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BACKGROUND 15Thi s disclosure relates generally to equipnment utilized
and operations perforned in conjunction with a subterranean well and,
in an exanpl e descri bed bel ow, nore particularly provides anhydrous
boron-based tined delay plugs. 20lt can be advantageous to be able to
del ay operation of a well togtiohfdy &%arRPt &o.i:t 208y-13e 0d€867 ahl st 0
del ay operation of a well tool until it is appropriately positioned
inawell, until another well tool has been Attorney Docket No.:
2010-1P-031567 U US actuated, or until conditions are favorabl e,
circunstances are convenient, etc. However, npst past attenpts at

del aying well tool operation have relied on delay nechani sns which
are either
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ANHYDROUS BORON-BASED TIMED DELAY PLUGS
10 Tnventors: Luke W. Eolderman and Jean-Marc Lopez
BACKGROUND

15 This disclosure relates generally to eguipment
utilized and operations performed in conjunction with a
subterranean well and, in an example described below, more
particularly provides anhydrous boron-based timed delay
plugs.

20 It can be advantageous to be able to delay operation

of a well tool. For example, it may be desirable to delay
operation of a well tool until it is appropriately

positioned in a well, until another well tool has been



5 conpl ex, unreliable, expensive, difficult to operate, etc.
Therefore, it will be appreciated that it would be beneficial to
provide an inproved way to delay well tool operation. 10SUMVARY

In the disclosure bel ow, an anhydrous boron-based tined delay plug is
provi ded which brings inprovenents to the art of delaying well tool
operation, or otherw se delaying fluid comruni cation through a
passageway. One 15 exanpl e i atrtdestdy pedxbelw:i powhihoa1set lut @sl is
operated a certain tine after an anhydrous boron conpound is exposed
to an aqueous fluid. Another exanple is described belowin which a

| engt h of an anhydrous boron conpound plug is used to determne a
period of time after which fluid 20 comrunication is permtted

through a passagewRyor | thtdne ca8a®eClonsdale! #avlo2ab1d Olcideam¥tddted
subt erranean well is_provided by the disclosure below The well tool

can i ncl ude®%h EINGRYALRY F&Ssageway and a plug which prevents fluid
communi cation thyough the passageway for 25_predet erm ned period of
time. The plug i gFuﬁEE’%W%aﬁﬂygr%%?mﬁg?d%:é@ﬁg%ﬂﬁﬂwefﬁggogl

pr edet er m negkpericodhate tdeleed sordetedny nechdiy sas | wnigibth aeé ¢itther
anhydr o b o] L . ALt Or .Docket 2 2010-1P-031567 U US
I n anotﬁir éﬁ?lef%fngﬁ%%gaﬁaﬁebfé%%%ﬁéégghgséféﬁéﬁﬁtt%ﬁﬂoPFﬁag%hj%%$étion
wi th a subtBrarmfean. wet Iwiild be cvirdediaTde thetthod warld hel ude exposi ng

an anhydro Yol ; : luid, s ydr ous
bor on conpg%ﬁ%&%g?ﬁgq%pﬁﬁggﬁggJﬁ?ﬁﬁggg?%g‘kﬂﬁEﬁ %%%’eﬁ%gff urd
conmmuni cat | eReRAEO0gh a passageway of the well tool. The well tool
operates in response to fluid comruni cation being permtted through
t he passageway a predeterm ned period of tine after the exposing

st ep. ;R;he present invention proviégﬁﬁnixmell tool for use

In the disclosure below, an anhydrous boron-based
timed delay plug is provided which brings improvements to
the art of delaying well tool operation, or otherwise
delaying fluid communication through a passageway. One

15 example is described below in which a well tool is operated
a certain time after an anhydrous boron compound is exposed
to an agueous fluid. Another example is described below in
which a length of an anhydrous boron compound plug is used
to determine a period of time after which fluid

20 communication is permitted through a passageway.

In one aspect, a well tocl for use with a subterranean
well 1s provided by the disclosure below. The well tool
can include an elongated passageway and a plug which
prevents fluid communication through the passageway for a

25 predetermined period of time. The plug includes an
anhydrous boron compound. The predetermined period of time

is determined by a length of the anhydrous boron compound.



with a subterranean well, the well tool conprising: an el ongated
passageway; and a plug which prevents fluid comunication through the
passageway for a predeterm ned period of tine, the plug 15 including
an anhydrous boron conpound, whereby the predeterm ned period of tine
is determined by a length of the anhydrous boron conpound. The
plug may conprise a solid mass of the anhydrous boron conpound. 20A

| ength of the plug may be at akeasicalbeuket Nee tomesrmonidsh wf ushe

pl ug. The passageway may extend through a sidewall of a tubular
menber . The passageway may extend through a tube. 25The
tube may be coiled. Attorney Docket No.: 2010-1P-031567 U US The
passageway may extend circuitously in the well tool. The wel |

tool may furtherr£ARBEhsL Apkbs! O ndhhel & SREESHd Tk LESPOASA tO
fluid conmuni cati on being . )
in conjunction with a subterranean well is provided. The
method can include exposing an anhydrous boron compound to
an aqueous fluid, with the anhydrous boron compound being
5 included in a plug which prevents fluid communication
through a passageway of the well tool. The well tocl
operates in response to fluid communication being permitted

through the passageway a predetermined period of time after

the exposing step.
10 The present invention provides a well tool for use
with a subterranean well, the well tool comprising:

an elongated passageway; and

a plug which prevents fluid communication through the
prassageway for a predetermined period of time, the plug
15 including an anhydrous boron compound, whereby the
predetermined period of time is determined by a length of

the anhydrous boron compound.

The plug may comprise a solid mass of the anhydrous

boron compound.

20 A length of the plug may be at least about three times
a width of the plug.

The passageway may extend through a sidewall of a

tubular member.
The passageway may extend through a tube.

25 The tube may be coiled.



5 permtted through the passageway. The well tool may further
conprise a seal elenent which extends radially outward in response to
fluid conmuni cati on being permtted through the passageway. The wel |l
tool may further conprise a well screen on a 10 tubul ar nmenber, and
wherein fluid is permtted to flow through the well screen and into
t he tubul ar nmenber in response to fluid comunication being permtted

through the passageway. Attodhs, PASREgARY DBY0+rBsionhst7 fh0wsof
fluid into the 15 tubular nenber when fluid comrunication is
permtted through the passageway. The well tool may further
conprise a degradable barrier which tenporarily isolates at |east one
end of the anhydrous boron conpound from contact with an aqueous 20

fluid. The pass%%“@XsE@?’er@ By COPRMRI catdlonowsih AD cact yafor of the
wel |l tool, whereby actuation of the well tool is delayed until the

predet er mi nE®Pperi od of time after hydration of the anhydrous boron
conpound begi ns. 25Th§ p%%ﬁaaema may be included in a f]ow control
devi ce of the wel® ¥oot, e Eﬁygl’ﬂt&?faﬁ FIRGLEAT BURH ¥We "REER or ney
Docket No. : d24H1GckR- O3 1fEpoblke U> fluid communication being

5 permitted through the passageway.

The well tool may further comprise a seal element
which extends radially outward in response to fluid

communication being permitted through the passageway.

The well tool may further comprise a well screen on a
i0 tubular member, and wherein fluid is permitted to flow
through the well screen and into the tubular member in
response to fluid communication being permitted through the

passageway.

The passageway may restrict flow of fluid into the
15 tubular member when fluid communication is permitted

through the passageway.

The well tool may further comprise a degradable
barrier which temporarily isclates at least one end of the
anhydrous boron compound from contact with an agueous

20 fluid.

The passageway may be in communication with an
actuator of the well teool, whereby actuation of the well
tool is delayed until the predetermined period of time

after hydration of the anhydrous boron compound begins.

25 The passageway may be included in a flow control

device of the well tool, whereby fluid flow through the



flow control device is delayed until the predeterm ned period of tinme
after initiation of hydration of the anhydrous boron conpound.

The present invention further provides a nethod of 5 operating a well
tool in conjunction with a subterranean well, the nethod conprising:
exposi ng an anhydrous boron conpound to an aqueous fluid, the

anhydr ous boron conpound being included in a plug which prevents

fluid communication through arif-passageuewds: bbeowedlostieet;yang
the well tool operating in response to fluid comuni cation being

permtted through the passageway a predeterm ned period of tine after
the exposing step. Optionally, the well tool operating further
conprises 15 fluid flow ng through a well screen and into a tubul ar

member in resRonss ka1 il dCoum LAY eﬂtﬁeitag B?é&%ge%ﬁEnEQ,rOUQh the
passageway. _ The passageway may restrict flow o urd into the
tubul ar menPe¥icther Fipe Ridemmind datiion ¢% yekatierd2¢hehr ough the

passageway. anhydrou@Pbbosldonpbligawel | tool operating further
conprises a piston displacing in response to fluid communi cation

bei ng perm tted mhar pugkeithanpassagevi@yther providéPtd aRahby éhe wel |
tool operating further c rises a 25 seal elenent extending radially
outward Tn PREIIHSE £o"T1LIGOCoMTT S B G ey DETIRTEPEETH ough

t he passagemall, tAbtoetieyd BDookeisiMg:: 2010-1P-031567 U US The
met hod may further conprise the step of fixing the predeterm ned
period of tine Iprreeirztamgnayiiengt oobn tdrpanhgdrous bareeusonpound

in the plugeyig, tne anﬂ%gro%uﬂof@ry CORPPIAS Be8ng Ol d & YIS Qf4 the
anhydrous 5 boron conpound.
rlug which prevents fluid communication through a

10 passageway of the well tool; and

the well tool operating in response to fluid
communication being permitted through the passageway a

predetermined period of time after the exposing step.

Optlonally, the well tool gperating further comprises
15 fluvid flowing through a well screen and into a tubular
member in response to fluid communication being permitted

through the passageway.

The passageway may restrict flow of fluid into the
tubular member when fluid communication is permitted

20 through the passageway.

Optionally the well tool operating further comprises a
plston displacing in response to fluid communication being

permitted through the passageway.

Optionally the well tool operating further comprises a
25 seal element extending radially outward in response to

fiuid communication being permitted through the passageway.



A length of the plug nmay be at |east about three tines a width of the
pl ug. The passageway may extend through a sidewall of a tubul ar
menber. 10The passageway may extend through a tube. The tube may be
coi l ed. The passageway nay extend circuitously in the well tool.
Optionally a degradable barrier tenporarily isolates 15 at |east one
end of the anhydrous boron conmpound from contact with the aqueous
fluid. The passageway mBYobhe=y DoeREVLNY .GabDOO-¥i-0lk1a87 act wat or
of the well tool, and wherein actuation of the well tool is delayed
until the predeterm ned period of tine 20 after exposing the

anhydr ous boron conpound to the aqueous fl uid. The passageway
may be included in a flow control device of the well tool, and

wherein fluid flow hbtgshayhenttiow coRbEOle dayi sep Srdekayed whati |
the predeterm ned Attorney Docket No.: 2010-1P-031567 U US period

of tinme aftBFeIBE53EERG tBfE 22ANGHI e BEr 8t dipaundl e Hhet agifeous
fluid. Thesengpttoathpsrdealompesnd adv ahtaghsg.and benefits will 5
beconme apparent to one of ordinary skill in the art upon careful
consi derati on offhehpluetrayl edmpessy iapebdid ofasseprf esentaanydecwxanpl es

bel ow angd tggroahc%ggggm&_ng

A length of the plug may be at least about three times
a width of the plug.

The passageway may extend through a sidewall of a

tubular member.
10 The passageway may extend through a tube.
The tube may be coiled.

The passageway may extend circuitously in the well

tool.

Optionally a degradable barrier temporarily isolates
15 at least one end of the anhydrous boron compound from

contact with the agueous fluid.

The passageway may be in communication with an
actuator of the well tool, and wherein actuation of the
well tool is delayed until the predetermined period of time

20 after exposing the anhydrous boron compound to the agueous

fluid.

The passageway may be included in a flow control
device of the well tool, and wherein fluid flow through the

flow control device is delayed until the predetermined



drawings, in which simlar elenents are indicated in the various
figures using the sane reference nunbers. 10 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a schematic partially cross-sectional view of a
wel | system and associ ated nmet hod whi ch can enbody principles of the
present disclosure. 15FIG 2 is an enlarged scale schematic
cross-sectional view through a well tool which nmay be used in the
well system FIG 3 is an enlitgenesdmicgesdfmnalticIHIS1§6¢tVonE

vi ew of another well tool which nay be used in the well 20 system
DETAI LED DESCRI PTI ON Representatively illustrated in FIG 1
is a well system 10 and associ ated net hod whi ch can enbody principles
25 of this disclosure. As depicted in FIG 1, a wellbore 12 Attorney
Docket No. : p0ifit lof- 03ddGEtdr kiposing need mHyldreasiigobd campowement
16, the casing.has been perf.aorated, and | ower and upper conpletion
strings 18,%8t ea\%gu een i:elrllls:L alled in the well bore. Each of the-
conpletion strings 18, 20 includes a

These and other features, advantages and benefits will
5 become apparent to cone of ordinary skill in the art upocn
careful consideration of the detailed description of
representative examples below and the accompanying
drawings, in which similar elements are indicated in the

various figures using the same reference numbers.

10
BRIEF DESCRIPTION OF THE DRAWINGS
FiG. 1 is a schematic partially cross-sectional view
of a well system and associated method which can embody
principles of the present disclosure.
15 FIG. 2 is an enlarged scale schematic cross-sectional

view through a well tocl which may be used in the well

system.

FIG. 3 is an enlarged scale schematic cross-sectional
view of another well tool which may be used in the well

20 system.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a well
system 10 and associated method which can embody principles

25 of this disclosure. As depicted in FIG. 1, a wellbore 12



5 nunber of well tools 22, 24, 26. These well tools 22, 24, 26 can
include the illustrated well screen assenblies, packers and val ves,
and/ or any other types of well tools (such as perforating guns,
firing heads, sanplers, hangers, formation testers, gravel packing
tools, stinulation tools, 10etc.). At this point, it should be
enphasi zed that the well system 10 is provided as nerely one exanple
of a wide variety of differenattbypRes ekbkuelo.sysbemsrmhizebstan us
benefit fromuse of the principles described by this 15 discl osure.
Thus, it should be clearly understood that those principles are not
limted at all to any of the details of the well system 10 and
associ at ed net hod descri bed herein. It would be useful in many

circunstances igekewabhecdQndO14ely capReratidntae ARt hebd e vel |
tool until a certain period of tinme has el apsed. For exangl e, Wwhen
S

i nstal ling Feffordtrden2d JOWBEi 20 UWPPEEgFIP ISt LPRes Midipsseecifs can
be m ni M zerdaby Hereavenstdlg bl oM ¢y oghnéhe, wel | screens during
installation. 25Preventing flow through the well screens can al so

al | ow pressure trachecappld edmpbetai coOBpkeligoONsst O Nhdladeetaa packer,

wi thout the_need far installing a. plug.in the Atiorne Kk No. :
2010- | P-%31% W O%SW%%EPrrp Oébbfo%z’stzgi’ngfs' Af#héarset H%igotr?ﬁ SP?%’nezts‘qt’ri ng
has been i nét aldnednabddeapireopt lattelayegosell oreden mddegbhiés, t he

packer can be.asl, .a0d, 4R MeLhy AGr 8805 GAIL eoopened f o gravel

packi ng, production of urds, etc. system’'l it my be
desirabl e t(ﬁqﬂheﬁénperforating guns, firing heads, samplers, hangers,

formation testers, gravel packing tools, stimunlation tools,

10 etc.).

At this point, it should be emphasized that the well
system 10 is provided as merely one example of a wide
variety of different types of well systems which can
benefit from use of the principles described by this

15 disclosure. Thus, it should be clearly understood that
those principles are not limited at all to any of the
details of the well system 10 and associated method

described herein.

It would be useful in many circumstances to be able to
20 delay operation or actuation of a well tool until a certain
period of time has elapsed. For example, when installing
well screen assemblies, clogging of the well screens can be
minimized by preventing flow through the well screens

during installation.

25 Preventing flow through the well screens can also
allow pressure to be applied to a completion string to set

a packer, without the need for installing a plug in the



flow of fluid through the well tools 22 until after installation of
the conpletion strings 18, 20, it may be desirable to prevent setting
of the lower well tool 24 until after installation of the | ower
conpletion string 18, 10 it may be desirable to prevent setting of

t he upper well tool 24 until after installation of the upper
conpletion string 20, it may be desirable to close the well tool 26

after a gravel packing oper akht@drnét GocllBES® .ar 0] tisitp-a3h sy exampl es
of the many different reasons why it could be 15 beneficial to be

able to delay operation or actuation of a well tool, so it should be
clearly understood that the principles of this disclosure are not
limted in any way to only these types of operation or actuation

del ays. Ref e&rﬂmlegdgtm@al | Xetow he Ebfpi biofNs SRRy d8d Bl scal e
cross-sectional view of a portion of one of the well tools 22 is

repr esent at 1 V&3 1EA| &3¢ r3RPEaPr Aty §061 Bipra% theihh@edéentithat t he

well tool 2gadig udBspa Rl | a561ERN wéB1 agkkcnkl B3 aRNLpehedlergrce 30
di sposed on a tuybul ar member 32.. 25The wel | screen 28 is configured

for filteri?gf uPGC§ﬁPQMnP6Hd??Eﬁ&? PFoﬁtttﬂ?'e?F%rror of the well
screen (such as, annu rnmed.ra |alI be meen th

wellborebs Attorney g& L 0 ﬁ 13§ﬁ§§7 iﬁé 3
conpl eti on &tav rcpgsfl@:,d Zﬂa)rotlghatrha weéli trold Gw pzats@agetaﬁ Whl ch

extends | ongijudh gpl Ly 44auoD, s LuRuL ar, IETIET 7. er, Lhe

t ubul ar nenber 3 nterconne of “ohe df "the onpletron
strings 18,dsxdrabhe ¢ mmes'epasqurengsomtdte éxotrend@tlhrcgqgr?‘t he

conpl etion gtisiingeedhe; fdeQwn o Qs E'ﬁé“fcﬁoe%oc %;% §H§th'rgf hgw of
the fluid 34 into the passage 38, and al so prevents | ow fluid

out war d & r okl tHY PasIYeabFAULS RAFERNEheetteng 8Eriden uRBet sedéi ng
installed, €dggungneil Hieevelhstaan8efof Y Bee 1 veRpaL r at
| east reduced and if there is a need to
ing 20, it may be desirable to close the well tool 26
after a gravel packing operation, etc. These are just a
few examples of the many different reasons why it could be
15 Dbeneficial to be able to delay operation or actuation of a
well tool, so it should be clearly understood that the
principles of this disclosure arxe not limited in any way to

only fhese types of operation or actuation delays.

Referring additionally now to FIG. 2, an enlarged
20 scale cross—sectional view of a portion of one of the well
tocls 22 is representatively illustrated. 1In this view, it
may be seen that the well tool 22 includes a well screen 28
and a flow control device 30 disposed on a tubular member
32.

25 The well screen 28 is configured for filtering £luid
34 which flows from the exterior of the well screen (such

as, from an annulus 36 formed radially between the wellbore



apply pressure to the passage 38 (for exanple, to set a pressure-set
packer), such pressure can be applied without the tinme and expense of
pl uggi ng the passage. The flow control device 30 depicted in FIG 2

i ncludes 15 a tube 40 coil ed about the tubular menber 32. A
passageway 42 extends through the tube 40. At one end of the tube 40,
t he passageway 42 is at the internal flow passage 38 of the tubul ar

menber 32 (with the tube ext @x@@bﬁ:@e%*ﬂo@ﬂgb W) OR8N Mp-4A1587 &1 ys
sidewal | of the tubular nmenber in the 20 exanple of FIG 2), and at

an opposite end of the tube the passageway is at the well screen 28.
A plug 46 in the passageway 42 prevents fluid conmunication through
t he passageway. Thus, as depicted in FIG 2, flow of the fluid 34

t hrough t he e int.o.the dnterior. . | ar
menber 32 i%%\ﬁéﬁeﬁ;ﬁ%eg%é%%gqp%ﬁﬁ%. 1%h%odﬂe%§n%gu%§%e§gtggr£efg§? t he
f 1 ow cont r obagkadec 8838hichexends 4enganudinalilys shyevpattha kelovkarr at e,

At t or ney Doﬁgﬂeﬂ\'%-zi. 210 ]tlﬁéot’gm?aruln_eﬁr&r til?'igb?(ntfgx‘?:wngieegecﬂas
predeterm ned period of time, after which fluid conmunication is
pernmitted tRfBUGT PRE phs'PrgeRERlAAONPERFEIHDILY; Ehe Heu§las

conpri ses apasdHpadneuUsSIHOrOReRas oMU 4& ¢ 91éa{a/rdrsw§n?9r on
conpound 48 hydrates when exposed to an aqueous fluid. Such anhydrous

boron conpounds 1ThecFuee, cdittroar @eviale Bomitatnite, sadhydbeuss bhatd ¢
oxi de and a d s.sodiym borate. Preferahly, the anh I,dl_rous bor on
conpound 48%‘%“&%% art? artsy ® F%%?edgg'agn% bl%nﬁ‘fﬁ‘ﬁe%g PRI1°* As used
e Al . -

her ei n, theflwerdnotgrandlfardh khelpmesgebutThus, nehehithe edll oscypenwder ed
and ot her fké]efsgﬁ)@HHSdlﬁ@ga%ﬁEQ! Sclogging of the well screen can be

10 prevented (or at least reduced) and, if there is a need to

apply pressure to the passage 38 (for example, to set a

pressure-set packer), such pressure can be applied without

the time and expense of plugging the passage.

The flow control device 30 depicted in FIG. 2 includes
15 a tube 40 coiled about the tubular member 32. A passageway
42 extends through the tube 40. At one end of the tube 40,
the passageway 42 is at the internal flow passage 38 of the
tubular member 32 (with the tube extending through an
opening 44 in a sidewall of the tubular member in the
20 example of FIG. 2), and at an opposite end of the tube the

passageway is at the well screen 28.

A plug 46 in the passageway 42 prevents fluid
communication through the passageway. Thus, as depicted in
FiG. 2, flow of the fluid 34 through the well screen 28 and
25 into the interior of the tubular member 32 is prevented by
the plug 46. In one unique feature of the flow control

device 30, the plug 46 can be dissolved at a known rate,

- 10 -



As an exanple, the granular material conprising the anhydrous boron
conpound is preferably placed in a graphite 15 crucible, the crucible
is placed in a furnace, and the material is heated to approximtely
1000 degrees Celsius. The material is maintained at approxi mately
1000 degrees Celsius for about an hour, after which the material is
allowed to slowy cool to anbient tenperature with the 20 furnace

heat turned off. As a result attbendpioeekat WMLCOES0AT SO EETRSS US
conpri sing the anhydrous boron conmpound 48. Such a solid mass
(and resulting structure) conprising the anhydrous boron conmpound 48
wi ||l preferably have a conpressive strength of about 165 MPa, a '
Young' s nodul us of 25 about 6.09E+04 MPa, a Poisson's ratio of about

0.264, and and®ldy RIoPOEN Qf pRbMe fddedo 803 CBl SIS, aFPLs
conpares favorably wi th comon al uni num all oys, but the anhydrous

Att or ney DotREFD NgLid2eaarnpes iy 2 sypetst Yoo rPEBRPoIRE 48

addi ti onal | yafrsyehid@ gesirabl e property of being dissolvable in an
aqueous fluid. For exanple, a structure forned of a solid nass of an
anhydr ous bor on reefipsaiidy ,Ccahebplaly SISOkwepideswahesnhyraus batdrer of

hours (e.g 8-1 thrS)Théw%%gﬁéhat gostructure fog d of a

5 P tom 01.191 rQu on ,compoynd vdrates S(%1leind
mass can have1%0|5% her €l *And°sT19 " "ol (T~ e, rlgldqand

retai ni ng aexwrsidstendn swppeuandlwigl.unguclasandyposes deooca f | owabl e

material, s i o, , I parti dal).
UL Yag, LA, g o B A0 gk AL
barrier 50 ¢xifdshaad, aphyfirgre, sedqtn igraktc.) can be provided to del ay
or tenporarily prevent hydrating of the structure due to exposure of
the structure t&*ﬁﬁ%%&ﬁkyﬁItBFdaéhVQH?ésmEﬁqqn compound 48 is

10 1initially provided as a granular material. As used herein,
the term “granular” includes, but is not limited to,

powdered and other fine-grained materials.

As an example, the granular material comprising the
anhydrous boron compound is preferably placed in a graphite
15 crucible, the crucible is placed in a furnace, and the
material is heated to approximately 1000 degrees Celsius.
The material is maintained at approzximately 1000 degrees
Celsius for akout an hour, aftexr which the material is
allowed to slowly cool to ambient temperature with the
20 furnace heat turned off. As a result, the material hecomes

a solid mass comprising the anhydrous boron compound 48.

Such a solid mass (and resulting structure) comprising
the anhydrous boron compound 48 will preferably have a
compressive strength of about 165 MPa, a Young’s modulus of
25 about 6.09E+04 MPa, & Poisson’s ratio of about 0.264, and a
melting point of about 742 degrees Celsius. This compares

favorably with common aluminum alloys, but the anhydrous

..11...



150ne suitable coating which dissolves in aqueous fluid at a sl ower
rate than the anhydrous boron conpound 48 is polylactic acid. A

t hi ckness of the coating can be selected to provide a predeterm ned
delay tinme prior to exposure of the anhydrous boron conpound 48 to
t he aqueous 20 fl uid. O her suitabl e degradable barriers

i ncl ude hydrolytically degradable materials, such as hydrolytically

degradabl e mononers, ol i gomeRs +aRck PAHKREE No.aNdH06- 18- 634669 @ us
these. O her suitable hydrolytically 25 degradable materials include

i nsol ubl e esters that are not polynerizable. Such esters include
formates, acetates, Attorney Docket No.: 2010-1P-031567 U US
benzoate esters, phthalate esters, and the |ike. Blends of any of

these al s0 FRYoDE AULLADI M ABOEldiahagChys eyasgggﬁ%gsgopéws or

nmonomer / pol yner bl ends nmay be sul Such bl en e 5 useful
to affect t®& Beitngi Asseoli@gladan i v agaeevHifliung. hydrol ytically

degradabl e material. These suitable hydrol ytically degradable
materials al so M8y BEEMREndEdSWIH G fapre ©fl Fe?%h(‘g?‘@‘.s? of an
parti cul at eamiyddoheobsrdi IdoRpsuh® daCbeagtsIMehus) ,watkrdesid ed.

5 matter of hours (e.g., 8-10 hours}. Note that a structure
formed of a solid mass can have voids therein and still be
“solid” (i.e., rigid and retaining a consistent shape and
volume, as opposed to a flowable material, such as a

liguid, gas, granular or particulate material).

10 If it is desired to delay the dissolving of the
structure, a barxier 50 (such as, a glaze, coating, etc.)
can be provided to delay or temporarily prevent hydrating
of the structure due to exposure of the structure to

agqueocus f£luid in the well.

15 One suitable coating which dissolves in agqueous #£luid
at a slower rate than the anhydrous boron compound 48 is
polylactic acid. A thickness of the coating can be
selected to provide a predetermined delay time prior to
exposure of the anhydrous boron compound 48 to the aqueous

20 fluid.

Other suitable degradable barriers include
nydrolytically degradable materials, such as hydrolytically
degradable monomers, oligomers and polymers, and/or
mixtures of these. Cther suitable hydrolytically

25 degradable materials include inscluble esters that are not

polymerizable. Such esters include formates, acetates,

- 12 -



10l n choosing the appropriate hydrolytically degradable naterial, one
shoul d consi der the degradation products that will result. Al so,

t hese degradati on products should not adversely affect other
operations or conponents. The choice of hydrolytically degradabl e
material also 15 can depend, at least in part, on the conditions of
the well, e.g., well bore tenperature. For instance, |actides may be

suitable for use in |ower teapesatdyf &oWREL SNo i:Nebuglng dishese i tki n
the range of 15 to 65 degrees Cel sius, and pol yl acti des nay be

suitable for use in well 20 bore tenperatures above this range.
The degradability of a polymer depends at least in part on its
backbone structure. The rates at which such pol ynmers degrade are

dependent ofe {06 YRS Of s F QREhALUE dRbls, QRLL] O BEHED S
| engt h, nol ecul ar georretry, 25 nol ecul ar wei ght, norphology (e.qg.,

crystal lini 89y <fi Z8e8¢ alifemali Pesswi@Péei entation), hydrophilicity,
hydr ophobi city, surface area and additives. Al so, the Attorney

Docket No.: 2016°FP:BZ43EE UPC USH\POr-8HREMIPGSWh ch the pol yner s
subj ect ed maynafdrgebl oy it edagrmtdede eugtableenpsict Wlendaniintbeof

ter, ' i . . , .pH .the like. S
oul ¢ abl & hyGTHi{h FRar T e P RSt S RO ST S BV RE) € Phctie,
| act ones, ghydailivtiésal gnliegradasicancdteetder nThese suitS8ble suitabl e

i call I I h b d
exanpl es of hp&/r%rlglﬁ%%éf%nc%éggggé1 %apna%ego ysrrearlgggm?a% I:;tr[eﬁ%leg%t%'lc?e

i ncl ude, but”are hose descri e publication
of Advanceswith Roliyaieke 13 18ekente g .Vobariblanei ¢F e brbDegr &idalse

Aliphatic Polyesterse fltigd)by; AgebirAibertsson. Specific exanples
i ncl ude hormpol] yIers, ran&om bl 0(3(, graft, and star- and

hyper - b{j@BChed ahi BR&d 4 P @h¥ est o r i 9HE it 3Bt € NQ) WBBESadmY% be
prepare yﬁaterial, one should consider the degradation products that
will result. Alsc, these degradation products should not

adversely affect other operations or components.

The choice of hydrolytically degradable material also
15 can depend, at least in part, on the conditions of the
well, e.g., well bore temperature. For instance, lactides
may be suitable for use in lower temperature wells,
including those within the range of 15 to 65 degrees
Celsius, and polylactides may be suitable for use in well

20 Dbore temperatures above this range.

The degradability of a polymer depends at least in
part on its backbone structure. The rates at which such
polymers degrade are dependent on the type of repetitive
unit, composition, sequence, length, molecular geometry,

25 molecular weight, morphology (e.g., crystallinity, size of
spherulites and orientation), hydrophilicity,

hydrophobicity, surface area and additives. Also, the

- 13 -



15 pol ycondensation reactions, ring-opening polynerizations, free
radi cal polynerizations, anionic polynerizations, carbocationic

pol yneri zati ons, and coordi native ring-openi ng pol ynerization for,
e.g., lactones, and any other suitable process. Specific exanpl es of
sui tabl e polynmers 20 include pol ysaccharides such as dextran or
cellulose; chitin; chitosan; proteins; aliphatic polyesters;

poly(lactides); poly(glycoli ; I = al 11 ;

pol y(hydroxybutyrates); alip g?%?“%ﬁﬁ?%ﬁ?ﬁgﬁ%feggi%3??%@3? %égtng);
pol y(am des); poly(urethanes); 25 poly(hydroxy ester ethers);

pol y(anhydri des); aliphatic polycarbonates; poly(orthoesters);

pol y(am no acids); poly(ethylene oxide); and pol yphosphazenes.

At tor ney DO%K&%ro%‘ehtZ%}% lighogﬂ'égzol?fneys's dsuba'eg{eé Nese.srLLabl e
pol yners, aliphatic polyesters and pdlyanhydrides fay De preferred.
O the suitadydtaldephadés pobyesteanrsrapoty ( laaountedf arder,

pol y(gl ycol j en,%ig%@}g»sm%ﬁspferiz%gggep@%dgwgoiii e, may be

preferred. 5The |l actide nonomer exi sts generally I1n three different

forns: two stereQnsos®ldie 8pdrdrJachi e AdabactdinonBnbet acti de
(meso-lactide). The chirality of lactide units provides a neans to

adj ust, 2nohRSotdfeltaehidfys 1agEgRetatit 8RO HSSs, 28RYSigidesadrdhysi cal
and 10 nmechasdials.properti es. Poly(L-lactide), for instance, is
a sem -crystalline polymer with a relatively slow hydrolysis rate.
This coul d be desineabhitdaleappamcais ofishwherlgtacsl pnelegdegaisidat i on of

i Py HLElA Y OB SUEPLE TRLPTLBLAS G650 ro s pises Sy o
faster hydrotoss segaredThinsthaypukd isatiablod Advamtdrednapplymeat i ons
where a; g1or g-fARELY (SOr adat LAP; M PE.FPRILRAL &l Sonatic
Polyesters" edited by A. C. Albertsson. Specific examples
include homopolymers, random, block, graft, and star- and

hyper-branched aliphatic polyesters.

Such suitable polymers may be prepared by

15 polycondensation reactions, ring-opening polymerizations,
free radical polymerizations, anionic polymerizations,
carbocationic polymerizations, and coordinative ring-
opening polymerization for, e.g., lactones, and any other
suitable process. Specific examples of suitable polymers

20 include polysaccharides such as dextran or cellulose;
chitin; chitosan; proteins; aliphatic polyesters;
poly(lactides); poly(glycolides): poly{E-caproclactones);
poly (hydroxybutyrates); aliphatic polycarbonates;
poly{orthoesters); poly(amides); poly(urethanes):;

25 polyi(hydroxy ester ethers); polyv(anhydrides); aliphatic
polycarbonates; poly({orthoesters); poly({amino acids):

poly{ethylene oxide); and polyphosphazenes.

- 14 -



The stereoisoners of lactic acid may be used 20 individually or

conbi ned. Additionally, they may be copolynerized with, for exanple,

gl ycolide or other nononers |ike E-caprol actone, 1,5-di oxepan-2-one,

trimethyl ene carbonate, or other suitable nononers to obtain polyners
with different properties or degradation 25 tines. Additionally, the
| actic acid stereoisoners can be nodified by blending high and | ow

mol ecul ar wei ght  Attorney Dagkgl,d\o poc20dOvlP- %%éﬁfpid'sly% Ul Us
poly(lactide) or by blending poly(lactide) with other polyesters.

Pl asticizers nmay be present in the hydrolytically degradable
materials, if desired. Suitable plasticizers 5 include, but are not
limted to, derivatives of oligoneric Iacti c acid, polyethylene

gl ycol ; pol yet hy, i citrat sjers
(such as tributy fe te &algg%%@"{e ri %1 a%ﬁ r%?lgesé:%e yﬂérl but yl
citrate, aca@yﬁanhméth9¢s(maM'a?epreiﬁnyedse Oﬁ)ﬁ@esEEﬁtablkoabaphaumcly

fatty acid gst s%erQEC‘bgﬂp(qla@g{gé)e,antdr b@fﬁ{dl’}co@? é()( S-gaprol act one) ;
pol Y (hydroxybutyrat e): gl ycerin-1- benzoate-2, 3 |'aur at e;

gl ycerin- 2- perRloaess 108 kdtade atrd %ﬂ&@éiﬁerbu@@bh@yﬂrqﬁ%rﬁw ene
gl ycol ) adi pate; et hyl pht hal yl et hyl coI ate; glycerine diacetate 15
nonocapryl ate; di§cefyIfoMBaeYe: @’3}6‘ Fo?eneﬂ’&llgkirb‘bﬁ hgRe gl ycol (and
Spoxy, Icler i &ﬁt:‘fe\lz@&i’nté hﬁfmf )t;wop@ié’:{e@ﬁ@ﬁbfé%@—ghM&Oﬂ)?{ﬁdldtleﬁaoﬁﬁcF,

i propyl ene co | enzq te er ol a y et hy
gl ycol at e; 5%?%}/'( & Ryl et é‘f‘%ﬁ%‘ ?FEé‘?%’t e; )%ia FREJUEYI ©4adi pat e:
and conbi natamnsie units provides a means to adjust, among other

things, degradation rates, as well as physical and

10 mechanical properties.

Poly({L-lactide), for instance, is a semi-crystalline
polymer with a relatively slow hydrolysis rate. This could
be desirable in applications where a slower degradation of

the hydrolytically degradable material is desired.

15 Poly(D,L-lactide) may be a more amorphous polymer with
a resultant faster hydrolysis rate. This may be suitable
for other applications where a more rapid degradation may

be appropriate.

The sterecisomers of lactic acid may be used
20 individually or combined. Additionally, they may be
copolymerized with, for example, glycolide or other
monomers like E-caprolactone, 1,5-dioxepan-2-cne,
trimethylene carbonate, or other suitable monomers to
obtain polymers with different properties or degradation
25 times. Additionally, the lactic acid stereoisomers can be

modified by blending high and low molecular weight

- 15 -



20 thereof. The physical properties of hydrolytically

degr adabl e pol yners depend on several factors such as the conposition
of the repeat units, flexibility of the chain, presence of polar
groups, nol ecul ar nmass, degree of branching, 25 crystallinity,
orientation, etc. For exanple, short chain branches reduce the degree
of crystallinity of polymers while |ong chain branches |ower the melt

viscosity and Attorney Dockattdney 283Qet Rrd)315670dp-WS156TMAr lug
anong ot her things, elongational viscosity with tension-stiffening

behavi or. The properties of the material utilized can be further
tail ored by bl ending, and copolynerizing it with another 5 pol yner,
or by a change in the macronol ecul ar architecture (e.q.

hyper-bran%@?ﬂ/a@cﬂa ,oéto@r?%«gﬁg,gagghe s CHERT Sy efo@nar The

properties of "any such suitab ners

hydr ophobi chedresttpdfophi licity, rate of degradatlon etc ) can be
tailored by introducing select 10 functional groups along_the polyner
chai ns. F&PaéiéﬂtﬂQ¥s PBY VO HERYEM BT d&F WEToldEdFabEY at about
1/ 5th of th@eqﬁcﬁbﬁné mmmspoiﬂ(deaakéde) Al tab P mfas%lélaérgSS

degr ees |na2ynski eflt aof this

o oot e % Rt o ogl: Lind k' PR e dab et o 8 Flime ¥ona

groups to i Mawddueeitip ddlgephlyeres glycol; polyethylene oxide;
oligomeric lactic acid; citrate esters (such as tributyl
citrate oligomers, triethyl citrate, acetyltributyl
citrate, acetyltriethyl citrate); glucose monoesters;

10 partially fatty acid esters; PEG monolaurate; triacetin;
poly (e-caprolactene) ; pely(hydroxybutyrate); glycerin-1-
benzoate-2,3-dilaurate; glycerin-2-benzoate-1,3-dilaurate;
starch; bis(butyl diethylene glycol)adipate;
ethylphthalylethyl glycolate; glycerine diacetate

15 monocaprylate; diacetyl moncacyl glycercl; polypropylene
glycol (and epoxy, derivatives thereof); poly(propylene
glycol)dibenzoate, dipropylene glycol dibenzoate; glycerol;
ethyl phthalyl ethyl glycolate; poly(ethylene
adipate)distearate; di-iso-butyl adipate; and combinations

20 thereof.

The physical properties of hydrolytically degradable
polymers depend on several factors such as the composition
of the repeat units, flexibility of the chain, presence of
polar groups, molecular mass, degree of branching,

25 crystallinity, orientation, etc. For example, short chain
branches reduce the degree of crystallinity of polymers

while long chain branches lower the melt viscosity and
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chains to achieve the desired physical properties of the degradable
pol ymers. Pol yanhydri des are another type of particularly

sui tabl e degradabl e pol yner. Exanpl es of suitable 20 pol yanhydri des

i ncl ude pol y(adi pi ¢ anhydri de), poly(suberic anhydride), poly(sebacic
anhydri de), and pol y(dodecanedi oi ¢ anhydride). O her suitable
exanpl es include, but are not limted to, poly(nmaleic anhydride) and

pol y(benzoi ¢ anhydride). 25An:epexdy PocRbPeNo..ype1ofrdaankes 0 yshi ch
does not dissolve in aqueous fluid may be used to conpletely prevent
exposure of the anhydrous boron conpound 48 to the aqueous Attorney
Docket No.: 2010-1P-031567 U US fluid until the barrier is breached,
broken or otherw se circunvented, whether this is done intentionally

(for exanpl e,,4.Q S@hofg PAGKS' WL | k1bRgAPRY-QR" | J +ROsi {4 oned in
the well, or to open?§QC|ycuI§t|on'vaﬁvegupoﬁgg gg%%{ef?on J? a
formation tE8RiIRG-SpefEEiey, Pebaviorsr as a result of an unexpected or

i nadvertent circunstance (for exanple, to close a valve in_an

emer gency sit uatiPGnPEFRFTHESeBY Hierahertt afdloFed |t Peefrrnerp

| engt h of tbhei Ryvdpousl 1e1ieg, CONPBE 1 ¢iertiszihg S€lwicthednbehdgys ovi de a
certain eriqp of ti fron&gxgosur& of the aﬁhéd{ous bg[on conpound
to an adﬁeoﬁ% i dOF aFY & SRATER 1 ('8 BPUMATRLESE TN 3T pEF AT e d

t hr ough t he(passagepay-tiAnchadopdlemet-e, psiat-deapesduidradead tideys, t i e,

the length of the hydr ous.,. boron. conpound 48 be ma 5 tinmes
te width, 6 xanhl & L T ehgth SRy Be 1A Pt roiRs e HRES { he

wi dt h, or prefwreabl yead. | dadtopivieeitynesyddophild dtity, Thheté eniyt h of

t he passage 42 .k dhe.sane 3S:15Pof Ler ; r | t han,
the length o fhetan &ngu% Bor on coﬁpoundkﬁg}gg%§%¥§n€hg€g§%1though
in FIG1® tHoatibeadgiuirgeplered-he polymer chains.

For example, poly({phenyllactide) will degrade at about
1/5th of the rate of racemic poly(lactide) at a pH of 7.4

at 55 degrees C. One of ordinary skill in the art with the
benefit of this disclosure will be able to determine the
15 appropriate functional groups to introduce to the polymer
chains to achieve the desired physical properties of the

degradable polymers.

Polyanhydrides are another type of particularly
suitable degradable polymer. Examples of suitable
20 polyanhydrides include poly(adipic anhydride), poly{suberic
anhydride), poly(sebacic anhydride), and poly{dodecanediocic
anhydride) . Other suitable examples include, but are not
limited to, poly{maleic anhydride)} and poly(benzoic
anhydride).

25 An epoxy or other type of barrier 50 which does not
dissolve in agueous fluid may be used to completely prevent

exposure of the anhydrous boron compound 48 to the agqueous

- 17 -



as being in the fluid path between the well screen 28 and the
interior of the tubular menber 32, in other exanples the well screen
coul d be between the tube and the interior of the tubular nenber, the
tube could be internal to the 25 tubul ar nenber, the tube could be
external to the well screen (such as, incorporated into an outer
shroud of the well screen), etc. Thus, it should be clearly

understood Attorney Docket mtore@l@ohﬁega&&mzuolﬁuoa@mna kG 2

configuration is nmerely one exanple of a wide variety of different
configurations which can enbody the principles of this disclosure. An
advant age of having the passageway 42 extend 5 through the
circuitously extending tube 40 (other than providing for an extended

length of t?&%g&%gﬁgi dY-00; COMROUNd, 484 | § ;cfoﬂgxé’txﬁfottﬁé plug 46

has di ssol ved an connunlcatlon s permtt roug e tube,
a certain desiquwyehbeds résttheet thore aydore pmdenteendil #t Héoao t ube 40.

It will be apprad atgdsdihal pasged: frew E@Sisr I Shi-0p LARIRe benefici al
where, for exanple it is desired to balance production fromnultiple

zones, pr eV BAAPER. B thesvebhi Y, tHr eRTh® GARAHERHi®NaVRFRIECRg

formati o, &fp1elibhodgh iRrkhGor? teBeiRg gvayn 4%dcs ) depigd @d as
15 extendi ng throﬁgh the tube 40, it should be understood that this

is merely offeEtaRpl @ JISXPRFERT \Wor LBRGVSFL it FRFEHtstance (for

example, to close a valve in an emergency situation and

thereby prevent escape of fluid, etc.).

A length of the anhydrous boron compound 48 is

10 selected to provide a certain period of time from exposure
of the anhydrous boron compound to an agueous £luid, after
which fluid communication is permitted through the
passageway 42. 1In order to provide a suitable delay time,
the length of the anhydrous boron compound 48 may be many

15 times its width, for example, the length may be ten or more
times the width, or preferably at least three times the
width. The length of the passageway 42 may be the same as,
shorter than, or longer than, the length of the anhydrous

boron compound 48.

20 Note that, although in FIG. 2 the tube 40 is depicted
as being in the fluid path between the well screen 28 and
the interior of the tubular member 32, in other examples
the well screen could be between the tube and the interior
of the tubular member, the tube could be internal to the

25 tubular member, the tube could be external to the well
screen (such as, incorporated into an outer shroud of the

well screen), etc. Thus, it should be clearly underxstood
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ways in which the passageway may be provided. In other exanples, the
passageway 42 could be machi ned or nolded into a conponent of the
flow control device 30, etc. 20Referring additionally nowto FIG 3,
a cross- sectional view of a portion of the well tool 24 is
representatively illustrated. In this view, it my be seen that the
wel |l tool 24 includes the flow control device 30, an actuator 52 and

an annul ar seal el enent 54. 2.1 1des Lston. .56
whi ch longitudinally corrpreségggﬁe}c?ggft%Il\%ﬁén?ﬂs@idﬁ\ﬁ}lg%l?hz [%I gtgon

is displaced downward as viewed in FIG 3. Attorney Docket No.:
2010-1P-031567 U US Longitudi nal conpression of the seal elenent 54
causes it to extend radially outward into contact with the casing 14
(for exanpl tq.se off the.annul.us 36). The flow control_device 30
functons | FPhemEI 03 & oBRt ST one 1P ™R Lafiior"CRREF a0 (.t hat
descri bed abiodse vheoietheFIdGE £2reonfaogdiaitadionAf tleicH leenaaiiysivous
boron conpoynd pégn@%f%o sedyt 9 @i@gﬁgggpéjs fluid 58, the anhydrous

y

bor on conpound “bégin rating an i Ssol ves, eventually opening the

passageway 42 tQnf LubshGREMIRI CaFIRN A0 A dRheRapPradelermyned period
of tine. The exposure of the anhydrous boron conpound 48 to the
aqueous ¥ | UFFSgPnRYe el ifaf 9 hyE*5PBYt R F§PEhel defhedab®@ barri er

50, al thoughrdiseial e Heakoshadde 1Bagth &f ikheNHnRESRBL bédon WiEN
fluid communication s _eventuallg/ permtted ,
compound 48) is that, after the plug 46 has dissclved and
fluid communication is permitted through the tube, a
certain desired flow restriction may be provided by the
10 tube 40. It will be appreciated that such flow restriction
can be beneficial where, for example, it is desired to

balance production from multiple zones, prevent water or

gas coning, prevent damage to a producing formation, etc.

Although in FIG. 2 the passageway 42 is depicted as
15 extending through the tube 40, it should be understood that
this is merely one example of a wide variety of different
ways in which the passageway may be provided. In other
examples, the passageway 42 could be machined or molded

into a component of the flow control device 30, etc.

20 Referring additionally now to FIG. 3, a cross-
sectional view of a portion of the well tool 24 is
representatively illustrated. In this view, it may be seen
that the well tool 24 includes the flow control device 30,

an actunater 52 and an annular seal element 54.

25 The actuator 52 includes a piston 56 which
longitudinally compresses the seal element 34 when the

piston is displaced downward as viewed in FIG. 3.
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15 through the passageway 42, pressure in the passage 38 of the
tubul ar nenber 32 can act on the piston 56, biasing it dowward to
conpress the seal elenent 54. It wll be appreciated that

di spl acenent of the piston 56 could be used in other exanples to
operate a val ve, sanpler, gravel 20 packing device, perforating gun
or any other type of well tool. It may now be fully appreciated

that the above disclosure proyi-desesi@Rikbt Cant. adyaneempeAts,t e the
art of operating well tools. In exanples described above, 25

operation of the well tools 22, 24 is delayed for a predeterm ned
period of tinme determned by a length of an Attorney Docket No.:
2010-1P-031567 U US anhydrous boron conpound 48 in a plug 46 which

prevents f'HEQ?EQIEI&{Q' Cabh PR LhER t%epgggg%%%gfsnggﬁggs gspect,

t he above disciosure escribes a we J t oo or use with
a subt erranéarexlEnd *FRea Bl weuEvapd|inER codtant FEtiarhs weksdde Bh

el ongated passausuay142 andea1Pbeg ¥R whhehuPreyents fluid _
comuni cation 't hrough the passageway 42 for a predeterm ned period of

time. The plug 4fhd BCbWOEsHtaB1a88YIHOBS bEK QL BRMPRUKE 48 . Wher eby

t he predgternined eriod of tine is determined by a length 10 of the

anhydr ous bBPUTFBEAGOSREHE marner sima LaF P 4akades As@PqSol i d

mass of thefanhydy @us. boramreonpatiuh . 48af#ed engt bnwfdddie pbugn 46 can

be at | east about tQ%ee tines t he The
X

und ose ¥g(¥|q OL 3 Lug 4?'
passageway A7y extehd THPSGGNT A 38 GEWRTTS g 4% 13% ¢ (% ar nerber
32. anhydrous boron compound begins hydrating and dissolves,
eventually opening the passageway 42 to fluid communication
10 after a predetermined period of time. The exposure of the
anhydrous boron compound 48 te the agueous fluid 58 may be
delayed by providing the degradable barrier 50, although

use of the degradable barrier is not essential.

When fluid communication is eventually permitted
15 through the passageway 42, pressure in the passage 38 of
the tubular member 32 can act on the piston 56, biasing it
downward to compress the seal element 54. It will be
appreciated that displacement of the piston 56 could be
used in other examples to operate a wvalve, sampler, gravel
20 packing device, perforating gun, or any other type of well

tool.

It may now be fully appreciated that the above
disclosure provides significant advancements to the art of
cperating well tools. In examples described above,

25 operation of the well tools 22, 24 is delayed for a

predetermined pexiod of time determined by a length of an
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The passageway 42 may extend through a tube 40. The tube 40 may be
coi | ed. ' The passageway 42 may extend circuitously in the well
tool 22, 24 or 26. 20The well tool 22, 24 or 26 can include a piston
56 which displaces in response to fluid comunication being permtted
t hrough the passageway 42. The well tool 24 can also include a seal

el ement 54 which extends radially outward in response to fluid

communi cati on bei ng per”ittegtgérﬁéy(ﬂ&EHeEh@xﬂa§§§@3¥%ﬂ034267,d¥tdy'ney
Docket No.: 2010-1P-031567 U US The well tool 22 can include a

wel | screen 28 on a tubular nenber 32. Fluid 34 nay be permtted to
flow through the well screen 28 and into the tubular nenber 32 in
response to fluid comunication being permtted through 5 the

passageway 42._ The _p .rest f.l f 1 Ui 4 into
t he tubularaﬁ%ﬁﬁ%§53§§aﬂgﬁﬁﬁ¥aﬁﬁdg%%&%n?&%b%%ﬁsigw%%{ﬁgF?%gt%hrough
t he passagefayidiZzommunicatiiva werdudivel p2gsagvagr 426 can al so i ncl ude
a degradable barrier 50 which tenporarily isolates at |east 10 one

end of the anhydifo88¢bdiRAT e ohiPpdARPVA8 i FOYATBRt BRICWPER an"dgueous

fluid 58. Theopagsagewsy 242 rBRYudLE JikhCOMMHUGALAOL Wielih , anpict uat or
52 of the wel]. tool 24 or 26. Actuation of the_ well tool 24 or 26 can

be del ayed fith IEoPhepr efeCér A iedl £8°hRT¢ Gt LR hPREFFR YAt i on
of the anhyglf ol hopDiy coRatel EveedkNsluid communication through

the passageway 42 for a predetermined period of time. The
plug 46 includes an anhydrous boron compound 48, whereby
the predetermined period of time is determined by a length

10 of the anhydrous boron compound 48.

The plug 46 can comprise a solid mass of the anhydrous
boron compound 48. A length of the plug 46 can be at least
about three times a width of the plug 46.

The passageway 42 may extend through a sidewall of a
i5 tubular member 32.

The passageway 42 may extend through a tube 40. The
tube 40 may be coiled.

" The passageway 42 may extend circuitously in the well
tocl 22, 24 or 26.

20 The well tool 22, 24 or 26 can include a piston 56
which displaces in response to fluid communication being
permitted through the passageway 42. The well tool 24 can
also include a seal element 54 which extends radially
outward in response to fluid communication being permitted

25 through the passageway 42.
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The passageway 42 may be included in a flow control device 30 of the
wel |l tool 22, 24 or 26, whereby fluid flow through the flow control
device 30 is delayed until the 20 predeterm ned period of tinme after
initiation of hydration of the anhydrous boron conpound 48. Al so
descri bed by the above disclosure is a nethod of operating a well
tool 22, 24 or 26 in conjunction with a subterranean well. The nethod
can include exposing an 25 ajlydrois Dockenh Nonp@0ho-MB-A3a58R @gusous
fluid 58, with the anhydrous boron conpound 48 being included in a *
plug 46 which prevents fluid conmuni cati on through a passageway 42
Attorney Docket No.: 2010-1P-031567 D US of the well tool 22, 24 or
26. The well tool 22, 24 or 26 operates in response to fluid

conmmuni cati on beiheg wpel niddled2t baouglribe epaﬁﬁagewerAZBaon a

predeterm n eriod of t te he exposin e wel | too
22 operat i ngd%‘gln i ncf“gﬁe 42{“3 Léjzf:{ ﬁtqowaﬁ T H6 8‘@]?1 8‘5r een 28
and into a thbudr thenmbekl 32rean rE poadsént® meutdbmmmmbarlm bei ng

per i tted t by oual Lle PasHRgRvRY B T0E,PARIAGENN, AR Y LERLT | O

fl ow of the into t
conmmuni cat i oee ipnsgegavayY ed tth@giﬁStSheepaEs@gmyraﬁmct fld‘h@ﬁmt hod

can i ncl udec ey Slaepael fHiXkNgolle ALBET o) Mudedeperd od of time by

selecting a |l ength of the anhydrous boron conmpound 48 in the plug 46.
The plug 46CTHHIEGAPE PR elsaPeot ehaths8reRoR HecaRA§ERIAFEYHA? on conmpound

The well tool 22, 24 or 26 can also include a
degradable barrier 30 which temporarily isolates at least
10 one end of the anhydrous boron compound 48 from contact

with an agqueous fluid 58.

The passageway 42 may be in communication with an
actuator 52 of the well tool 24 or 26. Actuation of the
well tool 24 or 26 can be delayed until the predetermined

15 period of time after hydration of the anhydrous boron

compound 48 begins.

The passageway 42 may be included in a flow control
device 30 of the well tool 22, 24 or 26, whereby fluid flow
through the flow control device 30 is delayed until the

20 predetermined period of time after initiation of hydration

of the anhydrous borcon compound 48.

Also described by the above disclosure is a method of
operating a well tool 22, 24 or 26 in conjunction with a
subterranean well. The method can include exposing an

25 anhydrous boron compound 48 to an agqueous fluid 58, with
the anhydrous boron compound 48 being included in a plug 46

which prevents fluid communication through a passageway 42
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15 48. A length of the plug 46 may be at | east about three tines a

wi dth of the plug 46. The wel |l tool 24 or 26 operating can

i nclude a piston 56 displacing in response to fluid comuni cation
being permtted through the passageway 42. The well tool 24 20
operating can include a seal elenent 54 extending radially outward in
response to fluid comruni cati on being permtted through the

passageway 42. It is to be updesstQoactRat ¥d1e ¥81H-0us 08xgePlies us
descri bed above nmay be utilized in various orientations, 25 such as

inclined, inverted, horizontal, vertical, etc., and in various
configurations, wthout departing fromthe principles of the present
di scl osure. The enbodi nents Attorney Docket No.: 2010-1P-031567 U

US illustragedyn the drawngs,ars. dgpi cied w%ﬁ? ggongchiZbegér@ &gy as
exanpl es of useful applications of the principles of the disclosure,
whi ch are nereisteist éd Ternmayespediliid detwinisapion Hesagentoniohedt s.

5In the aboyg-ARRCEhOtbANLQE AN T GPLESEMALI BT g 88 Ofnd he
di scl osure, directional terms, such as "above," "Dbel ow, " "upper,"
"l ower, " et®fteratBe S¥RPFiBY &B¥Reni ence in referring to the
acconpanyi ng draw ngs.. I.n general, "above," "upper," "upward" and
simlar %erns r&?@rgiﬁlﬁ€°g af reEERGnY ovdlY dPPhede P AYs3 S ur f ace
al ong a wel fhorieg angolidielaoweil "dodwen, 28 "dawvines di wna1sk mdmdert er ms
refer to acﬂiggFEionogﬁgxlfrgghihe eagth's sugface along t%e
wel | bore. FOUFERPOLE S EPs SR EKITMBE T FE R AP DA B Lgon a 15
careful consimeyat tion mfsskbewapciie deserpisizgpway 42 may restrict

flow of the fluid 34 into the tubular member 32 when fluid

10 communication is permitted through the passageway 42.

The method can include the step of fixing the
predetermined pericd of time by selecting a length of the
anhydrous boron compound 48 in the plug 46. The plug 46
can comprise a solid mass of the anhydrous boron compound

15 48. A length of the plug 46 may be at least about three
times a width of the plug 46.

The well tool 24 or 26 operating can include a piston
56 displacing in response to fluid communication being
permitted through the passageway 42. The well tool 24
20 operating can include a seal element 54 extending radially
outward in response to fluid communication being permitted

through the passageway 42.

It is to be understood that the various examples
described above may be utilized in various orientations,
25 such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the

principles of the present disclosure. The embodiments
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representative enbodi nents, readily appreciate that many

nodi fications, additions, substitutions, deletions, and ot her changes
may be made to these specific enbodi nents, and such changes are

wi thin the scope of the principles of 20 the present disclosure.
Accordingly, the foregoing detailed descriptionis to be clearly

understood as being given by way of illustration and exanple only,
the spirit and scope of the piesgpdy 'DBMEQE'NU‘ b%bﬂ@—ﬂé%‘s&?%%ﬂ' %y by
t he appended clains and their eqU|vaIents is clained )
well tool for use wth a subterranean well, the wel | tool conpr|5|ng.

an el ongat ed passageway; and a plug which prevents fluid
conmuni cati on through t he passagemay for a predeterm ned period of

time, the plyg,du EQ tt%% anhvdy StQEPMY es‘é@%%’y the

pr edet er mi ned peri ime 1s Vv by arying a leng of the
anhydr ous b@@xﬁiﬁseﬁpe%#mpleszOfTﬁﬁﬁﬁnélBppkmﬂab;bneleﬁlhhe pwhetigilest he

plug conpri sescra SQLLILIMeS ohidihe RNAYAr 04S RAr 09 é}ﬂﬂegeeﬁfic 3. The
wel | tool of claim1, wherein a length of the plug is at Ieast about

three timesdetadildt AT okhesse epbaginents-The wel | tool of claim 1,
wherein éhe passageway extends through a sidewall of a tubular

nmenber . The TReffe t PRV eo e8P aiRhl P! ﬂﬁé?%ﬁl?ePﬁ%F?ﬁ£ﬁ§é§%may ext ends
t hrough a tebbbﬁnple@ oﬂ_htﬁlé/\ﬁﬂhbc].@fﬁﬂreof deté@ttndnalWbern@i, N stlbe d4ibe i s
coiled. 7., meIL t ool claimil, whergein the assag y ext ends

CIFCUItOUS|yﬁIq¥ t he %@ﬂ?w’toonp653 THE"Sw1 T SCGof PSP furt her
conpri si ng eepiestioncahicredespliares the raspopseyiny fdrawdngs In

communi Catlégh %%lng“ 180 LteQ%égy'ngQp&Jquagﬁaagl¥w¥ﬂ% aahe el |

tool of cla fur er ‘conptisi‘ng a sea ext'ends
radi al 130 outwwa*dlrﬁCExﬂypahger@cthé eadthtﬁnﬁmrieee|amvnbeangptﬂ;naetted

through the CaRASSAAGHEY ~108dr, T h L;L.réﬂ% dofs,lﬁt rmtgarmgufe% o,

conprising a well scteen on a tu mhereln
permitted td F4EERELR Gt ﬁﬁemv&hq e§é¥%kﬁ1%&ﬁéaFﬁtQiQPﬁetb%bular menber
i n responsey,dianbhkdi d conmmuni cati on being permtted through the
passageway.

Of course, a person skilled in the art would, upon a

15 careful consideration of the above description of
representative embodiments, readily appreciate that many
modifications, additions, substitutions, deletions, and
other changes may be made to these specific embodiments,
and such changes are within the scope of the principles of

20 the present disclosure. Accordingly, the foregoing
detailed description is to be clearly understood as being
given by way of illustration and example only, the spirit
and scope of the present invention being limited sclely by

the appended claims and their equivalents.

- 24 -



11. The well tool of claim10, wherein the passageway restricts flow
of fluid into the tubular nmenber when fluid conmmunication is
permtted through the passageway. 12. The well tool of claim1,
further conprising a degradable barrier which tenporarily isol ates at
| east OWieat Brethinodd iS:he anhydr ous boron conpound from contact with an
aqueous fluid. 13. The well tool of claim1l, wherein the passageway
is in comrunication with an actuator of the well tool, whereby
actuation of the well tool is delayed until the predeterm ned period
of ti md. Afvetiookfprisatvitbm sobteraneamwhll theoved tdsbeasrprigiogrpound begi ns. 14,
The well tool of claim1, wherein the passageway is included in a
flow c@ReloasateRASERISYRY:ERE wel | tooI V\hereby fluid flow through the
f|OMlCOH roI eV|ce i,s ,del ayed un g redeternlned % | e
after arﬁ“[g o"ﬁe"SP‘Sﬂg'HP%']Pu WC%'P” ﬁ°é‘g 8?36‘8%‘” J?r lﬁ‘ﬁ pe”"ﬂ!é’ A
met hod ™ % Brafe g”% ?B% Or PR P P61 PW ef' Srrogidpe is
vel |, VAESRVAYENI AN YR e s S0Mg CaRPURAyY dr ous bor on conpound to
an aqueous fl uid, the anhydr ous boron conpound being included in a

pl ug which prevents fluid comunication through a passagemay of the
wel | tqo ool atln inre

cormuntobis & R PERATBdr PRy o e BECERG ey e BRUGbYER i ned
peri od “8FP4"fe after the exposing step, wherein the predeternined
period of tinme is regulated by selecting a |l ength of the anhydrous
boron conpound in the plug. 16. The nethod of claim 15, wherein the

v con S I o i) b Ha B & sligat s T b e A R s,

being P Pnltted t hrough the passageway. 17. The method of claim 16,
wherein the passageway restricts flow of fluid into the tubular
menber mhen f|UId connunlcatlon is permtted through t he passagemay
18. Th erein es a.s

of t he TR T B it ISt B DT oot Rl e,

a length of t he plug is at |least about three tinmes a wdth of the

pl ug. 20. The nethod of claim15, wherein the passageway extends
t hr oug S r h od of claiml1l5,
s o0 PSRk o 0h AR RBIR Ry o 6 TRAD

6. The well tool of claim 5, wherein the tube is coiled.

7. The well tool of claim 1, wherein the passageway extends circuitously in the well tool.

8. The well tool of claim 1, further comprising a piston which displaces in response to fluid
communication being permitted through the passageway.

9. The well tool of claim 1, further comprising a seal element which extends radially outward in
response to fluid communication being permitted through the passageway.

10. The well tool of claim 1, further comprising a well screen on a tubular member, and wherein fluid
is permitted to flow through the well screen and into the tubular member in response to fluid
communication being permitted through the passageway.
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22. The nmethod of claim 21, wherein the tube is coiled. 23. The

met hod of claim 15, wherein the passageway extends circuitously in
the well tool. 24. The nethod of claim15, wherein the well tool
operating further conprises a piston displacing in response to fluid
comuni cati on being permtted through the passageway. 25. The net hod
of cl aiim THe, wellte i ateirh He, wiekdin the phssageyagtréstigptsiflowtdhfuid ot ubes reensteal
el enmentwhex tiga dormgutiedibals|pgrnoitiddtaodgh the passpgenae to fl ui d comuni cati on
being permtted through the passageway. 26. The nethod of claim 15,
wherein a degradable barrier tenporarily isolates at | east one end of
t he anhydrous boron conpound fromcontact with the aqueous fl uid.

27. The2n#iehved tadl ofodlan rh fLBher whrepring at degrapaldss bagranawnich eemporarily isolates at least
comrunicoakndef ted drihydrausaatraradoopoadd ftdmeconekcd withcnlaguannd flvither ei n
actuation of the well tool is delayed until the predeterm ned period
of time after exposing the anhydrous boron conpound to the aqueous
fluid. 28. The nethod of claim 15, wherein the passageway is

i ncl udd@. The veellftidadol adaimtir wherelethemassafewdyds inshbinmugication et ambdyaiorof the wiell
fl ow t headwglerebin ecthidtowotibaivelblooldevelayed ustil thel ppgdetkrrainéd peribh ef time after

pr edet eyt peranbglirafs boromeoabpduer begiposi ng t he anhydr ous boron
conpound to the aqueous fluid.

14. The well tool of claim 1, wherein the passageway is included in a flow control device of the well
tool, whereby fluid flow through the flow control device is delayed until the predetermined period of
time after initiation of hydration of the anhydrous boron compound.

15. A method of operating a well tool in conjunction with a subterranean well, the method comprising:

exposing an anhydrous boron compound fo an aqueous fluid, the anhydrous boron compound being
included in a plug which prevents fluid communication through a passageway of the well tool; and

the well tool operating in response to fiuid communication being permitted through the passageway a
predetermined period of time after the exposing step, wherein the predetermined period of time is
regulated by selecting a length of the anhydrous boron compound in the plug.

16. The method of claim 15, wherein the well tool operating further comprises fluid flowing through a
well screen and into a tubular member in response fo fluid communication being permitted through
the passageway,

17. The methed of claim 16, wherein the passageway restricts flow of fluid info the tubular member
when fluid communication is permitted through the passageway.

18. The method of claim 15, wherein the plug comprises a solid mass of the anhydrous boron
compound.

19. The method of claim 15, wherein a length of the plug is at least about three times a width of the
plug.
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20. The method of claim 15, wherein the passageway extends through a sidewall of a tubular
member.

21. The method of claim 15, wherein the passageway extends through a tube.

22. The method of claim 21, wherein the tube is coiled.

23. The method of claim 15, wherein the passageway extends circuitously in the well tool.

24, The method of claim 15, wherein the well tool operating further comprises a piston displacing in
response to fiuid communication being permitted through the passageway.

25. The method of claim 15, wherein the well tool operating further comprises a seal element
extending radially outward in response to fluid communication being permitted through the
passageway.

26. The method of claim 15, wherein a degradable barrier temporarily isolates at [east one end of the
anhydrous boron compound from contact with the aqueous fluid.

27. The method of claim 15, wherein the passageway is in communication with an actuator of the well
tool, and wherein actuation of the well tool is delayed until the predetermined period of time after
exposing the anhydrous boren compound to the aqueous fluid.

28. The method of claim 15, wherein the passageway is included in a flow control device of the well
tool, and wherein fluid flow through the flow control device is delayed until the predetermined period of
time after exposing the anhydrous boron compound to the aqueous fluid.
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