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Title: FLUORINATED PACKER FLUIDS

{ == 70 WELL BORE

ria. 1

(57) Abstract: Methods and systems of treating a well are provided. A method comprises providing a packer fluid comprising a
fluorous oil; and introducing the packer tluid into a wellbore. The method further comprises introducing the packer fluid into the
wellbore may turther comprise introducing the packer fluid into a volume above a packer and inside a casing.
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FLUORINATED PACKER FLUIDS

BACKGROUND
{6001} Methods of wsing packer fluldy and, more particularly, methods of using

solids free packer fluids comprising 8 flaorous oif in well operations are provided.

i

f0002] Packer fluids may be used during drilling andéor completion of a wellbore

and may serve g variety of fonctions. to drilling operations, 8 packer fhad may be introduced

and allowed {o remain in the annuluy between the casing amd the tubing amd may be disposad

above a packer. The packer fluid may be used to provide hydrostatic pressure in order o

fower the differcatial pressure across a sealing element 1o the wellbore, may lower the

{0 differcotial pressure in the weltbore and casing to prevent collapse, and may protoct metals
and elastomers from corrosion,

{00031 Packer Nuids may also be wsed in well conpletion, either prior to or
subsequent to the stat of production. The packer fluids may be placed 1w the annulus
between the tubing and the casing and may be disposed above a packer, Typically, the

15 packer fluids may he of a sufficient density 1o contrad a proaducing formation, be resistant to
viscosity chapges over an extended period of thme, and be noncorrosive to wellbore
components and equipnment.

J0004] Typical packer fluids may comprise brines. Problems with brines may
include high thermal conductivity and the potential for corvosion of well components. Packer

20 fhads comprising a high thermal conductivity may allow for heat transter to and from
clements within the wellbore. This may vesult in problems during production, in particudar
for formations that comypwise bituninous materials, as the cooling of said materials may
allow thent to barden and damage well equipment. Farther, brines can corrode well
components and equipment over time resulting i increased oporating expenses as well as

25 increased downtime should the corvosion severely damage the eguipment and reguire

replacement.
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BRIEF DESCRIPTION OF THE DRAWINGS

{0005] These drawings Hlustrate cartain aspects of some of the examples of the
present method and should not be ased to limit or define the method,

[0006] FI1G. 1 iHustrates surface equipment that may be used in the placement of a
packer fluid in g wellbore fn accordance with cerfain examples.

[O007] FI1G. 2 dlustrames the placement of a packer fluid in a wellbore in accordance

with certain examplos,

b2
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DETAILED DESCRIPTION

{O00K] Methods of using packer flaids and, more particularly, methods of using
solids free packer flulds comprising a fluorous oif in well operations are provided.
[0009] The packer fluids may comyprise a fluorous oil. Alternatively, the packer

S thads may comprise an faver] entalsion comprising & fluorous oif external phase, an aqueous

or nonagueons internal phase, and optionally, a fluorous surfactant andfor a weighting
agent(s). Except for the optional addition of weighting agents, the packer fluids described
herein may be solids free packer fluids. Advantageously, the packer fhads may be used in
apphications that comprise 3 broad range of densities. Further advantageously, the packer

10 fluids may be capable of withstanding velatively high tempertures {e.g.. temperatures
greater than 650°F). Further, the packer fluids may, in some examples, be salt-free and thus
do not possess the risk of well component corrosion that may be present in formulations
using brines or other salt containing fluids. Finally, the packer fluids possess tow thermal
conductivity; therefore, the packer fluids resist the tansfer of hewt, both 1o and from other

15 materials. Thus, while the packer fluids may be suitable for a variety of well conditions and
subterranean formation types, they may be particelarly suitable for use in wells requiving
high fluid densities, high temperature yosistancs, operations where corroston may be an
tssug, of operatioas i which heat transfor between materials is to be avoided {eg.
operations where bitominous materials may be present).

20 {0010} The packer fluids may comprise a flunorons oil. Any fluorous organic ligeid
may be sotable for use as the fluorous oil. The fluorous oif comprises carbon and at least
one Juorine functional group. The fluorous oil may be polvfluorinated or perflucrinated.
The fluorous oil may conywise functional groups other than fluorinated or hydrovarbon-

coptaining  groups. Withouwt limitation, examples of the fluorous ol way include

3
L0

perfluoropolyethers  ("PFPET), perfluoreansines  (PFA™L perfluorchydrocarbons,
polviioorinated ethers, polyfluorinated amines, polyfluorinated hydrocarbons, and their
derivatives. Examples of commercially available flaorous oils include KRYTOX™, available
frora Dupont of Wilmington, Delaware; FOMBLIN®, available from Selvay Plastics in
Alpharetta, Georgla; and DEMNUM®, available from Datkin Company in Orangeburg, New
30 York

{0011} The packer fluid may be essentially solids free. As defined herein, solids free
means & packer fluid comprising only fudds, which may, in some examples, comprise sali{s)
at # concentration below the solahility Himit of the salt{s) sador wellbore conditions. In some

examples, weighting additives, which may comprise solids, may be ased to increase the
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density of the packer fluids. It is to be understood that weighting additives arg optional and
their use is not oritical for the functionahity of the packer fuid formulations desertbed herein.

{00121 The fluorovs oiff may comprise 100% of the packer fluid with no additives or,
w other words, the packer fluid may consist of the fluorous oil. in other examples, the
fluorous oil may be used with additives such as density modifving additives {e.g., welghting
agents). In allernative exaraples, an invert emulsion comprising the fluorous off may be used.
Fhe flnorons off may be present i the invert omulsion In an external phase (o internal phase
ratio of about 5130 to about 99:1. For exanple, the fuorous o may be present in the invert
emulsion in an external phase to internal phase ratio of about 60:40), about 70:30, about
8120, about 90110, sic. With the benefit of this disclosure one of ordinary skill in the ant
should recognize the appropriate amount of fluorous oil for a chosen application.

{00131 Optionally, the packer fluid may comprise an tnvert emulsion, In examples
utilizing an fvert emulsion, the external phase may comprise the fluorous ol The internal
phase may comprise an aquecus or nonagueous Huwid, In examples comprising an agqueous
fluid internal phase, the aqueous flaid may be any such agueous Juid sutable for use. The
squeons fwd may be from any sowce provided that # does not contain an excess of
coppounds that may undesirably affeet other components in the packer Puids, for example.
The aqueous fluid may comyprise fresh water or salt water. Salt water generally may inchude
one or nove dissolved salis therein and may be saturated or unsaturated as desired for a
particular application. Seawater v brines may be suitable for use in some applications,

[0014] In some examples, the inlernal phase may be a salt-free son-chloride
containing internal phase. An example of a salt-free non~chioride containing internal phase
may be a sali-free non-chloride confaining aqueoss fuid or popaqueous Huid, The salt-free
vou-chloride containing internal phase may comprise a mixtuve, For example, the salt-free
non-chloride containing internal phase may comprise a mixture of a polvol in water, The
polvol may make up any percentage of the mixture i the range of shout 20% {o about ¥9%
by weight of the mixture, for example the polyod may comprise about 20%, about 40%,
abopt 60%, about 0%, or about 9% by weight of the mixture. An example of a sali-free
non-chloride containing agqueons floid comprising a polyol may be a mixture of glyeerol in
water, In some examples, the internal phase may comprise a nonaqueous fluid. For example,
the internal phase may comprise a 100% polvol fhuid, As noted above, v some examples, the
nonagueous Huid may be a salt-free non-chlonde containing nonaqueous fluid. Ao example
of a sali-free non-chloride containing nonagueous fluid may be a 100% glveerol fluid,
Further examples of suitable polyols may include, but are not limited to glycering, ethylene

glveol, propylene glyeol, polyethylene glveol, polypropylene glyeol, diethviene glyeol, and



10

LTS
L

LV 4

K 3

WO 2016/105394 PCT/US2014/072204

sugar alcohols. Additionally sugars such as plucose, fructose, mannitol, sucrose, and xvlose
may be substituted for the polyols: as may carboxyhic acids such as citrie acid, tarlanic acid,
amd malic acid; amino acids such as glyeing and alanine; nitrogen compounds such as wrea;
and more generally any organic capable of reducing the water activity of the agueous phase.

fO015] The internal phase may be preseat in the invert emulsion examples in an
external phase to internal phase ratio of about 3130 {0 about 99:1. With the benefit of this
diselosare one of ordinary skill in the art should recognize the appropriats typs and ratio for
the internal phase of the invert emulsions examples for a chosen application.

J0016] The packer fluids may comprise a fluorosurfactant. Fluorosurfactants are
synthetic organodluorine chersical compownds that way comprise multiple Huonve atomns.
They may be polyfluorinated or perfluorinated. Without limitation, some Huoroserfactants
may be used to lower the surfiace tension of the nternal phase in examples wtilizing an invert
emdsion. The fluoroswrfactants may have a fluorinated tait and & hydvophilic head. Withowt
Hmitation, examples of fuoroswrfactants may  include  perfluorcoctanesulfonic  acid,
perfluorooctanoic acid,  perfloorononancic acid,  perfluorobutanesalforie acid,
tetrafluovopropanel, cctatteoropentanol, dodecafluyorobeptanol, fluorinated telomer alcohols,
fluorophosphates, salts of Tuorophosphates, Tuorosulfonates, salis of fluorosulfonates, amd
combinations thereof. The fluorosurfactant may he present in the packer flulds in an ameunt
in the range of from about 0.01% 1o about 10% by weight of the packer fluid. More
particularty, the fluorosurfactant may be present in an amount ranging between any of andfor
mcluding any of about 0.01%, about 0,19, about 1%, about 3%, about 4%, about 6%, abowt
&%, or about 0% by weight of the packer fluid, A commuereial example of s lucrosurfactant
s FLUOROLINK® F10 available from Solvay Plastics in Alpharetta, Georpia, One of
orcdinary skill in the art, with the benefit of this disclosure, should recognize the appropriate
type and amount of leorosurfactant to inclade for a chosen application.

{0017} The packer fhuds may optionally comprise o Huid loss additive. Fluid loss
additives, e.g., polymers, may be included in the packer Hluids, Amongst other reasons, thad
oss additives may be included i the packer flukds to control fluld loss o the Tormation.
Without Hmitation, examples of flwd loss additives may mclade perfluoropolystyrene,
verfluoropolyvtert-butylstyrene, perfluoropolymethyistyrene acrylates,
polyvtetrafluoroethylene,  perfluoropolvalkylethyl  acrvlates,  perfluoropolyalkylethyl
methacrylates, perfluoropolyalky acrylates, perfluorinated polyamides,
perfluoropolyacrylamides,  polytemrafluorpethylene-polyamides,  fluorinated  polyamides,
perfluorioated tall ol fatty amides, perfluoropolystyrenchatadienes, perfluoropolvethylene

ethene/butene copolymer, and the ke, The hud Josy additives may be inchuded in the packer

LX
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fluids in any amount sufficient to control loss of the packer fluids {or subsequently pumped
fluids) to the formation. For exanple, the fluid loss additives may be present in the packer
fluids 1n an amount in the range of from about 0% to about 1% by weight of the packer
fluid,  Move particularly, the Duwid loss additives sy be present in an amount ranging

%o, gbout 156, about 2%, abouwt

L

between any of andfor including any of sbout 0%, about O
%%, about 6%, about 8%, or about 10% by weight of the packer fluid, One of ordinary skill
iy the art, with the benefit of this disclosure, should recognize the appropriste type and
amount of fluid loss additive to include for a chosen application.

{001K] The packer fluids wmay optionally comprise a corvosion inhibitor. The
10 fluorous ofl generally provides sufficient corrosion resistance without the use of corrosion
inhibitors, however is some formations additional corrosion inhibition may be desired.
Corrosion inhibitors may b used to shield well components and eqapment [rom corrosion,
Without limitation, examples of corrosion  inhibitors  include  perfluoropolvsivrene,

perfluoropolytert-butylstyrene, perfluoropolymethylstvrene acrylates,

,.....,
L

polytetrafluoroethylene, and the hike. Both uorous-based and nontluorons-based corrosion

inhibitors may be used. The corrosion inhibitors may be included in the packer fluids in any

amount sufficient o prevent corrosion of well components and equipment. For example, the
gorrosion inhibitors may be present in the packer fluids in an amownt in the range of from
about ¢ % to abouwt 10% by weight of the packer flud, More particudarly, the corrosion

20 inhibitors may be present 1n an amount ranging between any of andfor inclading any of about
(%, about 0.1%, about 1%, about 2%, about 4%, about 6%, about 8%, or about 10% by
weight of the packer fluid, One of ordinary skill in the art, with the benctit of this disclosure,
should recognize the appropriate type and amownt of corrosion inhibitor to mohade for a
chosen application.

23 FO019] The packer fluids may optionally comprise a viscostfier, The viscosifier may
be incladed to optimize fluid rheology and to stabilize the suspension. Without Himitation,
examples of viscosifiers include perfluorinated polyamides, perfluoropolyacrylamides,
polvtetrafluoroethylene -polyanudes, fluorinated polyamides, perfluorinated tall oil fatty
anudes, fluorinated polysaccharides, perfluorinated ity acids, perfluorinated tall ol fatty

3 acids, perfluoropolysiyrenchutadienes, perfluoropolyethyiene athene/butene copolymer, and

the like. Viscosifiors may by included in the packer flnids in any amount sufficient to

viscosify the packer fluids to the desired degree. For example, the viscosifiers may be
present in the packer flulds n an amount in the ange of from aboet 0 % to about 1% by

waight of the packer fluid. Morve particularly, the viscosifiers may be present in an amount

o
v

ranging between any of and/or including any of about 0%, about 8. 1%, about 1%, about 2%,

&
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about 4%, about 6%, about 8%, or about 1% by weight of the packer flndd. One of ordinary
skifl in the art, with the benefit of this disclosure, should recogmize the appropriate type and
amount of viscositier to include for & chosen application.

100201 W cighiing agents are tvpically materials that weigh more than water snd may
be used to incresse the density of the packer fluids. By way of example, weighting agents
ruay have a speerfic gravity of about 2 or higher {e g, about 2, about 4, ete.). Examples of
weighting agents thit may be used include, but are not Bmited o, hematite, hausmaniie,
barite, and combinations thercofl Speeific examples of suitable weighting agents include APY
grade barite, Commercial examples of weighting agents include HI-DENSEY weighting
agent, BAROID™ 41 weighting agent. and BARACARB® weighting agents; all of which are
avatlable from Halliburton Energy Services Ine., Houston, Texas. The weighting agents may
be present n the packer thads in an amount in the range of from about (% to about 30%,; by
weight of the packer fluld, More particularly, the welghting agents may be present in an
amount ranging between any of andfor including any of about 0%, about 0,1%, about 1%,

about 2%, about 4%, about 6%, about 8%, about 10%,, about 20%, about 30%, about 40%, v
about 50% by weight of the packer fluid, One of ordinary skill in the ant, with the benefit of
this disclosure, should recognize the appropriate type and amount of weighting agent to
mclude for a chosen application.

[{}(1‘21] Lost-ciraudation materlals may be icleded in the packer fluids to, for
example, help prevent the loss of fluld circulation into the subterrancan formation. Examples
of tost-circulation materials melude bot are not fimited 1o, polvtetrafluorocthylene fibers,
fluorinated  fibers,  polvietafluorocthylene-polvamides,  fluorinated  polyamides,
perfluorinated  resins, Huorinated telomers, and the Hke, Non-fluorous lost-circulation
materials such gs graphite, nut shells, caleium carbonate, and the like, may also be used if
desired. Further examples of lost-cirealation matenials may inchude varions types of fibers
including non-fluorous natural or synthetic fibers, For example, the lost-circulation fiber
types sy include natural, biopolymers, synthetic, bindegradable, andior bioccompatible
fibers, Examples of synthetic fibers may inclade, but are not timited to, polymers composed
of polypropylene, polyaramide, polyester, polyacryloniiile, and polyvinyl  aleohol.
Examples of biodegradable fibers may mclude, bat are not luaited to, fibers composed of
modified  celhudose,  chitosan, soya, modified  chitosan,  polveaprolactone,  poly(3-
hydroxybutyrate), polyhydroxy-alkanoates, polvglyeolic acid “"PGA™, polylactic acid “PLA™,
polvorthoesters, polycarbonates, polyaspartic acid, polyphosphoesters, sova, or copolymers
thersod, Examples of other suitable fibers may include, but are not Himited to fibers of

collulose including viscose cellulosic fibers, oil coated cellulosic fibers, and fibers derived
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from a plant product like paper fibers; carbon including carbon fibers, melt-processed
tnorganie fibers inclading basalt fibers, wollastoniie fibers, non-amorphous metallic fbers
ceramic fibers, and glags fibers, The lost-circulation materials may be present in the packer

fluids in an aroount in the range of from about 0 % to about 20% by weight of the packer

L

flueid. More particulavly, the lost-civoulation materials may be present in an amount ranging
between any of andior including any of about 0%, about §.19%, about 1%, about 2%, about
4%, aboat 6%, abont 8%, about 10%, or about 20% by weight of the packer fluid. One of
ordinary skill in the art, with the benefit of this diselosure, should recognize the appropriate
type and amount of lost circulation material to include for a chosen application.
{0 {00221 Those of ordinary skill in the art should appreciate that examples of the
packer fuids generally should have & density suitable for a particular application. By way of
example, the packer fhads may have a density in the range of from aboot 10 pounds per
Hen ("lb/gal™) to about 24 th/gal. In certain cxamples, the packer fluids may have a density

in the range of from about 14 lbs"ga.l to about 22 Ib/gal. In specific examples, the packer

,.....,
L

fluids may have 3 dengity betwesn any of andfor including any of about 10 Ib/gal, about T
bipal, about 12 tb/gal, about 13 lhigal, about 14 Igal, about 15 Ib/gal, about 16 Ibigal,
aboat 17 b/gal, about 18 Ihégal, aboat 19 Ib/gal, about 20 Wbgal, about 21 lbigal, abowt 22
tyfgal, abow 23 Ib/gal, or about 24 Ib/gal. In some optional examples, weighting additives

{e.p.. weighting agents) may be used to increase the density of the packer fluids, Examples of

(

20 suitable weighting additives may include barite, bematite, hausmannute, caloium carbonate,
siderite, ilmenite, or combinations thereofl fn particular embodiments, the weighting
additives may have a specific gravity of 2 or gregter, Those of ordinary skill in the ant, with
the benetit of this disclosure, should recognize the appropriste density required for a
particular application.

23 F0023] Those of ordinary skill in the art should appreciate that examples of the
packer fluids generally should bave a thermal conductivity suitable for a particular
application. By way of example, the packer fluids may have a thermal conductivity in the
range of from about 0.001 BTU/HRE*F o about 1.0 BTUHPR*F. In cortain examples, the
packer fluids may have s thermal conductivity i the range of from about 0.01 BTU/H*fi¥°F

30 1o about (.03 BTU/MHHEYF, Those of ordinary skilt in the arl, with the benefit of this
diselosare, shonld recognize the appropriate thermal conductivity required for a particular
application.

{0024} In some embodiments, o fluorinated cleaning fluid may be used to clean

equipment andfor surfaces that have cootacted the packer fluids disclosed herein, Such

LTS
L

flyorinated cleanmg fuids may be polvfluorinated or perfhuorinated and may be used neat.
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Generally the fluorinated cleaning fluids would comprise boiling points from abont $5°C to
about 270 °C, have no flash point, have 8 low molecular weight, and be non-flanvmable. A
commercial example of a suitable fleorinated cleaning Buid is GALDEN® HT 110 which has
a hotling point of 110 °C, average molecular weight of 880 a.m. u., Tow vapor pressure of 17
tory at 25°C, dielectric constant of 1.9, and is available from Solvay Plastics in Alpharetta,
Georgia. The fluorinated cleaning fluids may be miscible with the fluorous oils vsed in the
packer fluids described heremn. Typically, after the equipment or tools have been ased with
the packer Hluids described herein, the equipment and tools may be considered Huorous-wet
and the surface may he coated with the fluorous off used in the packer fluid, The fluorous oil
miay be readily removed by rinsing or immersing the equipment or ol i the fluorinated
cleaning floid, which will clean the surface of any fluorons materials and return the surface
back to s original state.  After the equipment or ool 8 no longer (n the presence of the
fluorinated cleaning Thad, any vestdual Hoorinated cleaning wall rapidly evaporate. The
resufting surface is then clean, and additional routine cleaning methods can be carried out as
needed.

{00231 A method of treating a well is provided. The method may comprise providing
a packer fluid comprising g Buorous oil and introducing the packer fluid into a wellbore.
Introducing the packer fluid into the wellbore may further comprise introdecing the packer
fluid inte a volume above a packer and inside a casing. The fluorous ol may comprise a
perfluoropolyvether. The packer fluid may consist of the fluorous oil. The packer fluid may be
in the form of an mvert enudsion, and wherein the fluorcus oif iy the external phase of the
mvert emulsion. The internal phase may comprise a salt~free, non~chloride containing
agueous fluid, The fnternal phase may comprise a polyol. The mternal phase may comprise a
mixture comprising water and the polvol, wherein the polvol is present o an amount of
about 20% to about 99% by weight of the mixture. The internal phase may comprise a brine.
The fluorous oil may farther comprise a fluorous surfactant. The packer fluid may further
comprise at least one additive selected from the group consisting of fluid loss additive,
corrosion inhibitor, viscosifier, weighting agent, st circalation material, and combinations
thereot. The packer flaid may have a density of about 14 pounds per gallon to about 22
pounds per gallon. The packer fluid may have a thermal conductivity less than 1.0
BTURFRENF

[0026] A system for treating a well is provided, The system may comprise a fluid

handiing systeém containing a packer Huoid, wherein the packer fluid comprises a fluorous

g system and in fluid commumnication with a

R

ol and a fleid conduit coupled to the pumpin

wellbore. The system may further comprise a packer and a casing, wherein the packer and
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the casing define a volume in the weltbore capable of containing the packer fluid. The fluid
bandling system may comprise mixing equipment and a pump. The Buorous od may
comprise a perflucroposiyether. The packer Hluid may consist of the Huorous oil. The packer
flutd may be w the formo of an invert emuldsion, and wherein the Huorous ol s the external
phase of the invert emulsion. The internal phase may comprise a salt-free, non-chloride
comtaining agueous fluid, The internal phase may comprise a polyol, The internal phase may
comprise # mixture conprising water amd the polyol, wherein the polyol is present in an
amount of abowt 20% to about 99% by weight of the mixture. The infernal phase may
comyprise a brine. The fluorous oil may further conywise a fuorous surfactant. The packer
flutd may further comprise at feast one additive selected from the group consisting of fluid
foss additive, corroston intubitor, viscostlier, werghing agent, lost circulation material, and
combinations thereof, The packer fluid may have a density of about 14 pounds per gallon
about 22 pounds per gallon. The packer fluid may have a thermal conductivity less than 1.0
BTURMRF,

{0027 The sxample packer fluids disclosed herein may divectly oy indivectly affeoct
one of more components or pieees of cquipment associated with the preparation, delivery,
recapture, recycling, reuse, and/or disposal of the disclosed packer fluids. Any of the packer

flutds deseribed herein may be contained within a vessel andfor any type of ufficient storage

o

ystem. Without Hmitation, examples of such vessels, may include mud pits, barrels, mixers,
drums, trucks, storage containers, eic, Some of the exanple vessels may comprise nuxing
equipment, for example, baffles. Any of the vessel examples may be coupled to any of the

pumps, pumping systems, condaits, or flaid recovery systerns disclosed hergin, Any of the

pumps, pumping systems, or conduits disclosed berein roay be coupled to one another as
well as any other upstream or downstream system or cquipment, such as vessels, storage
systems, flukd recovery systems, and the like. Further, fluid recovery systems comprising
vessels andfor pumping systems may be used to recovery any of the packer fluids deseribed
herein, These recovered packer fhuds may be reconditioned and recyeled, may be stored
{&.g., using a storage system or vessel), or may simply be reased.

{0028] Referring now to FIG. 1, a fluid handling system 10 is iHustrated. A packer
flid comprising 8 fuorous ol may be provided. In alternative examples, a packer fluid
comprising a fluorous oif external phase and an agueous or nonagqueons internal phase may
be provided. The packer fluid may be mixed in mixing equipment 12, such as a mixer,
rectrculating fub, or any type of vessel comprising mixing squipment, and then pumped via
pump 4 orany type of pumping system to the well bove via fluid conduit 16, Fluid conduit

16 may be any conduit coupled to pump 14 and may also be i fluid communication with

10
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pump 16 and the wellbore, Thas, fluid conduit 16 may convey a fluid, e.g., any of the
example packer fluids disclosed herein, from pump 14 1o the welthore, where the fluid may
be deposited within any section or focation of the wellbore,

{00291 The packer fluids used herein may comprise any of the formulations of the
diselosed packer fluids discussed above. For example, the packer fluids may comprise &
fluorous oil. The fluorous ol may be solids free or may optionally comprise solids, such as
weighting additives. Alternatively, the packer floids may comprise an juvert emulsion
comyprising g fluorous oif external phase, and an agueous or nonagueous internal phase. The
disclosed packer fhuds may be used to maintain hydrostatic pressure, prevent welthore
collapse. prevent or mitigate heat transfer o or from thermally conductive materials, reduse
corrosion, and/or generally contrel the formation,

{00307 FiG. 2 tlustrates a packer fluid that has been tntroduced, e, by a fluid
condait 16 into weltbore 18 and allowed to remain therein. The packer fluid 20 45 pumped
downhole so that it is disposed within a volome above the packer 22 and mside the casing
24, As illastrated, the packer fluid 20 may be disposed within the casing 22 above a
production zone 26 in a sabterrancan formation 28, Production tubing 38 may be a conduit
used for the transfer and prodoction of hydrocarbons from producing zone 26 while packer
fluid 20 assists in maintaining hydrostatic pressure. FIG. 2 iHlustrates the use of a packer
fluid 20 just prior o production. However, packer [hod 20 may be used inoa sinufar fashion
durtng deilling of the wellbore i desived. At least a portion of packer fluid 20 may be left
behind 1 the welthore, In further optional examples, at least a portion of packer fhad 20 may

be recovered. The recoversd packer thud may be recoverad using a recovery systam and

above, for example vessels, pumps, conduits, oo,

{0031} The exemplary packer fluids disclosed herein may directly or indivectly
affect one or more components or pieces of squipment associated with the preparation,
delivery, recapture, recyehing, reuse, andfor disposal of the disclosed packer fluids. For
cxample, the disclosed packer fluids may directly or indirgetly affect one or more mixers,
related mixing equipent, mud pits, storage facilities or units, composition separators, heat
exchangers, sensors, ganges, pumps, compressors, and the like used generate, store, monitor,
repulate, anddor recondition the exemplary packer fluids, The disclosed packer fluids may
also directly or directly affect any transport or delivery equipment used fo convey the
packer fluids to a well site or downhole such as, for example, any transport vessels, conduits,
pipelines, trucks, tubulars, andior pipes used o compositionally move the packer fuids from

one location to another, any pamps, compressors, or motors {e.g., topside or downhole} used

1§
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to drive the packer fluids into motion, any valves or related joints used 1o regulate the
pressure or flow rafe of the packer Buids, and any sensors (L., pressure and femperature),
gauges, andfor combinations thereof, and the like, The disclosed packer fluids may also
divectly or indirectly affect the vanious downhole equipment and tools that mway come into
contact with the packer fluids such as, but pot limied w, wellbore casing, wellbore liner,
completion string, insert strings, drill string, coiled tubing, slickline, wireline, drill pipe, drill
collars, mud motors, downhole motors andfor pumps, cement pumps, surface-mounted
motors and/or pumps, centeahizers, turbolizers, seratchers, Hloats (e.g., shoes, collars, valves,
ete.), logging toods and related telemenry squipment, sctagtors (g, olectromechanical
devices, hvdromechanical devives, ete.), diding sleeves, production sleeves, plugs, screens,
filters, flow control devices {eug., inflow control devices, antonomous inflow control devices,
outflow control devices, ¢te.), couplings (e.g., electro-hydraulic wet comnect, dry connect,
mductive coupler, ete.), control lines (e.g., electrical, fiber optic, hydranlic, ete.), surveillance
fines, drifl bits and reamers, sensors or distributed sensors, downhole beat exchangers, valves
amd corresponding actuation devices, tool seals, packers, cement plugs, bridge plogs, and

other wellbore isolation devices, or components, and the ke

ENAMPLES
{0032] To facilitate a better understanding of the present claims, the following
examples of certain aspects of the disclosure are given.  In no way should the following

exanpies be read to Hmit, or defing, the entire scope of the claims,

Example 1

JO033] The following example is 1 comparative example provided to illustrate the
ability of the disclosed packer fhuids to vesist hest tanster by comparing the thermal
comductivity of the packer fluid formulations disclosed hercin against other types of packer
fluids. Two sample packer fluids were prepared comprising two different perfluorapalvether
fluorouns oils. The two fluorous oil samples were compared 1o fresh water, & brine, and an
aqueous-based inswlating packer fluid. The thermal conductivitizs of cach fluid are HHustrated
i Table 1 below,

Table §
Thermal Conductivities

Material Thermal Conductivity (BTUMRHY R
Brine 0.347
Fresh Water (:288
Agucous Packer Fluid $0.123-0.177
Perfluoropolyvether | {028
Perfluoropolyether 2 0.045
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F0034] As lustrated, the two horows o1t samples had markedly lower thermal
conductivity values than the other fluids, Low thermal conductivity values may be of benefit

1 operations in which 11 1s desirable to mitigate heat transfor between materials,

Example 2

3 {0033] Four packer fluid samples were prepared comprising an invest emulsion of a
fluorous oil and water. The fluorous ofl was FOMBLINT, available from Solv ay Plasties in

Alpbaretta, Georgia. The water was g calcium chionide brine (24 wi%). The samples finthe
contained  FLUOROLINKY F10  flooroswrfactant available from Solvay Plastics in
Alpharetta, Georgia and enough barite to provide o Huid density of 18 tb/gal, The external
10 phase to internal phase of each sample was varted according to the amouant shown in Table 2

below o differentiate cach sample.

J0036] The apparent viscosities of cach sample were meassured using a Model 35A
Fann Viscometer and a No. 2 spring, in aceordance with the procedure set forth in APERP
Practice 13B-2, Recommended Practice for Field Testing of Oil-Bared Drilling Fliidy, The

15 datais presented in Table 2 below.

Table 2
Packer Fluid Rheological Profile
Fann 33 Readings
ExtdInt, 3 & 100 200 300 H00 s/ 10m gel, Ib100 /7
60/40 44 38 OS8 08 QS OS 49/80
70/30 28 32 147 252 08 OS 441110
§0/20 20 23 00 164 231 1 OS 30465
DO/ 1D 4 3 33 63 93 180} 90

08 = Off Scale
{00371 As shown by these moeasarements, the viscosity of all the samples remained
20 bigh, The viscosity was the fowest with an extersal to internal ratio of 90/10 and overalt
viscosity inereased as the proportion of the internal phase increased.
FOO038] The preceding deseription provides various smbodiments of the systems and
methods of use disclosed herein which may contain different methed steps and alternative

combinations of components. It should be understood that, although individual embodiments

£.3
LA

may be discussed herein, the present disclosure covers all combinations of the disclosed
embodiments, including, withowt limitation, the different component contbinations, method
step combinations, and properties of the system. B shoeld be understood that the
compositions and methods are deseribed in tormas of “comprising,” “containing,” or
“mclading” varions components o steps, the compoesitions and methods can also “consist

3 essentially of” or “consist of” the various components and steps. Moreover, the indelinite



WO 2016/105394 PCT/US2014/072204

B

articles 2™ or *an.” as usad in the claims, are defined herein to mean one o more than one
of the element that 1 introduces.
{00391 For the sake of brevity, only certain ranges are explicttly disclosed hersin,

However, ranges from any lower Hmit may be combined with any upper hmit to recite a

LV 4

range not exphicitly recited, as well as, ranges from any lower limit may be combined with
any other lower Hnat {0 recite a range not explicitly rectted, in the same way, ranges from
any upper Himit may be combined with any other upper i to reciie 8 range not explicitly
recited.  Additionally, whenever ¢ numerical range with a lower limit and an upper limit is
disclosed, any number and any included range falling within the vange are specitically
10 disclosed. In particular, svery vange of values (of the form, “from abost a to about b7 or,

%

equivalently, “from approximately a to b or, equivalently, “from approximately a-b™)

disclosed herein s to be understood to set forth every number and range sncompassed within

the broader range of valuss cven if not explicitly recited. Thus, svery point or individuatl

value may serve as its own lower or upper Himit combined with any other point or individual

,.....,
L

value or any other lower or upper limi, 1o recite a range not explicitly recited.

{00401 Therefore, the present embodiments are well adapted to altain the ends and
advantages mentioned as well as those that ave inherent therein. The particular embodiments
disclosed above are iHlusirative only, and may be modified and practiced in different bt

equivalent manners apparent to those skilled m the art having the beneiit of the teachings
20 herein.  Although individual embodiments are discussed, the disclesure covers all
combinatioms of all of the embodiments.  FPurthermore, no Hmitations are intended (o the
details of construction or design herein shown, other than as described in the elaims below.

Also, the terms in the claims have thetr plain, ordinary meaning unless otherwise exphicitly

and clearly defined by the patentee. It is thorefore evident that the particular illustrative

23 ombodiments disclosed above may be altered or modified and all such variations are
considered within the scope and spirit of those embodiments, 1f there Is any conflict in the
usages of a word or term in this specification and one or more pateni(s} or other documents
that may be weorporated herein by reference, the definitions that are consistent with this

specification should he adopted.

14
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What 1s claimed 1
1. A methed of treating a well comprising:
providing a packer fluid comprising a fluorous oil; and
iroducing the packer fhud into a welthore.

2. A method according to claim 1, wherein the introducing the packer Hluid into
the welltbore comprises ntroducing the packer fluid into & volume above a packer and inside
4 casing.

3. A method according to claim | or 2, wherein the Heorous oif comprises a
perfluoropolvether.

4. A method according to any one of claims 1 to 3, wherein the packer thad
consists of the fluorous oil.

3. A method according to any of claims 1 0 3, wherein the packer fluid s in the
form of an wvert emulsion, and wheretn the Hoorous oif 18 the external phase of the nvert
entulsion,

6. A method according to claim &, wherein the internal phase comprises a salt-

free, non-chioride containing agueons fluid,

7. A method according to claim 5 or 6, wherein the internal phase comprises a
polvol.
& A method sccording to any of claims 5 to 7. wherein the internal phase

comprises a mixture comprising water and the podvol, wherein the polyel is present in an

amount of about 20% to ahoot 99% by weight of the nixture,

9. A method according to clam 3, wherein the tntornal phase comprizses a bring,
140, A methed according to any of claivos 1 to 3or 5 to 9, wherein the fluorous oil

further comprises a fluorous surfactant.

11. A methed according to any of elaims | 0 3 or 3 10 10, wherein the packer
fluid further comprises at least one additive selected from the group consisting of fluid loss
additive, corrosion inhibitor, viscosifier, weighting agent, lost circulation material, and
combinations thereof

12. A method according to any of claims 1 to H, wherein the packer fluid has a
density of about 14 pounds per gallon 1o about 22 pounds per galton.

13 A method sccording to any of claims | to 12, wherein the packer fuid has a
thermal conductivity less than 1.0 BTU/BY R

14. A system for treating a well comprising:

P
LA
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a [hwd handling sysiem containing a packer fluid, wherein the packer
flutd comprises a fluorous oily and

a fluid conduit coupled to the pumping system and in fluid
communication with g wellbore,

3 15 A systern according to clatm 14, further comprising a packer and a casing,
wherein the packer and the casing define a volume in the wellbore capable of containing the
packer fluid.

6. A system according to claim B4 or 15, wherein the fluid bandling system
comprises mixing equipment and a pung,

10 17. A gystem according to any of claims 14 10 16, wherein the fluovous ol

comyprises a perflucropolyether.
18, A system according to any of claims 14 to 17, wherem the packer {huid is in
the form of an wovert emulsion, and wheren the fluorous oif is the external phase of the

nvert emulsion,

A’
¥

14, A system according to claim 18, wherein the internal phase comprises a sal-
free, non-chioride containing agueons fluid,
20, A system aceording to claim 18 or 19, wherein the internal phase comprises a

polvol.

16
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AMENDED CLAIMS
received by the International Bureau on 14 March 2016 (14.03.2016)

1. {Currently Amended) A method of treating a well comprising:
providing a packer fluid, wherein (i) the packer fluid consists of a
fluorous oil or (i) wherein the packer fluid is in the form of an invert emulsion and wherein
the fluorous oil is the external phase of the invert emulsion; and
introducing the packer fluid into a wellbore.

2. (Original) A method according to claim 1. wherein the introducing the packer
fluid inte the wellbore comprises introducing the packer fluid into a volume above a packer
and inside a casing.

3. (Original)A method according to claim | or 2, wherein the fluorous oil
comprises a perfluoropolyether.

4. {Canceled)

5. (Canceled)

6. (Currently Amended)A method according to claim 1, wherein the internal
phase comprises a salt-free, non-chloride containing aqueous fluid.

7. (Currently Amended)A methed according to claim 1 or 6, wherein the internal
phase comprises a polyol.

8. (Currently Amended)A method according to any of claim 6 or 7, wherein the
internal phase comprises a mixture comprising water and the polyol, wherein the polyol is
present in an amount of about 20% to about 99% by weight of the mixture.

S. {Currently Amended)A method according to claim 1, wherein the internal
phase comprises a brine.

10. (Currently Amended)A method according to any of claims 1 to 3 or 6 to 9,
wherein the fluorous oil further comprises a fluorous surfactant.

11. (Currently Amended)A method according to any of claims | to 3 or 6 1o 10.
wherein the packer {luid further comprises at l=ast one additive selected from the group
consisting of fluid loss additive, corrosion inhibitor, viscosifier, weighting agent, lost
circulation material. and combinations thereof.

12. (Currently Amended)A method according to any of claims 1 to 3 or 6to 1.
wherein the packer fluid has a density of about 14 pounds per gatlon to about 22 pounds per
gallon.

13. {Currently Amended)A method according to any of claims 1to 3 or6to 12,

wherein the packer fluid has a thermal conductivity less than 1.0 BTU/h*fi*°F,

14. (Originah)A system for treating a well comprising:

17
AMENDED SHEET (ARTICLE 19)
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10

a fluid handling system containing a packer fluid, wherein the packer
fluid comprises a fluorous oil; and

a fluid conduit coupled to the pumping system and in fluid
communication with a wellbore.

15.  (Original)A system according to claim 14, further comprising a packer and a
casing, wherein the packer and the casing define a volume in the wellbore capable of
containing the packer fluid.

16. (Original)A system according to claim 14 or 15, wherein the fluid handling
system comprises mixing equipment and a pump.

17. (Original) A system according to any of claims 14 to 16, wherein the fluorous
oil comprises a perfluoropolyether.

18. (Original)A system according to any of claims 14 to 17, wherein the packer
fluid is in the form of an invert emulsion, and wherein the fluorous oil is the external phase of
the invert emulsion.

19. ('OriginaI)A system according to claim 18, wherein the internal phase
comprises a salt-free, non-chloride containing aqueous fluid.

20. (Original)A system according to claim 18 or 19, wherein the internal phase

comprises a polyol

18
AMENDED SHEET (ARTICLE 19)
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