﬁhen1ﬁh§f¥%$doglﬁEP?Seﬁ%§r§a§ﬁénﬁ€ﬁ$Wﬂﬁ¥e%fi?&ﬁc%?%ﬂr%EU%rroms
266 and as described above with reference to figure 14. In this enbodi nent,
t he chdfiel $r2P68L aPé kdms dar edNtREVEAr tfarg pexldagie t@g fthg dEeseRY .
[0067] In either enbodi nent, once the gravel pack is conpleted and the well
i s brodghivendrddn neelbdinmetlivonedsyi éga1d hat lawe pfodueedpiratseutrke yehvef
packed interval nust travel through the gravel pack in the annulus, then
enter feetpreducfi drheaphmeapstt hiwught 1 tre aperti ngs1ln Heheddsteassedbulmr
where the formation fluids pass through the gravel pack between the outer

t ubul amoaed ddtaiScreehoassentdy. eAsSmpueh, dnke appar atudsf aregrpyel + packi ng
an interval of a wellbore of the present invention allows for a conplete

gravel am%@ ofhan Réhgth Nter val @fadhél Rartieul-akhenwat epkalsrdfetdory
formation fluid are filtered out.
between about one and three feet, each channel is inserted
into the inside of an outer tubular such that the studs are
aligned with openings in the outer tubular. The studs may

then be extended through the openings by pushing the channels

radially outwardly to a predetermined distance toward the
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[ 0068] One of the unique features of the apparatus for gravel packing an
interval of a wellbore of the present invention is illustrated in figure
16. Specifically, the channels used to create the slurry passageways in the
present invention have pressure relief capability which prevent
catastrophic failures such as those which have occurred with the uses of
shunt tishes: Asrfhbustgft ede awh@nnelpbd08ris poset isanets bakyeerhan bat er
tubul ar 302 and a screen housing 309. At the location of this cross

secti oRe At tRChEd rBpher, sushas, st udsn 70, 8descehbedrabeme, kdud
vi sibly attachi ng channel 300 to outer tubular 302. As expl ai ned above, the

h - Lt I [ h
attac %eds%gﬁbeglﬁeﬁﬁdp%étb%sg al, rpLggel gcted I&Iteérvaéd.g%l?%%ggm%\gie% engt

of cha iS Cross section, an outlet 306 is

|| for t di_sch f_the fluid.sl t.ai ni f
21 urry SHRBRICRES 506 A oBpRebat e A PRI ST 1F R  BBul ar

302 which represent the entries into the production pathways of outer

t ubul artPS02UYFE9IP WS { | ustrated by the solid |ines representing channel
300, when channel 300 is unstressed or is operating under normal pressure
condi t i[®¥P4]la gapiBIsh@xidtRebreteen hhEe3er, Wb tILPofskhhkerel 1B0bhand
the outer surface of screen housing 304. Gap 312 wll typically be filled
wi t h grantel tdarti ngvangravebgpaciheng adpercdinest asletvheef | dedcslibedy with
containing gravel will exit outlets 306, reenter outer tubular 302 through
openi ng= 2kerad o gfaberient ol-gapidlad astudie gthyel aftitldchmiil dsv8dés

bet ween outer tubular 302 and screen housing 304. It should be noted that

gaps 312 AShdds OMoRI Qdudciedh aftliWieds, ke b@sé’&?d%ﬂ%ﬁ@u‘thr&ﬁ'kﬁim(f grea of
screen housi ng 304 since channel 300 does not inpede such flow 70070]

| mpor t apl ﬁ?rfﬂgfééégn%ﬂa%%g%%ﬁﬂtezzif-i'{rgn%%ﬂi tig O%&@%%?fﬁhgﬁﬁr gxanpl e

by a pressure spi channe orm’inst ea

Spect T saliotg b Sig;slghannsl 200w Lodel oL neling g HS pttee,

outer %Wef aggtgr: StCl.lrbeu narhog%i ngtggélhirllg % deiticl'?ghnéi]e fiirdeecéstly to the
sand control screen.
[0055] Referring to figures 5 and 8, positioned at both
ends of channels 162, 164 and between outer tubular 110 and
screen housing 142 are two sets of isolation members, only
isoclation mempbers 172, 174 being visible. Likewise,
positioned at both ends of channels 166, 168 and between outer
tubular 112 and screen housing 152 are two sets of isolation
members, only isolation members 176, 178 being wvisible and
best seen in figures 5 and 9. The isolation members are

attached to adjacent sections of the outer tubulars, channels

and screen housings to help direct the flow of the gravel
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320 of channel 300 nmay al so deformas shown in the dotted sections 322 of
channel 300. As sides 320 deform the contact between sides 320 and the

i nner surface of outer tubular 302 increase which enhances the seal between
the two. Also, such flexure tends to reduce to possibility of having sand

| ockages in slurry passageway 308. In fact, under sufficient pressure

condi t idns;rgi desm32thav |slludefyorpa s oagelays dicedharege 6 tdiearfali<d 3karry
bet ween sides 320 and the inside surface of outer 31 tubul ar 302, thereby

provi dijngy pr&ssne es1€ti¢f pasdaginbysnde d8ABEELYOcRRARREL 36@., (@R71] Once
t he high pressure condition is relieved, channel 300 wll return

substaniggddy 0 ALSsQEhY! Eﬂb %ﬁ%e%ry%%@sta il ryg APPLELAONSBBY ions

continue. In addition, as the gravel in th urry will build up

around sid 320 in the pressure relief,operation, this, vel .wi Ll tend to
provi dé'Ta saki  BHNREA-4TERe 500 AGERThb | RAGF 80y (20 BYCSHUEF tabular 302

even if channel 3Q0 does not fully retyrn to its orjginal position, To

o ovi dS ST Par RaBT P ARG CBo0t Hhy {Bo Haritoce PRON AoaheeE

metal such as a 16-gage 316 L stainless_steel. OQher thicknesses of sheet
netal eV aPB® heguneuslyi thBlte & of LEhe SINSTHUCEE BN TERVERanR] 2880
including, but not limted to, sheet netals between about 12gage and

20- gagbetweeadditéon, pelsaageva360 firom beneoasttiched ff rdve orpearatveesal s
including, but not limted to, other stainless steels such as 304 stainless

steel . f307@tavthe mpressine ael iieftecapabidfty afedle> iy es€ntthenvegnésent can
be alternatively achieved by attaching the channels to the screen housing

i nst ead referttd drhec QUERE hiehtl.ar .sfschesta BEEN b8 begdr eckh ih chagaeks 330
is positioned between an outer tubular 332 and a screen housing 334. At

this crpossssecgi ofhg an odbhbc236el§, deRh CLAh WU LN 31 orl hBYs ER{stde

di scharge of the fluid slurry containing gravel fromslurry passageway 338.

Al'so d%@ﬂwégﬁ;gg%éﬂwkgggfgpgsl§69 EQZOQB%rs% @n@%é%%%ﬁ%ﬁéglffgfefF@t the

entries into

that allows the fluid slurry to travel from slurry passageways
182, 184 through annular regions 180 into slurry passageways
186, 188. Accordingly, regardless of the circumferential
orientation of outer tubular 110 relative to outer tubular
112, the fluid slurry will travel down through each section of
the apparatuses for gravel packing an interval of a wellbore
of the present invention.

[0057] It should be apparent to those skilled in the art
that the use of directional terms such as above, below, upper,
lower, upward, downward and the like are used in relation to
the 1llustrative embodiments as they are depicted in the

figures, the upward direction being toward the top of the
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preduction pat hways of outer tubular 332. In the illustrated enbodi nent,

i nstead of attaching channel 330 to outer tubular 332, channel 330 is
attached to screen housing 334 by one or nore welds 342. In this

enbodi ment, channel 330 is attached to screen housing 334 then outer
tubul ar 332 is positioned around the sand control screen and channel
assenbl yot PespeREEngl Wi Rassagey 3BSwnwied ehaseaeli oc330é sngnsbwassed or
is operating under normal pressure conditions, sides 344 are in contact

with thend npetSHr face 0f ee&gre_sb%aligﬁaﬁfﬁi urds, expkaidigd, @boye, ndrder

abnormal Iy high pressure conditions, el 330 wi 'l deforminstead of

failin i fi Y.nth i 44 I i) | de , dnder
suffi ciqqeon g‘g%%’ssgﬁél:cg#& %pginagr,eastsl?%eggg4§9§m9?? gleél%g(v%/wt# sacrﬂa%gltég%?gghgyf | ui d
slurry bet si des, 344 and _t he i nper_surface of ,outer .tubular 332, .

t her eby? pr‘&?]ieﬂ?‘?ﬁe prle%sdf‘?aat r i Shd t'?;R/oisd]i‘:%b QATEGE 3 Ehafivel l%30.JLS
Agai n, once the high pressure condition is relieved, channel 330 wll
return%ﬂHﬁﬁ%ﬁﬂW%&fy gifed orfigdi natsehapd sdeislimged nAnl BPELEPPEAlnay
continue. [0073] Referring nowto figure 18, several enbodinents of a
channelofignusteiqins h an apparatus for gravel packing an 33 interval of a
wel | bore are depicted. A channel 350 is positioned between an outer tubul ar
352 and @5R) een helsrngn@ssnovit tchi $ignoss sketianm] 4dlst udh’ds@iins depi ct ed
whi ch attaches channel 350 to outer tubular 352 such that a slurry

passagessyi 358d | srbesmabctAl gta depl eved o eaopentBegnaldel dubadiiment ubgl ar
352 which represent the entries into the production pathways of outer

t ubul ary 352 p Shanne! f§§0gka%md§%&i\ﬁﬁb abAnderiat &gk i D SOl idobinegact hat
creates a gap 364 that has a substantitally uniformthickness. As shoul d be

under stapd, by LhoRe SKLLEEDeLD vhS A" hocal  SUNALA AN | kot d precolyLe v

of channe ssibl'e and are co ere scope of
present .i nvention..such as_web 366 depicted in_dotted Jines. Likew se, as
shoul d %‘e""’u’hdé%&&o"dﬂb‘%ﬁ t ﬁos"’e“‘ikugl BT tﬂBPSF?,Eua \#adrq] eﬁ?sofa single
configurations are possi bl or_the sides of chanpel 350. For exa ,

si des 368FTwhi PRSSATSHEY] C?BE i Lok FSHPHES, Hrcﬂ%c_tléﬁbupa&hﬁéydggbge
angle with web 362, sides 370, which are depicted in dotted |ines, form
about §g§§%ﬁ*ﬁ%k;¥ﬂmﬁgpqg§ﬁus 200 has an outer tubular 206 including

a production section 208 having a plurality of openings 210
and a nonproduction section 212. Apparatus 200 is positioned
over sand control screen assembly 114 including screen housing
142 having perforations 144, screen 146 and base pipe 148
having a plurality of perforations 150. A channel 214 is
positioned between outer tubular 206 and screen assembly 114
which defines slurry passageway 202. Channel 214 is attached
to outer tubular 206 with a plurality of studs 170. An
isolation member 216, as best seen in figure 11, helps direct

the fluid slurry as described above.

23



welty 362 and sides 372, which are depicted in dotted lines, form about a
90-degree angle with web 362. Ot her angles, greater than, less than and in
bet ween those described are al so possi ble and are considered within the
scope of the present invention. Also, unlike the channels described above
34 that have rolled end sections where the sides of the channels contact
t he i nnpe0%9} f aceRefethiéngutmeswt wul digucleannél 350di sl depitdteatkias laare ng
sides with square ends that contact the inner surface of outer tubular 352.

[0074] dépsdoed d et edcthahalihevagpar alfus ahetheravehbpackeny adt i aher val
of a wellbore of the present invention may alternatively be constructed

Wi t hout, ressure E6Li §hacaRabiakiciy A% ] ustvat ek i d §b9upgrd9¢nacchannel

380 is positioned between an outer "tubular 382 and a screen housi ng 384.

Quter t I 2 ji_ngl n tlet r_t di s¢char. f t i.d

slurry(ﬁggﬁﬁé f r?e%gggggzﬁgyzggB. dﬂ%@gr%g%%l2?038§§a$§%§%%51J%gsgbggnings

390 which are . the.entries to hi groduction pat hways of outgr tubﬁlar 382.
sec ,

At the 53 i bR 6FOBRFS & ?‘SﬁPtnBPQFF%Hﬁer?tszonéh%%r °8hcR-8$ 4t uds
170 descri bed above, is visibly attaching channel 380 to outer tubul ar 382.
| n factRa§spdeivayenBedi meats- n§2§uct¥2§t-t acfrefri fieaBdy  maPBRr 3 i Ped.

Specifically, retainer
has an outer tubular 230 including a plurality of openings

232. Apparatus 220 is position around sand control screen
assembly 114. Four channels 234, 236, 238, 240 are attached
to outer tubular 230. Four isoclation members 242, 244, 246,
247 are positioned between outer tubular 230 and sand control
screen assembly 114.

[0060] As should be apparent from figures 4-13, the
apparatus for gravel packing an interval of a wellbore of the
present invention may have a variety of configurations
including configuration having one, two and four slurry
passageways. Other configurations having other numbers of
slurry passageways are also possible and are considered within
the scope of the present invention.

[0061] In addition, it should be understood by those
skilled in the art that use of various configurations of the
apparatus for gravel packing an interval of a wellbore of the

present invention in the same interval is likely and may be
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menbers 392 are used to hold channel 380 in place. As illustrated, channel
380 is allowed to nove radially between screen housing 384 and outer
tubul ar 383 during operation and installation, thereby accounting for
variations in the annul ar space between screen housing 384 and outer
tubul ar 383 caused by tol erance in outer tubular 383. Accordingly, ends 396

of 35 prhnneld 380 cedmve-dad)al it relagt | ve t deketraibler menbanye392,
however, a close relationship between ends 396 and retai ner nmenbers 392 nmay

be mai nfai pea £ 0 efdfedc A peqlitHiiP7%he Nstihe iyl | pakkayedagebodinmRnt ; s

retai ner nmenbers 392 ‘are attached to outer tubdlar 382"with threaded bolts
394, h V. o] y o] tt n Hﬁﬁgg[s, h ri s ar,t
li ke, yEbéﬂﬁsggggﬁgtQﬁﬁ%rgﬁgﬁbg§2n§9§7nay ex%eﬁgygﬂbgﬁénbggﬁrng}o%g t he
entire .l ength of channel. 380 or a rality of retainer nbers 392.may be
bl aces FETATvATS A TRE] et b o Eharel SSB0S Al 051 atreryt: thannel
380 may receive threaded bolts or other types of attachpent nenbers

di r ect APRAHES s 296t BRSARBF 38@?“F69?6Fhﬂﬁl§9%%ﬁ45WW@e??FBﬂthE been
described with reference to illustrative enbodi ments, this description is
not intt@sded® o beecoddtesa@dli.-n a ITzi magenbe. Vahievedrodyi casibés and
conbi nations of the illustrative enbodinents as well as other enbodi nents
of theappeeratiues widf behapparerento pervsamndsoski Heedrnog trherartslpony
reference to the description. It is, therefore, intended that the appended
cl ai s pARGEIHRARS, ANYieauC ht HOdiddcabironge sl oFbothsenirt.e Ml bidcl aésed is:
36 1. An apparatus for gravel packing an interval of a wellbore, the

appar alsus r:6QNPphskAgewdysantk £ONtthel S6EE6R RASI Ehanesk Wi hhi ni ther-yel | bore;
a tubul ar nmenber diSposéd within the wellbore formng a first annulus with

the sand ;contd ol pcresn anhidRer Yl UMW) UspPht e bies el Rl pLhgedubul ar

menber havi ng "an

invention having wider slurry passageways near the top or heel
of the interval and narrower slurry passageways near the
bottom or toe of the interval.

[0062] Referring now to figure 14, a typical completion
process using an apparatus 248 for gravel packing an interval
of a wellbore of the present invention will be described.
First, interval 48 adjacent to formation 14 is isolated.
Packer 44 seals the upper end of annular interval 48 and
packer 46 seals the lower end of annular interval 48. Cross-
over assembly 250 is located adjacent to screen assembly 252,
traversing packer 44 with portions of cross-over assembly 250
on either side of packer 44. When the gravel packing

operation commences, the objective is to uniformly and
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axi ally extendi ng production section with a plurality of openings and an
axi al |y extendi ng nonproduction section with a plurality of outlets and a
channel disposed within the first annulus that is substantially
circunferentially aligned with the nonproduction section of the tubular
menber formng a slurry passageway therewith. 2. The apparatus as recited
in claidadpweseynfibe chaemelalf ust Rarthc il .Ng Bo webl@andchipakr thfis
oppositely di sposed sides. 3. The apparatus as recited in claim2 wherein

the web-aneh €achaeh {E;eSiz@@ bavg;iapoardl &ifthamehaimean 9fsbgbyoen sahout
45 and 90 degrees. 4. The apparatus as recited in claim2 wherein the sides

have squane Bads: A, The-anRar ALS AN ISEISALL | 05ELABT,2 MIPTeuDnt Reag! des

have r € apparatus as recite laim 2 erein the
si des cont act inner surfa of the tubul ar nmenber n the.pressure

o ron TReRSE PP B08E s dhes S s o S T R Y (e SABERET o
| east one of the sides partially separates fromthe inner surface qof the

t ubul ardFEtiber 2whenTele HHAESSUr BN SRYRR nWRRR BRERr ¥ Yas AR etRYIFLEEB0PE t he

pr edet er mi ned val ue.
arrow 258, and into annulus 52, as indicted by arrow 260, for

return toc the surface.

[0063] The fluid slurry containing gravel is pumped down
work string 30 into cross-over assembly 250 along the path
indicated by arrows 262. The fluid slurry containing gravel
exits cross-over assembly 250 through cross-over ports 264 and
is discharged into apparatus 248 as indicated by arrows 266.
In the illustrated embodiment, the fluid slurry containing
gravel then travels between channels 268 and the nonproduction
sections of the outer tubular of apparatus 248 as indicated by
arrows 270. At this point, portions of the fluid slurry
containing gravel exit apparatus 248 through outlets 272 as
indicated by arrows 274. As the fluid slurry containing
gravel enters annular interval 48, the gravel drops out of the
slurry and builds up from formation 14, £filling perforations
50 and annular interval 48 around screen assembly 52 forming
the gravel pack. Some of the carrier fluid in the slurry may

leak off through perforations 50 into formation 14 while the
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7. The apparatus as recited in claim2 wherein an attachnent nenber is used
to connect the web of the channel to the tubular nenber. 8. The apparatus
as recited in claim2 wherein the channel is connected to the sand control
screen. 9. The apparatus as recited in claim2 wherein a retainer nmenber is
used to support each of the sides of the channel within the tubul ar nmenber.
10. Ther&ppaf@érsoas thecidesridy ckahi lpuheeei nHhidribyt aeeAeEBEEMbUKL her
conprises first and second axially extending production sections and first
and secpnd axal Lyqexkendi ng, nannreducsien sagtd ons aog;uberd) noklgent
apparatus Turther conprises Tirst and second channel s tﬁat are

substantially circunferentially aligned with the first. and.secaond
nonprod%%?Y%% sé%r?o%gogﬁnﬁhet%ﬁESFgFOﬁgﬁ%er, %pé@f%fgl%}qﬁid% nSaFﬁrst
and secand slurr assageways. 38 therewith, 11. The apparat as recited
n of ai O Her 8ERSERe ALINRHY ndABer Hurthel 2 HoRbr POEYSH| il TegtoRdS
third and fourth axially extendin roduction sections and first, second,
third éﬁﬂﬂ?%ukﬁ%ﬂ%&¢%¢I9Ye%¥éﬁﬂﬁng5gon§§8dbé€koﬁ°sééﬁi§H§f§ﬁ§-mherein t he
apparatus further conprises first, second, third and fourth channel s that
are subEiGed] al | yIri operedriant,i athy apmamatws t forhegfével, pesdamy ehird
and fourth nonproduction sections of the tubular nmenber, respectively,

form ngirftidsial second, wiehilbd r@ndof ouwhich Staseyt passagaviays theneydd htol?.
An apparatus for gravel packing an interval of a wellbore, the apparatus
conpri it r doseddreent £ Dhi §Cla@R ROStS | @Red st hi Bchbeons! laiein athebul ar
menber di sposed within the wellbore formng a first annulus with the sand
control; /e aRd Fsecond Annphugew 1), ¢ Eﬁj\e@ltliggr ehd Ne bRyl g1 ypegber
having an i nner surface,” an axially extéending proddction section wth™ a

pl ural ity of enj n Lal Ly t j ng N o] [ S |0 ith a
pIurmiﬁ%%%ﬁtggtF%qgﬁﬂgngagggﬁéh%gﬁ |sﬁ%sed §Ytﬁ?ﬁgtggghhgg gﬁﬁtlgggihat
i s substantiall ircupferentially aligned with the nonproduction sgction
of ¢he SN ar Heiber S F oPhEng T amEEs: SFChdoSToctiy 0 SPRHETERFTR: ¢ RGS
channel having _a web and a pair of oppositely disposed_sides, the sides
cont actilhdd heiudier Sahiftace toFausd t &bEl avVardrbEr RHEASERe PLEESurBNGithin

the slurry passageway is bel ow a predeternm ned val ue and at |east one of
t he si gddgirry passageway and enters the annulus between the apparatus

and the wellbore which may be cased or uncased. Once in this
annulus, a portion of the gravel in the fluid slurry is
deposited around the apparatus in the annulus such that the
gravel migrates both circumferentially and axially from the
outlets. This process progresses along the entire length of
the apparatus such that the annular area becomes completely
packed with the gravel. In addition, a portion of the fluid
slurry enters the opening in the production sections of the
outer tubular which provides for the deposit of a portion of

the gravel from the fluid slurry in the production pathways
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partially separating fromthe inner surface of the tubular nenber when the
pressure within the slurry passageway is above the predeterm ned val ue. 13.
The apparatus as recited in claim12 wherein the web and each of the sides
have an angl e therebetween of between about 45 and 90 degrees. 14. The
apparatus as recited in claim12 wherein the sides have square ends. 15.
The apps¢ateenastheci badeirn chdiubak? whgikei ntiidie sanes bamerval | edreeds.
16. The apparatus as recited in claim12 wherein an attachnment nenber is

used topgonmeticthe viebs of, t hgishapledo %P@gwgslé@r aTRerthd 7enthee

apparatus as recited in claim 12 wherein the channel is connected to the

san CoTbABl SRty clSp L RURT Sl 5,40 0B BRDAR B,

the ttﬂ%gé%mégﬂﬂggﬁpfg%ely packed with the gravel. Once both the
annulus and the production pathways are completely packed with
gravel, the gravel pack operation may cease.
[0065] In some embodiments of the present invention, the
fluid slurry may not only be injected into the slurry
passageways, but also injected directly into the annulus
between the apparatus and the wellbore, as best seen in figure
15. In the illustrated embodiment, the primary path for the
fluid slurry containing gravel as it is discharged from exit
ports 264, is directly into annular interval 48 as indicated
by arrows 280. This is the primary path as the fluid slurry
seeks the path of least resistance. Under ideal conditions,
the fluid slurry travels throughout the entire interval 48
until interval 48 is completely packed with gravel. In
addition, the fluid slurry enters the production pathways of
apparatus 248 such that the annulus between apparatus 248 and
sand control screen assembly 252 1is also completely packed
with gravel.

[0066] It has been found, however, that sand bridges

commonly form during the gravel packing of an interval when
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19. The apparatus as recited in claim 12 wherein the tubul ar nenber further
conprises first and second axially extending production sections and first
and second axi ally extendi ng nanpraduction sections and wherein the
apparatus further conprises first and second channels that are
substantially circunferentially aligned wwth the first and second

nonpr adggéi eNusacty1ensofig hpuﬁﬁbal an reerber i frespecth Vet yinterrhaag 4Bi.r st
and second slurry passageways therewith. 20. The apparatus as recited in

clai m g, yber ghAgt Bgihg@g! %rr&%ﬂsgéa thefnLomme i 888athtgt, roecendvethi rd

and fourth axially exténdi ng production sections and first, second, third

df i al t. i ducti td i :
Sppar atre T b e D P I 0B e D PRE el o
second, .third

are substantially circunferentially aligned with the first,

TG Tourt nERGAB KT SEEE! G iH THETRUoH aPaRemior i pEER! Pty
formng first, second, third and fourth slurry passageways therewth. 21. A
net had F@pUHRaveéPtpadfienPEPAVGE EPY aPabhvayfeRfbaRP2 1 He I fret fBd PIRFESsi ng
the steps of: traversing a formation with the wellbore; |ocating a sand
cont r ol tEereend whrhiget Beadwdliherorzet4irn g oximet&r t het¢oyakt #Bnthrough
positioning a tubular nenber within the well bore formng a first annul us

W t h t hehesanrditeont tolbuwdareencandompetendtlannuynisyadi t paidke ngel plboresst he

t ubul ar nenber having an axially extendi ng production section with a

plural ithesd openvags apd aBnidelded eHeLHHIMhAWNPreget Fon sret fonigith a
plurality of outlets; disposing a channel within the first annul us such

that the chapnel 1ifs Subshantiraldge cidyrt ef ephkaldaeldanedoyehd pbheor

nonpr oducti on section of the tubular menber formng a slurry passageway

therewdd: L p-a@liNG achbui g ST M 0000Y LR JEa%R! tKONIRHer1uiqg
slurry enters channels 268 as indicated by arrows 266 and as
described above with reference to figure 14. In this
embodiment, the channels 268 are considered the tertiary path
for the fluid slurry.
[0067] In either embodiment, once the gravel pack 1is
completed and the well is brought on line, formation fluids
that are produced into the gravel packed interval must travel
through the gravel pack in the annulus, then enter the
production pathways through the openings in the outer tubular
where the formation fluids pass through the gravel pack
between the outer tubular and the screen assembly. As such,

the apparatus for gravel packing an interval of a wellbore of

the present invention allows for a complete gravel pack of an
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slurry passageway such that the fluid slurry exits the slurry passageway
through the outlets; and termnating the injecting when the interval is
substantially conpletely packed with the gravel. 22. The nmethod as recited
in claim21 wherein the step of disposing a channel within the first

annul us further conprises disposing a channel having a web and a pair of

opposi t#l e £ $P0s6d thiade ot ituin 4he hatekiansuliks tranfi®ima3on The uret hod
as recited in claim22 further conprising the step of form ng the channel

such thate the angl e bet ween the web and each of the sides is between about
45 and 90 . 42 degrees 24. The met hod as recited in claim22 further

conpri s e st of ng. .t ha ne h at_ the th i des
are squ Q Ipe fh rlI?aes }lgclzl d ?%ac?gﬁg%n (gzpfurht%era Oﬁﬁ%l Sl ngo
step of for e channel such that the ends t he si des _are roll ed. 26.
The rretgrf:c?d’erriﬁls %?cq WP i R &S 3 ur Afer @ coHﬁrﬁg’or’fﬁ 8t atPPngPrREeEFdes
of the channel with an_inner surface of the tubular nenber when the
pressur@ AR OP t HE shdivytFasesyenty F59BEF oW & pr edeeErHiiged Lval uéhand
relieving pressure fromthe slurry passageway by allow ng at | east one of

t he si ddwmnnelmrasad| fosapmediee thonsliherynnesssgeiays om ttieet pbekant
menber when the pressure within the slurry passageway i s above the

pr edet emmieradi aral ukav@7. pHesswetchodra@bki¢£ci tagabi 1dleg mvidhur t beevent
conprising attaching the channel to the tubular nmenmber with an attachnent

nmenber cannaciathi® aawnelrets tdigrhagnehoses.wiien mbhed scueedd editn
claim 21 further conprising attaching the channel to the sand control

screen..yd. gL hogdk asnhifel teghdd cl ajldm gi—%ué'ﬂ:%@édcorg) fLAde $UPRRY 1§89

each of the sides of the channel within the tubular er wth a retainer

nErTberp051tloned between an outer tubular 302 and a screen housing
304. At the location of this cross section, no attachment
member, such as studs 170 described above, is visibly
attaching channel 300 to outer tubular 302. As explained
above, the attachment members are positioned at preselected
intervals along the length of channel 300. At this cross
section, an outlet 306 is depicted which allows for the
discharge of the fluid slurry containing gravel from slurry
passageway 308. Also depicted are two openings 310 in outer
tubular 302 which represent the entries into the production
pathways of outer tubular 302.
[0069] As illustrated by the solid lines representing

channel 300, when channel 300 is unstressed or 1is operating

under normal pressure conditions, a gap 312 exists between the
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43 30. A nethod for gravel packing an interval of a wellbore, the nethod
conprising the steps of: traversing a formaticn with the well bore; |ocating
a sand control screen within the well bore proxinate the formation;
positioning a tubular menmber within the wellbore formng a first annul us

wi th the sand control screen and a second annulus with the wellbore, the

t ubul arwgrerdier dfivehgnaal asdal bydexhendiutg mpraadifddoom testreanwhbhsang
plurality of openings and an axially extendi ng nonproduction section with a
pluralizon of eul) e3ss dispPosig &IChaNBe! haviedy i tebgaRded RAIFIG a
oppositely disposed sides within the first annulus such that the channel is
subst ang y .Cl e Lal i d.owi thy t 5&?&:' S i of

t he tLiﬁjéﬁé%ﬂg%gg? r%ﬁﬁgéghéﬁu?%ygggsgg%é&%fhﬁﬁgﬁgaft ; %%f@%t?%ébgmfluid
sl urry cont ai ni. ravel thr h the slurr assage suc hat, th | ui d
slurry“gaﬂts ggslE%ﬁftﬁhsggggwa§eﬁﬁigﬁgthﬁgrou?ngi?rcoEQQCt%%ﬁoﬁﬂé
sides of the channel wth an inner ;surface of__the tubyl ar nenb?L EhgT t he
pressur®SHNAgS £RE PR VAR enal O IR Méa PFeddt®er AERYE val be; S
relieving pressure fromthe slurry passageway by allowi ng 44  at |east one
of t he &iINd413 o3 bar PRANE§Ns Opdicat £ YA % ha0% naBe Seregde foTusHed t 8B4t ar
menber when the pressure within the slurry passageway i s above the

pr edet €rtimi stedi M@l pe; nangdt ethsithagapy 3h2 ahpecrildgwwrroduret ign efVaidss
substantially conpletely packed with the gravel. 31. The nethod as recited
in claita 3 f gebdacedomirigidly thes saepaofoff osdiegn t heuehagnel0sushntdat
the angl e between the web and each of the sides is between about 45 and 90

degr eeshadrhe 1T RIS BSt raghd @8 suce! 8l 30 further conprising the step
of form ng the channel such that the ends of the sides are square. 33. The

met hod a9 7ioqci t edrridh ol M B30 fuphhek Cormsﬂéf'rﬁggliﬁe shepnof foraiogrihe

channel such that the ends of the sides are rolled. 34. he net hod as

AL R T SRR R R T
300 will deform instead of failing. Specifically, web 314 of
channel 300 will deform as shown in the dotted section 318 of
web 314. Web 314 can deform until it makes contact with the
outer surface of screen housing 304. In addition, the sides
320 of channel 300 may also deform as shown in the dotted
sections 322 of channel 300. As sides 320 deform, the contact
between sides 320 and the inner surface of outer tubular 302
increase which enhances the seal between the two. Also, such
flexure tends to reduce to possibility of having sand lockages
in slurry passageway 308. In fact, under sufficient pressure

conditions, sides 320 will deform to allow discharge of the

fluid slurry between sides 320 and the inside surface of outer
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35. The nethod as recited in claim30 further conprising attaching the
channel to the sand control screen. 36. nmethod as recited in claim30
further conprising supporting each of the sides of the channel within the
tubul ar nenber with a retainer nenber. 45 . A
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tubular. As best seen in figqure 17, a channel 330 is

positioned between an outer tubular 332 and a screen housing

334. At this cross section, an outlet 336 is depicted which
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340 in outer tubular 332 which represent the entries into the
production pathways of outer tubular 332. In the illustrated
embodiment, instead of attaching channel 330 to outer tubular
332, channel 330 is attached to screen housing 334 by one or
more welds 342. In this embodiment, channel 330 is attached
to screen housing 334 then outer tubular 332 1is positioned
around the sand control screen and channel assembly to create
slurry passageway 338. When channel 330 is unstressed or is
operating under normal pressure conditions, sides 344 are in
contact with the inner surface of outer tubular 332. As
explained above, under abnormally high pressure conditions,
channel 330 will deform instead of failing. Specifically, the
sides 344 of channel 330 will deform and, under sufficient
pressure conditions, sides 344 will allow dischérge of the
fluid slurry between sides 344 and the inner surface of outer
tubular 332, thereby providing pressure relief and avoiding
damage to channel 330. Again, once the high pressure
condition is relieved, channel 330 will return substantially
to its original shape such that normal operation may continue.

[0073] Referring now to figure 18, several embodiments of a

channel for wuse with an apparatus for gravel packing an
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passageway 358 is formed. Also depicted are openings 360 in
outer tubular 352 which represent the entries into the
production pathways of outer tubular 352. Channel 350
includes a web 362, depicted in solid lines, that creates a
gap 364 that has a substantially uniform thickness. As should
be understood by those skilled in the art, alternate
configurations of the web of channel 350 are possible and are
considered within the scope of the present invention such as
web 366 depicted in dotted lines. Likewise, as should be
understood by those skilled in the art, a variety of
configurations are possible for the sides of channel 350. For
example, sides 368, which are depicted in solid iines, form
about a 45-degree angle with web 362, sides 370, which are
depicted in dotted lines, form about a 60-degree angle with
web 362 and sides 372, which are depicted in dotted lines,
form about a 90-degree angle with web 362. Other angles,
greater than, less than and in between those described are

also possible and are considered within the scope of the

present invention. Also, unlike the channels described above
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inner surface of outer tubular 352.

[0074] It should be noted that the apparatus for gravel
packing an interval of a wellbore of the present invention may
alternatively be constructed without ﬁressure relief
capability. As illustrated in figure 19, a channel 380 1is
positioned between an outer tubular 382 and a screen housing
384. Outer tubular 382 includes an outlet 386 for the
discharge of the fluid slurry from slurry passageway 388.
Outer tubular 382 also includes openings 390 which are the
entries to the production pathways of outer tubular 382. At
the location of this cross section, no attachment member, such
as studs 170 described above, is visibly attaching channel 380
to outer tubular 382. In fact, in this embodimént, no such
attachment member may be required. Specifically, retainer
members 392 are used to hold channel 380 in place. As
illustrated, channel 380 is allowed to move radially between
screen housing 384 and outer tubular 383 during operation and
installation, thereby accounting for variations in the annular
space between screen housing 384 and outer tubular 383 caused

by tolerance in outer tubular 383. Accordingly, ends 396 of
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are attached to outer tubular 382 with threaded bolts 394,

however, other types of attachment members, such as rivets or
the 1like, may be used. Retainer members 392 may extend
substantially along the entire length of channel 380 or a
plurality of retainer members 392 may be places at intervals
along the length of channel 380. Alternatively, channel 380
may receive threaded bolts or other types of attachment
members directly into ends 396 of channel 380.

[0076] While this invention has been described with
reference to illustrative embodiments, this description is not
intended to be construed in a limiting sense. Various
modifications and combinations of the illustrative embodiments
as well as other embodiments of the invention, will be
apparent to persons skilled in the art upon reference to the
description. It is, therefore, intended that the appended
claims encompass any such modifications or embodiments.

What is claimed is:
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plurality of outlets; and

a channel disposed within the first annulus that is
substantially circumferentially aligned with the nonproduction
section of the tubular member forming a slurry passageway
therewith.

2. The apparatus as recited in claim 1 wherein the
channel further comprising a web and a pair of oppositely
disposed sides.

3. The apparatus as recited in claim 2 wherein the web
and each of the sides have an angle therebetween of between
about 45 and 90 degrees.

4. The apparatus as recited in claim 2 wherein the
sides have square ends.

5. The apparatus as recited in claim 2 wherein the

sides have rolled ends.
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separates from the inner surface of the tubular member when
the pressure within the slurry passageway 1is above the
predetermined value.

7. The apparatus as recited in claim 2 wherein an
attachment member is used to connect the web of the channel to
the tubular member.

8. The apparatus as recited in claim 2 wherein the
channel is connected to the sand control screen.

9. The apparatus as recited 1in claim 2 wherein a
retainer member is used to support each of the sides of the
channel within the tubular member.

10. The apparatus as recited in claim 1 wherein the
tubular member further comprises first and second axially
extending production sections and first and second axially
extending nonproduction sections and wherein the apparatus
further comprises first and second channels that are
substantially circumferentially aligned with the first and
second nonproduction sections of the tubular member,

respectively, forming first and second slurry passageways
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second, Third ‘and fourth axial extending nonproduction

sections and wherein the apparatus further comprises first,
second, third and fourth channels that are substantially
circumferentially aligned with the first, second, third and
fourth nonproduction sections of the tubular member,
respectively, forming first, second, third and fourth slurry
passageways therewith.

12. An apparatus for gravel packing an interval of a
wellbore, the apparatus comprising:

a sand control screen positioned within the wellbore;

a tubular member disposed within the wellbore forming a
first annulus with the sand control screen and a second
annulus with the wellbore, the tubular member having an inner
surface, an axially extending production section with a
plurality of openings and an axially extending nonproduction
section with a plurality of outlets; and

a channel disposed within the first annulus that 1is
substantially circumferentially aligned with the nonproduction

section of the tubular member forming a slurry passageway
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disposed sides, the sides contacting the inner surface of the
tubular member when the pressure within the slurry passageway
is below a predetermined value and at least one of the sides
partially separating from the inner surface of the tubular
member when the pressure within the slurry passageway is above
the predetermined value.

13. The apparatus as recited in claim 12 wherein the web
and each of the sides have an angle therebetween of between
about 45 and 90 degrees.

14, The apparatus as recited in claim 12 wherein the
sides have square ends.

15. The apparatus as recited in claim 12 wherein the
sides have rolled ends.

16. The apparatus as recited in claim 12 wherein an
attachment member is used to connect the web of the channel to
the tubular member.

17. The apparatus as recited in claim 12 wherein the
channel is connected to the sand control screen.

18. The apparatus as recited in claim 12 wherein a

retainer member is used to support each of the sides of the

channel within the tubular member.
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positioning a tubular member within the wellbore forming
a first annulus with the sand contrcl screen and a second
annulus with the wellbore, the tubular member having an
axially extending production section with a plurality of
openings and an axially extending nonproduction section with a
plurality of outlets;

disposing a channel within the first annulus such that
the channel 1s substantially circumferentially aligned with
the nonproduction section of the tubular member forming a
slurry passageway therewith;

injecting a fluid slurry containing gravel through the
slurry passageway such that the fluid slurry exits the slurry
prassageway through the outlets; and

terminating the injecting when the interval is
substantially completely packed with the gravel.

22. The method as recited in claim 21 wherein the step
of disposing a channel within the first annulus further
comprises disposing a channel having a web and a pair of
oppositely disposed sides within the first annulus channel.

23. The method as recited in claim 22 further comprising

the step of forming the channel such that the angle between

the web and each of the sides 1is between about 45 and 290
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sides are rolled.

26. The method as recited in claim 22 further comprising
contacting the sides of the channel with an inner surface of
the tubular member when the pressure within the slurry
passageway 1is below a predetermined value and relieving
pressure from the slurry passageway by allowing at least one
of the sides to partially separate from the inner surface of
the tubular member when the pressure within the slurry
passageway is above the predetermined value.

27. The method as recited in claim 21 further comprising
attaching the channel to the tubular member with an attachment
member connected to a web of the channel.

28. The method as recited in claim 21 further comprising
attaching the channel to the sand control screen.

29. method as recited in claim 21 further comprising

supporting each of the sides of the channel within the tubular

member with a retainer member.
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30. A method for gravel packing an interval of a
wellbore, the method comprising the steps of:
traversing a formaticn with the wellbore;
locating a sand control screen within the wellbore
proximate the formation;
positioning a tubular member within the wellbore forming
a first annulus with the sand control screen and a second
annulus with the wellbore, the tubular member having an
axially extending production section with a plurality of
openings and an axially extending nonproduction section with a
plurality of outlets;
disposing a channel having a web and a pair of oppositely
disposed sides within the first annulus such that the channel
is substantially circumferentially aligned with the

nonproduction section of the tubular member forming a slurry

passageway therewith;

injecting a fluid slurry containing gravel through the
slurry passageway such that the fluid slurry exits the slurry
passageway through the outlets;

contacting the sides of the channel with an inner surface
of the tubular member when the pressure within the slurry
passageway 1s below a predetermined value;

relieving pressure from the slurry passageway by allowing
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at least one of the sides to partially separate from the inner
surface of the tubular member when the pressure within the
slurry passageway 1s above the predetermined value; and

terminating the injecting when the interval is
substantially completely packed with the gravel.

31. The method as recited in claim 30 further comprising
the step of forming the channel such that the angle between
the web and each of the sides is between about 45 and 90
degrees.

32. The method as recited in claim 30 further comprising
the step of forming the channel such that the ends of the
sides are square.

33. The method as recited in claim 30 further comprising
the step of forming the channel such that the ends of the
sides are rolled.

34. The method as recited in claim 30 further comprising
attaching the channel to the tubular member with an attachment
member connected to the web of the channel.

35. The method as recited in claim 30 further comprising
attaching the channel to the sand control screen.

36. method as recited in claim 30 further comprising
supporting each of the sides of the channel within the tubular

member with a retainer member.
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