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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.



In the disclosure below, well tools and associ ated nethods are

provi ded which bring advancenents to the art. One exanple is

descri bed below in which a high strength 5 structure forned of a
solid mass conprising an anhydrous boron conpound is used in a well
tool. Another exanple is described belaow in which the structure
conprises a flow blocking device in thevwell tool. In one aspect,
this disclosure provides to the art a 10 unique well tool. The well
tool can include a flow path, and aﬁ%wﬁﬁﬁgcmking devi ce which

sel ectively prevents flom1through t pat h. The devi ce incl udes

an anhydrous boron,co t her aspect hod o
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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.



FIGS. 2A & B are enlarged scal e schematic cross- sectional views of a
wel | tool which may be used in the systemand nethod of FIG 1, the
wel |l tool blocking flowthrough a flow path in FIG 2A, and
permtting flow through 5 the flow path in FIG 2B. FIG 3is a
schematic cross-sectional view of another well tool which nmay be used
in the systemand nethod of FIG 1. FTG5.74A & B are enl arged scal e
schematic cross- 10 sectional views of another well tool which may be

used in the system.and nethod of FIG 1, the well tool blocking flow
through a flow Bﬁ%'i%“ﬁ@ HR %rﬁéérr??? AP HIIR AT SHFPFSthe 1 ow
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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 tcol 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 ancother
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, variocus 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



vari ety of systens and nmet hods which can incorporate the principles
of this disclosure. In other exanples, the wellbore 18 may not be
cased, or if cased it nmay not be perforated. In further exanples, the
well tools 12a-e, or 5 any of them could be interconnected in the
casing 18. In still further exanples, ofher types of well tools may
be used, and/or the well tools may not be interconnected in any

t ubul ar string In ot her exanpl es, quid nay not be produced into the

wel | bore 18, bhu i nst ead be, fl 10 of, or ong, th
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the system 10, the method or the well tools l12a-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 12¢ 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 formatiocon 22 surrounding the
wellbore 16.



The well tool 12d is representatively a well screen assenbly which
filters fluid produced fromthe formation 22 into the tubular string
14. Such a well screen assenbly can include various features

i ncluding, but not limted to, 5 valves, inflow control devices,

wat er or gas exclusion devices, etc. The well tool 12e is
representatively a bridge plug which sé?ectlvely prevents fluid flow
through the interior longitudinal flow path of the tubular string.
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Preferably, the anhydrous boron conpound is initially provided as a

granul ar nmat er i Bbte Ashatsethdheredilntoble 1282 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 l12a-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 tocl 12a could open or
close in response to dissolving of a structure therein. As
another example, the packer well toocl 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 disscolvable 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



- 6 - "granular” includes, but is not limted to, powdered and ot her
fine-grained materi al s. As an exanple, the granular material
conprising the anhydrous boron conpound is preferably placed in a
graphite 5 crucible;, the crucible is placed in a furnace, and the
material is heated to approxi mately 1009 degrees Cel sius. The
material is maintained at approxi mately” 1000 degrees Cel sius for
about an hour, after which the nmaterial is allowed to slowy cool to
anbi ent tenperature with the 1Q fur.nace heat.turned off. As a result,
the materia rB‘BBEﬁEs én%%‘llﬁ?%ﬁ 'ngé%t dEnPPrsi ﬁﬂl{i‘ﬁ% S RGBS o 2B
conpound. tihersélihd-grasnamymdtdndie.readi |y machi ned, cut, abraded
or otherwi se forned as needed to define a final shape of the
structure to 15aAbeanhnenapplay) ethd riranalwel hatepial comprAldieignahievel v,

t he heated nmateri al be nol ded. prior to coolin e, a., by placing
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common_ al umi num al ] oys,, but the anhydrous boron conpound additionally
has th%gde HFARFrE %?%be??@p%# Qﬁﬁang di ssol vabl e in an aqueous fl uid.

30For exanpl e, ﬁssgrggéu éiféﬁé“%%ﬁ%&i%lsggégmggsg églfg1mass
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 Dbe incorporated intc 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



anhydr ous boron conpound can be dissolved in water in a matter of
hours (e.g., 8-10 hours). Note that a structure - 7 - forned of a
solid mass can have voids therein and still be "solid" (i.e., rigid
and retaining a consistent shape and vol une, as opposed to a flowabl e
material, such as a |iquid, gas, granuLﬁr or particulate material).
5/f it is desired to delay the dissolving of the structure, a barrier
(such as, a glaze, coating, etc.) can be provided to delay or

tenporari l revent hydrating of the structure due to exposur.e.of the
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m xtures of . these. OQther suitable hydrolytically deqgr.adabl terials
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the Iike. B%en%g of $n of these als%ongéebe sui t abl e. For.. .

i nstance, PoFYREFDOTSMere BB 6r ChofBRef FHSTYHE 48 &9deonsy fheid
suitabl e. $Hchhbélwesans. may be useful to affect 25 the intrinsic

degradation rate of the hydrolytically degradable material. These
sui tabl@ hydr ol gié cabityaliegrcadaling watiehi alsselweas My dmauendediai t h

suitable fillers ée. : articulate or fibrous fillers to jincrease

modul us), f aeg} %%f fqéégéhan E%e anhydrousuboron compound 18
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 aguecus f£luid.

15 Other suitable degradable barriers include
hydrolytically degradable materials, such as hydrolytically
degradable monomers, coligomers and polymers, and/or mixtures
of these. Other suitable hydrolytically degradable materials
include insocluble 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



will result. Also, these degradation products should not adversely

af fect other operations or conponents. The choi ce of
hydrol ytically degradable material al so can depend, at least in part,
on the conditions of the well, 5 e.g., well bore tenperature. For

i nstance, l|lactides may be suitable for gise in |ower tenperature
well's, including those within the range’ of 15 to 65 degrees Cel si us,
and polylactides may be suitable for use in well bore tenperatures

above this_range. 10The degradability of a,polyne epends _at | east
in part on"‘rilitl[sE bk %he‘a‘]gst(g’uggﬁsﬁ d?ﬁﬁafiﬁt%‘é‘gnagr%iﬂ%fpmlgow rs
degr ade ar addepsatenif et hetHarpopelkatepasi b Veompbientzanposi ti on,

sequence, |ength, nol ecul ar geonetry, nolecul ar wei ght, norphol ogy
(e.g., crystallrnétghosiaedfhysodytlicheiy l8egratiasliee Maattraa)l, also

hydrophilicity, hydrophohicity,. surface ar and ditives. so, .t he
o onmentaPySGREIE e Tt PerbappBoER TRy oty veils
degr ades, e.g., wehpds@ataresmpamatnteof Foat enstodygeladiideeonggnbsns,
enzynmes, pH.apd the_like. 20Sanme suitable drol ytical.l y degradapl e
monomer s | AEFHRRLT 259T diFe [HOGHEE, CGRIBERT HES "Iy aritagadnd Chose
| actanms. withBanehsutdrdd efeXdmoess5oliehydeol ydlisiald,y agagr adabl e
pol ynmers tha be used include, but are not,limted to, 25 those
descri bed PREYHEXEH%F? Y &iF &Pliﬁgﬁcégriﬁs%’r%/ﬁéﬁ“s éffce, Vol . 157
entitled "Pbegpadablec dyhat ithiBokgageers” edited by A C

§

Al bertsson. Specific exanples include honmopol yners, random bl ock,
graft,1@nd starrhandedygibilriagcb&daabbpiél cdpmdnisier 3ead8@Stuahpart
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pol yneri zatlegnade ar® 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,



car bocati oni c pol ynerizations, and coordi native ring-opening

pol yneri zation for, e.g., lactones, and any other suitable process.
Speci fic exanples of suitable polyners include pol ysacchari des such
as dextran or cellulose; chitin; 5 chitosan; proteins; aliphatic

pol yesters; poly(lactides); poly(glycoljdes); poly(e-caprolactones);
pol y(hydroxybutyrates); aliphatic polycarbonates; poly(orthoesters);
pol y(am des); pol y(urethanes); poly(hydroxy ester ethers);

pol y(anhydrides); aliphatic 10 .polycarbonates; | y(orthoesters); .
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different forms: two stereoisoners L- and_D-|lactide and _.racenm c
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trimethyl eBg8lyanhydrides 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 stereciscomers 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 polvmer 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 e-caprolactone, 1,5-dioxepan-2-one, trimethylene



- 10 - carbonate, or other suitable nononers to obtain polynmers with
different properties or degradation tinmes. Additionally, the lactic
acid stereoi soners can be nodified by bl ending high and | ow nol ecul ar
wei ght pol y(lactide) or 5 by bl ending poly(lactide) with other

pol yesters. Plasticizers may be presen; in the hydrolytically
degradable materials, if desired. Suit Bi g pl asticizers include, but
are not limted to, derivatives of oligoneric lactic acid,
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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.



The properties of the material utilized can be further tailored by

bl endi ng,

and copolynerizing it wth another polyner, or by a change

I n the macronol ecul ar architecture (e.g., hyper-branched pol yners,
star-shaped, or dendrinmers, 5 etc.). The properties of any such

sui t abl e degradabl e polyners (e.g.,

r.ophobi city, hydrophilicity,

rate of degradation, etc.) can be taﬂ red by introducing sel ect

functi onal

groups al ong the polyner chai ns. For exanpl e,
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For example, poly(phenyllactide) will degrade at about
1/5th of the rate of racemic pecly(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

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(dodecanediocic
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
exposure of the anhydrous boron compound to the aqueocus
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
of a formation testing operation, etc.) or as a result of an

unexpected or inadvertent circumstance (for example, to



25 exposure of the anhydrous boron conpound to the aqueous fluid
until the barrier is breached, broken or otherw se circunvented,
whether this is done intentionally (for exanple, to set a packer when
it is appropriately positioned in the well, or to open a circul ation
val ve upon conpletion 30 of a formation_testing operation, etc.) or
as a result of an unexpected or inadvertent circunstance (for
exanple, to - 12 - close a valve in an energency situation and
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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 12¢ 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. 1In this manner,

pressure may be applied to the tubular string 14, for



The structure 26a conprises an anhydrous boron conmpound 32a with a
barri er 34a thereon. The anhydrous boron 25 conmpound 32a may be
formed of a solid mass as descri bed above. The barrier 34a preferably
conprises a coating which prevents exposure of the anhydrous boron
conpound 32a to an aqueous fluid in thi well, until the barrier is
conpronmised. Wth the structure 26a Se Piﬁgly engaged with the seat
30 28 as depicted in FIG 2A a pressure differential may be applied
from above to b?IOM/the struc&qge. In this nannﬁr, pressure nay
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path 24b. 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 agqueous 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 12¢ 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.



However, the structure 26b includes a barrier 34b which isolates an
anhydr ous boron conpound 32b from exposure to an aqueous fluid in the
well, until the barrier 34b dissolves. Thus, the structure 26b bl ocks
flow through the flow path 30 24b (in both directions) for a
predeterm ned period of time, after which the structure dissolves and
thereby permts fluid flow through tﬁe1#I6m1path. - 14 - After
the structure 26b dissolves, the only remaini ng conponents |left in

t he housi ng 30b_are seals and/or slips 36 i ch be used tq .
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as depict edesnr&HGS. 4A & B, and the well tool 12c as depicted 20 in
FIGS. 2A & B, is that the structure 26¢c of FIGS. 4A & B is in the

formofga fl apprefehi iy serlivighnlengaseste seed. 28C.5 H)e ahbapper i s
pivotably mounted jn the_h usi%% 30c. .Simlar to the strycture 26a
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conpound 3iclasdrated. bard irnG.34¢, WehehwpL EVesd B E2PasiRpabtbhein a
anhydr ous borgn conpound, to aqueous fluid_in the well. Wen it is
desir ed configuration in which 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¢c 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 12¢ 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 32¢ to the agueous fluid.

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

may be conveniently broken, for example, by applying a



to permt fluid flowin both directions through the flow path 24c,
the structure 26¢c is broken, thereby conprom sing the barrier 34c and
permtting exposure of the anhydrous 30 boron conpound 32c to the
aqueous fluid. - 15 - predeterm ned pressure differential across the
structure, or by striking the structuri wi t h anot her conponent, etc.
Bel ow t he predeterm ned pressure diffe énfial, the structure 26c can
resist pressure differentials to thereby prevent 5 downward fl ow

t hrough the ro ath 24c (for | e o prevent fluid, loss to the
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After the anhydrous boron compound 32¢ 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 agquecus 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



20 wel |l screen assenbly 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. fromfluid
which flows inward through the well scrgpn assenbly and into the
interior of the base pipe 40a and tubul string 14. However, when
the well screen assenbly is initially installed in the mell a

structure 26 nts fluid. w _be en t nteri o t.he
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6 also InClu?ﬁpeged 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



20 check val ve 42 which permts inward flow of fluid through the well
screen assenbly, but prevents outward flow of fluid through the well

screen assenbly. The check valve 42 includes a flexible closure
devi ce 44 which seal s agai nst the base pipe 40b to prevent outward 25
flow of fluid through the filter portig& 38b. This allows fluid to be
circul ated through the tubular string during installation (wthout
the fluid fl ow ng outward through the filter portion 38b), but also

allows fluid.to bsequent |y be .produced.i nward t hrough the I
screen ass&RBIY ??go:kj Wi%\‘/ﬁdﬂ’ﬁr’“ G 1PheCt i FRR YT HEK gﬁ&i’ check
val ve 42). (An8l, ovhpa} hidfo pearitidoudllati dtirliaw ng)i nward t hrough the
check - 17 - valve 42 to flowinto the interior of the base pipe 40b
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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 2Z6a-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.



| east temporarily blocks flow through a flow path 24a-e. However, it

shoul d be clearly understood that it is not necessary for a structure

enbodyi ng principles of this 25 disclosure to conprise a flow

bl ocki ng devi ce. Furthernore, the structure 26a-e in each of the

wel | tool described above can be consiﬂgred a closure device in a

val ve of the well tool. Thus, the structure 26a-e in each of the well

tools initially prevents flowin at |east one 30 direction through a

fl ow path, but aan s Iec%ivel per.m t Iow1£hrou h t he flowppat when
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conveni ent ;

tools.10 anhyBe68sSkbibetdnipduirl ank-w.l | recogni ze that the above
di scl osure provides to the art a nethod of constructing a downhol e

wel | tool 12a-er1tTheynedindse chilliynappaeciateiingh&t 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 l2a-e with the structure

26a-e.

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

borate.



20 structure 26a-e of a solid mass conprising an anhydrous boron
conpound 32a-e; and incorporating the structure 26a-e into the well
tool 1l2a-e. Formng the structure 26a-e can include at |east one of
nol di ng, machining, abrading and cutting the solid mass. 25The
structure 26a-e can conprise a flow bl gking device, and the

i ncorporating step can include blocking a flow path 24a-e in the well
tool 12a-e with the structure 26a-e. The anhydrous boron

conpound 32a-e copprise at. 30 1east on nhydr.ous baric_oxi de
ond anhydr ous. soRbuiEERre e il the REeR of ROV bRetled
of prOVIdIBga&ebahlcbra84EE&BWWﬂampdﬁarﬁe§Sprée€@b¢aﬁhé)aqhyﬂweﬂhs the
anhydrous bor on co ting. he barr.i er _34a-e

conprise a-coati 8m %gniyacoﬁ%?ﬂgéyégﬁ P8¢ ¢ %%I%Pr%%ﬁRBB nglgPY
34a-e may dospolize &nceathtyeatr] May doapraseapel laneilc tddd.a rate

at which the anhydrous boron conmpound 32a-e dissolves in the agueous
fluid. The barriTke Bdarfernﬁ@dxeinmgoﬂdbbelbe an amL&ande fildidThe a

barrier 34a-e _ca rev nt hydratin o% $ Qus .bar on
conpound 353%3 T %? heqvefﬁ:t 5F915 et qu HHRN%EEN n a
wel | bore lﬁomgopnéssmaee dﬂisfseﬂemg dn thy beuapps | diaty oThet barrier
structure §8 r|0£ to arr.ier 3ga-e Qer£Lét'ng t he anhydr ous
boron conp ﬁa 3 3 et o YRS 5 PRe 28PPRES a- e my
sel ectively perEkt géf%ler 34a-e can prevent hydrating of the
1¢ 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
communication 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 wvalve
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.



conmuni cation between an interior and an exterior of a tubular string
14. The structure 26a-e may sel ectively block fluid which flows
through a filter portion 38a,b of a well screen 20 assenbly. The
wel | tool 12d rmay conprise a well screen assenbly which includes a
check valve 42, with the check valve p %venting fl ow outward through
the well screen assenbly and pernittrng flow i nward t hrough the well
screen assenbly. 25 Flow i nward and outward through the well screen

assenbly may beTRgrn%£aedu¥g1 the anhgdrogs boron co o%%9.32d ?
di ssol ves. The €Y Hi t1e 2857 c CRERT §8F e8¢ § SI95%R°s PFof
pat h 24a- cvafiveh eXhendbosdwrgidawdiceamby tbmpuide aa tElndpr Jlerigng

3014. - 20,- The. structure 26a- y CO ise a cl re device of a
val ve. TheSEFEEEFﬁedéé? élﬁénggﬁpggsg'angﬁﬁﬁﬁﬁﬁr?(éﬁ},’ ?P%ugﬁﬁre
26c) or a babbute. devisd rmeyt Wee f2Gapibaad(&hg. £l Ostuct s eganay . be
frangi bl e .0.,,Structures 26a,c). e anhydrous boran conpound
Soar s chn FoarabeieFOFe ARt Robkinddgs: SrotndNTHaE d hugePpatoe
The met hodtoapreakbgeleof othe g dsheesdeivdcenss by heating a granul ar
mat eri al conprising the anhydrous boron conpound 32a-e, and then

cool i ng the nat heahetAde ngryanincdnde0 formendg athareyo liahtasse by

powder ed terial. so provi.ded by the,above disclosure is a
hel 1t ool " TSRERRG; s uildin R LT pP BT oD e ntR U BafoR
bl ocki ng dewinpeuf@. gRa-sf raret whes 26aléhgwbhe mstedeicdil.velthepyeuaal sr

fhow thgoughetfall Y Palhyr1 e A28, G8 T8 b DS HLR,

Also provided by the above disclosure is a well tool
l2a-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 1lZa-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



15 an anhydrous boron conpound 32a-e. The fl ow bl ocki ng device
may be positioned adjacent a wel ded and stress-relieved structure.
The anhydrous boron conpound 32a-e nay conprise a solid nmass forned
froma granular material. 20In a specific exanpl e described above, a
met hod of constructing a downhol e well tooI 12a-e includes formng a
frangi bl e structure 26a-e, the frangfblé‘structure conprising a solid
mass i ncl udi ng an anhydrous boron conpound and incorporating the
frangi bl e sthucture 2 well to 12a

I n anot her °Sp 8%%?’81&%%%1’%“%% R C?“bet ré’Blg\l?eEChs FY %%?Iégn‘l dss&ﬁbl y
(wel | tooIdbﬂdbelmnbmdésn@.&mlamhyqnmUs(M@raﬁ,campbmwurﬁﬂéL24e
arranged so that fluid which flows through the flow path also flows
t hrough t he fiIEaropberispeéﬁﬁiﬂSexamiL@sfHemcbibe&i&mpvhﬂﬂanWell tool

(structure.26e i vel revents. t hrough the

f1 ow path Qig kPﬁeu EVICEE#O%|Ré% %ﬂdeaﬁﬁgﬁ obs°ho % V§Ec.]c}ﬁlﬁ’gund 32e.

| n ot hes spenunhnmcekaopl]astmrarbemwmme aadmhle:;mldﬁd)ﬂ rcl udes

?nIL?YgPa;n %4ga£xm£%¥€ p%¥VI ubuI ?}I %%%8% i%%&ﬁ%ﬂ%%ﬂing

?FVICE gﬁtQﬁdLanewﬁﬁdheﬁeywutivemy<pﬁeveak; ﬁleweﬂhﬁodéhmmﬁdﬂﬂmw@hEhhﬁ
ow pa vi.ce es an a rous, bor on

conpound 374%5- 108fig: FEF BT % SBHiRR.PELUTES A DA o ppPon

t ool compound 32d4,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



12c which includes a flow path 24c and a fl apper (structure 26c¢)

whi ch sel ectively prevents flow through the flow path. The fl apper

i ncl udes an anhydrous boron conpound 32c. It is to be understood that
t he vari ous exanpl es 15 descri bed above may be utilized in various
orientations, such as inclined, invertgg, hori zontal, vertical, etc.,
and in various configurations, wthout “departing fromthe principles
of the present disclosure. The enbodinents illustrated in the

drawi ngs are _depicted. and descri bed 20 rely as exanpl es of useful
appl | cati ORSPOF EREA b AL M oo TAPOLL B BPRESTHA toh SHAT AGEY
linmited tomedyfipacibhe, daddidison, sheseietbodhdprdsietions,! Anghe
above descrkgtionhof t he req&gsentative exanpl es, of the dj.scl osure,

di rect i onaP*0EFnENRERH WY "R Rpgle ton thggp pfpeci i mbodimepts  » and
etc., are gaed EBAnGOSVENE eniGehiin thef eEbbBJot Ot hdEp RGO i0FJ the
dramﬁngg. I n general, "above," "upper,," "upward” and sim]ar terns
refer t® aPdf 88Fi6hs?%ﬁﬁﬁﬁ?1tu?qg%FgﬁmglgurFg%ef%ﬁ?ﬁﬁfQ£\ﬂﬁqaﬁéﬁé, and
"bel ow, " "deweriptieeWwardsl beard esirTlyl ahdbestBod ed£Lbdith® @@en by
direction anway fromthe earth's surface along the wel| bore.

g
course, a P8¥sBh LkiPFEEATIPR e PEaiBEPIOrbBonthe SRigHH and scope
consi der at b@ntBE HpHEs@MOVENEERGIINP YRG0l imitdd sol&LBF asenial i ve
enbodi ments, readi |y appreciate that many_nodifications, additions,
substituti BRESNHRFFIBHES ahitt theHer eGNANgee By be nmade to these
speci fj¢c enbodi nents, and such changes are within the scope of the
princib es of the 5 present disclosure. Accordingly, the foregoing
detail ed description is to be clearly understood as bei ng given by
way of illustration and exanple only, the spirit and scope of the
present invention being limted solely by the appended clains and
their equivalents. 10



- 23 - WHAT IS CLAIMED | S: 1. A nethod of constructing a
downhol e well tool, the nethod conprising: 5formng a structure of a
solid mass conprising an anhydrous boron conpound; and i ncorporating

the structure into the well tool. 2. The method of claiml
wherein formng the 10 structure further conprises at |east one of
nmol di ng, machi ni ng, abradi ng and cutriﬁ& the solid nass. 3. The

met hod of claim1, wherein the structure conprises a flow bl ocking
device, and wherein the 15 |ncoQPorat|ng step further conprises

bl ocking a 1 ow"HAChIPnCEAEMER¥5% 00l With the structure. 4.
The nethod of claim1, wherein the anhydr ous boron conpound conpri ses
at | east one of anhydrous boric oxide and 20 anhydrous sodi um bor ate.

5. The method of claim 1, fuyrt t f i ding a
bar i e whi ch atl eadt™ f—-m%iﬁ".ws%? Rt R S R

conpound f mefhbvdeanbhgsind: . The nethod of claimb5, wherein
the barrier conprises a coating. - 24 -
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 c¢laim 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.



7. The nethod of claimb5, wherein the barrier conprises polylactic
aci d. 8. The nmethod of claim5, wherein the barrier 5

di ssolves in an aqueous fluid at a rate slower than a rate at which

t he anhydrous boron conpound di ssolves in the aqgueous fl uid.

9. The nethod of claimb5, wherein the % rrier is 10 insoluble in an
aqueous fl uid. 10. The nmethod of*“cllaim 5, wherein the barrier
prevents hydrating of the anhydrous boron conpound until after the
well tool is ingtalle | | bore., 1 .11, The net hod of
claim5, wherein-a p?['g@s‘ﬂ‘? f‘?ércé'r?tlimalé'i ¥hessinethra ¥ 9 he
structure piom@iritest pelhaasts ferdu tting the anhydrous boron
conpound to hydrate. 2012. The nethod of claim11, wherein the
structure selectively permts fluid conmuni cati on between an interior
and an exterior of a tubular string. 13. The method of claim
1, wherein the strucfheem@bhselettdledny 5hl ahksel hutle viba:ehi dd ows
through i.lte ortion of a we screen assepbl 14. Th

ot hod B S EFRLTES L B PRSI G0 P S BnE AP SeSlavel fhdlt Ao drte
assenbl y whaitclwhiiohl tdesaahgdenks bordm compound dissolves in the

agueous fluid.

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

10 insoluble in an aqueous fluid.

10. The method of c¢laim 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 c¢laim 1, wherein the structure

selectively permits fluid communication between an interior

and an exterior of a tubular string.

13. The method of c¢laim 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 val ve preventing flow outward t hrough the well
screen assenbly and permitting flow inward through the well screen
assenbly, and wherein flow inward and outward through the well screen
assenbly is permtted when the 5 anhydrous boron conpound di ssol ves.
15. The method of claim 1, wherein thezgtructure sel ectively bl ocks a
fl ow path which extends |ongitudinal 'y “Chrough a tubular string. 10
16. The nethod of claim1l, wherein the structure conprises a closure
device of a

al ve 17. The neth of c] ai 16, wherein
oo our Fai¥er cbhe e Takee Pravbasans flow oghva Slirgii, Ul
cl aihmd16],c W:M-'leg?géhﬁh ﬁbeéIhHSP%] dmul @%Iﬁﬂlﬂgﬁ.hQESI_awb?hdJarc?gﬂﬂ:ouﬂhﬁthe
nmet no (0] C LM , er el e Cl osure evi.ce 1S ra gl e.
T e methad BFRERh: AeSmb e ) W ECa R F I B LR R
hydr at es i rhireapansRet webl eskagm Qfssli®185i6! peunet €y ivien the  21.

The nethod o laim1, further copprising formng the solid mass by
heating’a GP&HEFSPSné?E??a?OTRﬁHﬂq:ﬁﬁijoﬂﬁésanhydrous boron conpound,

and then cooling the material. - 26 - 22. The nmethod of claim
21, wherein the granular material conprises a powdered materi al

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 c¢laim 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.



- 27 - 23. Awell tool, conprising: a flow path; and a flow
bl ocki ng devi ce which selectively prevents flow 5 through the flow
path, the device including an anhydrous boron conpound. 24.
The well tool of claim23, wherein the anhydrous boron conpound
conprises at |east one of anhydrous boric 10 oxi de and anhydrous

sodi um bor at e. 25. The wel | tdol?%f claim 23, further
conprising a barrier which at |east tenporarily prevents the
anhydr ous boron conmpound from hydrating. 15 26. The wel | tool
of claim 25, wherein the barrier conprises a coating. 27.

The wel | tool cl aj wherein _the rri 20 conpri ses

pol yl actic aC|dE2 b33 }“¥ﬁé’ %alﬁb %'OWEEFQ WY t he
barrier di ssekveali aomprﬁm@wsiadv&dar@dahaaema@.sl ower than a rate at
whi ch t he anhydrous boron conpound di ssolves in the 25 aqueous fl uid.
- 28 - 30. The well tool of claim25, wherein the barrier
prevents hydrating of the anhydrous boron conpound until after the
flow path is installed in a well bore. 531. The well tool of claim 25,
wherein a pressure



differential is applied across the flow bl ocking device prior to the
barrier permtting the anhydrous boron conpound to hydrate. 1032. The
well tool of claim?23, wherein the flow path provides fluid

conmmruni cation between an interior and an exterior of a tubular

string. 33. The well tool of claim23, wherein the well
tool 15 conprises a well screen asseﬁbﬁ],'and wherein fluid which
flows through the flow path also flows through a filter portion of
the well screen assenbly. 34. The well tool of claim 33,
wherein the fl ow path 20 bypasses a check val ve. 35. The wel |l
tool of claim333.whereedl atdsr ) i®mpatisliagst tenporarily prevents the
anhydr ous boron conpound from hydrating until after the well screen
assenbly is instnaklled gathn #ndwel | bore. 36. The well tool of
claim 23, wherein the well tool conprises a well screen assenbly

whi ch includes a ﬁmewkby@d:wmg tdwerice ethival sela&eﬂﬁéﬁj r;g:efdeawSOIfthr d

t hrough_th I en as m%ﬁé ermt fIOW|
thr ougns t nenzoud tngCkESY RAE Rk, 35 B8 The e A7 Ay drous
pernittlngbbkom/campbdn@nd outward through the well screen assenbly
when the anhydrous boron conpound di ssol ves. 537. The well tool of
claim 23, wherein the flow path
24. The well tool of c¢laim 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 c¢laim 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 ¢laim 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.



extends longitudinally through a tubular string. 38. The wel |
tool of claim 23, wherein the well tool conprises a valve, and
wherein the flow bl ocking device 10 conprises a closure device of the
val ve. 39. The well tool of claim38, wherein the closure
device conprises a flapper. 1540. The %I tool of claim 38, wherein
the closure device conprises a ball. ~ ~ 41. The well tool of claim
38, wherein the closure device prevents flowin a first direction

t hrough the fl ow_.20 th d the cl osur.e Vi c ermts flow.through
the T low path i 104 sBBontehlrEtds oif Gaid: £5-: SReRELA e RATHet on
42. The weldrevealksohyalkat imgdSef Wes @inhyidieus! boHbR E@b&Eend until
frangi bl e. wel I, tool .of, ¢laim42  wherein the

anhydr ous 5%?85 EBﬁpSiﬁH %%gl? ares NSt A€o ie at Befz)jrlé%ﬂk%ge of the

cl osure device. - 30 - 44. The well tool of claim 38, further
conprising a barrier which at |east tenporarily prevents the

anhydr ods boron,conpgund from h drgfti - Sé . The well tool of claim

44, wheTein the> arrﬁﬁ? Bhbrr¥es & &@%rlf'h g' HErdtn'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 Dbypasses 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



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 conmpound di ssol ves in the aqueous fl uid. 47. The wel |
tool of claim44, wherein the barrier is insoluble in an agueous
fluid. 48. The wel |l tool gf claimd44, wherein a
pressure differential is applied acr6s€’t fie flow bl ocki ng devi ce

prior to the barrier permtting the anhydrous boron conpound to

hydr at e. 49. The well. tool of claim 23, wherein the fl ow

bl ocki ng d¥FLdeSFEeRBoRTTONRH adiiSbaRE 4 1G] BAKP aRcFRt f oo ey ed
structure. i2@a®d Fhe wetvaidothmfugll ahe Z3L1Vsereen ddenasly Giheuns the

boron conpound .conprj ses a solid ss fornmed froma granul ar
mat eri aI rrpan?lydrogg fDOl‘OH compounc{n%llsso ves. g

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

extends longitudinally through a tubular string.

38. The well tocl of c¢laim 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 tocl of c¢laim 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 dissoclves in the

aquecus fluid.

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

insoluble in an aquecus 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 c¢laim 23, wherein the flow
blocking device is positioned adjacent a welded and stress-

relieved structure.

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

material.



