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wherein the base di

illing fluid with the particulates 1s characterized by Nia); and adjusting a concentration ot the particulates n the

dr 1111ng fluid by compar lllg the value of ANl(F) 18 ANl(P) sO that ANl(F)Z ANl(P), wherein ANl(F) — ‘NI(A)‘ - ‘N1(B)|.
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METHODS TO CHARACTERIZE FRACTURE PLUGGING EFFICIENCY FOR
DRILLING FLUIDS

BACKGROUND

{0001] The preseni invention relates to methods {or characterizing the plugging
officiency of drifling {luids and related compositions and methods of making and using such
drilbing fuids.

00027 A drilling fuid or mud is a specially designed {haud that is circulated through a
wellbore as the wellbore is being drilled io facilitate the drilling operation. The various
functions of a drilling fluid include removing drill cuitings from the wellbore, cooling and
hibricating the drill bit, aiding in support of the drill pipe and dnll bit and providing a
hydrostatic head to maintain the integrity of the wellbore walls, and prevent well blowouts.
Specific drilling fluid systems, which can be oil-based or aqueous-based, are selected to
optimize a drilling operation in accordance with the characteristics of a particular geological
formation.

8

0003] Treatment fluids ofien contain additives to adjust the characteristics of the

fluid, i, wettability, viscosity; to provide for a specific treatment, ie., lost circulation
control or fracturing; in an effort io efficiently and effectively treat a subterranean formation.
As used herein, the term “treatment.” or “treating,” refers to any subterranean operation that
uses a fluid in conjunction with a desired function and/or for a desired purpose. The term
“treatment,” or “treating,” does not iroply any particular action by the fhud.

00041 One of the issues facing drillers today is lost circulation. Lost circulation 1s
loss of a drilling fluid into a subterrancan formation through natural or induced voids. Lost
circulation leads to significant foss in time and increase in costs due to the Joss of whoic
drilling fluid, wasted rig time, and in the worst cases may Jead to lost wellbores, side tracked
or bypassed wells, abandoned wells. relief wells, and lost petroleum reserves. This 18
cspeciatly a problem in formations that bave zones that have large voids.

'0005] Particulates, a conmon additive in drilling fluids, can help modulate the tlow
of fluids within, into, and out of the subterranean formation and/or the wellbore. More
specifically. particulates may be vsed in drilling fluids to bridge fractures, provide fhud loss
control, provide lost circulation control, seal surfaces for fluid diversion, plug votds, prop
open fractures, and any combination thereof. The types and concentration of particulates
added 1o a drilling fluid greatly impact the efficacy and efficiency of a given ti:eatmerit. For

example, the size and shape of the particulates can help determine whether the particulates
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allow or retard fhud flow. For example, proppants are designed to be substantially spherical
so as to allow [luid {low arcund the particle as it holds open a void. Fibers have been of
mterest as particulate addiives, but fibers may lead (o problems bke bigh viscosity and
pluggmg downhole {ools belore reaching the formation.

{3(06] Particulate concentration in a drnithing fluid 15 estimated based on expenences
with 1mpicmeniation i similar subterrancan f{ormations. As new parliculates, e.g., lost
circulation matenals, and dnithing fhuids become avatiable, a need exasts to quickly determine
an appropriate concentration of particulate to include in a {reatment fluid to provide the
appropriate level of fhud flow within, mto, and out of a subterrancan {ormation and/or
wcllbore.

SUMMARY OF THE INVENTION

{0{107] The present mveniton relates to methods for characlenzing the plugging
efficiency of drilling fhnds and related compositions and methods of making and using such
drilling {luads.

[0008] One embodiment of the present invention 1s a method comprising: providing a
drithing fluid comprising a basc fhud and a plurality of particulaies, wherein the base drilimng
fluid without the particulates is characterized by Ny and wherein the base drilling fluid with
the particulaies 1s characterized by Njay; and adjusting a concentration of the particulates in
the drilling fhad by comparing the value of ANyp, 10 ANypy so that ANy > ANy, wherein
ANyr = iNjay - (Nya)-

s

0009] One embodiment of the present invention 1s a method comprising: providing a

I-“.

drithng fhud comprising a base drilling fluid and a plurabty of particulates, wherein the base
drithing fluid without the particulates s characterized by Nyg;, wheremn the base drilhng thad

1 -

with the particulates is characterized by Nyay, and wherein a concentration of the particulates

m the dnthing flud 1s adjusted to provide for ANy > ANypy, wherein ANy = [Nl - INumy,
and mtroducing the drilling floid inio a wellbore penetrating a subterranean formation.

{0101 One embodiment of the present myvention 18 a method ftor determining a Plag
Normal Stress Difference (ANypy), the method comprising: providing a test base driiling
fluid that 15 charactenized by Nys); adding a first concentravion of a test particulate o the test
base drithng fluid; adjusting the concentration of the lest particulate i the test base drilhing
fhuid to achicve a minimuom conceniraiion of the test particulate m the test base drilling fhad
that will substantially plug a tapered slot, wherem the test base dnlimg fluid with the

o

mirmmum concentration of the iest particulate 1s Characterized by Nyray and calculating
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ANgr, = Nyray - Nyrsy wherein each Fiarst Normal Stress Dilference 18 measured by the
sanic procedure,

(3011} One embodument of the present mvention is a driliing {luid comprising: a base
drilling Juid and a phlurality of particulates, wheremn a concentration of the particulates mn the
hase dlﬂ}iﬂg ﬁllid pmvides fﬁr ANl(p} > &N;{p), wherein ANl(}r} = N 1(,4)] - \J;(B,

{001 2] The features and advaniages of the preseni mventton will be readily apparent
to those skilled i the art upon a reading of the description of the preferred embodiments that
follows.

BRIEF DESCRIPTION OF THE DRAWINGS

{0013} The foHowing figures are included to silustrate certamn aspects of the present
invention, and should not be viewed as exclusive embodimenis. The subject matier disclosed
is capable of considerable modification, alteration, and cquivalents in form and function, as
will occur to those skilled in the art and having the benefit of this disclosure.

3141 Figuwre | 15 a comparison of First Normal Stress Difference for two dnlling

flutds with and without a fiber particulaie of length 3000 microns.

{0015} Figure 2 1s a comparison of First Normal Stress Difference for two dnlling
thuds with and without a fiber paruculate of tength 150 nucrons.

{0016} Figure 3 15 a companson of First Normal Stress Difference for two drilling
fhuds with and without a tiber particulate of length 2000 microns.

{0017] Figure 4 15 a schematic of the Tapered Niot apparatus used o the tests
described herein.

08T Figure 5 1s optical micrographs of four fibers used as lost circulation materials.

{60191 Figure 6 15 photographs of aqueous-based dnithing fhumids with varied tiber
concentrations.

DETAILED DESCRIPTION

[0020] The present invention relates to methods for characterizing the plugging
efficiency of drlling fhuds and related compositions and methods of making and using such
drilting {luids.

{00211 Of the many advaniages of the present inveniton, the present mmvention
provides compositions of, methods of making, and methods of usmg drilling fluids with
optimal concentrations of particulates determined through the rheological methods disclosed
herein. The fhuds provide a desired level of fhad flow into or oul of a subterrancan

formation and/or wellbore. Fluid flow within, into, and out of a subterranean formation may
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be transmitted through voids in the subterranean formation and/or a wellbore. By way of
nonlimiting example, voids may include pores, vugs, fissures, cracks, and fractures that may
be natural or man-made. In some cmbodiments, conirolling fluid flow may be achieved by
methods includimg, but not himited to, brdging fractures, providing fluid loss conurol,
aeing vords.

i

providing lost circalation control, sealing surfaces for fluid diversion, and/or plu
In preferred embodimenis, the rheological methods of the present invention allow one (o
design Muids to bave an optimal degree of fluid Joss control and/or fost circulation control (o
prevent leak off of a treatment fhid nto a portion of a subterranean formation neighbonng a
void. The rheclogical methods of the present invention provide a unique aveaue to build a
drifling fluid that will plug voids within a subterranean formation without directly festing the
plugging of a matnx with a particular drilling fhud having a paruculate conceniration.
Moreover, the methods provided berem allow for controlling the amount of particulates
added io a drilling fluid to achieve a desired Runction, yet ensure particulate concentrations
are not used is great excess, which for some particulates could mean significant cost savings.
Additionally, with the ever growing library of particulates and drilhing fhads, the present
invention provides an avenue for easy implementation of an optimal drilling {luid needed for
a given function that allows for optimal use of the flutds and particulates within the library.

0022] In one embodiment of the present 1nvention 8 a method comprising:
providing a drilling fluid comprising a base fhud and a plurality of particulates, wheremn the
base drilling fluid without the particulates is characterized by Nyg, and wherein the base
dritling fluid with the particulates is characterized by Ny, and adjusting a concentration of
the particulates in the drilling fluid by comparmg the value of ANyg, to ANyp) so that ANyg) 2
ﬁN[{p}, wherein AN;(F; - |N1(\‘.x); - \71\3)

{00231 In one embodimeni of the present invention is a method comprising: providing
a drilling fhud comprising a base drilling thad and a plurabity of particulates, wherein the
base drilling (Tuid without the particulates is characilerized by Ny(s), wherein the base dniling
floid with the particulates is characterized by Ny and whercin a concentration of the
particulates in the drilling fimid is adjusted to provide for ANy, = ANy, wherem ANy =
Nia) - [Ny, and invoducing the drilling fhud into a wellbore penetrating a subterranean
formation.

(00241 In one embodiment of the present invention is a method for determining a
Plug Normal Stress Difference (ANigp). the method comprising:  providing a test base
drilling fluid that is characierized by Niersy; adding a first concentration of a test particulate 1o

the test base drilling fluid; adjusting the concentraiion of the test particulate n the test base
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drilling {luid to achieve a minimum concentration of the test parliculate in the test base
drilling fhuid that will substantially plug a tapered slot, wherein the test base driiling fhud
with the minimum concentration of the test particulate is characterized by Niga); and
calculating ANy, = Nyray - [Ny wheremm each Fust Nomnal Stress Difference s
measured by the same procedure.

'0025] In one embodiment of the present invention is a drilling fluid comprising: a

basc drilling fluid and a plurality of particulates, wherein a concentration of the particulaies

F

int the base drilling {luid provides for ANyr, > ANy, wherein ANyx) = [Nyayi - Nys)l-

'0026] The concentration of particulates in a drilling fluid may be important to the
efficacy and efficiency of fluid flow control, fluid toss control, and lost circulation control.
Some embodiments of the present invention provide for methods of determining an optimal
concentration or a concentration threshold of particulates in a drithng {luid to provide a
desired level of fluid flow contrel, {luid loss conirol, and lost circulation confrol. In some
embodiments, the rheological properties of a drilling fluid with and without particulates may
be used o determine the level of Juid Jow control, (had loss countrol, and lost ciculation
conirol.

'0027] It should be undersiood that the term “particulate”™ or “particle,” as used n this
disclosure, inchiudes all known shapes of materials, including substantially spherical
materials, low to high aspect ratio materials, fibrous matenials, polygonal matenals (such as
cubic maierials), and mixtures thercof.

A

0028} According to the methods of the present invention, the flow of a fluid in a void

may be classified as a complex extensional flow where the extensional How viscosity
depends on the First Normal Stress Difterence (Ny). Adding particulates to a drilling thua
may change the magnitude of Ny as a function of concentration of the particulates. As used
herein, the magnitude of Nj is the absolute value of Ny and may be expressed as Ny
Comparing {Nji of the drilling fluid with and without particulates may provide a measure of
the ability of a drilling fluid to control fluid flow within a subterrancan formaiion.
Embodiments of the present invention provide for such a measurement and subsequent
analysis.

'0029] Provided are the definitions and formulas of values measured and calculated
herein. 1t should be understood that unless otherwise specified, calculations and/or

comparisons are of Ny vatues measured by the same rheological method.

Normal Stress Values based on the Fhuid and Additive(s) used in the TS Plug Test

ANy, ~ Plug Normal Siress Difference caleulated by Nyl - Nyeml, wherein each
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First Normal Stress Difference value 1s measured by the same method

Njra) — First Normal Stress Difference of a fest base dritling {luid

Niray — First Normal Stress Difference of a test base dnibing finid with a test
pariiculate concentration, wherein the concentration of the particulate 1s the
minimum concentration needed to plug a tapered slot as determined by the TS

Pl

4

g Method

P~

Norimal Stress Values for the Fluid and Additive(s) {or Potential Implementation in a
Wellbore

ANMyp = Ny - INysy, wherein each Fist Normal Stress Difference value 1s

measured by the same method
Nim: ~ First Normal Stress Difference of the base drilling fluid
Ny, — First Normal Stress Difference ol ihe base ihuid with a concentrafion of

particulates

Comparison of Normal Stress Valaes

ANy = ANy may provide for lost circulation control

ANyr) < ANy, may provide for fiuid flow

00307 The following testing procedures, equations, and comparison may be used to
determine the optimal concentration of particulates in a drilling {luid for use in a subierrancan
formation to provide for adequate lost circulation control ot other tlow characteristics.

00317 1t should be noted that when “about” is provided at the beginning of a
numerical list, “about” modifies each number of the numerical list,

{0032] The TS Plug Method, using a Particle Plugging Apparatus (Figure 48}, may
be used to test the performance of particulates in forming an impermeable plug or bridge n
the filtering media and to arrest the fluid loss. A Particle Plugging Apparatus comprises ¢
500-mL voluome cell that has a movable piston at the boitom and an assembly for sealing the
filter media in while testing at the top. The thud with particulates to be tested 1s loaded wito
the cell. The cell is positioned with pressure applied from the bottom of the cell and the
fltrate collected from the top. This may help prevent other components of the driliing thad
that settle during the static test from coniributing to the performance of the particulate.
Pressure, applied by a two-stage hydranlic pump or using a pifrogen pressure ime, 18
transferred to the drilling {luid through the floating piston 1 the cell. The hlter media

employed in the TS Plug Method is a tapered slot (Figure 4A).
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00331 A variety of tapered slots may be osed in the rheological methods of the

present inveniion. A tapered sloi consists of a machined meial with a slot that tapers {rom
one end to another; it physically resembles a fracture. Figure 4B provides a schematic and
conceptual view of an example tapered slot where the slot tapers {rom 2.5 nun wide at the
opening end (o | mm wide at the closing end. In some embodiments, a tapered slot may taper
from any opening width io any closing widith over a certain length. As used herein, “slot”
could be of any opening and/or closing shape including, but not bouted to, circular, ovular,

rectangular or square, slit with rounded ends, and irregular. One skilled in the art would

subterrancan formation for which fluid flow control, fluid loss control, and lost circulation
control is desired. Suitable widths, {or either the opening or closing end, may range {rom a
lower limit of greaier than about 0.1 mm, 0.5 mm, ! mm, or 2 mm, to an upper it of less
than about 6 mm, 5 mm, 3 mm, 2 mm, or ! mm, where the thickness may range {rom any
lower limit to any upper limit and encompass any subset between the upper and lower lunits.
Some of the lower limits listed above are greater than some of the listed upper limits, one
skilled in the art will recognize that the selected subset will require the selection of an upper
Hmit in excess of the selected tower fimit.

10341 The Normal Stress Difference (N;) may be measured by metbods known 1o
one skilled in the art. By way of nonlimiting example, the Ny may be measured via rotational
rheometry test using a MCR-301 Model Anton Paar Rheometer using PP-50 parallel plate
ceometry. The measurcments may be conducted at 25 °C and atmospheric pressure with the
gap between the plates set at | nun. About 2-3 mL of base dnilling fhud may be placed in the
cap which was then subjected to shear raie ramp from 0.1 s' to S0 s, Fifty data poinis
(shear stress and Ny values) may be collected at cach selected shear rate. The test duration
may take about one to three hours.

00357 In some embodiments, Njay may be determined by measuring the Ny value of
3 composition comprising a minimum concentration of 3 test particulate in a test base driliing
fluid necded to plug a tapered slot as determined by the TS Plug Method. The TS Plug
Method, using a Particle Pluggmg Apparatus (Figure 4B), may be used to test the
performance of particulates in forming an impermeable plug or bridge in the filtering media
and to arrest the floid loss. A Particle Plugging Apparaius comprises a 500 mL volume cell
that has a movable piston at the bottom and an assembly for scaling the filter media in while
testing at the top. The {luid with particulates to be tested is loaded into the cell. The cell s

nositioned with pressure applied from the bottomn of the cell and the filtrate collected from the
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top. This may help prevent other components of the drilling fluid that settle duning the static

test from contribuiing to the performance of the particolate. Pressure, applied by a two-stage
bydraulic pump or using a nitrogen pressure ling, is transferred to the dnlling fluwd through
the {loating pision in the cell. The filier media employed in the TS Plag Method is a tapered
slot {Figure 4A).

[0036] A tapered slot consists of a machined metal with a slot that tapers from onc
end 1o another which physically resembles a fracture. Figure 4A provides a schematic ang
concepiual view where the slot tapers from | mum at the top to 2.5 mm at the bottem which 18
the tapered slot used in the examples provided.

===

(0037] The performance of the particulate is determined by the ability of the
particulate to {orm an impermeable plug or bridge in the filiering media and o arrest the fluid
loss.

(0387 In some embodiments, a minimum concentration of a test particulate in a test

:'"-

base drilling fluid may be determined by varying the concentration of the fest particulate m
the test base (Tluid to achieve the minimum concentration by which a tapered slot 1s plugged.
It should be undersiood that “minimum concentration” and “threshold concentration”™ may be
used interchangeably which as used berein, does not necessartly mean an absolute ounimum
to several significant digits, rather minimum concentration may be (o a desired significant
digit of one skilled in the art. One skilled in the art would understand the nmumber of
significant digits needed in determining a minimum concentration given the level of accuracy
desired.

10039] In some embodiments, a Plug Normal Stress Difference (ANyp)) may be
determined by measuring Nyrsy and Nypay for a test base fhud and a test particulate and

calculatine ANypy = Nycra) - [Ny, In some cmbodiments, Nyay and Ny, may be

measured for a test fluid and particulates and ANy = [Nyl - Nyl calculated.

00401 In some embodiments, ANyg may be compared to ANyp,. In some
embodiments, ANy > ANy may provide lost circulation control by reducing fhud fHow
through voids.

(00417 In some embodiments when comparing ANig) 10 ANy, the base dnlhng thad
and the test base drilling fluid may be the same or different, including compansons between
an aqueous-based drilling fluid and an oil-based drilling fluid. In some embodiments when
comparing ANy to ANy, the particulate and the test particulate may be the same or

diiferent.
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0042} In some embodiments, ANy, compared to ANjp) may be used {o determine an
optimal concentration of particulates in a base drilling fluid. In some embodiments, ANy,
compared to ANy, may be used to determine a concentration of particulates i a base tluid o
achieve a desired level of lost circulation control. In some embodiments, the concentration of
particulales in a base drilling {huad may be adjusied to provide ANyw > ANyp), thereby
providing for lost circulation control.

‘00437 Suitable locations for measuring an N value may be anywhere the appropriate
equipment is available including, but not limited to, in a lab, at a production facihity, at a
wellbore siie, and any combination thereof

00441 As ANyr > ANy, may provide fost circulation control by reducing fluid thow
through voids, ANyg < ANye, may provide for at Jeast some fhud flow through vouds. In
some embodimenis, the concentration of particulates in a base fhad may be adjusted to
provide ANy < ANjp), thereby providing for fluid flow. Suitable methods where ensuring
fluid flow may be desired includes, but is not limited to, fracturing and mstalling proppant
packs.

00457 A suitable base drilling fluid and/or a suitable test base drilling flnid may
inchude an oil-based fluid, an aqueous-based fluid, a water-in-oitf emulsion, or an ot-in-water
emulsion. Suitable oil-based fluids may include an alkane, an olefin, an aromatic orgamic
compound, a cychc alkane, a paraffin, a diesel fluid, a mineral oil, a desulfurized
hvdrogenated kerosene, and any combination thereof. Suitable aqueous-based fluids may
inchude fresh water, saltwater (e.g.. water containing onc or more salis dissolved theren),
brine {e.g., saturated salt water), seawater, and any combination thereof. Examples of
suitable invert emulsions include those disclosed in U.S. Patent Number 5,905,061, U.S.
Patent Number 5,977,031, and U.S. Patent Number 6,828,279, cach of which are
mcorporated herem by reference.

[0046] Examples of lost circulation materials suitable for use in the present invention
may be any known lost circulation material, bridging agent, fluid loss control agent, diverting
agent, plugging agent, or the like suitable for use in a subterrancan formation. A suitabie lost
circulation material may be natural or synthetic, degradable or nondegradable, particles or
fibers, and mixtores thereot.

{0047] Suitable examples of materials for a lost circulation material include, but are
pot Himited to, sand, shale, ground marble, bauxite, cerammc materials, glass matenals, metal
pelfets, high strength synthetic fibers, celivlose flakes, wood, resins, polymer matenals

(crosslinked or otherwise), polyteirafluorocthylene materials, nut shell pieces, cured resinous
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particalates comprising nut shell pieces, seed shell pieces, cured resinous particulates
comprising seed shell pieces, fruit pit picces, cured resinous particulates comprising fruit pit
pieces, composite particulates, and any combination thercof. Suitable composite particulates
may comprise a binder and a {iller material wherein suitable filler materials include sthica,
alumina, fumed carbon, carbon black, graphite, mica, titanium dioxide, meta-silicate, calcium
silicate, kaolin, ialc, zirconia, boron. {ly ash, hollow glass microspheres, sohid glass, and any
combination thereof.

(00481 In some embodiments, a lost circulation material may be degradable.
Nonlimiting examples of suitable degradable materials that may be used in the present
invention include, but are not limited to, degradable polymers (crosslinked or otherwise},
dehydrated compounds, and/or mixtures of the two. In choosing the appropriate degradabie
malerial, one should consider the degradation products that will result.  As for degradabie
polymers, a polymer is considered to be “degradable™ herein if the degradation 1s due to, infer
alia, chemical and/or radical process such as hydrolysis, oxidation, enzymatic degradation, or
UV radiation. Suitable examples of degradable polymers for a lost circulation material tor
use in the present invention that may be used include, but are not limited to, those described
in the publication of Advances in Polymer Science, Vol. 157 entitled “Degradable Alipbatic
Polyesters® edited by A. C. Albertsson. Polymers may be homopolymers, random, bnear,
crosslinked, block, graft, and star- and hyper-branched. Such switable polymers may be
prepared by polycondensation reactions, ring-opening polymerizations, free radical
polymerizations, anionic polymerizations, carbocationic polymerizations, and coordinative
ring-opening polymerization, and any other suitable process. Specific examples of suitable
polymers include polysaccharides such as dexiran or cellulose; chitin; chitosan; proteins;
orthocsters; aliphatic  polvesters;, poly(laciide); poly(glycolide); poly{e-caprolactone);
poly(hydroxybutyrate); poly{anhydrides); alipbatic polycarbonates; poly(orthoesters);
poly(amino acids); poly(ethylene oxide); and polyphosphazenes. Of these suitable polymers,
aliphatic polyesters and polyanhydrides are preferred. Dehydrated compounds may be used
in accordance with the present invention as a degradable solid particulate. A dehydrated
compound is suitable for use n the present mvention 1 # will degrade over time as 1t 18
rehydrated. For example, particalate solid anhydrous borate material that degrades over time
may he suitable. Specific examples of particulate solid anhydrous borate maierials that may
be used include, but are not linuted to, anhydrous sodium ietraborate (also known as
anhydrous borax) and anhydrous boric acid. Ceriain degradable materials may also be

suitable as compositions of a solid degradable particulate for use in the present nvention.
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One example of a suitable blend of materials is a mixture of poly(lactic acid) and sodnum
borate where the mixing of an acid and base could result in a neuiral solution where this 1s
desirable. Another example would include a blend of poly(jactic acid) and boric oxide, a

blend of calcium carbonaie and poly(lactic) acid, a blend of magnestun oxide and

L

poly(lactic) acid, and the like. In certain preferred embodiments, the degradable material 1s
calcium carbonate plus poly{lactic) acid. Where a mixture including poly(laciic) acid is used,
in certain preferred embodiments the poly(lactic) acid s present in the mixture m a
stoichiometric amount, e.g., where a mixtore of caleium carbonate and poly{lactic) acid is
used, the mixture comprises two poly(lactic) acid uniis for each calcium carbonate unit.
10 Other blends that undergo an irreversible degradation may also be suitable, if the products of
the degradation do not undesirably interfere with either the conductivity of the fiter cake or
with the production of any of the fhads from the subterranean formation.

(3149} In some embodiments, a combination of lost circulation materials may be

t.".

used. In some cmbodiments, a combination of lost circulation materials with a high aspect
1S ratio and a low aspect ratio may be used. One skailled in the art can determine which of the
lost circulation materials included herein qualify as high aspect ratio and/or low aspect ratio.
As used herein, high aspect ratio are aspect ratios greater than about 2, and low aspect ratios

are aspect ratios less than about 2. One skilled in the art will understand that some lost

circulation materials provided herein may be available in different shapes and/or sizes which
20  would deiermine the aspect ratio.  Suiiable high aspect ratio lost circulation materials may
inchude, but not be limited to, fibers of cellulose including viscose cellulasic fibers, oil coated
cellulosic fibers, and fibers derived from a plant product like paper fibers; carbon including
catbon fihers; melt-processed inorganic fibers inchuding basalt fibers, woolastonite hibers,
non-amorphous metallic fibers, ceramic fibers, and glass fibers; polymeric fibers including

25  polypropylene fibers and poly(acryhc nitrile) fibers; and any combination thereol.
(30501 In certain embodiments, the present invention s directed io the optimal
adjustment of a concentration of particulates based on N; measuremenis and comparnisons. In
some cmbodiments, a preferred concentration of patticulates in a base drilhing fluid may

range {rom a lower Hmit of greater than about 0.01 pounds per barrel ("PPB”}, 0.05 PPS, 0.1

30 PPB, (1.5 PPR. | PPB, 3 PPB, 5 PPB, i(} PPB, 25 PPB, or 50 PPB to an upper himit of less
than about 150 PPB, 100 PPRB, 75 PPR, 50 PPRB, 25 PPRB, 10 PPB, 5 PPB, 4 PPB, 3 PPB. 2
PPR, 1 PPRB, or 0.5 PPB in the base fluid, where the amount may range from any lower lumt
to any upper limit and encompass any subset between the upper and lower hmits. Some of

the lower limits lisied above are greater than some of the listed upper limits, one skilled 1n the
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art will recognize that the selected subset will require the selection of an upper hnmt m excess
of the selocted lower limil.

{00511 The methods and compositions of the present invention pnay be suitable for
use n sublerranean {ormations.

(00527 The methods and compositions of the present invention may be used 1 many
different types of subterrancan treatment operations. Such operations include, but are not
linmited to, dritling operations, lost circulation operations, {ilter cake operations, shimulation
operations, sand conirol operations, completion operations, acidizing operations, scale
inhibiting operations, waier-blocking operations, clay stabilizer operations, biocide
operations, iracturing operations, frac-packing operations, gravel packing operations,
wellbore strengthening, and sag control. The methods and compositions of ithe present
inveniion may be used in full-scale operations or pifls. As used herein, a “pill” s a type of
relatively small volume of specially prepared ircatment {luid placed or circulated n the
welthore.

[0053] Depending on the use of the treatment fluid, n some embodiments, other
additives may optionally be incloded in a base fluid for use in the present nvention.
Examples of such additives may include, but are not limited to, salts; weighting agents; nert
solids; fluid loss control agents: emulsifiers; dispersion aids; corrosion inbibitors; emulsion
thinners; emulsion thickeners; viscosifying agenis; high-pressure, high-temperature
emulsifier-filtration control agents; surfactanis; particulates: proppants; lost circulation
materials; pH control additives; foaming agents; breakers; biocides; crosshinkers; stabilizers;

oas: mutual solvents: oxadizers; reducers; and any

s :

chelating agents; scale inhibitors:
combination thercof. A person of ordinary skill in the art, with the benefit of this disclosure,
will recognize when an additive should be included 1 a base treatment fluid, as well as an
appropriate amount of said additve to include.

iN0547 In some embodiments the base fluid may include a polar organic maolecule.
Polar organic molecules suitable for use in the present invention may include any polar
organic molecule including protic and aprotic organic mofecules. Suitabie protic compounds
may include organic melecules with at least one functional group to include an alcohol, an
acid, an amine, an amide, and any combination thereof. Suitable aprotic compounds may
include organic molecules with at least onc functional group to include an ester, an cther, a
nitrile, a ketone, a sulfoxide, and any combination thereof. Suitable polar organic molecules
may include an organic molecule with multiple functional groups including mixtures of protic

and aprotic groups. In some embodimenis, a base {tuid may comprise multiple polar orgamc
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molecules. In some embodiments, a polar organic molecule may be present 1n a base thud in
an amount from a lower limit of greater than aboui 0.01%, .1%, 0.5%, %, 5%, or iU% 1
an upper limit of less than about 100%, 90%, 75%, 50%, 25%, 20%, 13%, j0%, 3%, 1%,
0.5%, or 0.1% by volume of the base fluid, where the amount may range from any lower
limit to any upper Bmit and encompass any subset between the upper and lower himis. dome
of the fower Himits listed above are greaier than some of the lisied upper limits, one skilled in
the art will recognize that the selected subset will require the selection of an upper limit i
excess of the selected lower limit.

70055} In some embodiments the concentration of particulates may be adjusted to
provide for fluid flow control, fluid loss control, and lost circulation conirol. Where tost
circulation control may be provided or destred, suiable particulates may mclude a lost
circulation maierial or the like. Where {huid flow may be provided or desired, a suilable
particulate may be a proppant. In some embodiments, the particulate may include a iost
circulation material, a proppant, or a combmation thereol.

'0056] Proppants suitable for use in the present invention may comprise any material
suitable for use in subterrancan operaiions. Suitable materials for these particulates include,
but are not limited 1o, sand, bauxite, ceramic materials, glass materials, polymer materals,
polytetrafluoroethylene materials, nut shell pieces, cured resinous particulates comprising out
shell pieces, seed shell pieces, cured resinous particulates comprising seed shell pieces,
pit picces, cured resinous particulates comprising fruit pit pieces, wood, composie
particulates, and any combination thereof. Suitable composite particulates may corprise a
binder and a filler material wherein suitable filler materials include silica, alumina, fumed
carbon, carbon black, eraphite, mica, titanium dioxide, meta-silicate, calciam silicate, kaolin,
alc, zitconia, boron, fly ash, bollow glass microsphberes, sohd glass, and any combimation
thereof, The mean particulate size generally may range {rom about 2 mesh to about 400
mesh on the U.S. Sieve Series; however, in certain circumstances, other mean particulate
sizes may be desired and will be entirely suitable for practice of the present inveniton. In
particular embodiments, preferred mean particulates size distribution ranges are one or more
of 6/12, 8/16, 12/20, 16/30, 20/40, 30/50, 40/60, 40/70, or 50/70 mesh. Moreover, librous
materials, that may or may not be used 1o bear the pressure of a closed fracture, may be
inchuded in certain embodiments of the present invention.

00571 To facilitate a better understanding of the present nvention, the following
examples of preferred embodiments are given. In no way should the following examples be

read to limit, or to define, the scope of the mvention.
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EXAMPLES
[00S8] Measuring First Normal Stress Difference. The first normal siress diflerence
(N} was measured via rotational rheometry test using a MCR-301 Model Anton Paar
Rheometer using PP-50 parallel plate geometry. The measurements were conducted at 25 °C
and atmospheric pressure with the gap beiween the plates set at | mm. About 2-3 mL of base
dritling {luid was placed in the gap which was then subjecied to shear rale ramp from .1 g~

o 50 57

Fifty data points {shear stress and Ny valoes) were collected at each selected shear
rate. The test duration was about one to three hours. Figures [-3 shows the normal stress
difference {N;) vs. shear rate for different base drilling fluids with varied concentrations of
tost circulation fibers.

(0059 7S Plug Method, The TS Plug Method, using a Particle Plugging Apparatus
(Figure 4B), may be used 1o lest the performance of particulates in forming an impermeable
plug or bridge in the filtering media and to arrest the fluid loss. A Particle Plugging
Apparatus comprises a 500 mbL volume cell that has a movable piston at the bottom and an
assembly [or sealing the filier media in while testing at the top. The fluid with particuiates to
be tested is Ioaded into the cell. The cell is positioned with pressure applied from the bottom
of the cell and the filtrate coliccted from the top. This may help prevent other components of
the drilling fluid that setile during the static test from contributing to the performance of the
particulate. Pressure, applied by a two-stage hydraulic pump or using a nitrogen pressure
line, is transferred to the drilling fluid through the floating piston in the cell. The filter media
employed in the TS Plug Method is a tapered siot (Figure 4A).

00607 A tapered slot consists of a machined metal with a slot that tapers from one
end o another which physically resembles a fracture. Figure 4A provides a schematic and
concepiual view where the slot tapers from | i at the top to 2.5 yom at the botiom which 18
the tapered slot used 10 the examples provided.

00617 The performance of the particulate is determined by the ability of the
particulate to form an impermeable plug or bridge in the filiering media and to arrest the fluid
joss.

[0062] Example 1. The TS Plug Method was performed with the test base fluid of

HYDROGAURDY {an agucous-based drilling fluid, avatlable from Halliburton Energy
{ g g

T

F.
Y

Services, Ine. in Houston, TX) and lost circulation materials (test particulates) of PANEX
35 (a tow weave carbon fiber, available from Zoltek Corporation in St. Louis, MO}, ground
marble with d(30) = 1200 wm, and resihient graphite carbon with d(50) = 1000 pum were

added to a drilling fluid sample at a concentration of .49 PPB, 50 PPB, and & PPB,
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respectively. A concentration of 0.49 pounds per barmel (PPB) provided a IOINIMUMm
conceniration to plug the tapered slot with dimensions as shown in Figure 4A. Addiiionally,
HYDROGAURD"Y was tested with particulates of PAN EX-32Y (a tow weave carbon fiber,
available from Zoltek Corporation m St. Lows, MO) and BDFY-456 (fiber, available from
[Halliburton Energy Services, Inc. in Duncan, OK) with ground marble and resilient graphate.
A concentration of 7.5 PPB of PANEX-32% and 3.5 PPB of BDF"-456 provided a mininum
conceniration io plug the tapered slot with corresponding rheological data shown m Figures 2
and 3, respectively.

{0063] Example 2. Using HYDROGAURDY and PANEX-3S, Ny, and Nyera; were
measured with the specs provided above and ANy = Nyeray - Nyesy calculated to be 20 Pa
al a shear rate of greater than 5 s A second base fuid of INNOVERT" {an oil-based
drilling {luid with an cil-base of mineral oil and alkanes, available from Halliburton Energy
Services, Inc. in Houston, TX) with the same PANEX-35 particulate was tesied. The
conceniration of PAN EX¥-35 17 INNOVERTY was adjusted so that ANy = Ny - N 1By =
20 Pa. wherein each First Normal Stress Ihfference values were also measu 2d by the same
method provided above. The concentration of PANEX-35 m INNOVERT” required to
achieve ANy, = 20 Pa was 0.98 PPB. Figure | shows the First Normal Stress Difference
plots for HYDROGAURD®, HYDROGAURD® with 0.49 PPB PANEX®-35, INNOVERT®,
and INNOVERT® with 0.98 PPB PANEX"-35. When this formulation was run through the
tapered slot, plugging was observed within 20 mbi of fluid passage. By comparison,
INNOVERT® with 0.49 PPB of PANEX"-35 provided no plugging, which when measured
for this formulation, ANyF = 5 Pa.

100641 Example 3. A variety of mixed lost circulation maierial compositions were
tested with the TS Plug Method to examine the particulate effects of high aspect ratio
particulates with low aspect ratio particulates. The base fhwids tested were an aqueous-based

fluid and an oil based {huid with the following compositions.
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Agueous-Based Drilling Fluid ()il-Based Drillin |
Product Conc (PPB) Product Conc (PPB) §

| barite as requared | barite a8 require
sodium chloride uired base oil for 65:35 o1l | as required =

to water ratio , {

T T e 1 "
primary viscosifier water -+ CaCl, | as required ;
(250,000 ppm) |

sodium hydroxide (.23 1 cmusifier &
S IR UOW S - S | S—— —
fhuid loss additive 0.15 lime 1.5 =,

e o L . [ L . L T e e S e —— .i------.m“-.---—.---...m--------“---“-..mg
shale stabihzer-1 0.5 | fluid loss additive 1.3 i
shale stabihizer-2 2 viscosifier ' 3 ;

— S — — SUSURUUUU N— SS— - — :
shale stabihizer-3 a suspension agent 3 =
fluid loss | 5 calcium carbonate 5 | 30

|

additive/viscosifier |
— - —
low end rheology E 3

| modtfier

| drill solds | 20

L — - — I - N S i

00657 The particulates tested included ground marbie

{GM), resibient graphstic

carbon (RGQ), carbon fibers (CF), viscose cellulosic fibers, and oil coated cellulosie fibers

(OCF).

The ground marble and resilient graphilic carbon were tes

ed i varving sizes.

' 2 2 3

Properties of the fibers are as follows with optical micrographs of cach in Figure 5.

Fiber Lenvgth (um)

Fiber Tested

viscose cellulosic fibers

ek U A T U U U T UL R RN W e e e S O T O A O B U U S W e e e v whrwh v ok . W N LW W e s A R T D W YR W W ek

A Y S T AR TR T R T R N A T W e T W -——

Aspect Ratio

h‘-‘“..-“..‘...‘““--‘-‘.‘. BEGERERYS SV RE S mme b mah@htan e

viscose celluosic fibers - 2 (VL) 1960 ~335
otl coated celhulosic fiber 180 1.8 |
i —n e —— ar—— * - e ot

carbon fiber

——— i T -

"

was measured for a variety of combinations as follows.

g apparatus and mud 1oss
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_oncentration in

Fluid (PPB)

Relative Ratio
of Paruculates

Fhad Base Particulales Mud Loss

{1ol.)

8620

50/8.2

70

AquUeous GMI1200/RGC46GH

AgueoUSs OGMI200/RGCIO00 80/20 50/8.2 20
Aqueous GMO0G/RGC 1000 8G/20 50/8.2 80
AGuUeous GMI1200/VIE] G5/5 60/1.8 ne control
ALEOUS GMI1200/VCE2 95/5 60/1.8 ne control
IQUEORS GMO00/VE] Q5/35 60/1 .8 no control
aqueons GMI1Z00/RGC4D0/VCE 70/20/10 44/8.2/3.5 10
aqueons 3MI1Z200/RGCA00/VCE2 70:.20/10 44/8.2/3.5 i0
aqueous GMIZO/RGCIOMO/ VTR 70/20/10 44/8.2/3.5 25
aqueocus GMIZO/RGCIO00/VCE2 70/20/10 44/8.2/3.5 4{}
AJUEOUS GM 1 200/RGC4A00/CE 79/20/1 49/8.2/0.5 ES
AqUEOUS OMI2G/RGCLGO0/CF 79720/1 49/8.2/0.5 25
aqueons GMOCO/RGCI006/0OCK 65/20/15 41/8.2/4 25
agquecons GM 1 Z20/RGCL1O00/0CFE 65/20/15 41/8.2/4 40
aqueous GMI200/RGC400/0CTF 65/20/135 41/8.2/4 i

RG/20 no control

80/20

01 OMI200/RCG 000

0il GMGOG/ROCG 1000 no conirol

01t OMIZ00/RCGLOBG/CF 79/20/1 no Control
o1 GM 200/ RCGA0O/CE 782041 35

7Q/201/1 no control
7 5 f;2 O.’;S

73/20i5

o1l GMOOO/RCGTO0G/CY
ol GMIE200/RCGI000/VCF
ot GM I Z00/RCGABG/VOE]

no control

no control

{0067} Example 4. Figure 6 illystrates how the addition of fibers to a drilling fhuid
physically change the viscosity of a drilling fluid. Figure 6 are photographs taken of the
agqueous-based dritling flwad of Example 3 with the addition of carbon fibers at 0.5 PPB (top)
and 2.5 PBB (boitom). At high concenirations of fibers, the fluid may become unpumpable.
In adduion, cbservaiton of the physical change in viscosity was noted for other fiber-laden
fluids. For example, aqueous-based dritling fluids with 15% v/v of a carbon fiber 150 um in
length had no sigmificant visible change in viscosity, while only 5% v/v of a carbon fiber 3

mm m length resulied m a very thick maud.
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{0068] Therefore, the present mvention 18 well-adapled (o atiamn the ends and
advantages mentioned as well as those that are inherent therem. The parficular embodimenis
disclosed above are illustrative only, as the present invention may be modilied and practiced
m different but equivalent manners apparent (o those skilled m the art having the benehit of
the teachings heremn. Furthermore, no homtations are intended to the details of construction
or design herein shown, oiher than as described in the clamms below. I 1s therefore evident
that the particular illustrative embodiments disclosed above may be aitered, combined, or
modified and all such variations are considered within the scope and spint of the present
invention. While compositions and mcthods are described i terms of “comprising,”
“containing,” or “including” various componenis or steps, the compositions and methods can
also “consist essentially of” or “consist of” the various components and steps.  All numbers

and ranges disclosed above may vary by some amount. Whenever a numerical range with a

o

ded range falling within

Y

lower limii and an upper limit is disclosed, any number and any inch
the range is specifically disclosed. 1o particuiar, every range of values (of the form, “{rom
about a to aboui b.” or, equivalently, “from approximately a to b,” or, equivalently, “from
approximately a-b”™) disclosed hercin is to be understood {o set forth every number and range
cncompassed within the broader range of values. Also, the terms in the clams have therr
plain, ordinary meaning unless otherwise explicitly and clearly defined by the patentee.
Moreover, the indefinite articles “a” or “an,” as used i the claims, are defined herein to mean
one or more than one of the elements that it introduces. If there is any contlict 1 the usages
of a word or term in this specification and one or more patenis or other documents that may
be incorporated herein by reference, the definitions that are consistent with this specification

should be adopted.
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What is claimed 1s:
i, A method comprising:
providing a drilling fluid comprising a base fluid and a plurality of particulates,
wherein the base drilling fluid without the particulates s characterized by
Ny¢p, and
wherein the base drilling fluid with the particulates is charactenized by
Ny and

adjusting a concentration of the particulates in the dnlling fluid by comparing the

value of ANy to ANy so that ANy, = ANjp, wherein ANy, = [Nyay - [Ny

]

2. The method of ciaim 1, wherein the particulates comprise a lost circulation
material.
3, The method of claim 1, wherein the base drilling fluid comprises a flud selected

from the group consisting of an oil-based drilling fluid, an agueous-based dnlling fluid, a water-
in-oil emulsion, and an od-mm-water emulsion.

4. The method of claim 1, wherein the base drilling flmd further comprises an
additive selected from the group consisting of a salt; a weighting agent; an mnert solid; a fiuid loss
control agent; an emulsifier; a dispersion aid; a corrosion infubttor; an emulsion thinner; an
emulsion thickener; a viscosifying agent; a high-pressure, high-temperature emuisifier-tutration
control agent; a surfactant; a particulate; a proppant; a lost circulation matenal; a pH control
additive; a foaming agent; a breaker; a biocide; a crosslinker; a stabilizer; a chelating agent; a
scale inhibitor; a gas; a mutual solvent; an oxidizer; a redocer; and any combination thereot,

5. The method of claim 1, wherein the base drilling {fuid comprises an oil-based
fluid and a polar organic molecule.

G, A method comprising:

providing a drilling fluid comprising a base drilling fluid and a plurality of

particulates,
wherein the base drilling fluid without the particulates is characterized by
Nl{B}a

wherein the base drilling fluid with the particulates is characterized by

wherein a concentration of the particulates in the drilling fhuid 1s adjusted
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to provide for ANy > ANy, wherein ANy = Ny - iNygyl, and

introducing the drilling fluid nto a wellbore penctrating a subterranean formation.
The method of claim 6 further comprising:

allowing the particulates to be placed in a void in the subterranean formation
and/or the wellbore thereby reducing the flow of the drilling thuid or a subscquent fiuid mto at

least a portion of the subterrancan formation neighboring the void.

8. The method of claim 6, wherein the particulates comprise a lost circulation
material.
9. The method of claim 8, wherein the lost circulation material comprises a fiber.

i0. The method of claim 6, wherein the void is selecied from the group consisting of
pores, vugs, fissures, cracks, fractures, and any combination thereof.

Ii. A method for deternuning a Plug Normal Stress Ditference (AN}, the metbod
COMPrISING:

providing a test base dnitling fluid that i1s charactenized by Nygrg):

adding a first concentration of a test parliculate to the test base drilling flund;

adjusting the concentration of the test particulate in the test base drithing thuid to
achieve a munimurn concentration of the test particulate in the test base dnlling fluid that will
substantially plug a tapered slot,

wherein the test base drilling flind with the minimum concentration of the

test particulate 1s charactenized by Njeray: and

calculating ANyp, = [Nyray - iNgasy wherein each First Normal Stress Difterence
1s measured by the same procedure.

12. The method of claim 11, wherein the test base drilling fluid comprises a thnd
selected from the group consisting of: an oil-based drilling fluid, an agueous-based drilling thud,
a water-in-o1l emulsion, and an oil-in-water cmulsion.

13.  The method of claim 11, wherein the test particulate comprises a fiber.

i4. A drilhing flnd compnsing:

a hase dnlling flwd and
a plurality of particulates,
wherein a concentration of the particulates in the base drilling flud

pi'OVIdGS for QN'l(‘F} - ﬁN;{p'}, W’hf‘.fﬁlﬁ AN;,{F) — N;go\)i - Numl
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15. The driliing fluid of claim 14, wherein the particulate comprises a lost circulation
material.
16.  The drilling fluid of claim 15, wherein the lost circulation material comprises a
fiber.
17.  The drilling fluid of claim 14, wherein the base drilling flmd comprises a fluid

selected from the group consisting of an oil-based drilling fluid, an agucous-based drilling fluid,
a water-in-¢il cmulsion, and an oil-m-watcer cmulsion.
I8,  The drnlling flud of claim 14, whercin the base drilling flmd comprises an oil-

based fluid and a polar organic molecule.
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