2138865 Prepacked well screen and casing assenbly The invention rel @es to
wel l's of “all 'types which require sand control. but particularly to deep

wel I's such as those producing oi |, and/or gas. I n deep mells |t IS
extrenely costly to conplete the well in the producing 5 zogel 54}5
conventional - techni ques of running in casing, cenenting, down-ho
perforating, running in the screen jacket assenbly and then gravel packlng
wht'h a cross- over tool. The perforatrng operation is part|cularly

expensi ve and can be dangerous, since explosives are 10 ygl cally used to
formthe perforations. Prmlqedr mhl screen angd GASINg SESEMPLX o form a

total of only about twyelve 19 nm perforations per. 30 casi ng th,
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menber s. Prepacked screen assenblies al l'y, used v’\(npgga gagxtnae’[aenal
i

gravel pack. sirfPeMHINE | 3Rdsaf@nwdRe d%éi“gﬁrPHéPr .
degp wel |, sugh @gsimﬂh;esusedl d:mofobn ehel. Igen'ﬁmmm.@nisn t hBuethetmofe a

e Uypi cally eei$a'ﬁ 3 L BRI ﬂ’?‘ﬁe ??’tme@k&"lfcéﬁ&%

through with &welash-%emm (RRY Omiﬂﬁ@r eeR, 3 Wi ek abensthar

apart and j am astHderdl 4@l rpébOﬁuMbéﬁhorhmlaee aﬂ@&:rfélffeslﬁég?étsﬂ'@e

resin-coated gravel .qr sand used _in the.afore " "
sometimes” tends to prodice voids or holidays in the

15 later installed sand-controlling gravel pack, since a
much greatef flow velocity exists through each perforation
than would be the case if many more perforations were

.present. The problem of voids in the gravel pack and
consequent failure when the fine formation material moves

20 right into the screen and erodes it is especially great
when the well hole is highly- deviated.

N . . Prepacked screen assemblies have been manufactured
in the past and these include a uniform consolidated
or unconsolidated annulus of resin-coated sand or gravel

25 which fills the space between a pair of concentric screen’
members. Prepaéked screen assemblies are typically used
with an external gravel pack since formation sand would
plug their slots. If used in a de_ep well, such assemblies
could not be easily removed in the event of a failure

SANQE the internal annular gravel pack, since the prepacked

{“ are typically made of stainless steel which would

-? \ difficult to cut through with a wash-over tool.

! _thermore_, they would probably tear apart and jam as

i he wire and rod of which they are made comes apart.

The resin-coated gravel or sand used in the afore- -
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-2- nmentioned prepacked screen assenblies is preferably of the type
described in an article entitled, "Performance Review of Phenoli ¢-Resin

G avel ~Racki ng" by Lowell W Saunders and Howard L. MKinzie which appéaregjy
inth February 1981 issue of "JOURNAL OF PETROLEUM TECHNOLOGY" at pages
221-22 Al t hough such gravel has been supplied as part of a precured

packi ng between two concentric vield screens, it is usually used as a direct~
repl acenent for ordinary gravel packs which are formed in situ. 10 The - =%
gravel imentdippededrepdakesic Ecreefir @useamhpdiend is pwe€drabler dfnstall ation

as a CORRBIURNGE GbebPPhdd! dn ldn AVl LELIIAL U epaxiglddifed N the well.
The cured resin-coated gravel 1s inert to acl t 1S soluble in basic .
fluids Reviigy aohi diheneliprResin: fravebpePagkingds bys LowelhpWe to easily
rermved-saanaeeki 'Ehdi'é Héﬂ!g&i . MaRLASLe AHIThE SESE4¥dd Nnt haises gf < ed
uncureed resin- c sand and enyi [ , can be use
is Péper"‘eﬁSpa§75Eq$gg4 IHsuR 9% ch‘ﬁ%@hc&éi? ' nw(gbﬁ%m entitl ed,
MAn Eff att ipageHbt%d_ZGB.zo AlshougBosuchl graveThbapapeen veuppliesknted at a
meet i ng 4qf %L{SJE’AOS.‘SC'aet greeﬁre&’etﬁa%'k% EEGAE" Bwo codddferild? Laf ayette,

Loui si ana . on Eebruary 15-16, 1978. The, present 1nvention seeks to
provi deW&lde[SCTEERSen ids skhiisHadh iRt A 2 A4ERGt (TeRlacemeAtet ed Wi t hout
25, LMeEore ofdindoyr gubvelr ucks pehieng st Soeaad Lanadment on also
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al S0 segkgely RLQN| ClmpedAQitY @ sh2hgPiA- cHECHEM 2 Oftvel Rada for a wel iy
screen which” w | vercomf t.he void and ch rH]eI I ng Erobl eps of, gravel packs
produceHeagU\h‘-’%F%.' gravel is inert to ac but “is soluble in

basic fluids having a high pH. The latter property makes

15 it simple to easily remove the packing at any time. -
Another article describing the uses of uncured resin-
coated sand and various environments in which it can
be used is Paper No. SPE 7004 of A. Richard Sinclair
and John W. Graham entitled, “An Effective Method of

20 Sand  Control". The paper was presented at a meeting
of the Society of . Petroleum Engineers of AIME in
Lafayette, Louisiana, U.S.A. on February 15-16, 1978.

The present invention seeks to provide a well screen
assembly which permits a well to be completed without s
25 the use of a down-hole gravel packi.ng operation. The
tnvention also seeks to provide a well screen assembly
which provides a large overall flow through an entire
gravel pack but a much lower flow rate through any one
part of the gravel pack than the conventional technique.
30 The invention also seeks to provide a technique for pro-
ducing a gravel pack for a well screen which will overcome
the void and channeling problems of gravel packs produced
down-hole. | ' '

Accofding to the invention, a 'prepacked well screen
35 and casing assembly adapted to be lowered into a well’ .



According to the invention, a prepacked well screen 35 and casing assenbly
“adapted to be lowered into a well"'. -3- conprises an outer casing
menber having a perforated intermediate portion, and unperforated end
portions extending fromeach end of said perforated internediate porfjon
whi ch end -portions have coupling portions at 5 ‘the outer ends ther c#fl a
slotted surface well screen jacket nenber gupported internally of s

oMt er casing menber on a generally cylindrfcal base nember, said base

menber having a | ongi [ naj | ndj rforated inter- medi on
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hanger . ITIhe Li?ﬁﬁeﬁw!gq{axﬁit&@ Qn'Q_%ﬁgiFﬁdiHSlIﬂé}jﬁlﬁ’dﬁiﬁ%ﬁrpetrff?ﬂ%a_?_ﬁh@,ér?ge
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preferably are na e sanme type convent | ona -qper oratin Ear at us
used to drill pdteRhers of BGLEs 9% eRBUbRpeMSad RAAbesh ?ﬁc‘-é{"?f?pBe ween
wel | screen. A tggidakengatpertiomsl dfbesdind hbaselinemben | ahd lsali®s outer
arrangred circundaiGil | Abhke?) Zuch "ULEE"D1GteddEiihg one end of an
15 annular chamber which extends axially beyond a respective
end of said well screen jacket member, and a consolidated

- packing of porous material within said annular chamber.

Desirably, the outer casing member is sized so that,

when the assembly is to be used, it can be mounted "down-

20 hole" by a conventional liner hanger.- The liner hanger
can engage and be retained near the bottom of the inner
wall of the lowermost previously installed casing section.
The said last mentioned section would of course have

~ a larger diameter than the casing .portion being hung
25 from its intermal ‘wall. The perforations in the outer
casing member can be formed therein before assembly and

- preferably are made by the same type of conventional
perforating apparatus wused to drill patterns of holes

in the pipe base portion of a pipe base well screen.
{=Lxpical pattern would be to have 12.7 mm I.D. holes
» +3 8d circumferentially on 25.4 mm centres with the
n alternate rows being offset. Thu'_s", a casing
f-fhaving a 244 mm 0.D. can have two hundred and

Y our 12.7 mm holes per 30.5 cm as compared to only
i%‘ﬁ, twelve 19 mm holes per 30.5 cm which are ty_p.ically
provided when a casing must be perforated 'down-hole'.




holes in alternate rows being offset. Thus, "a casing nenber having a 244
nm O. D. can have two hundred and sixty of our 12.7 mm holes per 30.5 cm as
conpared to only about twelve 19 nm holes -per 30.5 cmwhich are typically
provi when a casing nust be perforated "down-hol e". --4- As previously
di scu , this greatly increases the uni- fornity of flow through the
assenbl’y and m nim zes plugg- ing gnd channeling. The base nenber for the. ~ .
wel | screen jacket nmenber 5 of the assenbly is left unperforated near its =X

ends andAss eevieﬁal ddhach§§e§enth§5 peehelyWiecebAsbiecwe! Lngcreen j acket
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10 to beingeahd rchardrejlinganperature envi ronrrent wherein the different
tenperature coefficients of expansion of a stai nl ess ‘steel screen jacket
menber and a carbon steel base nmenber coul d cause buckling, the screen
jacket coul d Hie wep8edmembere farcthentellatscyagn Haeketmhdmemherot her 15

gnd f)fs t & aaﬁe%demitigt Louldfthem f_‘ér:ﬁhueh fdéa:} 01t641ee£>@§e?f{§gber aSb: s
i sclosed in a e it _end wou e capabl e
of S|Id|€l% er%l? @ig? %Enbjeﬁstﬁef‘glrﬁéver%qlr%sg CLeLRi et-eﬁﬁg}a- tures.
Al t houglsetrebajecketbés flocatad.scrlen tfea]dkescﬂé)emngadkemrwahlgt be a

cyl i ndrigsdmadiRe, bkt ggyagdal ef O di scl osed
in Unit St at1§§ Pgtent . &p 16&%9115%%% A M@Kjt er t ! relglrs‘nsdl ate
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RS e N e
outer cdsithpifdfss steel screen jacket member and a carbon steel
base member could cause buckling, the screen jacket could
~be welded to the base member at. just one end. The other
15 end of the screen jacket could then be shrunk-fit to
the base member as is disclosed in US Patent No.
4,378,840. The shrunk-fit end would be capable of sliding
on the base member to relieve stresses at high tempera-
tures. Although the base member for the screen jacket
20 would normally be a cylindrical pipe, it could ‘also be
- formed of welded channels as disclosed in United States
Patent No. 4,096,911 (Geske).

After the intermediate portion of the outer casing

- member has been perforated and the screen jacket member
25 has been attached to its support member, a first annular
plate is welded to one unperforated end portion of the
support member. The well screen with the said plate
attached is then located inside the outer_ casing member
_ and the plate is welded to the inner wall of one unperfor-
30 ated end portion of the outer casing member so -as to
centralize the well screen within the outer casing member.
The casing well screen assembly is then positioned vertic-
" ally and its outer perforated surface is temporarily
covered by a fabric, a metal fine mesh cloth, or a'sleeVe,
35 for example. The covering can be of any suitable material



and the plate is welded to the inner wall of one unperfor- 30 ated end
portion-of the outer casi ng nmember so as to centralize the well screes
@within the outer casing nenber. The casing well screen assenbly is TQ_T_
positioned vertic- ally and its outer perforated surface is - '
tenporarity covered by a fabric, a metal fine mesh cloth, or a sleeve;" 35

Jor exanple. The covering can be of any suitable material -5- which wl
B+ock off the outer ends of the perforatiohs while | oose resin-coated sand
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fused together in uni tar 0 ate SS At 'this sta e cas
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out of the perf poattions. of the mummtcaﬁiﬂgamemb@mhndgtonthéen@mtscﬁm
shoul d be just dj agent cl tn_ﬁ

reduci ng the or(l')%t p;aﬁ]éé @%ﬁg% |da:i‘g1 rfegzg:;itée ﬁse‘ﬁﬂbl?mi "ﬁrllngar cI es
woul d be sel { E@TPRTAEYAHERIOR S WEBER ZuTed aush AorbY| Ahehasecal
jacket and the griehehct hf Qﬂféiréﬁeérlﬁyté’t%afnﬁbﬂ‘ﬁhbenwtﬁeﬁQC%ﬂ% éh

material for tHECAInASE SeRLESeareY, g "3‘3‘16&ﬁ‘?ﬁazkuéﬁgﬁ?Pﬁé%BFFeF%S
the casing and scrwditaryssdnsolidatiedsimddssod, Ab tbisvetage,r giheacasing
screen assenbly cotdeRRBIeh! beOremBved since the particles are no longer
15 able to fall out of the perforations. The amount of
resin coating on the particles should be just sufficient
to bond ad jacent particles without significantly reducing
the porosity of the consolidated mass. The size of the
particles would be selected in relation to the width
20 of the slots in the screen jacket and the size of the
particles in the formation in accordance with the usual
practice in the industry. ' '

By using an easily machinable material for the
annular plates, it would be possible, any time after
25 the casing and screen assembly was installed, to remove
and  replace the screen assembly independently of the
casing in a wash-over operation without affecting the
liner. A new ordinary screen could then be installed
and gravel 'packed in the usual fashion. Furthermore,
30 if the consolidated packing should somehow become defec-
tive while the screen remained intact, after removing .
‘the upper annular plate, the packing could be removed
by injecting a high pH fluid which would dissolve the
resin bonds between the particles. A new gravel pack
35 could then be installed in the conventional fashion.
It is anticipated that there will be little if any need



casing in a wash- over operation without affecting the liner. A new
ordinary screen could then be installed and gravel packed in the usual

fashion.  Furthernore, 30 if the consolidated packing shoul d sonehow o
becone {efec- tive while the screen remnined intact, after renoving the

upper anhl ar plate, the packing could be renoved by injecting a high pH
fluid wivwch woul d di ssolve the resjn bonds between the particles. A new -~

gravel pack 35 could then be instatl®ed in the conventional fashion. It is “F
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i nventi on exterror. Or damage to the
r at & fSrta'ngéhsc‘P%elﬂr Pé't savk areaﬂvbmi. @ﬁapepsepm%éid eyl Xuri ng

shi ppi n%eoriddiﬁﬂﬂcli@fdcortd Srépmé | €@t nokNgL eBRehgPNt If dddnacked wel | .
screen (53_ accord%lce E" § i nvention will now b Pesc%bed by \J
vey of 538 PERPEN 9 o PERBECKSS: ACTRE AANI5 S SFSEAL Fn on the’
prepapkemsm[lllasioneaqaﬁpmeas|_wt;iabsésrbéqstky|mddcaimel—gammilﬁg_/ at 10 and
conmpri sed aus&NYodhpdred to a prepacked well screen and casing
15 assembly according to the present invention with its
rugged exterior. Also, the potential for damage to the
rather fragile screen slots of a conventional prepacked
"screen during shipping or installation is significant.

'~ One embodiment of prepacked well screen in accordance
20 with the invention will now be described, by way of
example, with reference to the ‘accompanying drawing,
in which the prepacked well screen and casing assembly
is indicated generally at 10 and comprises a length of
well casing 12 which might typically be of a length of

25 1 to 13.5 metres. The ends of the casing are preferably -
provided with threads 14 which permit the particular
length of casing to be joined to other lengths in the
‘usual fashion. Before the casing 12 is assembled into
the assembly 10, it is perforated in the intermediate
30 region defined between upper and lower annular plate
members 18, 20. Since it is much easier to drill holes
in the casing 12 when it is out of the ground than it
is to perforate it while it is down in a hole, it is
possible to provide the casing with a very large number
35 of holes. For example, a casing having an outer diameter
of 244 mm can be provided with two hundred and sixty



wel | casing 12 which mght typically be of a length of 25 1 to 13.5
Jretres.’ The ends of the casing are preferably provided with thregg
~which permit the particular length of casing to be joined to othg
in the usual -fashion. Before the casing 12 is assenbled into thg 3
10, it is perforated in the internediate 30 region defined betweerr upper
wand |l ower annul ar plate nenbers 18, 20.. 7Since it is nuch easier to drill
\Fol es in the casi ng 12 when it is out of the ground than it is to perforate
it while it is fwn 12w 2 nwolleglds tuwermmys tivwdl @dro 30n6vietle whencelsé goMés h a
very large nu . oaf Jhol e , ILAg ;hayi n,.out er
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const ant th, caHd Vi D t ym e sgreen jacgke as
end por - \tmligns js?&%ﬁka?driinsgs‘;%%bc@ %ﬂ% \ﬁ& d‘é‘&'et a‘&‘d«?— %fath%'gs‘e
support menber cally waund)i grd hueddedpser tsemasrersuppart peodor 36 edowiash
hol es 44 Insi deot IForRCla tbricankiblisSd10¢! 38 ofNBBALLAAE Width | lyib1LyThe
manuf act uri ng techgpi que ha n_previQus i scussed as have t'hie
t echni ques fortor'rgggt ﬁ'ﬂg @h@%ﬁg "'g'o &%@K resn IJa‘:gEFeérQ %éﬁd end; pofg
assenbly in &iowmellsuch as rings 40 which may be welded to a pipe-
15 base support member 42. The pipe-base support member
42 is perforated with holes 44 inside the screen . jacket
30 but is unperforated at its ends. '
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The manufacturing technique has been previously

discussed as have the techniques for mounting the pre-

20 packed well screen and casing assembly in a well.
Obviously, since the ends of the length of well casing

12 are threaded, a plurality of assembly sections 10

_ _ could be joined together with conventional couplings
e (not shown). There would be no need to have the cylindri-
25 cal support bases 42 of connected assemblies joined since

the bases are affixed and sealed relative to the casing
12 by the wéldeii-in_—place plate members 18, 20. The
h,b_].e diameter and spacing pattern for the holes 22 in
AT TS sasing member 12 and for the holes 44 in the base
embrxng is preferably selected so as to maximize the
565‘1“6‘61.- ‘atea . while maintaining sufficient structural

}},’;;’i?ﬁ‘zg.“fg,?ﬁgt%f Likewise, the hole diameter and spacing pattern
e | et G ~ o
'5"'%;ﬁ%§)th //holes 44 in the pipe-base support member 42 is

T __{dg_fé_._ to maximize flow area while maintaining suffic-
\3‘5‘3’*’ @t~ structural strength in the member 42. Due to the
difference in diameters of the casing 12 and the pipe-
base support member 42, the total number of the casing



Qovi ously, since the ends of the length of well casi ng 12 are threaded a

plurality ssenbly sections 10 coul d be joined together with ]
conventi o i ouplings (not shown). There would be no need to have the 4
cylindri-\25) cal support bases 42 of connected assenblies joined S|nce t he

bases are -affi xed and sealed relative to the casing 12 by the
wel ded-in-place plate nenbers 18, g0Q. The hol e dianeter and spacing
pattern for the holes 22 in sing menber 12 and for the holes 44 in the base uJ
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15 other compaction techniques as required. The use of
an above-ground curing operation while the casing perfor-
ations are covered, assures that no change will take
place in the location of the gravel particles. Thus,
a more consistent pack can be achieved than would appear

20 to be possible in a ‘down-hole cure of a down-hole-
installed gravel pack utilizing uncured resin-coated
‘gravel. '

Although it has been noted that there is no need

to have the cylindrical support base members 42 of adjac-

25 ent assemblies acutally connected together, since they
are each sealed relative to the casings 12, there are
'situatiqris wherein it may be desirable to provide each
end of the pipe base member 42 with threads. For example,
where several sections of screen assemblies 10 are to

30 be placed in a well and there is some possibility that .
one or more of the lower sections might have to be sedled )
off at some date in the future, it would be a‘dvantageo'us'

to be able to thread a conventional '"seal bore sub" to
the lower end of at least some of the members 42. The

35 upper ends of the pipe base members 42 which would under-
lie the lower ends of other members 42 through which
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an upper one or where production from a lower strata
might become undesirable. '
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forated porti.ons defim.ng the ends of said base member

which are outside said well screen jacket member; a pair
of annular metal plates secured between said end portions.
15 of said base member and said outer casing member, each
- said ‘plate defining one end of an annular chamber which
extends axially beyond a respective ‘end of said well
screen jacket member; and a consolidated packing of porous
material within said annular chamber.

20 2. A prepacked well screen and casing assembly
_acéording to claim 1, wherein said porous material com-
prises particulate material, the particles of which are _
bonded together.

3. & prepacked well screen and casing assembly -
25 according to claim 1 or claim 2, wherein said particulate
material is resin-coated gravel or sand.

4, A prepacked well screen and casing assembly
according to any preceding claim, wherein said perforated
intermediate portions of said outer casing member and'

30 said base member have patterns of hole perforations which
are at least substantially the same in diameter and
spacing. '

5. A pfepacked well screen and casing assembly



"accor di n'g to any preceding claim wherein sai erforated internediate
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annular plate is of softer material than that used for the well screen
jacket menber. 8. 6. A preprapanked:| Wweltr esoremnd andi npisingendsyerilbly
substantialdy é&#}faﬁgb%oraﬂ%ﬁ%' beteMelill &Y SPESId-LodtMh FPravel
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or sand has its resin coating cured by heat so that indi-

' vidual particles are bonded into a consolidated mass,
said coating being sufficiently thin to permit £fluid

flow through the mass in the space between particles.

L’ 10 7. A prepacked well screen and casing assembly
as claimed in any preceding claim in which each annular
plate is of softer material than that used for the well
screen jacket member. )

8. A prepacked well screen and casing assembly
15 substantially as hereinbefore described with reference
to, and as illustrated in, the accompanying drawing.




