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5
HIGH STRENGTH DISSOLVABLE STRUCTURES FOR USE IN A
SUBTERRANEAN WELL
10 TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed in conjunction with a subterranean
well and, in an example described below, more particularly
provides high strength dissolvable structures for use in a

15 subterranean well.

BACKGROUND

It is frequently useful to actuate, or otherwise
20 activate or change a configuration of, a well tool in a
well. For example, it is beneficial to be able to open or
close a valve in a well, or at least to be able to permit or

prevent flow through a flow path, when desired.

The present inventors have developed methods and
25 devices whereby high strength dissolvable structures may be

used for accomplishing these purposes and others.



SUMVARY In the disclosure below, well tools and associ ated net hods
are provided which bring advancenents to the art. One exanple is described
bel ow i n wbi2et/BodsBgh strength 5 structure fornmed of a ®oriu$20m831242

conpri sing an anhydrous boron conpound is used in a well tool. Another
exanpl e is described below in which theystructure conprises a flow bl ocking
device in the well tool. In one aspect, this disclosure provides to the art
a 10 unique well tool. The well tool can include a flow path, and a fl ow

bl ocki ng device which selectively preyapigy f! ow through the flow path. The
devi ce includes an anhydrous boron conpound. In another aspect, a nmethod of

constructing asdounobe 13 ekl bashy19vkasd LUt dbsgbasure. The

met hod can incliude: formng a structure o nprising an
anhydrousmbmhodscampopmdv1dad whaohpbrahgngdvhacemeucsute thEOathe wel |
tool. Thege and_ot er feg ures gdﬁagtages an ene& % t becone
appar ent Beoﬁéagp §r dPnSPFCERPEA PR PWelQrW rEfuf ESH? Beratlon of
the ded ai kedudeaekl goiraBdobir apseseat altals\zaec@iﬁpm‘nbeﬁgbahomﬁpdrbb@
acconpanyi ng drawi ngs, in which simlar elements are indicated in the
various fPgliPBs QBPRYNEhASsHFET dPepelEd InGRB&rs. ADSTBRFEEXPERER PFI ON OF

THE DRAW N§&Scribed beltbf ik WEléhS%B%WBEkﬁcEﬁEb'%bhﬁr&%@§5a5§§bw0na| vi ew
of a well system and associ ated nmethod enbodyi ng principles of 30 the

present dbderbingedevice in the well tool.

In one aspect, this disclosure provides to the art a
10 unique well tool. The well tool can include a flow path,
and a flow blocking device which selectively prevents flow
through the flow path. The device includes an anhydrous

boron compound.

In another aspect, a method of constructing a downhole
15 well tool is provided by this disclosure. The method can
include: forming a structure of a solid mass comprising an
anhydrous boron compound; and incorporating the structure

into the well tool.

These and other features, advantages and benefits will
20 become apparent to one of ordinary skill in the art upon
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.

25

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic partially cross-sectional view of
a well system and associated method embodying principles of

30 the present disclosure.
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schematic cross- sectional views of a well tool which may be used in the
syst em amsormtihidaoeef FI G 1, the well tool blocking flowcrhrseughse4i | ow
path in FIG 2A, and permtting flow through 5 the flow path in FIG 2B.
FIG 3 is a schematic cross-sectional_view of another well tool which may
be used in the systemand nethod of FIG 1. FIGS. 4A & B are enl arged scal e
schematic cross- 10 sectional views of another well tool which nmay be used

in the system nmetho f t g ow t hrough a
fIOM/patK in F?%?SAA?Bagd%pSEESFP%ﬁéggﬁo§?kgso§ghe?hgggig%?%gfﬁ/in FF%. 4B.

FIG 5 issactsdibenidt viewsoo$- seweildnaboli wwich angt ber usd&dwehl theol whi ch

may be used in the .system.an hod of ,FIG 1. FIG 6.s a
Schenat | o S0p5an. 886: KBRS, PE.FEF ade: P B84 58Pk PORCSETENERE | tool of
FIG 5. 2@hbEtAhLEDfDEHCRERTHI ON Repregant ahdvekynmikkusyr &led thrbuGh 1 is a
wel | ggsten110 and associ ated nethod whi ch enbody principles of this

di scl osur &€l f1PHePayht ém ¥8C-v4Pirous wel | tools 12a-e are 25

interconnected_in a_tybular string 14 installed in_a wellbaore 16, A liner
or casing 18 | FREs £héSwel PEBFBALECaRIOPS ~FEFESPRREd VEEVPEENPROLPEEd to be

produced {849 £Be1WRhiBAr fay be used in the system and method of FIG.
1.

FIGS. 4A & B are enlarged scale schematic cross-

10 sectional views of another well tool which may be used in
the system and method of FIG. 1, the well tool blocking flow
through a flow path in FIG. 4A, and permitting flow through
the flow path in FIG. 4B.

FIG. 5 is a schematic cross-sectional view of another
15 well tool which may be used in the system and method of FIG.
1.

FIG. 6 is a schematic cross-sectional view of another

configuration of the well tool of FIG. 5.

20
DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a well system
10 and associated method which embody principles of this
disclosure. In the system 10, various well tools 1l2a-e are
25 interconnected in a tubular string 14 installed in a
wellbore 16. A liner or casing 18 lines the wellbore 16 and
is perforated to permit fluid to be produced into the

wellbore.

At this point, it should be noted that the well system

30 10 and associated method are merely one example of a wide



WO 2011/ 130063PCT/ US2011/ 031242 -4 - variety of systenms and net hods which
can incorporate the principles of this disclosure. In other exanples, the
wel | bor e W6 20my13008 be cased, or if cased it may not bePperdSerians42 | n
further exanples, the well tools 12a-e, or 5 any of them could be
interconnected in the casing 18. In sti4l_further exanples, other types of
well tools may be used, and/or the well tools may not be interconnected in
any tubular string. In other exanples, fluid nay not be produced into the

wel | bor e %%ri@%&agﬁzsgﬁgbﬁgdaﬁg HEQW%QFO%Biéﬂ QBntghc%EPBQatbh%h@e"bore-

It should be cl erst oo thererore, that e principles of this
di scl osur praneipdesl o teédsatiaklobyrany dh phbedetanhpler,t hbesyst em 10,

t he net hod on tge %gll togl% 2a-e d scribgg her ei.n.. 1%Then I£ tool 12a is
representgFivgpyea al"?& WRI*cRes&PEE Vv@Fy peFﬁFFg Afd Syevg t 8% luid flow
bet ween aperfibeaited.andnatiuexhet ekadpliebe thbulvallstbong 12a-EQr ogxanpl e,

the well tool 12a may be of the t¥ge known tq those skilled in the art as a

ci rculat i 8RYvAEVENCBRTREUME| Pt dBTECTSANPECEEPr dBehPSt FEELPTIalFackeP whi ch

sel ectivekyingokatene2nexpRbliean ethak appekusr2@efinompanat hay partion. The
annulus 20 is forned radial ilbetmeen the tubular string 14 and the casing

18 (or a WaPHsopndleTwEherbyrd 1160PLsi maysnaitckedntezsphaeqsry E80RNY2C s
represent atiuely M?hﬁe. W@g.ctstﬁggeg&a}ﬁghgspem&a ﬂ@g peeveats fluid flow
ongi t udi na I

t hrough an i nterior | ow pat h of "the tu ar string 14. Such a
val ve maypbedused tiotel tbw peédbore 18,bbusppbiyednstetbebeulilbwedsbuitng 14

abov ige alve in order.to_s t he 30_packer |1 toal ;12b), or such a
valvg' yO%é SEeSEPngrEQSnWeﬁ%ESrSr fFEi SOP%SQ%FOFEEPF%X 22 surroundi ng
t he wel | bah€let6tood, therefore, that the principles of this

disclosure are not limited at all by any of the details of

the system 10, the method or the well tools 12a-e described

herein.

15 The well tool 12a is representatively a valve which
selectively permits and prevents fluid flow between an
interior and an exterior of the tubular string 14. For
example, the well tool 12a may be of the type known to those

skilled in the art as a circulation valve.

20 The well tool 12b is representatively a packer which
selectively isolates one portion of an annulus 20 from
another portion. The annulus 20 is formed radially between
the tubular string 14 and the casing 18 (or a wall of the

wellbore 16 if it is uncased).

25 The well tool 12c is representatively a valve which
selectively permits and prevents fluid flow through an
interior longitudinal flow path of the tubular string 14.
Such a valve may be used to allow pressure to be applied to
the tubular string 14 above the valve in order to set the

30 packer (well tool 12b), or such a valve may be used to
prevent loss of fluids to a formation 22 surrounding the

wellbore 16.
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representatively a well screen assenbly which filters fluid produced from

t he for mawoan1i2@odedt o t he tubul ar string 14. Such a wel PCTarse@n/0arsenbl y
can include various features including, but not limted to, 5 valves,
inflow control devices, water or gas exglusion devices, etc. The wel |
tool 12e is representatively a bridge plug which selectively prevents fluid
flow through the interior |ongitudinal flow path of the tubular string.

Such ‘a bridge %ﬂeph891”%$09919899st9eb§8%@5@a@ %eagnﬁ {e9f apoLRgr during

conpl etion or stinulation operations, hat the well tools
12a-e areadesmbﬂbewhhehefmlasrseféhydaptedueednﬁtem thedifbfrmpénont Y ges of

I s fit f h | f this discl .
o her  ©ypaBter Hsi PUPBSRE PLidfSnd itostihy PodPa e PoRat FROTOY G2

conpl eti oantoale, vatibusn@ebaalkes hagguagngoobst hoeatlingtkdoks, etc.) may
i ncorporate_the r|nC|&Ies of this disclosure. Each of the well tools 12a-e
my be acV@aVed; SPL26%oCRBEFPLeIGULFESy eHabPTcRls8ESt GXERLRED
confi gur akQicely Beans of a high strength dissolvable structure thereof.
For exanple, the circulation valve well tool 12a could open or close in

response to di sl ybl9 @bod 3beUGLULBPEBEERIALife13Nat Behdg%aprlg, the
packer well tool 12b could be set or E unset in response to dissolving of

a structuWbichepeilactively phegratanifduédadpewt tbrougd shst émtegiothe hi gh
strength Qgigﬁkﬁéghglskgg%tE%%hc8¥pkhée%uﬁﬂlagh¥@E9H§dbO%BBhC 9&89 bSUPh

anhydr ous boron conpounds clude, but are not [imt rou oric
oxidethdpanbymagubesudedntao1boﬂate one zonErétemabhpthbhedamhydrous bor on

conpound |s | iti.ally provided,as_a granul.ar rial. As used herein, the
term I?L Itlon %I‘ sglmu‘iatlon (@) era%J_ons, %

Note that the well tools 12a-e are described herein as
merely a few examples of different types of well tools which
can benefit from the principles of this disclosure. Any

15 other types of well tools (such as testing tools,
perforating tools, completion tools, drilling tools, logging
tools, treating tools, etc.) may incorporate the principles

of this disclosure.

Each of the well tools 12a-e may be actuated, or
20 otherwise activated or caused to change configuration, by
means of a high strength dissolvable structure thereof. For
example, the circulation valve well tool 12a could open or
close in response to dissolving of a structure therein. As
another example, the packer well tool 12b could be set or

25 unset in response to dissolving of a structure therein.

In one unique aspect of the system 10, the high
strength dissolvable structure comprises an anhydrous boron
compound. Such anhydrous boron compounds include, but are
not limited to, anhydrous boric oxide and anhydrous sodium

30 borate.

Preferably, the anhydrous boron compound is initially

provided as a granular material. As used herein, the term



WO 2011/ 130063PCT/ US2011/ 031242 -6 - "granular” includes, but is not
limted to, powdered and other fine-grained materials. As an exanpl e,
t he granuwenromnmtersdal conpri sing the anhydrous boron corpoarsdoiis3psef er abl y
placed in a graphite 5 crucible, the crucible is placed in a furnace, and
the material is heated to approxi matel yg 1000 degrees Cel sius. The materi al
is mai ntained at approximately 1000 degrees Cel sius for about an hour,
after mﬂchtheWMeHaliszﬂlmmdtoslmwycom to anbi ent tenperature

w th the 18, LupRage Bea uhggneg u@f s Ata15RSUEl 5Bhe BRLeLkAl JRgcomes a

solid mass “conprising t anhydrous boron conpoun |s sol1d mass may
t hen be re&tiery fimekiomednedumatelriaded or ot herw se fornmed as needed to
define a final shape of the structure to 15 be incorporated into a well
t ool . Al ner nat exehplet, hehkegtreduiatremaakbriay bempmﬁdédgpther to
cooling ( ng the materia ore.or after Eating).

e Dot nfsarBlia bR cbnBoRRY i preR ed Pl ap 16ReHe 12 A BERPRAE s has) hg

(e.g.,5 byctraehbnengthdOceuttibng abr pdbeed &hCa) fiRyabe,usad tdeachi eve the
final shape of .the structure. Sych a_solid mass (and resulting
structure?aéﬁﬁﬁ@#sFﬁgh?ﬁéegnﬁ?d@BQ§°BéW€ﬁe&8n68QHddﬁHF?eﬁrQ?é?éﬂﬁy have a

conpr essi y@eshheRgiB10f sahauhtierclPat 3p§96§3m§t@§“h@@ 00Hed2eaBOUL
6. 09E+04 MPa, a Poisson's ratio of about , a mel ting point of

about 7420§é9ﬂ§ésfe@|§b9§t Fhi bovsnpatssrf ghéchbltpenmphegdatoisal uni num
al | oys, bgglgagdaﬂg &B%EXbﬁBBE %B”BRBEQn%d@%ﬁh@gﬁkh¥eh%§thh%hges'rab'e

property el ng di ssolv € 1 n an agueous
furnace heat turned off.

As a result, the material becomes a solid mass
comprising the anhydrous boron compound. This solid mass
may then be readily machined, cut, abraded or otherwise
formed as needed to define a final shape of the structure to

15 be incorporated into a well tool.

Alternatively, the heated material may be molded prior
to cooling (e.g., by placing the material in a mold before
or after heating). After cooling, the solid mass may be in
its final shape, or further shaping (e.g., by machining,

20 cutting abrading, etc.) may be used to achieve the final

shape of the structure.

Such a solid mass (and resulting structure) comprising
the anhydrous boron compound 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
boron compound additionally has the desirable property of

being dissolvable in an aqueous fluid.

30 For example, a structure formed of a solid mass of an
anhydrous boron compound can be dissolved in water in a

matter of hours (e.g., 8-10 hours). Note that a structure



30For exanple, a structure forned of a solid mass of an anhydrous boron
conpound can be dissolved in water in a matter of hours (e.g., 8-10 hours).
Not e t hatwe 28twisedsare WO 2011/ 130063PCT/ US2011/ 031242 PCT/US261008R2d2 of a
solid mass can have voids therein and still be "solid" (i.e., rigid and
retaining a consistent shape and vol ure; as opposed to a flowable materi al,
such as a liquid, gas, granular or particulate material). 5If it is desired
to delay the dissolving of the structure, a barrier (such as, a gl aze,

coati ng, ?BEmégcé@ Qes8&9&'EﬁgstQaﬂeh§¥e05038§p@h@Eb 14 BB@VE ﬁéﬁ?%&fagng of

the structure due to exposure of e structure to aqueous f
wel | . 10Cﬁeo§mdﬂamheeeoatuggdwhndhrdtssohmgsa|noaqmecastfbhageaand sl ower

h hyd b d I I d A k f
he-coati NG 1GaR B < CPBEBRH £8" r GUCNE" SoRBuEr Shhy nalCca, TESBRror 1o

exposure qbsnhgranhydmou$ bam@mcamaﬁ@umdtbmihme.aqueous fluid. 15C her
sui tabl e degradabl e barriers include hydrolytically degradable materi al s,

such as hydrol yfi ¢al iy deghiadablke denagetse alisgonefisngand pakynmers, and/ or
m xtures of these. O her suitable hydrolytically degradable materials
i ncl ude i R$8PGEPECesPePETEREE é?échoﬁspopyﬁé@??ab?@at$88h 25Cedt EPE i ncl ude

formates, b@cg&ébgaedbgaze@hayeé&e%émpggbgah§tgr%%bﬁ&shya@qt&h% biek@neBl ends
of any of these al so may be Suitab i nstance, pol yner/ pol yner

bl ends or sksHeRErEpeLnEP §K§ﬁ§§rﬁa?fbéh§uStéﬁpéurSu@ﬁ bq@ﬁ@§8n§}UBé usef ul
to affect ;25,¢he b?&r|n5|c degradation rate of the hydrolytically
degradable naterla These suitable hydrolytically degradable naterials

al'so jy be b'%ﬂgeguﬁkéﬁﬁéu B%Q %8fhh Sésd§§s81VeQa ihi G4LabEsCE1liiAr ous

fillers to increase no
at a slower rate than the anhydrous boron compound 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 to the aqueous fluid.

15 Other suitable degradable barriers include
hydrolytically degradable materials, such as hydrolytically
degradable monomers, oligomers and polymers, and/or mixtures
of these. Other suitable hydrolytically degradable materials
include insoluble esters that are not polymerizable. Such

20 esters include formates, acetates, benzoate esters,
phthalate esters, and the like. Blends of any of these also

may be suitable.

For instance, polymer/polymer blends or monomer/polymer
blends may be suitable. Such blends may be useful to affect
25 the intrinsic degradation rate of the hydrolytically
degradable material. These suitable hydrolytically
degradable materials also may be blended with suitable
fillers (e.g., particulate or fibrous fillers to increase

modulus), if desired.

30 In choosing the appropriate hydrolytically degradable

material, one should consider the degradation products that



WO 2011/ 130063PCT/ US2011/ 031242 -8 - will result. Also, these degradation
products should not adversely affect other operations or conponents.

The choi cwoabiimgaresl yti cal | y degradabl e material al so caoTdspend3iizar | east
in part, on the conditions of the well, 5 e.g., well bore tenperature. For
instance, lactides may be suitable far gise in |ower tenperature wells,

i ncluding those within the range of 15 to 65 degrees Cel sius, and

pol yl actides may be suitable for use in well bore tenperatures above this

range. 107he,degradabi hiky gghgsgwhégﬁﬁdgﬁﬁgﬂ prahukﬁgzghbgeeahbton its

backbone siructure. The raf suc ynmers grade are dependent
on t he typdvefrsedpetiffecé owher opapaSRDnenprseqmgnoeptbength mol ecul ar
geonetry, nol ecul ar wei ght, norphology (e.g., crystallinity, size of
spherulites 15Thadchoﬁeataﬁihyﬁromyddopmﬂyidbgyadbbdeombmbkdbﬂyalsorface

may aif ect ol PE HegPRade o G PPERpoPl NG, CRRDATLOBE G4t 6P BEygen.

m Cr ooy gaei.gng, weNdyBese REmpedathecl.i ker ZageaacéuluabtedbﬁdmabybecalIy
degr adabl e nononers i nclude lactide, |actones, ﬁcolldes anhydri des and
| act ans. Suitabggpogypegois é?yﬁ6|§§m8?rﬁ§HF8|V€ o 14 &naégﬂéBQbFéoﬁ8lyners

that may hetusadihackydege ggtlgrgon@g beg-bed E%is%ﬁsthaﬁa described in the
publication of Advances”in Polyner Science, Vol. 157 entitled " Degr adabl e

Al i phat i cPPélyestédss mayt be Bypinabte Eblseses 6h. wgpdcpire exanpl es incl ude
honnpolynggﬁgsé ﬂggg QL cK, tﬂﬁnyanﬁgd star- and hyper-branched aliphatic

pol yesters suita Ie polyners”may be prepared by pol ycondensati on
;ﬁ?ﬁﬁ%@“§0|;LQ?P§2?@§%§988EXE%9' 53t Lopg yhbee bpdhGal sRONYTEL! 28! L3Rt
on its backbone structure. The rates at which such polymers
degrade are dependent on the type of repetitive unit,
composition, sequence, length, molecular geometry, molecular
weight, morphology (e.g., crystallinity, size of spherulites
15 and orientation), hydrophilicity, hydrophobicity, surface
area and additives. Also, the environment to which the
polymer is subjected may affect how it degrades, e.g.,

temperature, amount of water, oxygen, microorganisms,

enzymes, pH and the like.

20 Some suitable hydrolytically degradable monomers
include lactide, lactones, glycolides, anhydrides and

lactams.

Some suitable examples of hydrolytically degradable
polymers that may be used include, but are not limited to,
25 those described in the publication of Advances in Polymer
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.

30 Such suitable polymers may be prepared by
polycondensation reactions, ring-opening polymerizations,

free radical polymerizations, anionic polymerizations,
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coordi native ring-opening polynerization for, e.g., lactones, and any ot her
sui t abl e woaoeass0063peci fi ¢ exanpl es of suitabl e pol yner Crnusbadmsiz42

pol ysacchari des such as dextran or cellulose; chitin; 5 chitosan; proteins;
al i phatic polyesters; poly(lactides);_pply(glycolides);

pol y( E- caprol act ones); pol y(hydroxybutyrates); aliphatic polycarbonates;
pol y(orthoesters); poly(am des); poly(urethanes); poly(hydroxy ester

ethers) 89&%6%Q@Xghhge?BixﬁbkEQQEhB 10 BBBYEQB 8”&5@§vep9hﬁ Obbgﬁﬁﬁbers)

pol y(am no aci ds); poly(etAylene oxidey d pol yphosphazene
t hese sui pablymepokpteps, fakuphaglc @abyQQESnsaaddapglpahhydsudesb&ay be

preferred. O the sy i tabl e aI| es | acti.de nd
oyl voBFPaes e or SpbRneScopeBlBLss PR ER3ESkT, BRyYheRE, 1L LARe
preferredpolysaccmaelaaetsdehnaaoaekteansb$ geneuabky;i shtihiee different
forns:_ two_ stereoisoners L- and.D-lactide_and racem c_D, Ll acti_de

(meso- 5aCFP&EPsa?hePEHFPéP?vya&FPPQEPFdBO&HPF§e5?OVPHég(éaﬁ§é9§sﬂo adj ust,

anmong Qtthlymgm9§01Qag%qdabbqg(Zﬂcag 8%acBsn¥g)t as physical and
mechani ca progertles actide), for instance, is a

sem - cr ysPalyi( §dE@Kth¢YWﬁtﬁSa,réﬂaph@éﬂy 9pém0hybp@ay§ss rate. This could

be desi ' f th

ydr oyt Bty BrERBLE RN P o S e T pod S URERNRRST L0 de) may be a

nor e anor pbayg hydirpsegr ewicelr athexabtapblyaahhydhydeebysailphaelcThls may be
it f th | t dd dat b

Soor ob) + PR PReBonarBey S BRIPOsEhPRs Brtae, Bongy Spetteagias)) T e

poly(ethylene oxide); and polyphosphazenes.

Of these suitable polymers, aliphatic polyesters and
polyanhydrides may be preferred. Of the suitable aliphatic
polyesters, poly(lactide) and poly(glycolide), or copolymers

15 of lactide and glycolide, may be preferred.

The lactide monomer exists generally in three different
forms: two stereoisomers L- and D-lactide and racemic D,L-
lactide (meso-lactide). The chirality of lactide units
provides a means to adjust, among other things, degradation

20 rates, as well as physical and 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.

25 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 of lactic acid may be used
30 individually or combined. Additionally, they may be
copolymerized with, for example, glycolide or other monomers

like eg-caprolactone, 1,5-dioxepan-2-one, trimethylene



30 individually or conbined. Additionally, they may be copol ynerized wth,
for exanple, glycolide or other nononers |ike E-caprol actone,

1, 5- di oxewpeno/Bow3 tri net hyl ene WO 2011/ 130063PCT/ US2@€T/UB3d12421242 10 -
carbonate, or other suitable nononers to obtain polyners with different
properties or degradation tines. Addiipi anal ly, the lactic acid

stereoi soners can be nodified by bl ending high and | ow nol ecul ar wei ght
pon(Iactide) or 5 by blending poly(lactide) with other polyesters.

Pl asticiz e e i d I a rials, if
desi red. FggFggélggt?gﬂggrguﬁﬁgFgéeﬁ8h$hbggekﬁogg??ﬁgtEégyggkgerivatives
of oligonwnth daéﬁeceaclQropetyeehybendegtpdatiopotymehylene oxi de; 10

ol i goneri ¢ J.actic ester as _tri but itrate ollgoners,
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monoest er by paéhaahbyhﬁqhtanacudwembeé&u1BEGW@mgnkapbayQ1abtua@gtbm

pol y( Ecapr ol act one hydroxybut rate):. glycerin-1-benzoate- 15
2, 3-dit auP¥t &1 e&ﬁﬁ%@rgﬁl§ Beftoded- §th%§ﬁgaé81Y§F§FEﬁ bi s( but yl

dlethylene gl ycol ) adi pat e; et hyl hthalyleth I g ycol ate; glycerine
di acet ate nnno@éﬁ?§ﬁ5ﬂéeré|5€¥t§P Rﬁﬁé&&§ll§|§ @rBVdrBéV§6F66}Vene gl ycol

(and epoxye Qaabw§blms%ekﬁa&§0flf BQEXEBHOpSh@@%b@bY?@%k@h@%&éQQte 20
di propyl ene glyco di benzoate; glycerol; ethyl phtha ethyl glycol ate;

pol y( et hylLag ud@upbpé)érgt@@taﬂéml@edu§@buﬁ§¢lﬁé¢9&?é ofin@liéepmelari ons

thereof. ;,c¢5 Q818hy§b§§%F g?Bﬁ%tgggﬁBaéh¥%&9b¥ngiéhbyo§ﬁ adab'e

pol ymers depend on sév tors e“conposi tion "of the repeat
uni ts10 f | exiigometrycoflatheéccheaiid; priéseteecestepsl dsughoapstribueyll ar nass,
degree of bran hi n

cha n' br afGKe8 PoRTAgOMRE “aelF o8 B CPYSTALFY nPES TS CBAPYREL S ChkE PESF ong
chai n brasebeyllkewethiyheciklrbte)$casutpsanfionoesters; partially fatty
acid esters; PEG monolaurate; triacetin; poly(e-
caprolactone); poly(hydroxybutyrate); glycerin-l-benzoate-
15 2,3-dilaurate; glycerin-2-benzoate-1,3-dilaurate; starch;
bis(butyl diethylene glycol)adipate; ethylphthalylethyl
glycolate; glycerine diacetate monocaprylate; diacetyl
monoacyl glycerol; polypropylene glycol (and epoxy,
derivatives thereof); poly(propylene glycol)dibenzoate,
20 dipropylene glycol dibenzoate; glycerol; ethyl phthalyl
ethyl glycolate; poly(ethylene adipate)distearate; di-iso-

butyl adipate; and combinations thereof.

The physical properties of hydrolytically degradable
polymers depend on several factors such as the composition
25 of the repeat units, flexibility of the chain, presence of
polar groups, molecular mass, degree of branching,
crystallinity, orientation, etc. For example, short chain
branches reduce the degree of crystallinity of polymers
while long chain branches lower the melt viscosity and
30 impart, among other things, elongational viscosity with

tension-stiffening behavior.
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macr onol ecul ar architecture (e.g., hypen-hranched pol yners, star-shaped, or
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polymers (e.g., hydrophobicity, hydrophilicity, rate of degradation, etc.)
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anhydri depo1RRkYESYBeY.G anhydphde)cik9l,yhyaka h&li@ﬁ%?rlgﬁke ard
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not Ilnltéégfédaﬁépyénﬁﬁéld ﬁﬁﬁyéﬁlGé}lQﬁdebnyB§ﬁ9§P§l&ﬁh?@ﬂ?&é)
functional groups along the polymer chains.

For example, poly(phenyllactide) will degrade at about
10 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
appropriate functional groups to introduce to the polymer
chains to achieve the desired physical properties of the

15 degradable polymers.

Polyanhydrides are another type of particularly
suitable degradable polymer. Examples of suitable
polyanhydrides include poly(adipic anhydride), poly(suberic
anhydride), poly(sebacic anhydride), and poly(dodecanedioic

20 anhydride). Other suitable examples include, but are not
limited to, poly(maleic anhydride) and poly(benzoic
anhydride).

An epoxy or other type of barrier which does not
dissolve in aqueous fluid may be used to completely prevent
25 exposure of the anhydrous boron compound to the aqueous
fluid until the barrier is breached, broken or otherwise
circumvented, whether this is done intentionally (for
example, to set a packer when it is appropriately positioned
in the well, or to open a circulation valve upon completion
30 of a formation testing operation, etc.) or as a result of an

unexpected or inadvertent circumstance (for example, to
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energency situation and thereb event escape of
Ref er ri ngeaddipei ofialflyideweto. EIGS 2A & B, the well tool 12c is
representatively illustrated in respective flow 5 preventing and fl ow

permtting conReferatingnaddihéonellllyt aolv tdcFaasp.berused, iMhehweiﬂsten110
and net hod descri bed above, he |'l. .t ool be used in, an her

Syst om or CRBINGACT Aok ORI Cherh P ROt AOBHFBE LG TP T ESRPEETSELPAOM 1 t he
configurapk@neatlEbGanaAf1bhepwehhttaab t3afigupsevenss doewawaedlf ! uid
flow, but permts upward fluid flow, through_a flow path 24a whi.ch may

ext end Ioﬁ@P@ué?ﬁaWPY PRr 58§A ﬂﬁetﬁélﬁyﬁ68m dfRdepAemetbolafeseritRgd14 i n

whi ch theapelk, t%Q'th% wehqreeameﬁb§dbelusbae 9oaByga&ﬁbk0aygEeEI6& 2B, the
wel | tool 12c pernlts d flowin both directions 15 through the fl ow

pat h 24a. method Inek@@pungowutmzéhgr9rén§bp}e6n@ﬁuabQSadgsc&@sur@ 26a in
the formof a ball which sealingly engages a seat 28 in a housing 30. The
housi ng 30 mayIbetpeovpdédouireiioni p4bFE@G. 2A, the well tool 12c¢

10 prevents downward fluid flow, but permits upward fluid flow,
through a flow path 24a which may extend longitudinally
through the well tool and the tubular string 14 in which the
well tool is interconnected. In the configuration of FIG.
2B, the well tool 12c¢ permits fluid flow in both directions

15 +through the flow path 24a.

The well tool 12c preferably includes a structure 26a
in the form of a ball which sealingly engages a seat 28 in a
housing 30. The housing 30 may be provided with suitable
threads, etc. for interconnection of the housing in the
20 tubular string 14. The structure 26a may be installed in
the well tool 12c before or after the tubular string 14 is

installed in the well.

The structure 26a comprises an anhydrous boron compound
32a with a barrier 34a thereon. The anhydrous boron
25 compound 32a may be formed of a solid mass as described
above. The barrier 34a preferably comprises a coating which
prevents exposure of the anhydrous boron compound 32a to an

aqueous fluid in the well, until the barrier is compromised.

With the structure 26a sealingly engaged with the seat
30 28 as depicted in FIG. 2A, a pressure differential may be
applied from above to below the structure. In this manner,

pressure may be applied to the tubular string 14, for
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eventually I'Ssol ve, ereby avoi t he possib e structure 26a
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barrier 34E co# d be nad gﬁ a ngtgrial, such as_a co § 5?% iich dissol ves
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additionally nowtqo FIG, 3, a cross-sectiona

compound 32a will’ eventually dissolve, thereby avoiding the

possibility of the structure 26a obstructing or otherwise

15 impeding future operations.

Note that the barrier 34a could be made of a material,
such as a coating, which dissolves at a slower rate than the
anhydrous boron compound 32a, in order to delay exposure of

the anhydrous boron compound to the aqueous fluid.

20 Referring additionally now to FIG. 3, a cross-sectional
view of the well tool 12e is representatively illustrated.
The well tool 12e is similar in some respects to the well
tool 12c described above, in that the well tool 12e includes
a structure 26b which selectively prevents fluid flow

25 through a flow path 24b.

However, the structure 26b includes a barrier 34b which
isolates an anhydrous boron compound 32b from exposure to an
aqueous fluid in the well, until the barrier 34b dissolves.
Thus, the structure 26b blocks flow through the flow path

30 24b (in both directions) for a predetermined period of time,
after which the structure dissolves and thereby permits

fluid flow through the flow path.



view of the well tool 12e is representatively illustrated. The well tool
12e is simlar in sonme respects to the well tool 12c descri bed above, in
t hat the wlel2b11vidaié312e i ncl udes a structure 26b whi ch selCeatscveloyizpz event s

fluid flow 25 through a fl ow path 24b. However, the structure 26b
i ncludes a barrier 34b which isolates gag anhydrous boron conmpound 32b from
exposure to an aqueous fluid in the well, until the barrier 34b di ssol ves.

Thus, the structure 26b bl ocks flow through the flow path 30 24b (in both
di ti f t ikad ' t
irections) fop ﬁ@e?r%ﬂg e&ghe%gfgfg%g d96shh fBs a%hgrgﬁngthﬁﬁnih ucture

di ssol ves and thereby permts | ow T hi ough
2011/130063m§$h63291196312n2thelhous1ng 30hf pee shelstaudVoreSZGDS 36
dissolveSWhlhg %nl renalglng component s heft innthe hou5|ng 30b are seals
and/ or sl ©36 ﬁHICﬁ Hﬁ? b&OuEEd %ggsgaFlﬁﬁpﬁ 8n8a83°558 Eure the
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significantl obstruct the flow path 24b after structure 26b
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seal i ng epgage anseakrdBRuird ©BB hausiBgo3¢Rqg.if desired. 1O0Referring
additionally nowto FIGS. 4A & B, another construction of the well tool 12c
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pr event edcopdd ﬁﬁﬂéﬂﬂgfB@ﬁ@gﬁr@ugﬁathé8bléw phehhpysiggpéPhit &d. In FIG
4B, the wy % %g 12c is depicted in a configuration in which both upward
and downwar OW t hrough the flow path 24c are perm tted. One

si gni fi cant lef b b t oaql ag depi,ct | GS. 4A &
3, Jarif  he el Fofeor Lig St ashdt o BBFEES - DangtEet; Eokdleky 1c
structurecaﬁetmthﬁﬁﬁ oiAt&eBweillmobhelﬂorasoke@rbbappatlmhﬂyh seallngly
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configuration in whlch downward flow through the flow path
24c is prevented, but upward flow through the flow path is
15 permitted. In FIG. 4B, the well tool 12c is depicted in a
configuration in which both upward and downward flow through

the flow path 24c are permitted.

One significant difference between the well tool 12c¢ as

depicted in FIGS. 4A & B, and the well tool 12c as depicted
20 in FIGS. 2A & B, is that the structure 26c of FIGS. 4A & B
is in the form of a flapper which sealingly engages a seat

28c. The flapper is pivotably mounted in the housing 30c.

Similar to the structure 26a described above, the
structure 26c¢ includes an anhydrous boron compound 32c and a
25 barrier 34c which prevents exposure of the anhydrous boron
compound to aqueous fluid in the well. When it is desired
to permit fluid flow in both directions through the flow
path 24c, the structure 26c is broken, thereby compromising
the barrier 34c and permitting exposure of the anhydrous

30 boron compound 32c to the aqueous fluid.

Preferably, the structure 26c¢ is frangible, so that it

may be conveniently broken, for example, by applying a



structure 26¢ includes an anhydrous boron conpound 32c and a 25 barrier 34c
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t he wel | .when/izvoeds desired to permt fluid flow in botrhTdiSc@atsras

t hrough the flow path 24c, the structure 26c¢c is broken, thereby

conprom sing the barrier 34c and perum i ng exposure of the anhydrous 30
boron conpound 32c to the aqueous fluid. WO 2011/ 130063PCT/ US2011/ 031242 -
15 - predeterm ned pressure differential across the structure, or by
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debri s r eARIAYLH SBQWrGEFOPHQ thewipoihPask, 24c (fOKoPERAE t k€ barri er
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operate a valve or other well tool, etc.).

After the anhydrous boron compound 32c is exposed to
10 the aqueous fluid in the well, it eventually dissolves. 1In
this manner, no debris remains to obstruct the flow path

24c.

Note that the barrier 34c could be made of a material,
such as a coating, which dissolves at a slower rate than the
15 anhydrous boron compound 32c¢, in order to delay exposure of

the anhydrous boron compound to the aqueous fluid.

Referring additionally now to FIG. 5, a schematic
cross-sectional view of the well tool 12d is
representatively illustrated. The well tool 12d comprises a

20 well screen assembly which includes a filter portion 38a
overlying a base pipe 40a. The base pipe 40a may be
provided with suitable threads, etc. for interconnection in

the tubular string 14.

The filter portion 38a excludes sand, fines, debris,

25 etc. from fluid which flows inward through the well screen
assembly and into the interior of the base pipe 40a and
tubular string 14. However, when the well screen assembly
is initially installed in the well, a structure 26d prevents
fluid flow between the interior and the exterior of the base

30 pipe 40a.

By preventing fluid flow through the well screen

assembly, clogging of the filter portion 38a can be avoided



Referring additionally nowto FIG 5, a schematic cross-sectional view of
the well tool 12d is representatively illustrated. The well tool 12d
conpri seswea80/Ma06B screen assenbly which includes a fi lpCespantsnm 38a
overlying a base pipe 40a. The base pipe 40a nmay be provided with suitable
threads, etc. for interconnection in_tReg tubular string 14. The filter
portion 38a excludes sand, fines, debris, 25 etc. fromfluid which flows
inward through the well screen assenbly and into the interior of the base
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unimpeded flow of fluid is permitted through the filter
portion 38a and the flow path 24d between the exterior and

the interior of the well screen assembly.

15 Referring additionally now to FIG. 6, another
construction of the well tool 12d is representatively
illustrated. The well tool 12d depicted in FIG. 6 is
similar in many respects to the well tool depicted in FIG.
5. However, the well tool 12d of FIG. 6 also includes a

20 check valve 42 which permits inward flow of fluid through
the well screen assembly, but prevents outward flow of fluid

through the well screen assembly.

The check valve 42 includes a flexible closure device
44 which seals against the base pipe 40b to prevent outward

25 flow of fluid through the filter portion 38b. This allows
fluid to be circulated through the tubular string 14 during
installation (without the fluid flowing outward through the
filter portion 38b), but also allows fluid to subsequently

be produced inward through the well screen assembly (i.e.,

30 inward through the filter portion and check valve 42). A
flow path 46 permits fluid flowing inward through the check



5. However, the well tool 12d of FIG 6 also includes a 20 check val ve 42
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t he base pipe 40b to prevent outward_257fLow of fluid through the filter
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the interior of the well screen assembly.
In this manner, the check valve 42 is bypassed by the

fluid flowing through the flow path 24e. That is, fluid

15 which flows inward through the filter portion 38b does not
have to flow through the check valve 42 into the base pipe
40b. Instead, the fluid can flow relatively unimpeded
through the flow path 24e after the structure 26e has

dissolved.

20 Note that the structure 26a-e in each of the well tools
described above comprises a flow blocking device which at
least temporarily blocks flow through a flow path 24a-e.
However, it should be clearly understood that it is not
necessary for a structure embodying principles of this

25 disclosure to comprise a flow blocking device.

Furthermore, the structure 26a-e in each of the well
tool described above can be considered a closure device in a
valve of the well tool. Thus, the structure 26a-e in each
of the well tools initially prevents flow in at least one
30 direction through a flow path, but can selectively permit

flow through the flow path when desired.



descri bed above conprises a flow bl ocking device which at |east tenporarily
bl ocks flow through a flow path 24a-e. However, it should be clearly

under st oosiot2hE13Dd631 S not necessary for a structure enbedyiusgoipnsra: pl es of
this 25 disclosure to conprise a flow bl ocki ng devi ce. Furt her nore,
the structure 26a-e in each of the welljgtaol described above can be
considered a closure device in a valve of the well tool. Thus, the
structure 26a-e in each of the well tools initially prevents flow in at

| east one 30 dptec Qu w; pat C ermt flow
t hrough t he flg&g %Fggﬁkg dgglgg%hg WEEZg????%88§3P%T%ﬁsggﬁﬁkég 242 - 18 -
One advanﬁageeoﬁnushagsthacanhydr663 -eoren benphahdtaéaaehydrbhe structures

26 be th h hyd b I L.y high
ol 11 g pECRPNoF CBBOIE a3 Haf et AP ELIB L 0 BASho B ReL 0 Ee "B KLent '8 5

struct ur eapbueh74g webdeésaaélbhea sbaasser9bs&t&dneﬁoad§aa@ntea in the
wel |l tool 12d confi%uratlons of the filter gortlon 38a,b or

housi my of *THEtEREC &SPvés4?eﬁ§?db€nﬂeFB€B Far?ﬁé F5SdefPPe 468Tb and then

stress- rebkamgdegela thBYywbeat tbbeatbaglonWibedt BBkt bRJrFile .18 anBydrous
boron conpound 32a-e It may now be fully Epre0|ated that the above

di scl osur &hgr §lges prghiiPncARE PrprobeReAny Pé the ghecéf va@dust fdcti ng
wel | too'ﬁg&°£eu%81HBdsggt%B%QBQ@%S CEES405nbpéhh'%Hbglst¥% sof the

anhydr ous ron conmpound permts nveni ént, rel e and econom cal
act uat i onreddevpdr 4ei.gn ,obywbebtt 6oksting), without melting the

10 anhydrous boron compound 32a-e.

It may now be fully appreciated that the above
disclosure provides significant improvements to the art of
constructing well tools for use in subterranean wells. In
particular, use of the anhydrous boron compound permits

15 convenient, reliable and economical actuation and operation

of well tools.

Those skilled in the art will recognize that the above
disclosure provides to the art a method of constructing a
downhole well tool 12a-e. The method can include forming a

20 structure 26a-e of a solid mass comprising an anhydrous
boron compound 32a-e; and incorporating the structure 26a-e

into the well tool 12a-e.

Forming the structure 26a-e can include at least one of

molding, machining, abrading and cutting the solid mass.

25 The structure 26a-e can comprise a flow blocking
device, and the incorporating step can include blocking a
flow path 24a-e in the well tool 12a-e with the structure
26a-e.

The anhydrous boron compound 32a-e may comprise at
30 least one of anhydrous boric oxide and anhydrous sodium

borate.



Those skilled in the art will recognize that the above discl osure provides
to the art a nmethod of constructing a downhole well tool 12a-e. The nethod
can incl e 2orsbreg a 20 structure 26a-e of a solid maseCTarspril®sI?g2 an
anhydr ous boron conpound 32a-e; and incorporating the structure 26a-e into
the well tool 12a-e. Form ng the strucfyre 26a-e can include at |east one
of nol di ng, machi ning, abrading and cutting the solid mass. 25The structure
26a-e can conprise a flow bl ocking device, and the incorporating step can

i ncl ude bl ocki pgea mkkﬂwap§hh %ﬂ@lgdbnthges%@bl o0 ﬁggg%ggwgtgakgger.

structure 26a-e. anhydrous boron conp “e may conprise at
30 | east G8He- efwamhhdabuéebstlcempoderahd amhydn@asthedhuhydmpase MD
2011/1300%3PCT/U82011/§3é% - ¢l Q% met hod ggn knglude P e ste§
provi di ng°a 6ar FPeP°34 |cﬁ 8? PESER E 8 por AFFI 9OFF&FEnts St Re ™% hydr ous

boron conpompdid2aaecbaatingydaat ngy Ebepkasel pplgdaceisaycednpri se a
coating, and nmay conprise polylactic acid. 5The barrier 34a-e may dissol ve

i n an mqueous frhei Baatriarr 3ua-sl AWer diBablaer aheaat avhieolst Heuaahydr aus
boron conpound 32a-e dissolves in the aqueous fluid. The barrier 34a-e may
be i nsol ubP&Si flakWetqlibans af Fats. a?hyhBQPrFQP 3RhYEreNs BPERPBNt hydr ati ng

of the 10c%maﬁqhaugzaoéoal§g699@adl%ZQh% dghkbual ¥@hikhe wakl pheeketla-e is
installed ina wellbore . A pressure differential may be applied across

t he strucﬁéﬁe82@a¥eb9r#@Soﬂﬁbﬂﬁelbaﬁnléqusﬂasefééﬂdlttlng t he anhydrous

boron conpound 32a-e to hydrate.
The barrier 34a-e can prevent hydrating of the

10 anhydrous boron compound 32a-e until after the well tool
l2a-e is installed in a wellbore 16. A pressure
differential may be applied across the structure 26a-e prior
to the barrier 34a-e permitting the anhydrous boron compound

32a-e to hydrate.

15 The structure 26a-e may selectively permit fluid
commuhication between an interior and an exterior of a

tubular string 14.

The structure 26a-e may selectively block fluid which
flows through a filter portion 38a,b of a well screen

20 assembly.

The well tool 12d may comprise a well screen assembly
which includes a check valve 42, with the check valve
preventing flow outward through the well screen assembly and
permitting flow inward through the well screen assembly.

25 Flow inward and outward through the well screen assembly may
be permitted when the anhydrous boron compound 32d,e

dissolves.

The structure 26a-c can selectively block a flow path
24a-c which extends longitudinally through a tubular string
30 14.



15The structure 26a-e may selectively permt fluid communication between an

Interior and an exterior of a tubular string 14. The structure 26a-e
may sel ecwoweltyistedck fl uid which flows through a filtercparseeion3i®da, b of a
wel | screen 20 assenbly. The well tool 12d may conprise a well screen

assenbly which includes a check valve 43, wth the check val ve preventing
fl ow outward through the well screen assenbly and permitting flow inward
t hrough the well screen assenbly. 25 Flow i nward and outward through the

|1 t d
wel | screen as%ﬁgb5¥rﬁﬁ¥u9%eﬁgﬁrhckég @g@grﬁgg gnRydeQus BQQQBecggpgun

32d, e dissol ves c can selectively block a fl ow
path 24a- vawWmech &heerdeosuorgdeudicramby Cbmpmgheaatﬁbapaersuehgg 3014. WO

2011/13006 PCT/ US20 31242 - The struct rise a

i osur o dIFUECUTCa §5Ivar fhBotToldrd bt LacHuseCanp Ty otnd PBoper (e. g,
struct urec26elurer davhhakl mbg. Be, fEbhydblee (26g)., amdubher@boaeaecdevice may
be frangibl e structures 26a,c 5 The anh drous bgron congound 32a, c

e.d..,
can hydr at'@e; %npg§58ﬁ§eb9608rSSWBSBHGf3?ﬁe CcFEEuP¥IgaTPcaD TESPONPRe net hod

may include beeakaget Be saki d16BEFePHhCREI.Ng @ granul ar materi al
conprising the anhydrous boron conpound 32a-e, and then cooling the

material. The ghanpb@hod may include forming the solid mass by
heating a granular material comprising the anhydrous boron
compound 32a-e, and then cooling the material. The granular

10 material may comprise a powdered material.

Also provided by the above disclosure is a well tool
l12a-e which can include a flow path 24a-e, and a flow
blocking device (e.g., structures 26a-e) which selectively
prevents flow through the flow path. The device may include

15 an anhydrous boron compound 32a-e.

The flow blocking device may be positioned adjacent a

welded and stress-relieved structure.

The anhydrous boron compound 32a-e may comprise a solid

mass formed from a granular material.

20 In a specific example described above, a method of
constructing a downhole well tool 12a-e includes forming a
frangible structure 26a-e, the frangible structure
comprising a solid mass including an anhydrous boron
compound; and incorporating the frangible structure 26a-e

25 into a valve of the well tool 12a-e.

In another specific example described above, a well
screen assembly (well tool 12d) includes a filter portion
38, a flow path 24e arranged so that fluid which flows
through the flow path also flows through the filter portion

30 38, and a flow blocking device (structure 26e) which



10 material may conprise a powdered material . Al so provided by the
above disclosure is a well tool 12a-e which can include a flow path 24a-e,
and a fl| owokbocisorsg device (e.g., structures 26a-e) whi ebTasb@aszel y
prevents flow through the flow path. The device may include 15 an anhydrous
boron conpound 32a-e. The fl ow_bbqcki ng device may be positioned

adj acent a wel ded and stress-relieved structure. The anhydrous boron
conpound 32a-e may conprise a solid nass formed froma granular nmateri al

20In a SpE%F%b%l%éﬁgpg?quﬁﬁghgﬁgwa98¥8u8ﬁa%§EhQQO®f GeRsbiuct if

downhol e we t ool -e Inc formn ranglbl structdre %6a-e, t he
f rangi bl edswviget inelodipgi shngnhysobiud baseni gompdiung ddeanhydr ous boron

conmpound; and incorporating the frangible structure 26a-e 25 into a val ve
of the well tod@h d2hee. specifitneanoplies specrfibedernbopke deweililbédodbove,

a wel l scr n asse ) incl.udes a filter_portion 38, a flow
Sath Do agpnineiSERsY al P bm, ba%hn AR, o BRi R BsluiaERe AR porh ol sa
f1 ows g hr eyghuhheatibhebep@ebhoan3@n88riandandf bawekliteekbrgotdewi ce

(structure 26e) which WO 2011/130063PCT/U82011/031242 - 21 - selectively
prevents FPEWLEHr §GGAENd 4 8RApat AL1oWePlPRE18Ey FE¥ 1FRCI(GEHG E AR anhydr ous

boron conpgund)3d@ich seleb@lqu§ p%B%%hEbCfﬁé%nﬂh%%ugﬁs%hbeQo%bQ&%h a
wel | tool 12d |ncludes a h e which providés fluid

comruni cakédnebet Benfapvi bileei @ngadévaﬁeexnéﬁudeSOﬁnaanhydrous boron
compound 32d,e.

10 Another example described above comprises a well tool
12c which includes a flow path 24c and a flapper (structure
26c) which selectively prevents flow through the flow path.

The flapper includes an anhydrous boron compound 32c.

It is to be understood that the various examples

15 described above may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of the present disclosure. The embodiments
illustrated in the drawings are depicted and described

20 merely as examples of useful applications of the principles
of the disclosure, which are not limited to any specific

details of these embodiments.

In the above description of the representative examples
of the disclosure, directional terms, such as “above,”

25 “below,” *“upper,” *“lower,” etc., are used for convenience in
referring to the accompanying drawings. In general,
“above,” *upper,” *“upward” and similar terms refer to a
direction toward the earth’s surface along a wellbore, and
“below,” *“lower,” “downward” and similar terms refer to a

30 direction away from the earth’s surface along the wellbore.

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

careful consideration of the above description of



tubul ar string 14, and a flow bl ocking device (structure 26d,e) which
sel ectively prevents flow through the flow path 24d,e. The fl ow bl ocki ng
devi ce i wbadagsizas3anhydr ous boron conpound 32d, e. 10An@eChars2@iaspRUe
descri bed above conprises a well tool 12c which includes a flow path 24c
and a flapper (structure 26c) which sebectively prevents flow through the
fl ow path. The flapper includes an anhydrous boron conpound 32c. It is to
be understood that the various exanples 15 descri bed above may be utilized
'” Var'°“§eﬁ&b§8&%§%@0§1 &BSBlﬁénkgc'kasﬁll “é@%&%@na@grkﬁg@tﬁhn vertical

, and 1 h various conflguratlons arting fromt Br|n0|ples
of t he prmsdmﬁlda$¢bosureddIheoesbodubsmusutﬁbusbrdeédtunnsheaddamnngs are
depi ct ed descri bed 20 re as, ex | es _of useful Ilca ions_qof the
or ot ot e tBP T REeBEEE: Bdu B tiheBh 3 ERRsE" rPRriEae: srBRD LERtPr! Brflet ai s
of these enbadchenyes are w1tnlhhehabewepée@¢rkpélpmlablpmesremreaentative
exanples of the disclosure, directiqgnal terns ove," 25 "bel ow,'

"upper> " PEEREPL ddpElosyrs- usé&CPSPlBSHVenFEﬁcéoFﬁgPéPSrPPﬁleSdthe
aCCO”paHYHBQCQE@\MlBﬂS isl 'ﬂogggeEibarl9bﬁlﬂ§erstBBﬁeés bedpWagdveandysi m | ar
terns refer to direction toward the earth's surface along a mel?bore and

"bel ow, " Wﬁﬁw@ﬁ iligshmaaien and sS¥AMPAP PBANB tBPepPisii QGddﬁpééﬁlon away
fromthe 8l kReSpPuLEARSiRLEAEiLRCHISHLDAN i red o1 ERYCBYT $hie 3 PETSON
skilled inthe aft woul d, upon a care consi derati ok of the above
descrlpt|appehdedDCZGLmS13@663961&U5201Yh@3m242 - 22 - representative
enbodi nents, readily appreciate that many nodifications, additions,
substiQutions, deletions, and other changes may be nade to these specific
enbodi nents, and such changes are within the scope of the principles of the
5 present disclosure. Accordingly, the foregoing detailed descriptionis to
be clearly understood as being given by way of illustration and exanpl e
only, the spirit and scope of the present invention being limted solely by
t he appended clains and their equival ents.



10 WO 2011/130063PCT/ US2011/031242 - 23 - WHAT IS CLAIMED | S: 1. A
nmet hod of constructing a downhole well tool, the nethod conprising:

5f or m ng wobrwsbesse of a solid nass conprising an anhy@Coas260/081242
conmpound; and incorporating the structure into the well tool. 2.
The met hod of claim1, wherein form ngyishe 10 structure further conprises
at | east one of nolding, machining, abrading and cutting the solid nass.

3. The method of claim1l, wherein the structure conprises a flow bl ocking
devi ce, and wh ntkh RCokporating step further conprises blocking a
flow path in t hi& F Fgéﬁma?tﬁgthe structure. 4. The met hod of
claim1l, mhereln the anhydr ous boron conpound conprises at | east one of
anhydrous boric oxide and 20 anhydrous sodi um borate. 5. The met hod

of claimi, fugther C%@%oﬁ' a¢ E'c% E%Bt?.&gpro}éb%ﬂglg Pv?'i'i' &t og"l,‘ gheat

| east tenporarlly prevents e an rous ron-conmpound "Tfom ating. 25
6. The nembatlodf compirisingeher ei n the barrier conprises a coating.

5 forming a structure of a solid mass comprising an

anhydrous boron compound; and

incorporating the structure into the well tool.

2. The method of claim 1, wherein forming the
10 structure further comprises at least one of molding,

machining, abrading and cutting the solid mass.

3. The method of claim 1, wherein the structure
comprises a flow blocking device, and wherein the
15 incorporating step further comprises blocking a flow path in

the well tool with the structure.

4. The method of claim 1, wherein the anhydrous boron
compound comprises at least one of anhydrous boric oxide and

20 anhydrous sodium borate.

5. The method of claim 1, further comprising the step
of providing a barrier which at least temporarily prevents

the anhydrous boron compound from hydrating.
25

6. The method of claim 5, wherein the barrier

comprises a coating.



- 24 - 7. The nethod of claim5, wherein the barrier conprises

pol yl actic acid. 8. The nethod of claimb5, wherein the barrier 5
di ssol veswonoan3egaeous fluid at a rate slower than a raCe/ustonsrht he
anhydr ous boron conpound di ssolves in the aqueous fl uid. 9. The

met hod of claimb5, wherein the barriergs_10 i nsoluble in an aqueous fl uid.
10. The nethod of claim5, wherein the barrier prevents hydrating of the
anhydr ous boron conmpound until after the well tool is installed in a
welibore. 15 7.  Hhe HAEnERB2dcebif! 8 MAerWhEr ehd BaRressure
differential is applied across the structure prior to tﬁe arrier

per m tti ngompeiaekygodydabsionacadpound to hydrate. 2012. The net hod of
claim1l1, wherein the structure selectively permts fluid comunication
between an interior and an exterior of a tubular string. 13. The
met hod of claim11, wherein the structure 25 selectively blocks fluid which
flows through &.fil rae pethobdnodf cdaiml b,swheepiassbdpbbyrrier 14. The
met hod. of ¢claim 1, wherein the well tqol comprises._a well screen assenbly
Whi ch T ncPaaE8 THoBnetk s BIOOEF 1 S0 S0eH B30t G30sAs th3g S Tald

at which the anhydrous boron compound dissolves in the

aqueous fluid.

9. The method of claim 5, wherein the barrier is

10 insoluble in an aqueous fluid.

10. The method of claim 5, wherein the barrier
prevents hydrating of the anhydrous boron compound until

after the well tool is installed in a wellbore.

15
11. The method of claim 5, wherein a pressure
differential is applied across the structure prior to the
barrier permitting the anhydrous boron compound to hydrate.
20 12. The method of claim 1, wherein the structure

selectively permits fluid communication between an interior

and an exterior of a tubular string.

13. The method of claim 1, wherein the structure
25 selectively blocks fluid which flows through a filter

portion of a well screen assembly.

14. The method of claim 1, wherein the well tool

comprises a well screen assembly which includes a check



val ve, the check valve preventing flow outward through the well screen
assenbly and permtting flow inward through the well screen assenbly, and
wher ei n fwowoimsenéd and outward through the well screenprPasdamsodulip3izg2

permtted when the 5 anhydrous boron conpound di ssol ves. 15. The
met hod of claim11, wherein the structune sel ectively blocks a flow path
whi ch extends longitudinally through a tubular string. 10 16. The
met hod of claim 1, wherein the structure conprises a closure device of a
valve.  yaive, thellnelR® 0 Ghahm F§o,MB8ERLR Gt B HlgRULGLdevVi ce
15 COﬁprISESVS fIaSpé ot Vg&b%Bgr%%g netﬁgﬁ meglaﬁhl r8 9e|n the

cl osure dweﬂdescmapnlsesembbalbndzpegmlfhengeﬁhow @hwatd|Nh16ughheheln t he
cl osure dev&ie is fran cl.aim 19, wherein

Che anny ahEd°seRerhadsthBy, and yhefRinl BECNPLARS Al A8 LT Rralnel o

cl osure denireoagh the w2ll Sheceant hedetblgl asMmpérmlittedetvheamahiesi ng f orm ng
the solid nmass by heati ng Bl%ranular materi al conprising the anhydrous

bor on TonfBH¥ELC ﬁdbPHQH E6BPPHEYt AdSRRI¥PRal . - 26 - 22. The nethod

of claim 21, wherein the granular material conprises a powdered materi al .
- 27 -

15. The method of claim 1, wherein the structure
selectively blocks a flow path which extends longitudinally
through a tubular string.

10

16. The method of claim 1, wherein the structure

comprises a closure device of a valve.

17. The method of claim 16, wherein the closure device

15 comprises a flapper.

18. The method of claim 16, wherein the closure device

comprises a ball.

20 19. The method of claim 16, wherein the closure device

is frangible.

20. The method of claim 19, wherein the anhydrous
boron compound hydrates in response to breakage of the

25 closure device.

21. The method of claim 1, further comprising forming
the solid mass by heating a granular material comprising the

anhydrous boron compound, and then cooling the material.



23. A well tool, comprising: a flow path; and a flow bl ocki ng device
whi ch selectively prevents flow 5 through the flow path, the device

i ncl udi ngwvaroanizy@sous boron conpound. 24. Thepraelus2aiomBizaf cl ai m
23, wherein the anhydrous boron conpound conprises at |east one of
anhydrous boric 10 oxi de and anhydrous godi um bor at e. 25. The wel |
tool of claim23, further conprising a barrier which at |east tenporarily
prevents the anhydrous boron conpound from hydrating. 15 26. The wel |
tool of claim?25, wherein the barrier conprises a coating. 27.
The well tool of claim25, wherein the barrier 20 conprises polylactic

aci d. 28,,The I L , L i di ssolves in
an aqueous fIu?a'atngrgfgﬂgpo%%rghﬁéﬁlg§(ap@g%§l&h%g§ Bgéhg§h§drous bor on
conpound cibsealiadscomptheedbaagoedaesefll matder iWD.

2011/ 130063PCT/ US2011/ 031242 - 28 - 30. The well tool of claim 25,
wherein the barrier prevents hydrating of the anhydrous boron conpound
until after the flow path is installed in a wellbore. 531. The well tool of
claim25, wherein a pressure differential is applied across the flow

bl ocki ng device prior to the barrier permtting the anhydrous boron
conpound to hydrate. 1032. The well tool of claim23, wherein the flow path



provides fluid comuni cati on between an interior and an exterior of a
tubul ar string. 33. The well tool of claim23, wherein the well
tool 15 cwopniigsosda wel | screen assenbly, and wherei n flpairarsediiobi2fiz ows

t hrough the flow path also flows through a filter portion of the well
screen assenbly. 34. The_wehl _tool of claim 33, wherein the

fl ow path 20 bypasses a check val ve. 35. The well tool of claim 33,
wherein a barrier at |east tenporarily prevents the anhydrous boron
conmpound from hydrating until after the well screen assenbly is installed
25 in a well bore. 36. The well tool of claim23, wherein the well

t ool conprises2d.weBl wedleé&podssentmbyiwhinghh i ncl udes a check val ve, the
check val ve preventing flow outward t hrough the 30 well screen assenbly and
permtting flow fhwar gathroagd the WO 2011/ 130063PCT/ US2011/031242 - 29 -
wel | screen assenbly, and the flow path permtting flow inward and outward
t hrough the meblfsowebmoakiagbH¢vaenwhmehaabyébmmSemgrQMevenpeuﬁdow

di ssol 537. | aim 23, wherein the flo at h extends
ongi i FEERGSPnEBGQR LY BRGPar t0er ARyce tnciSalag SaalfuRouso of

cl ai m 23, pphenecBmbbanael | tool conprises a valve, and wherein the flow

bl ocki ng device 10 conprises a closure device of the valve.

24. The well tool of claim 23, wherein the anhydrous
boron compound comprises at least one of anhydrous boric

10 oxide and anhydrous sodium borate.

25. The well tool of claim 23, further comprising a
barrier which at least temporarily prevents the anhydrous

boron compound from hydrating.
15

26. The well tool of claim 25, wherein the barrier

comprises a coating.

27. The well tool of claim 25, wherein the barrier

20 comprises polylactic acid.

28. The well tool of claim 25, wherein the barrier
dissolves in an aqueous fluid at a rate slower than a rate
at which the anhydrous boron compound dissolves in the

25 aqueous fluid.

29. The well tool of claim 25, wherein the barrier is

insoluble in an aqueous fluid.



39. The well tool of claim 38, wherein the closure device conprises a
flapper. 1540. The well tool of claim 38, wherein the closure device

conpr i seswa 20ul/130063 41. The well tool of claim 38, wiemseoi1BR4z| osure
device prevents flowin a first direction through the flow 20 path, and the
cl osure device permts flow through thegflLow path in a second direction
opposite to the first direction. 42. The well tool of claim 38,
wherein the closure device is frangible. 25 43. The well tool of

claim42, wheragipn t aphydqr bato e se to
br eakage of thgbcloggse ggiggél %% g&%gﬁpgSOGg %T%ﬁg 8?%/8§?§§§9 30 -
44. The welreveotk hydcbaing38f thet hehydoopsi bomgnacbappiuad whitéh at | east

I h d d hyd 545. Th
wel |t ool 25FBEL ST SROVLRAFE) 1o RBoBALPESr RoAph 2aESketat ing. 46

The well tool of claim44, wherein the barrier dissolves in an aqueous
fluid at a rate slower than a rate 10 at which the anhydrous boron conpound
dissolges in tg?.aq% gus Hutool of claim 25, wherein a pressure
differential is applied across the flow blocking device
prior to the barrier permitting the anhydrous boron compound

to hydrate.

10 32. The well tool of claim 23, wherein the flow path
provides fluid communication between an interior and an

exterior of a tubular string.

33. The well tool of claim 23, wherein the well tool
15 comprises a well screen assembly, and wherein fluid which
flows through the flow path also flows through a filter

portion of the well screen assembly.

34. The well tool of claim 33, wherein the flow path

20 bypasses a check valve.

35. The well tool of claim 33, wherein a barrier at
least temporarily prevents the anhydrous boron compound from
hydrating until after the well screen assembly is installed

25 in a wellbore.

36. The well tool of claim 23, wherein the well tool
comprises a well screen assembly which includes a check
valve, the check valve preventing flow outward through the

30 well screen assembly and permitting flow inward through the



47. The well tool of claim44, wherein the barrier is insoluble in an

aqueous fluid. 48. The well tool of claim44, wherein a
pressur e wof2bawwmiedal i s applied across the flow bl ocki rgTadBS201G@3AL Or tO
the barrier permtting the anhydrous boron conmpound to hydrate. 49.

The wel |l tool of claim23, wherein theskl aw bl ocking device is positioned
adj acent a wel ded and stress-relieved structure. 2550. The well tool of
cl ai m 23, wherein the anhydrous boron conpound conprises a solid nass

forned fr%@hi gﬁégghaﬁsgghﬁﬁ§§land the flow path permitting flow

inward and outward through the well screen assembly when the

anhydrous boron compound dissolves.

5 37. The well tool of claim 23, wherein the flow path

extends longitudinally through a tubular string.

38. The well tool of claim 23, wherein the well tool
comprises a valve, and wherein the flow blocking device

10 comprises a closure device of the valve.

39. The well tool of claim 38, wherein the closure

device comprises a flapper.

15 40. The well tool of claim 38, wherein the closure

device comprises a ball.

41. The well tool of claim 38, wherein the closure
device prevents flow in a first direction through the flow
20 path, and the closure device permits flow through the flow

path in a second direction opposite to the first direction.

42. The well tool of claim 38, wherein the closure

device is frangible.
25

43. The well tool of claim 42, wherein the anhydrous
boron compound hydrates in response to breakage of the

closure device.
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44, The well tool of claim 38, further comprising a
barrier which at least temporarily prevents the anhydrous

boron compound from hydrating.

45. The well tool of claim 44, wherein the barrier

comprises a coating.

46. The well tool of claim 44, wherein the barrier
dissolves in an aqueous fluid at a rate slower than a rate
at which the anhydrous boron compound dissolves in the

aqueous fluid.

47. The well tool of claim 44, wherein the barrier is

insoluble in an aqueous fluid.

48. The well tool of claim 44, wherein a pressure
differential is applied across the flow blocking device
prior to the barrier permitting the anhydrous boron compound

to hydrate.

49. The well tool of claim 23, wherein the flow
blocking device is positioned adjacent a welded and stress-

relieved structure.

50. The well tool of claim 23, wherein the anhydrous
boron compound comprises a solid mass formed from a granular

material.



