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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 del ay pl ugstt20lly Cankbe mavariitagedBs03sde HbIUS t o
del ay operation of a well tool. For exanple, it may be desirable to
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 ayi ng wel | tool

5
ANHYDROUS BORON-BASED TIMED DELAY PLUGS
10 Inventors: Luke W. Holderman and Jean-Marc Lope:z
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 advantagecus to be able to delay operation

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

positioned in a well, until another well tool has been



operation have relied on delay mechani sns which are either 5 conpl ex,
unreliable, expensive, difficult to operate, etc. Therefore, it wll
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 tinmed delay plug is provided which
brings inprovenents to the axttd¥nedebaykag nel! 2o00ol1opespidONl QS

ot herwi se delaying fluid comunication through a passageway. One 15
exanple is described belowin which a well tool is operated a certain
time after an anhydrous boron conpound is exposed to an aqueous
fluid. Another exanple is described belowin which a | ength of an

anhydr ous gé’ﬁ? ‘%“Uﬂt&’i urgor{cﬁ,t"i%%g Lo, de %x%ng'i% ac?ﬁé&&&aﬁce‘si e

after whic comuni catlion 1s perm th a passageway.
I n one aspece,cqnuﬂﬂlbntooétéor use mnth a subterranean well is

provi ded by the disclosure below. The well tool can include an

el ongat ed passdiyygsagrangdoat phagy witehrps everdsl fiinodwedmirdicat i on

t hrough thg%é’ﬁé&ao%e% ef 9Ly c?%r‘ph%qg%e{rgz:}p%ﬂls?n%rk«r doRfatd 'E'&th@%e

pl ug i ncludes an anhydrous oron conmpound e pre eternlne peri od
of tirmﬁiscemmbmﬂlm@dEEyabl¢eng@ﬁn@ﬁVEhedaﬁﬁydﬂdu$Obep©ma@©nﬁﬁund

ALtorney DpekelcNa. i 20301} R-OZASOT LS o I aDgtfler aspect, a

nmet hod of opera |nd ool N conjunction w th a subterranean
wel | is proosmaid:ialTheéonetbrotdeam iimpkoded exgpogiongleaay amdydriagd bor on
conmpound tgbéggé%¥%eous fluid, wth the anhydrous boron conpound bei ng

10 SUMMARY

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 communicaticen 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 agqueous fluid. Ancther example 1s 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 tool for use with a subterranean
well is 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.



5 included in a plug which prevents fluid conmunication through a
passageway of the well tool. The well tool operates in response to
fluid conmuni cati on being permtted through the passageway a
predeterm ned period of time after the exposing step. 10The present
invention provides a well tool for use with a subterranean well, the
wel | tool conprising: an el ohgadwdypassagevidy, : &td Oa1plagl il ail US
prevents fluid comruni cation through the passageway for a
predeterm ned period of time, the plug 15 includi ng an anhydrous
boron conpound, whereby the predeterm ned period of tine is

determ ned by a I ength of the anhydrous boron conpound. The
plug may conprigg & 56k5Ld, of; the,aghydrous, n,CcQ 20A

| engt h of the ?ﬁg may Q?é dast gbo%? %ﬁree E%%ég a w the
pl ug. inTWmmg’@mmyttma@y sMttendanpaoughl la isi @émme@f aimeubul ar

fube may bAZEST B ACEarmey backe: R egte BLgR1ss e
an aqueous fluid, with the anhydrous boron compound being
5 included in a plug which prevents fluid communication
through & passageway of the well tool. The well tool
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 tcol comprising:
an elongated passageway; and

a plug which prevents fluid communication through the
passageway for a predetermined period of time, the plug
15 including an anhydrcus 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.



The passageway may extend circuitously in the well tool. The
wel | tool may further conprise a piston which displaces in response
to fluid conmunication being 5 permtted through the passageway.

The well tool may further conprise a seal elenent which extends
radially outward in response to fluid conmuni cation being permtted

t hrough t he passageway. The RetdrrtegolDopiytf Be t hed0ldemprD3es &7 il [Us
screen on a 10 tubul ar nenber, and wherein fluid is permtted to flow
through the well screen and into the tubular nmenber in response to
fluid conmunication being permtted through the passageway.

The passageway may restrict flow of fluid into the 15 tubul ar nmenber

when f1uld_communl cail-nel,syPermdkendt B pLol 416 passaaeupy

The well tool may furthér conprise a rada arrier whic

tenporaril yopsol ates at | east one end of the anhydrous boron conpound
fromcontact with an aqueous 20fl uid. The passageway may be in
commmuni cat i on Whi¢h v lagPaatBry cfuntherwePTr o @ Whieitepyvwiatstuat i on of

the vell tgolyiscdleliayedspphid dhe pnadetrnm ned per bad,of tinme after
hydr ati on of %he anhydr ous boron conpound begins. 25The passageway

may be ¥ ncPedeittad &hrooal com msssgeees- of the well tool, whereby

fluid flow through the
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
10 tubular memker, 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 tubuiar member when fluid communication is permitted

through the passageway.

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

20 fluid.

The passageway may be in communication with an
actuator of the well tool, 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 throucgh the



Attorney Docket No.: 2010-1P-031567 U US flow control device is
del ayed until the predeterm ned period of time after initiation of

hydrati on 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 method conpri sing:

exposi ng an anhydrous boron Eompoigyd Dbokat Boueds OFHI@FA31E62 Ul US
anhydr ous boron conpound being included in a plug which prevents
fluid conmunication through a 10 passageway of the well tool; and
the well tool operating in response to fluid comuni cation being
permtted through the passageway a predeterm ned period of tine after

the exposipg,step,. Ot iy@pakly;qt a\g‘%\l/ﬂ\; ol %erpa:feigegemm?r

conprises 15 fluid fl owm ng throug screen and into a tubular
menber in pespohsy ttame| aifdex ormiiagathont bevdip tdennptt det hr ough t he

passagevay ;nnydroudBoRanSAgRNAYJrBy restrict flow of fluid into the
t ubul ar neﬁ%e¥ rl%n Plu?d connﬁﬁ?gation is permtted 20 through the

passageway.  rhdpideQRak! Ynidia Mgl eyt eRk - OPRSAAT of HELRGY SOnprises
a piston displacing in response to fluid conmuni cation bei ng

permtted PPRGRIGING lReWgadsherehayn conjunctigptvidiall gubherpeidan ool
operating $¥iiPQﬁmPﬁﬁﬂhkﬁeégﬁbfg%fﬁ%@' el enent extending radially
u

outward in response to comuni cation being permtted through
the passageway.exposing an anhydrous boron compound to an agueous

fluid, the anhydrous boron compound being included in a
plug 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.

Optionally, the well tocl operating further comprises
15 fluid 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
piston displacing in response to fluid communication being

permitted through the passageway.

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

fluid communication being permitted through the passageway.



Attorney Docket No.: 2010-1P-031567 U US The met hod may
further conprise the step of fixing the predeterm ned period of tine
by selecting a Il ength of the anhydrous boron conpound in the plug.
The plug may conprise a solid nass of the anhydrous 5 boron conpound.
A length of the plug nmay be at |east about three tines a width of the
pl ug. The passageway naytexteandotkeoulih. a Xildewal-D3bd%6a Wlulgl 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, PAIIABAVRYy MBY: B 4 RoRPITRNIGAL IsQRWHE hff&?ir?:tﬂl'l%t or
of the well tool, and whereln actuation of the well tool is delayed

until the PredritsrHingddrpetPddbftifempy2eetdetdmoeepdsnaghtdle the

anhydr ous QH@Q&xﬁﬁﬂE%%Bg tomp i\ paveeus Hludd. The passageway
may be included in a flow control device of the well tool, and

wherein fluid fhpwilgongh thesfil@wacaptif@lndavige ths dehayaduntil
t he predeterm ned
5 beron compound.

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 f£luid.

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 aqueous

fluid.

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

flow control device is delayed until the predetermined



Attorney Docket No.: 2010-1P-031567 U US period of tinme after
exposi ng the anhydrous boron conmpound to the aqueous fluid. These and
ot her features, advantages and benefits will 5 becone apparent to one
of ordinary skill in the art upon careful consideration of the
detail ed description of representative exanpl es bel ow and t he
acconpanyi ng draw ngs, in whithowian IPacketefent £EleIPndBtated’l Wst he
various figures using the sane reference nunbers. 10 BRI EF

DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic partially
cross-sectional view of a well system and associ ated nmet hod whi ch can
enbody principles of the present disclosure. 15FIG 2 is an enl arged
scal e schepati®d GOIImeEEELOPAxPHAWt RROUGI P RIS bHesh wWhhsh.dmy be
used in the well system FIG 3 is an enlarged scale schematic
cross- sect Fongte adueoysedlBidanot her wel | tool which nay be used in
the well 20 system DETAILED DESCRI PTI ON

These and other features, advantages and benefits will
> become apparent to one of ordinary skill in the art upocn
careful consideration of the detailed descripticn 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.
i5 FIG. 2 is an enlarged scale schematic cross-sectional

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

system.

FIG. 3 is an enlarged scale schematic cross-sectiocnal
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 embcody principles

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



Representatively illustrated in FIG 1 is a well system 10 and
associ at ed nmet hod whi ch can enbody principles 25 of this disclosure.
As depicted in FIG 1, a wellbore 12 Attorney Docket No.:
2010-1P-031567 U US is lined with casing 14 and cenent 16, the
casi ng has been perforated, and | ower and upper conpletion strings
18, 20 have been installed i&ttdmepeDobsee. NEaclZ(3O-ERe02bnpl 1l i
strings 18, 20 includes a 5 nunber of well tools 22, 24, 26. These
wel |l tools 22, 24, 26 can include the illustrated well screen
assenbl i es, packers and val ves, and/or any other types of well tools
(such as perforating guns, firing heads, sanplers, hangers, formation

testers, gi§V§iné@%|tﬂchQ9ﬂl? 1 Stiraulakiap i@olt%e 196t fg)has been At
this point, it should be e asi zed that the well system 10 is

provi ded aEeﬁ%ﬁﬁﬁBdenénéxéﬁiﬁ¥a%ﬂd-&PWPHeCV@Ei%RﬁPHOﬁtéFF?%r%ﬁn 20y pes

of well sysieas,ad Ghsean bensf idhd Leimyse. of the principles
described by this 15 disclosure. Thus, it should be clearly

under st ood t hatedd0se RRENES J_eestl@rneseeanés mg.edoatinahhat® any of the
details of the well system 10 and associ at ed nmet hod descri bed herei n.

It would bRUTRF A MRlhaRYOtS rdundtfanés t B alsilé £60D0 el At/

operation 95 @gl ualdi9Be0fha Meldsthr@ebqupbil SRt akBepplind of time
has el apsed. For exanple, when installing well screen assenbl i es,

cl oggi ng oPAEHRESMENG ¥atEehs WHEH Be 2RV nP i d WEspPEVERt} M Flisow

through thesywel lasSekeensa tifd NhdsNStakh A 1 ha Lo BRENEREE NChdAWs,
t hrough the well screens can al so
formation testers, gravel packing tools, stimulation 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 nolt 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



all ow pressure to be applied to a conpletion string to set a packer,
wi thout the need for installing a plug in the Attorney Docket No.:
2010-1P-031567 U US conpletion string. After the conpletion string
has been installed and appropriately positioned in the well, the
packer can be set, and the well screens can be opened for gravel

packi ng, production of flui dstteirmey Bbaktbenayedl [209pstervilsei tuinayg be
desirable to prevent flow of fluid through the well tools 22 until
after installation of the conpletion strings 18, 20, it nay be
desirable to prevent setting of the |ower well tool 24 until after
installation of the | ower conpletion string 18, 10 it may be

desirabl e vient .1 1.Nng t p | t ; i fter
installati%ﬁm%géﬁﬁﬁi Séggﬁbéonp1%??§Rgs?§%%g@%ﬁ?l%&Eﬁéé %%édgﬁﬁ}able
to cl ose theswelled eold 26padreratelygr peelt pawdd gy aper selbn,thet c.

These are | W, ex | es of _.th n ifferent.re it

coul d be 1%g%%ﬁgf%§ﬁ§% ?gpbéﬁé fgetgeggl%@g%%%?é%goﬁéosgﬁﬂ%%§?¥bn of
a well tootrassl ifackhiogl dpbedwitdam pfufderds oemta.-hat the principles
of this disclosure are not limted in any way to only these types of
operation or actrudthieomedeé| aysterRdfler Lkngarndel tdesriagkbbye now nevEnG 2,

an enl arge G - ti.anal. - vi o) one of the
wel | tooIsggépfgp?ggﬁgsgﬁ?%ﬁﬁggﬁ% %Fﬂ%s??%%%&%aEﬁkégigfgg%mn it may
be seen thatstdidawdlh tdoth@xdmpdletides atwelds d@reéfA, 28t amdy &<f | ow

contr ol dec‘,(é&era}q dit%pgfsgeﬁ’{‘ tt‘ilj%g' §S %@thﬁorw P2y 2P TG, WB4 screen
28 is configure for f tering ﬁ ui Tch Tl ows TromtHe exterior
of the welunsck edriefsavhtablatfircomodnthanldwsr I®mpdeidn rsidiigld y 8,
betmeeﬂ3th§tvﬁgJ %%r%esirable to prevent setting of the upper well

tool 24 until after installation ¢of the upper completion

string 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 are not limited in any way to

only these types of operation or actuation delays.

Referring additionally now to FIG. 2, an enlarged
20 scale cross—sectionzl view of a portion of one of the well
tools 22 is representatively illustrated. In 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 fluid
34 which flows from the exterior of the well screen (such

as, from an annulus 36 formed radially between the wellbore



Attorney Docket No.: 2010-1P-031567 U US 12 and the conpletion
strings 18, 20) to an interior flow passage 38 whi ch extends

| ongitudinally through the tubular nenber 32. Wen the tubul ar nenber
32 is interconnected as part of one of the conpletion strings 18, 20,
the flow 5 passage 38 al so extends through the conpletion string. The
fl ow control device 30 preventiso=itgh Dbkaut ofic 1 he dfllowird-831 541t @it lue
passage 38, and al so prevents flow of fluid outward fromthe passage.
Thus, when the well screen 28 is being installed, clogging of the
wel | screen can be 10 prevented (or at |east reduced) and, if there
is a need to apply pressure to the passage 38 (for exanple, to set a

pressure- set ksl zco%BEEtP£§S§&Hi%g%a SPG%C%’F’JJ g, ‘ﬁ‘f&g?‘ﬂértﬁ% I me
and expense of plugging the passage.” The fTow control device
depi ct ed | pafsa@e 2 moligdesxisds tlwbgif0demi ] ad tdbrought hiee ttubhdlar

renber 32, pAupassagenqy A2cAXLends Lhrough. the Jdibe d0coM ans, snd of

the tube 4 passageway 42 1s at t I nterna |'ow passage of
t he tubul apanenderord? ofwitd tde tedbenextending & -h2Z8ughhant bpeni ng 44

in a side t-he _tubu FoliAnt 20 ¢ I HG 2), and
at an S%pgg%%%ﬁ%% oflgﬁeggﬁﬁgﬁ¥%§ p§§§a€§35v°ﬁ§%§?°§hgéﬁm§%'screen
28. A plu 6 ARt |.ui Lcation
t hrough t he paggﬁbéugy.Q%ﬂgggﬁgggﬁg%i§§e§£§?§ﬂ§%;é%f# ?%%ﬁﬁ%?q%%k
fluid 34 throidyB4 Hatwekhe seass@mye288andn@5alsw eprieventat kgwrofof t he

tubul ar neP?ﬁgd:g%gﬁirgr?¥gﬂtéﬁélﬂéssage. Thus, when the well screen

28 is being installed, clogging 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 dissclved at a known rate,

_.10..



the plug 46. In one unique feature of the flow control device 30, the
plug 46 can be dissolved at a known rate, Attorney Docket No.:
2010-1P-031567 U US thereby providing a predeterm ned period of

time, after which fluid communication is permtted through the
passageway 42. Preferably, the plug 46 conprises an anhydrous boron 5
conpound 48. The anhydr ous bottosrreagnpeudkRdt 48 hy driatoes pwbens @xpased t o
an aqueous fluid. Such anhydrous boron conpounds i nclude, but are not
limted to, anhydrous boric oxide and anhydrous sodi um borat e.
Preferably, the anhydrous boron conpound 48 is 10 initially provided
as a granular material. As used herein, the term"granul ar” includes,

but is not +é£’éﬁ;ﬁ%£o%d9ﬁ§d§r£9eoae’%%r%ﬁs& & PP @‘Eﬂﬁ”aé@{é

As an exanpl e granu rial sing the anhydrous bor on
conpound |sh{nmﬁﬁ%ua@1VOpmanEmhtanalgraphmittaiiuhnm@gblehethe cruci bl e
is placed %Q %éﬁ Sggg and the material is heated to approximately
1000 degrees SI The material is maintained at approximately

1000 degrees ﬁflé%afﬂg,oam oYy NQUEemBEE&ELs Wi %tah%af Jauerial s

allowed to slowy coo i'ent” tenperature wt 20 fur nace
heat t Ur nedompdundAdi8a r 8s@l anhydreusaberpal chmpomes 48 bpliratamsdien

compr i o1 NGe 018, ANMYILAUS HOLOD GUTROUNG, 5. onyiazonSUBR: 8 SOl 1 d e

(and resul ti structure) conprising the an rous boron conmpound 48
wil | pref eratpqurtey énglodapriassiare sptehgtlht@f tahoathh¥@s5oWPHordc

Young's nodul us of; 23,,8R0 6 +0 a Poisson's ratio of about
0. 264, andgy %ﬁ ng p B Hﬁ%fsa Ehté9ggaaégrees Cel sius. This

compar es pPreferably, the anhydrous boron compound 48 is
10 initially 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 approximately 1000 degrees
Celsius for about an hour, after which the material is
allowed to slowly ccool to ambient temperature with the
20 furnace heat turned off. As a result, the material becomes

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, a 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_



favorably with comon al um num al | oys, but the anhydrous Attorney
Docket No.: 2010-1P-031567 U US boron conmpound 48 additionally has
the desirable property of being dissolvable in an aqueous fluid. For
exanple, a structure fornmed of a solid mass of an anhydrous boron
conmpound can be dissolved in water in a 5 matter of hours (e.g., 8-10
hours). Note that a structuregtfomsdoetkat sodid 2089s 10203088 E vV10IUES
therein and still be "solid" (i.e., rigid and retai ning a consistent
shape and vol une, as opposed to a flowable material, such as a
l'iquid, gas, granular or particulate material). 10If it is desired to
del ay the dissolving of the structure, a barrier 50 (such as, a

gl aze, coaj]j etc. an.b r.OV| t € r . rari event
hydr ati ng %%B%%éx%ﬁPGggu?g %ﬁéﬁﬁ%?“%ﬁ%35§?§'% f%glsggggtﬁﬁéé%%#y
aqueous fl af dbeimd hié seeli-abldOre sguirbabbes coatidng whi ch di ssol ves in
aqueous fluid at a slower rate than the anhydrous boron conpound 48
is polylactic atimdexamphecknestsrugfturke feomd mf casobédsedsetad ano

provi de a ]ﬁgg; i d i rior e e nhydr ous
bor on conp%% i%ﬁ?%%? e %% égﬁgﬁgﬁglh?d#$§gaﬁﬁgggﬁeyggﬁ%P%B?E
degr adabl endprer exfs honckude. qiydréollyt hcatsly. déptaddabbe amtericivre such

as hydrol ytj y or I 0J.] I n yner-s, ..and/ or

mxtares ofotRe e B RarRE MR bave e L R RV o
“s01id” (i.e., rigid and retaining a consistent shape and
volume, as cpposed 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 barrier 50 (such as, a glaze, coating, etc.)
can be provided to delay or temporarily prevent hydrating
of the structure due Lo exposure of the structure to

aqueous fluid in the well.

15 One suitable coating which dissolves in agqueous fluid
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
hydrolytically degradable materials, such as hydrolytically
degradable monomers, oligomers and polymers, and/or
mixtures of these. Other suitable hydrolytically

25 degradable materials include insoluble esters that are not

polymerizable. Such esters include formates, acetates,
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25 degradabl e materials include insoluble esters that are not

pol yneri zabl e. Such esters include formates, acetates, Attorney
Docket No.: 2010-1D- 031567 U US benzoate esters, phthal ate esters,
and the like. Blends of any of these also may be suitable. For

i nstance, pol yner/polymer bl ends or nononer/polynmer blends may be

sui tabl e. Such bl ends may beattdisefulbotrReaffi€ct Ah@-rRt0BNSET UL US
degradation rate of the hydrolytically degradable material. These
suitable hydrolytically degradable materials also may be bl ended with
suitable fillers (e.g., particulate or fibrous fillers to increase
nmodul us), if desired. 10l n choosing the appropriate hydrolytically

degradabl e, ol ez{ﬂe Elst%ﬁ?%f h@g glacc%”ggg%sfh&nd’ecg{ a%%éon éﬁg&%tfs

that will resu tion’ produ ou

adversely amfetﬁtﬁkﬁeraéperwaydnsS@ntebhponents The choi ce of

hydrol ytically degradable material also 15 can depend, at least in
part, on the cdidi tingthsnoé, tiwlweltl/podyyer NkﬁﬂdSb@me t enperature. For

i nst ance, ,Jf‘%g%r&negﬁe/?;ﬁgg}ﬁe?ebﬁéﬂésama% ar sH%?aﬂi% tht B@ﬁé@tr%@ey s,

well's, inc e wthin the-range o degr ees
and poﬂylan$¢iuk;Umayfﬁecsutm%ﬂﬂn;ﬁMQE1uséegradﬁﬁuon rate of the

hydrolytically degradable material. These suitable
hydrolytically degradable materials alsoc may be blended
with suitable fillers (e.g., particulate or fibrous fillers

to increase modulus), if desired.

10 In choosing the appropriate hydreolytically degradable
material, one shculd cconsider the degradation products that
will result. Also, 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 bore 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 -



20 bore tenperatures above this range. The degradability of a
pol ymer depends at least in part on its backbone structure. The rates
at whi ch such pol yners degrade are dependent on the type of
repetitive unit, composition, sequence, |ength, nolecular geonetry,
25 nol ecul ar wei ght, norphology (e.g., crystallinity, size of
spherulites and orientation)attyhegpmokckettys. hydrophebogite] wumkace
area and additives. Also, the Attorney Docket No.: 2010-1P-031567 U
US environment to which the polymer is subjected may affect how it
degrades, e.g., tenperature, anount of water, oxygen, m croorgani smns,

enzynes, pH and the Iike. Sone suitable hydrol ytically
degr adabl e_jp 5.in a - glyc d
anhydri des anﬂlp g%énsb ghygﬁ-éﬁagkﬂgpfgb e ex ec%eé H%§ Forect

hydr ol yt i clab¥ yitdegoaddbke @ojynﬁmgpbhatunay<h@nu@edfln@t@@e, but are

Pol yrer 10 8L BHed 8h oAy et o P47 Bet dabl oA Shat 1 €

Pol yesters” edidgad hy:f %gi @&}E‘Jfﬁ&% él§p§é:dzfa’c%5>§)éaﬂglla&ﬁrf§d ude

honopol ynmers, random graft Star- hyper anched
al i phat3 c pmym éragtlSaehl@cenqrmﬂfegQabyhfed@ maphydrpdeparretl by 15
polyconden? LI reactions, ring-opening polynerizations, free
radi cal yneri zations, anionic pol ymeri zations, carbocationic

pol yneri zati onsyorand.,;¢ 0% di NAldia ol 89 RPER NG 5 %|1¥£Te§é§9§da9ﬂ dor,

e.g., lactones, and any other suitable process. SpeCific exanples of
sui tabl e pm%/marr:ﬁ 2patnpsydes ptﬂe@sa@@haflﬁedé@lts@@n astdexritad dro,

cel l ul ose; . lud idls cCRbEQSAN: Y Y@ B8at Bbh RNRGHGaRRLY 85l & Stymer
10 Science, Vol. 157 entitled "Degradable Aliphatic

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 reactlons, ring-opening polymerizations,
free radical polymerizations, anionic polymerizations,
carbocationic polymerizations, and coordinative ring-
opening polymerization for, e.g., lactones, and any other
sultable 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-caprolactones);
poly{(hydroxybutyrates); aliphatic polycarbonates;
poly(orthoesters); poly(amides); poly{urethanes);

25 polythydroxy ester ethers); poly{anhydrides); aliphatic
polycarbonates; poly{orthoesters); poly{amino acids);

proly(ethylene oxide); and polyphosphazenes.
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poly(l actides); poly(glycolides); poly(s-caprol actones);

pol y(hydroxybutyrates); aliphatic polycarbonates; poly(orthoesters);
pol y(am des); pol y(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.
Attorney Docket No.: 2010-| PrnO35fd DbcldSt No.: 20fiothesessidt ahl @s
pol ynmers, aliphatic polyesters and pol yanhydri des may be preferred.
O the suitable aliphatic polyesters, poly(lactide) and

pol y(glycolide), or copolynmers of |actide and glycolide, may be
preferred. 5The | actide nononer exists generally in three different

forms: two ster r I I e - i de
(meso-1actide). ﬁ%ggﬁlggkt%€ﬂ%#£?3§%%g %ﬂguh%%bgbgggé%F%igﬁgpto
adj ust, anpayyottheiridesngsy ld@gn@dfatrired ra@éstheasfpmi\eablasalpihysitdal
and 10 nec ro i nstance, is
a sem -cryg %%S?Aneggbopg%r(f%% 8 pap %é{%féﬂﬁoﬂ% ’)ﬂro ysis rate.
Thi s coul dedreo Hesirsabltelant kpplarcatilgns] ider encey bbomeefdegﬂadatlon of
the hydrolytically degradable material is desired.

15Pol y (D, L- | actThde )l aghyjdpenenansire cafot phoesepdllymén dhtee a resul t ant

faster hydsolysichr abensThi.5, ML, SURLAD! . Lois oLheL. ARDlgati ons

where a nore rapi egr adaf1 on nay be appropri ate. e stereol soners
of lactic sedehimay,belasedd0! mens@r\lladuadidey orTheopbiineditAddi ti onal |y,

they may bf 3(1'%% Qox‘/‘iééb 35 aﬁéa&P' @tyc%bgﬁeg*{]h%ther

monomers | 1K capro tone |oxepan oné, tri
carbonate,thnqﬂAwdegsaﬂaab¢manﬁmmgmeas ¥®ll as physical and

10 mechanical properties.

Poly(L-lactide), for instance, i1s 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 stereoisomers cf lactic acid may be used
20 individually or combined. Additionally, they may be
copolymerized with, for example, glycclide or other
monomers like &-caprolactone, 1,5-dioxepan-2-one,
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
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obtain polynmers with different properties or degradation 25 tines.
Additionally, the lactic acid stereoisomers can be nodified by

bl endi ng high and | ow nol ecul ar wei ght Attorney Docket No.:

2010-1 P-031567 U US poly(lactide) or by blending poly(lactide) with
ot her polyesters. Plasticizers may be present in the hydrolytically
degradabl e materials, if desittetkneSuDbakée b asticaiozepsos1$écluudes
but are not limted to, derivatives of oligoneric lactic acid,

pol yet hyl ene gl ycol ; pol yethyl ene oxi de; oligonmeric lactic acid;
citrate esters (such as tributyl citrate oligoners, triethyl citrate,
acetyltributyl citrate, acetyltriethyl citrate); glucose nonoesters;

10 parti al f achd_esters, . e; \tri.acefin,
pol y(e-cap %Jf}égit%)érllte])%%)pSFy%ﬁy%eoxdégggggg%Z%@%ﬁedf(%e&fﬁﬁ1&1{]&
benzoat e- 2p3lykdtamsat e; gl ycerin-2-benzoate-1, 3-dil aurate; starch;

bi s(butyl diethylene glycol)adi pate; ethylphthalylethyl glycolate;
gl ycerine di acetl@ts¢itszapaonzpbd @resedt atet e hydgadyriegldoer ol ;

o, Yo O 805 LA, U, R0 0 ORGL Vo BAROLL 0L ooy ene

pht hal yi eihgludg,ydboltapse pot Wietittgdehe, adk patad)idiest edr ategomeric

di -iso-butyl . agdl RaLg, 8RY,COMPINAL 998,20 SR 1ene 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-caprolactone); poly(hydroxybutyrate); glycerin-1-
benzoate-2,3-dilaurate; glycerin-Z2-benzoate-1,3-dilaurate;
starch; bis(butyl diethylene glycol)adipate;
ethylphthalylethyl glycolate; glycerine diacetate

15 monocaprylate; diacetyl monoacyl giycerocl; polypropylene
glycol (and epoxy, derivatives thereof); poly(propylene
glycol)dibenzoate, dipropylene glycol dibenzoate; glycerol;
ethyl phthalyl ethyl glyceclate; 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, meolecular mass, degree of branching,

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

while long chain branches lowexr the melt viscosity and
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The physical properties of hydrolytically degradabl e pol yners depend
on several factors such as the conposition of the repeat units,
flexibility of the chain, presence of polar groups, nolecular nass,
degree of branching, 25 crystallinity, orientation, etc. For exanple,
short chain branches reduce the degree of crystallinity of polyners
whil e [ ong chain branches | oaetfodrkg mebkewiseQsiZoy oand-0ALi6r nAY US
Docket No.: 2010-1P-031567 U US inpart, anong other things,

el ongational viscosity with tension-stiffening behavior. The
properties of the material utilized can be further tailored by

bl endi ng, and copolynerizing it with another 5 polyner, or by a

h [ 1 d
ol yher s, LB Enalel> or aenrrerse era o, OB Y AR oy

such suit abdmsideygrsaddlikeipol yatersiofe. g., hydrophobicity,
hydrophilicity, rate of degradation, etc.) can be tailored by

i ntroduci ng seﬂ@miprgpénhé¢$Oﬁhﬁh@rGapsréabngﬁﬂh@eﬁob§nnbecﬂuﬂh@@r

For exanpl XLL de) AL ;abgt f the
rate of r a‘gaeln#ﬂ%% act | dﬁ‘% 3ndaCEhog§Igé7. %qélt%t §§ 83%}# ééerg&% o

ordi nary skédlymgm phebar@ qhartve hea béﬁemiquﬁ0hﬂ¢Méadisc¢hﬁmﬁﬂ§uwelI be

?g' fhteopgfgleﬁ{a c_;f.",”%y%?—ﬂ:?aﬁ&%oo%r&l%n%réH”&EAP—%%'ap%Ei‘?“Q? dé&hdAtdeduce
etc.). The properties of any such suitable degradable
polymers (e.g., hydrophobicity, hydrophilicity, rate of
degradation, etc.) can be tailored by introducing select

10 functional groups along the peclymer 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(dodecanedioic
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 agqueous fluid may be used to completely prevent

exposure of the anhydrous boron compound 48 to the aqueocus
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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 notttdmdyedotiet pod y( malie-cranbyssi dg) vand
pol y(benzoi ¢ anhydride). 25An epoxy or other type of barrier 50 which
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

breeached. br okerh,ar ot her il o &1 QURVEDLeds WISKAG! obNbnl S, dane

i ntentiona for "exanple, to set a pac i's appropriately
posi ti onedcincuthenied, , woether operns ascdonﬂlrnﬁamtiwab&éyupﬁmr5

conpl etiong §%Fﬁa_forgagggn réggﬂéqgwgggr§£lg f%ﬁgﬁé§§%%%8§§ a result of

an unexpecie ‘i nadvertent circunstance to close a
val ve in apoen@mgewbynsth@aWQbh ard tbhepebye prieveibtésuapelcaf uploni d,

etc.). Alg g”P{P@ QU3 PeLon; conpound ?s% | 8.10, selected to
prOV|de a cer aln perlo romexposure of theé an%yd?ous bor on
conpound tnesml’raaptieeusuﬁéwej;teai toer mhd‘@dﬂrtfdnn d:lcccumanamae | 0fvd s

permtted h the 4 IOV tabl e
del ay tlneéi%éﬁﬁﬁ en tﬁEg?gﬁﬁgﬁgﬁﬁyérous nqg B 9 %gﬂﬁgnagfbe many
15 t| nmes i tsenaidgt prefrent exsogree ot tﬁéuhénge’ch: nay be ten or nore tinmes

the wdth, or preferably at least three tinmes the width. The I ength
of the passageﬁa}eﬁgthany@Kth@hydmeuasboshoKtﬂmouhdnﬂ8oisIonger

than, the é%!ﬁ%é%dgfc g§?@£é‘é/%%‘é§t§959§?&gd?%‘%”%iﬂaé-f@QIl}bé%otsﬁ%

althoug ube I's depicte
of the anhydrous boron compound to an aqueous fluid, after
which fluid communication is permitted through the
passageway 42. In 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 understood
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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), ®ttcrnBWUSockbtsiwul dohe-cbeagiys? ul Us
understood Attorney Docket No.: 2010-1P-031567 U US that the FIG 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 havi ng the passageway 42 extend 5 through t he

circuitous ext.e g tu oth t ha proyidin xtended
| engt h of %%e &: 3F§u55b%$%ﬁ ratl ﬁ8§ %Iﬁ%: gx?ﬁé %% pl ug 46

has di ssol wedke amj:lfertgn dfc@nﬁiﬂfmarai |c©nfngup@trzmrtst e:dlt:hr oang hertldredt ube,
a certain g§5|red flgggrﬁatrlctl cqagube provi ded by the 10 tube 40.

th
It will be apﬁ?@éfﬁpe t-stuch TI°OW restriction can be beneficia

where. for exampl uuihclse deslied 40, he! ahoe, raduahi op Lgm il tipl e

zones, prevent mater as conin amage to a prodUC|ng
f or mat ion, tetaigh the circuitously extending tube 40 (other than

providing for an extended length of the anhydrous boron
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

1¢ tube 4C. 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 understoocd that
this is merely one example of a wide variety of different
ways 1n which the passageway may be provided. 1In 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, 1t may be seen
that the well tool 24 includes the flow control device 30,

an actuator 52 and an annular seal element 54.

25 The actuator 52 includes a piston 56 which
longitudinally compresses the seal element 54 when the

piston is displaced downward as viewed in FIG. 3.
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Al though in FIG 2 the passageway 42 is depicted as 15 extending

t hrough the tube 40, it should be understood that this is nmerely one
exanple of a wide variety of different ways in which the passageway
may be provided. In other exanples, the passageway 42 coul d be

machi ned or nolded into a conponent of the flow control device 30,
etc. 20Referring additional | y:thomidyo Dbkfet 3o a2 @aPsIrsesiionall wisew
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 actuator 52 and an annul ar seal elenent 54.
25The actuator 52 includes a piston 56 which longitudinally

2e i owed FhBrRRyet! SBRB IR PR BEEL O § 65T B ¢
Longi t udi neb eorpressdérloy ¢heisshlingbenentadd wabseései tasnexitdend
radi al ly OK%X\@I’& I"%tsl% copt %%l }Q%%fh e Sﬁi%’gv. (for exanple, to

seal off the annu 36). ow contr € 30 functions in the
FIG 3 5 confi gl‘Hea;f!l%Q' EBn 8 SR 3 Eb' 2l étgaotﬁlaﬁ degeriped above
for the FIG 2 configuration. Arter the an%y Fous “bor on conpound 48
i s exposedconf sniradieousnf & unahrgs, stthelanhyaridus besonikewpoing
begi ns hydeat ing and dibssgh¥es-R48NL Uakkye OR8N NYnLhZ RaSSASNY 42
to fluid comunication
compound 48 is exposed to an aqueous fluid 58, the
anhydrous boron compcund 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 to the aqueous fluid 58 may be
delayed by providing the degradable barrier 50, although

use of the degradable barrier i1s 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 valve, 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
operating well tools. 1In examples described above,

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

predetermined period of time determined by a length of an
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10 after a predeterm ned period of tine. The exposure of the

anhydr ous boron conmpound 48 to the aqueous fluid 58 nmay be del ayed by
provi di ng the degradabl e barrier 50, although use of the degradable
barrier is not essential. Wen fluid comunication is eventually
permtted 15 through the passageway 42, pressure in the passage 38 of
t he tubul ar nenber 32 can acittrridie DpicReONNGS;, JmlasirgoBlsapwriwarsd
to conpress the seal elenent 54. It will 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 a C e si.gnifj t e t he
art of operatihg her PP hor B e e HERE ¢ SR IR e e
operati on 6fuiheamslunitedisn 2 ryhi @ debayeelrdord2a predet er m ned
period of tinme determned by a length of an Attorney Docket No.:
2010-1 P- 031567 1 WS amh§dEoussb@bonec dipolerl 48 degcaibesigp 46 Mhi ch

prevents f abio u a on pect,
t he above %?%gﬁggﬂgg ggs%Flﬂ%%h%£Ve tﬂt%o? 22, 4e§§ Z%ﬁ} Qﬁ%i W th

a subt & r amebh welll 22Theé4 5003 qa@ohn22UdQ4aEHeLB®g@aﬁdlP@$QRH?W§Y
I t d 2
el ongal € nasr?cﬂfa\(’)\%\iué 4 8Ngh B1P! %%véﬁz\é‘h\fﬁf&cprc%%% bkl chrough

comuni cati o h~t he passageway a pre eternlne period of
time. The 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 & width of the plug 46.

The passageway 42 may extend through a sidewall of a

15 tubular member 32.

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

" The passageway 42 may extend circuitously in the well

tool 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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pl ug 46 includes an anhydrous boron conpound 48, whereby the
predeterm ned period of time is determined by a length 10 of the
anhydr ous boron conpound 48. The plug 46 can conprise a solid
mass of the anhydrous boron conmpound 48. A length of the plug 46 can
be at |east about three tinmes a width of the plug 46. The
passageway 42 may extend throughraysbDdewat |N©f: 2015-Tebob 8% 6 TRITbES
32. The passageway 42 may extend through a tube 40. The tube 40
may be coil ed. ' The passageway 42 nay extend circuitously in the
wel |l tool 22, 24 or 26. 20The well tool 22, 24 or 26 can include a

pi ston 56 which displaces in response to fluid conmunication being

permtted thrOﬁg{bekﬁ%lpgié?gﬁ’%ﬁ%ncgﬂﬁe“@'v& J]tlg%'créénc%‘ &l 5o

i ncl ude a seal ment whi ch extends radia outward in response
to fluid cowrulsrcatcndrrbe ng Perim BéedaSoe hrepughiteHetpaSkageway 42.

Attor ney Epg%ﬁﬁgﬂw%hé %g%?’éé%é%%lé%7aygne (%Hj§bFEEﬁlg@|%%$égy j%z can

i nclude a we Screen on a tubul ar urd may be
permtted im fdsgpwntskr buaghltire awsinung creern 28 iarwd pemnottéd thudswioar

menber 32 pn. res o,5luid c ni.catio in rmitt t hr.ough
5 the ﬁgssg%%dﬁvg%%%%?ke4%as§g5%§g§g3égﬁé. @%gﬁ'ig?ggfg%nggwing 34
into the tfbwldr3dmember tBL wierl afrl medbeon¥dinteat ifédnids permtted

through th&bﬁﬁﬁ%ﬁ%%%@%% fg'permitted through the passageway 42.

The well tool 22, 24 or 26 can also include a
degradable barrier 50 which temporarily isolates at least
10 one end of the anhydrcus 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 boron 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 anhydrcus boron compound 48 to an agueous fluid 58, with
the anhydrous boren compound 48 being included in a plug 46

which prevents fluid communication through a passageway 42
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The well tool 22, 24 or 26 can also include a degradable barrier 50
which tenporarily isolates at |east 10 one end of the anhydrous boron
conpound 48 from contact with an aqueous fluid 58. The passageway 42
may be in comunication with an actuator 52 of the well tool 24 or

26. Actuation of the well tool 24 or 26 can be delayed until the
predeterm ned 15 period of tatmraktyepobydt atdé.on 20f Ot he- aphyar aus us
boron conpound 48 begi ns. 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
predeterm ned period of tinme after initiation of hydration of the

anhydrous boran. GaRound, 48, Alisq.degeribed it hecaboye g sel ogure

is a nethod of operating a we tool 22, 24 or 26 in cohjunction with
a subt err areare sl [in Theparshdd danifdncouueiegrdsinnge ang 2% arilnrédous

bor on COW@%%‘? @ ?ﬁaé‘m qbl ui Bﬂg§%ﬂr¢]ﬂ1e&h§e?99<¥dﬁi“%n@r on

conpound 4 g I nc d’1n-a plug ich prevents f

comruni cat #brext Mheughraspassadgenway 42 Attorney Docket No.:
2010-1P-031567 U US of the well tool 22, 24 or 26. The well tool 22,
24 or Z6 oper atléxe wallespohsk topefrhtiidy corminicdatieonlbed nif permitted

flowing through a well screen 28 and into a tubular member
32 in response to fluid communication being permitted

through the passageway 42. The passageway 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 period 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 aboul three
times a width of the plug 46.

The well tool 24 or 26 operating can include a pistcn
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 wvarious 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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t hrough the passageway 42 a predeterm ned period of tine after the
exposing step. 5The well tool 22 operating can include fluid 34
flowing through a well screen 28 and into a tubular nenber 32 in
response to fluid conmunication being permtted through the
passageway 42. The passageway 42 may restrict flow of the fluid 34
into the tubul ar nenber 32 whetvAreyi dodlet ammrni2oat-on-031 P&t it ved
t hrough t he passageway 42. The nmethod can include the step of
fixing the predeterm ned period of tine by selecting a length of the
anhydr ous boron conmpound 48 in the plug 46. The plug 46 can conprise
a solid mass of the anhydrous boron conpound 15 48. A | ength of the

pl ug 46 may; he. atatlash AROUL 4GS LLOBSe eéqéaeqit Aol dég‘g 13% spl aCI ng

The well tool 24 or 26 operating can Inc U i ston
in responsectoly [as @xammxﬂwce’-@tusmf%eﬁnglp@tmmsedft bheughirtdigles

pass agewayoflzthe-rgﬁ s%l)ls wl%ﬂ:hzgrgpgéet iﬂ&tc‘e%n t'on%l]??ﬁf%:isiﬂ%l

el ement 54 extendi ng rad outward In response t

comuni cat fermibe of péﬁﬁetemnbdﬂmaD@gh t he passageway 42. It is to be
understood that the various exanpl es descri bed above nay be utilized
in various ori et &hroaboveFHeamhiradonnef i e, represenedtiveori zont al ,

vertical, %% 1e%”@ﬁ'egh¥a&i§éh%§|%%f' QE'JS@E{ 1 WMt hout s gapajd i ng from

the principles of t pr esent scl osure. enbo iments Attorney
Docket No.YalxpE)-"l Pb@3¢867 WrHgs, “lower,” etc r are used for

convenience in referring to the accompanying drawings. In
general, “above,” “upper,” “upward” and similar terms refer

10 to a direction toward the earth’s surface along a wellbore,
and “below,” “lower,” “downward” and similar terms refer to
a direction away from the earth’s surface along the

wellbore.

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. Accerdingly, 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 solely by

the appended clazims and their equivalents.
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illustrated in the drawi ngs are depicted and described nerely as
exanpl es of useful applications of the principles of the disclosure,
which are not limted to any specific details of these enbodi nents.
5In the above description of the representative exanples of the

di scl osure, directional terns, such as "above," "bel ow, " "upper,"

"l ower," etc., are used for EommeriveDeekét NeferailngIbeohes7 Ul USs
acconpanyi ng drawi ngs. In general, "above," "upper," "upward" and
simlar terns refer 10 to a direction toward the earth's surface
along a well bore, and "below, " "lower," "downward"” and simlar terns
refer to a direction anay fromthe earth's surface along the
wel l bore. O copersdcpeig@y skilled in the art would, upon a 15
careful consideration of the above description of representative
enbodi ments, readily appreciate that many nodifications, additions,
substitutions, deletions, and other changes may be nmade to these
speci fic enbodijrent s, ;and sych hanges, 2 WLl thg.scopa 0f hhe
principles of 20 the present disclosure. Accordingly, the foregoing
detai | ed deskkitsdloromsrisime cl early understood as being given by
way of illustration and exanple only, the spirit and scope of the
present® i nvent i3Bh SBEPAYLET PR ISHREF y2 1Y t he appended cl ai ns and
their equivalents. Attorney Docket No.: 2010-1P-031567 U US WHAT IS
CLAI MED | S: a plug wAlGR|Br&EEIt St 61 14Q S AW 15284 B eFRERTSEN TREI |

the vell t90ls£LR0RN $bR0a PAHLlQNYALEd PASAGRWRY nedNEhe plug
including an anhydrous boron compound, whereby the
predetermined period of time is determined by a length of

10 the anhydrous boron compound.

2. The well tool of claim 1, wherein the plug

comprises a solid mass of the anhydrous boron compound.

15 3. The well tcool of claim 1 or 2, wherein a length
of the plug is at least about three times a width of the

rlug.

4. The well tool of any one of the preceding claims,
20 wherein the passageway extends through a sidewall of a

tubular member.

5. The well tool of any one of the preceding claims,

wherein the passageway extends through a tube.
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a plug which prevents fluid comruni cation through the passageway for
a predeterm ned period of tinme, the plug including an anhydrous boron
conpound, whereby the predeterm ned period of tinme is determ ned by a
| engt h of 10 t he anhydrous boron conpound. 2. The well tool of
claiml1, wherein the plug conprises a solid nmass of the anhydrous
boron conpound. 153. The wel | Attoinesf Dekiet o o 20 10wiereBnser l|ngish
of the plug is at |east about three tines a width of the plug.

4. The well tool of any one of the preceding clains, 20 wherein the
passageway extends through a sidewall of a tubular nenber. 5.
The well tool of any one of the preceding clains, wherein the
passageway extends through a tube. Attorney Docket No.:
2010-1P-031567 U US 6. The well tool of claim5, wherein the tube is

coiled. 57.The gell haol,.0f & e 9hihhe, nsrf'ecf%%nghs'@w@uwere' n
the passageway extends circuitously in t he’ well tool
coiled.

5 7. The well tool of any one of the preceding claims,
wherein the passageway extends circuitously in the well

tool.

8. The well tool of any one of the preceding claims,
1¢ further comprising a piston which displaces in response to

fluid commurication being permitted through the passageway.

9. The well tocl of any one of the preceding claims,
further comprising a seal element which extends radially
15 outward in response te fluid communication being permitted

through the passageway.

10. The well tool of any one of claims 1 tc 7,
further comprising a well screen on a tubular member, and
20 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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8. The well tool of any one of the preceding clains, 10 further
conprising a piston which displaces in response to fluid

communi cation being permtted through the passageway. 9. The
wel | tool of any one of the preceding clains, further conprising a
seal elenent which extends radially 15 outward in response to fluid
communi cati on bei ng perm tt edttdreygbothet passaPdu@y 1P-031567 10, UEhe
well tool of any one of clains 1 to 7, further conprising a well
screen on a tubular menber, and 20 wherein fluid is permtted to flow
t hrough the well screen and into the tubular nenber in response to
fluid connunication being permtted through the passageway. Attorney

Docket No.: 2010 | Px3l67; U A4S, clai%l%?,-r. el EﬁQ' 9%5 Al 10,
wherein the passageway restricts ¥l ow o uid Irnto t FUbul ar
menber \Aheneﬂmq:tsccfrlmdnpéafll@rﬂ |131t|@erthiet teou mglhet:heh@ras@agebvay.

oot o g dﬁrﬁ%a blne[l%a gﬁnﬁt\ﬁ%{]‘% ﬁporﬂglpﬁ/ I g%ra{'urt i

conpr|5|ng a egra rier es at | east
one end of the anhydrous boron conpound fromcontact with an aqueous
fluid. 1013. The well tool of claim1l, wherein the passageway is in

comuniLation with @ﬂeaﬁéyﬁt%olofoft RayWehd 4:0Qhe M@E@Qynfcél%ﬁdson of
the well tool is delayed until the predeterm ned period time after

hydr ati on &#rihse mﬁw#éaggb%rdﬂgr@@ﬁbéan@alb@@msvhws temporarily

isolates at least one end of the anhydrous boron compound

from contact with an aqueous fluid.

10 13. The well tool of claim 1, wherein the passageway
is in communication with an actuator of the well tool,
whereby actuation of the well tool is delayed until the
predetermined period of time after hydration of the

anhydrous boron compound begins.
15

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 pericd c¢f time after

20 initiation of hydration of the anhydrous boron compound.
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14. The well tool of claim1l1, 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 predeterm ned period of tine
after 20 initiation of hydration of the anhydrous boron conpound.
Attorney Docket No.: 2010-1P-031567 U US 15. A nethod of
operating a well tool in comtiinegn DokkBt aNsubt@nanean3 vedt uit lue
nmet hod conpri si ng: exposi ng an anhydrous boron conpound to an aqueous
5 fluid, the anhydrous boron conmpound being included in a plug which
prevents fluid comunication through a passageway of the well tool;
and the well tool operating in response to fluid

comuni cation being permtted through the passageway a 10

predeterm ned, Bt od AL LIE BIST LIECEPOBLIGRIED, Copinciy The

met hod of cl ai m15, erern oper at1 ng i ses
fluid flommrmptdnmamghraame¢m wolilgemhandetid @rpubeliag: menber in
response to fluid 15 comuni cation being permtted through the
passageway. exposifg Iheamhxdnmwsobocbaimenbunﬁhépehn afieepES Sageway

restricys £19Wﬁoﬁjflﬁhﬂ¥hP59 Hﬂﬁohugﬁhséuﬂ§qg5 gb%%&h$he %ret hod

connunlcatlon i's permtted th roug e passage
of cla|n11§luwwnhmmhnptheemmﬁIfhuyﬂ cgp@nai¢a@pdnJ¢bhengbompr|ses a

pi ston dis e flui ontmruni cati on being permtted
t hr ough tfé%%%%ggif o §§§$§%JTQ001 g of claim15 or 18, wherein

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

10 predetermined pericd of time after the exposing step.

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 to f£luid

15 communicatien being permitted through the passageway.

17. The method of claim 16, wherein the passageway
restricts flow of fluid into the tubular member when fluid

communication is permitted through the passageway.

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

passageway-

25 19. The method of claim 15 or 18, wherein the well

tool operating further comprises a seal element extending
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tool operating further conprises a seal elenent extending Attorney
Docket No.: 2010-1P-031567 U US radially outward in response to
fluid conmuni cati on being permtted through the passageway.

20. The nmethod of any one of clains 15 to 19, further 5 conprising
the step of fixing the predeterm ned period of time by selecting a

| ength of the anhydrous bor onttcomegubdckat tihe. pl2dg0-1P-031567 21M. Uhe
nmet hod of any one of clains 15 to 20, wherein 10 the plug conprises a

solid mass of the anhydrous boron conpound. 22. The net hod
of any one of clainms 15 to 21, wherein a length of the plug is at

| east about three tinmes a width 15 of the plug. 23. The net hod
of any one, of; £l 8} Whth3:H0; 2 e MRGIET Rot Py RASIAGENRN A £X4,£1S: hr ough
a sidemallrofla ﬁtbularrneﬁbef¥%%bs ° 24." The met hod df an;&ﬂne of

cl ai ns 15 pored;taghdhaepngh hehpasssgorusy ext ends t hrough a tube.
25. The nethod of claim 24, wherein the tube is 25 coiled. Attorney
Docket No.: 2010-1P-031567 U US

20. The method of any one of claims 15 to 19, further
5 comprising the step of fixing the predetermined period of
time by selecting a length of the anhydrous boron compound

in the plug.

21. The method of any one of claims 15 to 20, wherein
10 the plug comprises a solid mass of the anhydrous boron

compound.

22. The method of any one of claims 15 to 21, wherein
a length of the plug i1s at least about three times a width
15 of the plug.

23. The method of any one of claims 15 to 22, wherein

the passageway extends through a sidewall of a tubular

member.
20
24, The method of any one of claims 15 to 23, wherein
the passageway extends through a tube.
25. The method of claim 24, wherein the tubke is
25 coiled.
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26. The nethod of any one of clains 15 to 25, wherein the passageway
extends circuitously in the well tool. 527. The nethod of any one of
clains 15 to 26, wherein a degradable barrier tenporarily isolates at
| east one end of the anhydrous boron compound from contact with the
aqueous fluid. 1028. The nethod of claim 15, wherein the passageway
is in comunication with an mictarategr DotkeheNawel [20t1061 p-akih athérleius
actuation of the well tool is delayed until the predeterm ned period
of tinme after exposing the anhydrous boron conpound to the aqueous
fluid. 15 29. The nmethod 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
predeterm ned period of time after 20 exposing the anhydrous boron

conpound to theAquUedHSnEtNbdl.of any one of claims 15 to 25, wherein

the passageway extends circuitously in the well tool.

5 27. The method of any one of claims 15 to 26, wherein
2 degradable barrier temporarily isolates at least one end
of the anhydrous boron compound from contact with the

aqgueous fluid.

10 28. The method of claim 15, wherein the passageway 1s
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

boron compound to the aqueous fluid.
15

29. 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

20 exposing the anhydrous boron compound to the agueocus fluid.
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