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RENEWABRLE DIESEL BASE FLUIDS POR USE IN SUBTERRANEAN
FORMATION OPERATIONS

BACKGROUND
{o00i] The present disclosure relates o sublerranegan formation
operations and, more particularly, to treatmaent flulds comprising renewable ol
disgel for use in & subterranean formation pperation.
[oona] Hydrocarbon producing walls {eg., ofl and gas wells) are

typically formed by drilling a wellborg Into a subterranean formation, A dnifling
treatraent fuld is oirculated through o tubular {8.9., 8 drill string) and contacted
withe s drill DR within the wellbore as the wellbore i being drilled. The drilling
treatrnent Buld s produced back o the surface of the wellbore with driliing
cuttings for ramaval from the wellbhare, The drilling reatmernd Muld maintains &
specific; balanwed hydrostathe pressure within the wellbors, permitting all or
mast of the driting Buid to be produced back to the swrface

Foaa3] After & wellborg is drilled, 5 cement column may be placed
around casing {or lingr string? in the wellborg,  In some instances, the cement
colurmy-is formad by pumping s cement sturry through the bottom of the casing
and out through an annulus bebween the cuter tasing wall and the formation
face of the wellborg, The cement slurry than cures it the annular spacs, tharshy
forming & sheath of hardensd cemaent that, infer afla, supports and positions the
casing in the wellbore angd bonds the sxterior surfacs of the sasing o the
subterranean formation. This process is referred tooas “primary cementing.”
Among other things, the cement oolumn may kew freshy water sones fom
becoming cantaminated with produced flulds from within the weallbore, prevent
uristable formations from caving i, and form 8 solid barrier to prevent fuld joss
from the wellbore into the formation and the contamination of production zones
with walibors fluids,

{Qo0g] A spacer troatmant fluld may trall {or came after) the coment
sigrry to maintain the hydrostatic pressure within the welibore and clean or
ctherwise ditute any resiifual amount of cement siry within the weitbore. That
is, the spacer treatment fuid may be used to displace the cement slurry into the
ganulus for curdng into the cement colurmn.

FOB8%] Thereafter, perforation tsmels may De formed using 3
perforating gun {or other cutting o abrasion tool} to achieve 8 communication
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funne! between the formation and the welibore {including through any casing
ardfor cement columng,. Stimulation of the formation may then be parfarmed
using hydraudic Fracturing tregtmaents, for sxample.  In hydrauiic fracturing
troatments, a2 fraciring treatment fuld is pumped inte a8 portlon of &

5  subterranesn formation 8t rate and pressureg such that the subterranesn

@3

formation bBroaks down and ong oF more fractures are formead, which may be
through the formed perforation tunnels, when appropriste.  Typically, solid
particles arg then deposited in the freclurss. These solid particles, or
“oroppant,” serve [o provent the fracturse from fully cloging once ths hy{irauiia:

10 pressure i3 removed by forming a proppant pack.,  As usad hersin, the term
“proppant pack” refers to & collsction of proppart in a fracturs. By keeping the
fracture from fully cloging, the proppant aids in forming conductive paths
through which Ruids may fow.

M
453

BRIEF DESCRIPTION OF THE DRAWINGS
foa8a] The following Sgures are ncluded o ustrate cartain aspects
of the embodiments, and should not be viewsd as eolusive embodiments. The
sublect matter disclosed I8 capablis of considerable medifications, alterations,
28 combinations, and equivalents in form and function, a3 will oocur to those skilled
i1 the art and having the hanefit of this disclasure,

[o0a7] FIG., 1A and 1B s a fullview asnd zoomead-in  vigw,
respectivaly, hydracarbon content chart comparing #2 petrolaum diesel and &

renewable diesel suitable for use in the embadiments of the present disclosurs,

35 {QGD8] FIG, 2 depicts g wellbore system for performing @
subterranean formation operation ysing the resiment fuids desaribed hereln,
sceording to one or mars embodiments of the present disclpsure.

i
g

DETAILED DESCRIPTION
foahe] The present disdlosure relfates to sublerrancan formation
operations and, more particularhy, to treatment fluids comprising renewable
dieged for use g subterranean formation operation.
iRty As uyssd heraln, the term Mrestment Sald,” and grammatical
3§ varients thereof, refars to o fluid designed and prepared for use In g specifiv

sublerranaan formation operation.  As used hersly, the term Vsublerranean

fd
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formation operation” {or simply “formation  operation”™), sl grammatics!
varianis thereof, refers any tresimend performsd at & sub-surface Ingation in
furtherance of recovering hydrocarbons,  Accordingly, the term “operation” and
“resgtment” may be wsed interchangeably herein, Examples of formation
pperagtions that <an employ the reatmant fuids comprising renewable dissal
aceording o the embodiments desoribaed hersin may include, but arg not thnited
to, drilling operations, pré-pad trestment operations, fracturing operations, pre-
flush treatment operstions, after-flush treptment operstions, sand  control
gperations {a.g., gravel packing), scidizing operations {&.g., matriy acidizing or
fracture acidizing}, “froc-pack” operationg, water control operations, fuld loss
comtrol pperation (o, gof pills], wellbere dean-aul operations, lost dralation
cantral operations, & completion operation, amnd the ke, and any combination
thereof,

0133 Treatment flulds having the renewable hase Huld desgribed
herein may thus nclude; but are not Hmited o, drilling treatment fluids, spacer
tregbtment Huids, stimulation treatment. Sulds (s, for use in Hadturing,
auidizing, Prag-packing, and the Hked, lost oroulation treatment fluids, water
controt fluids, wellbores dearegut treatment fuids, lost dirculation  condrdd
treabment Auids, Kl pill fregtment Buids, and the ke, angd any combination
thereof, As referrad 1o herain, the form "spacer Auld” refers 1o 8 treatment Ruid
placed within 3 welibore to separate fulds (8.0, to separate a drilling fregtment
fluid within the wallbare from 8 cement slurry) thal will subseguently be placed
within the wellbore, As used hereln, the term Tkl pill treatment fgd” {or simply
kil pill”) refers o & trestment fluld il that when implemented provents the
inflax of formation Ruids into the wallbore and the nss of walibore fhilds to the
formstion while the well s open.  Ag used heveln, 8 "pill" Is 8 Yype of relatively

small volurse of specially prepared treatment fluid placed or oirculated in the

wellbares,
fon12] The treatment flulds described according 1o the embodimants

of the present disclosurs comprise & renswabie dlesst base Auld. Dissel {or
oIty base fulds, particidarly wherr ussd in emuision form, are beneficlal in thelr
capacity o handle rough downhole conditions {eg., harsh temperatures,
chericals, and the ke, as compared to other reatment bhase flulds {(ag.,
agqueous base fluids), They additionally provide advantages to & pumping or
drifling operation ncluding, but not lmited o, foster diill rates, faster rua-in

3
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rates for tubulars {8.g., any nveyance mechanically connected to the surface
for delivery of & downhole component or tool}, lesser torque and drag effects
{e.g.. In divegtional wellhores), lower corrosion rates, and the ke, Whike
aguecus base fluids may not parforny as well gs their olf hase fluld counterparts,
85

aithough sources of water sultable for agueoys flulds are often seares in certaln

9

apus hase flulds are often emploved for snvironmental v cost reasons,

areas of the world, and thelr use in downhole operations may divert such soaree
resources fram human consumption or require costly transpartation of the fuids
from other areas.

[O013] Renewable disssl differs significantly from traditionally useq
aif base flulds {referred 10 3s “imditional ofl Auids™) for use in sublerranean
formation aperations. Such traditiongl olf fiulkds, which may be In smulsion farm
{o.q., invert emudsion), are generslly petroleum digsel or bindisssel, atthough
other flulds such as mineral olis and synthetic plelin olls are alse used,

{84147 Petraleun diesel and biodissel have LGeen aditionaily used in
pure formm or as 2 blended composition.  Traditional patroleumn dissel may be
costiy and enviranmentsily or operationally obiectionable in some nstances. For
axampie, the gromatic content of such petroleum disssl may pose safety risks to

operators and  the emvironment, induding slevated emissions  profiles.

Traditional blodiesel may, I some instances, fnterfere adversely with some

£

operafional sguipment {(e.g., stesl), increase food prices nationally an
internationally, be susceptible o degradation and health armgd safely concemns
due to hest and alkalinity, or reagt downbole to form saap-like substances that
may be foo thick for certain formation sperstions  withoul  eguipment
adiustments or other adiusiments (8.9, addad chemising.
{O0is] Patrolaum diesel s distillate vich in paraffinic hydrocarbons
angd is bypically producsd by distiilation of crude oif babween 2009C and 350%C &t
atmospheric prassure, resulting In a mixture of carborn chaing that typically
cortalin bebween 7 carbon atoms per mclecule ("C7") and 24 carbon atoms per
molecule JCI47), which may be sither branched, cyclic or straight chained. As
used hersin, the denptation of “C7 prior 10 g integer refars 10 2 moleculs having
that integer of corbon atoms, and the term "n-" priey 16 "On,” whera n i3 the
sumber of carbon sloms per molesule denctes g straight chalhied moledule. As
mantioned, petrofeum diesel s rich iy paraffinie hydrocarbons, which in liguid
form, as would be ysed in 8 reatment finld for forming o formation operation,

4
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typloally are CF to 15, The hydrocarbon content of & traditfonal petrpleum
diesel s depicted in FIG. 14, B. A&s shown, and discussed v greater detall
below, the distribution of hydrocarbons ranges from ©F 1o €24, branched, oydlic
sl unbranched (hranched angd sirsighi-chalned shownd, with no shgle
hydrocarbon accpunting for greater than aboul 10% of the petrcleurn dissd
content,

IBgEs] Biodiesal, another traditionsily used ol hsse fluid for

tregtment fulds used In seblerranean formation operations, s produced using 2

¥

transesterification  process,  having  glyeersl as 8 hy-produch The
transestarification procass involves readting lipidous bomass {Le., animal s
arwd vegetable oiis) catalylically with short~-chained aliphatic’ slcohals (&g,
methano!, ethanol, and the lke). Accerdingly, biodiesel contains oxygen atoms,
angd s compised of mono-alkyl esters of long-cheln fally adids derved from
Hpldous blomass,

{8017 The ol base fluld desoribed herein, howevey, differs from
both traditional petrofeuwm diesel and blodiese!, reforrad to 83 renewable divsel
{or "renewable o). Renswable diesel 18 markedly different from traditional
petroleum diese! and blodiesal and thus represents & urdgue use in subterranean
tregbment operations.  As usad hereln, the ferm rencwable dissel” {or
“rengwable o'} refers 1o a substance derfved from lipidous blomass {Le., anmimal
fats and vegatable ollg} that are chemically not asters.

ELiE ) ROy The renewable diesel for uss in the smbodinents of the
pregent disclosure may be formed by & varlety of processes ncluding, but not
fimited to, hvdrotrgating, thermal depolymerization,

#

and blomass-to-liguid
provessing. As used heralny, the term “hydrotreating” refers to a chemicsl
catalvtic conversion process charscterized by 3 resclion with hydrogen fo
ramove or reduce fmpuritiss from a substance. Hydrotreating typically removes
or reduces impuritles including  sulfur, nitrogen, oxy-compeounds, chidro-
compounds, aromatics {e.g., condensed ring aromaties), waxes, and metals.
The term “thermal depolymerization” (sise referred 0 83 thermal processing of
corvvarsion}, as used herein, refers o a depolymerization precess of using
hydrous pyrolvsls o convert Complex Dlomass matertel Into short-chain
hyvdrocarbons. As used herein, the term “blomass-to-liquid processing” refers to
the chemical conversion of biomass Into synthetic gas using high-temperature
gasification, followed by ulilizstion of the Flscher-Tropsch process 1o convert the

5
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synthetic gas into a renewable diesel.  In seme ambodiments, € may be
preferable o use 8 hydretreating process, which s currently wsed in traditional
petraleum diesel rofingries.

{84E8] Benewable diegel |, It some embpdiments, may be usadas g
base Huld In the tregtiment Bulds described bereln in bMended form with
petreleum diesel andfor petroleunt distiliate base fluids, without departing from
the scope of the pragsent disclosure, such as due to diesel or petroleum distillate
base flulds avallabiiity, formation propearties, desired base Huid praperiies, ang
the ke, Such petroleum diesels and patroleum distifiate base Ruids {(sollectively
referred 1o hersln 88 “pelrolewm dicsel” unless speacified otherwise) mey incuds,
but arg not Hmited to $#1 diesel; $£2 dissel, petrolewm distiliate base Aulds {&.g.,
Graup 1 distiilate {g.q., divssgl), Group T distillate, andfor Group I distiflate
dafined by Oif and Gas Producers {OGR) dasglficetions) and any combination
thereof, Sultable commercially avaliable petroleumn Jlesels may Includs, but are
st Emited to, CUTTER STOQCK DIESEL, 8 Group § distillate, available from Husky
Enargy in Alberta, Canada; DISTILLATE 8332, 3 Group T distillste, availlable from
Moose law Asphalt Inc. in Saskatchewan, Cansda; HY-44,. & Group T distiliate,
available from Ergon Relfining, Inc. inc Jackson, Mississipply BQCAID 110, & Group
I distilfate, available from ExxonMobil In Trving, Texas; DO 990W, § Group 14
distitlate availlable from Total Fluides i Pay, France; and the ke, Eachof these
valuss is critical to the embodiments of the present disclosure and may depend
ot g nmber of factars including, but nat Himited to, the formation conditions
{g.q., the temparature of the wellbore for gelling o thickening resistance in cold
environments), desired lutwication properties; desired ensrgy content, and the
tke,

fag28] Whean a rengwable diesel ag described herain is Mended with
& pebroleum dissal according to an embodiment described herein, the ratio of
renswable dissshipatrolaum dissel {wheather pure petroleum diessl, blended, or
distillates, or combinations thereof) may be inthe range of about 1100 to about
10001 by volume, For example, the ratio may be about 1100 to about 286:100,
g gbout 20108 to sbout AAGE, or about 44108 to about &GN, or about
60108 1o aboul 80:180;, or about SHI100 o about 1001, snwampassing any
value and subset thersbebwesn, and without departing from the scope of the
prasent disolosura. In some embodiments, for haalth, safety, and envirenmeantal
purposes, iomay be desirable to minimize aromatic content of & treatment fuid

&
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comprising renewable dissel blended with petroleum diesel, and It sweh
griibodiments, i may be degirable thet the vatio of renewable diessiipetroleum
diesel may bein the range of about SG:58 o about 1004, such as about 55D
te about 6040, or about 80440 to about 28:30, or about 70:30 to shout 862G,
or aboul 8828 1o ahout 8010, or about 9418 to about 10Q: 1, sncompassing
any value and subset therebebweern, and without departing fror the scope of the
present - disclosure, In seme embodimants, the rmatls of renswable
disseipetrolesm digsel iz about 53830, EBach of these velues is oriticst o the
ambodiments of the present disclosure and may depend on a number of factors
innhuding, byt nob Hmitsd o, the formation conditions, the seblerranean
formation operation being performd and the fike.

(O03L] Referring again to FIGR, 14 and 18, ustrated is & full chart
(FIG, 14 and @ zoomed-in chart (FIG. 18} displaving the welght percent. of
hydrocarbons betwesn £7 and €24, including tvanched and straight chalned
hyvdrocarbons, between #£2 petraisur dlesel and & renewable dissel suitable for
use it the embodimants of the present disciosure, sz determined by gas
chromatography. &s shown, the €2 petroleum diesel s rich in hydrocsrbons
hetwaan CF and CLE, whereas the rencwable dissel s primarily rich in
hydrocarbons €16 to CIB. Indesd, the renawable diage! for usd as » base fuig
i tha treabment fBuids of the present disclosure have notably grester amounts of
C16, €17, and C18 hydrocarbans, Thase hydrocarbons ars ideal s base flulds
singg they fall inte 8 padicular mwlecuiar size. . Shorier chain hydrorarbans are
more volatile and are known o e toxie to marine arganisms,  For sxample,
thase short chained hvdrocarbons are believed; based on shrimp blcassay
testing, to adhere to giils and cause high mortality. Longer chain hydracarbons
cause § rise precipitoushy In viscosity, which makes formulstion of oil base fuids
incressingly difficult, particdlarly for challenging emnvironments ke despeater.
Anywhers the applicalion tampersturss witl be oold, a particuiar hydrocarbon
range s necsssary to provide suftable Auid properties for effidlent wall
operations.  Accordingly, the gslze of the C16-CIB hydroacarbons gan provide
hanefits cutside of these short and long hydmcarbon extramss.

TGzl Additfonally; CIG-CIB hydeocarbons perform wall v technical
sspects and snvironmental test batteries. CI6-038 synthetic internal olefin
hydrocarbons (nor-renewabie} are the preferred standard for Guif of Mexico well
operations offshore i the US4, Glafin hydrocarbonsg arg only ayvailable from o

7
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satect group of supply outlets, slevating costs and ingreasing the scarcity of such
syrithetic hydrecarbons dus I many compeling consumars within and oulside of
the off & gas industry. &ccordingly, eleveted C16-C1B hydrocarbons are valuable
byt costly 3f derived from petrpleum, additionstly reguiring processing through
advanced reactions and distiiigtion.  The embodiments berein, smploving
renewable  dissel, instesd provide a  concendrated  source of  {18-C18
hydrocarbons by deriving them from natural constituents found in biomass food,
plant, and anirmal wastes,

{0231 I some embodiments, the renswable diesel base Buid may
have 3 (18 hydrocarbon content {4, 3l of branched, oyalic, angd straight-
chained) of greater than about 10% by weight of the renewabls dicset base fluid
{f.2., by welght of the Higuid portion of the renewable dissel base fluid without
geeounting for the trestment fluld additives), sencompessing any valug and
subset therebetween, In some instances, the renewable diesal base fluid may
hBave & C18 hydrocarbon content in the range of about 10% to about 87.5% by
weight of the renewable diesel, encompassing any value and  subset
therabetween, For sxample, the 18 %}*gt;im{:arimn content may be in-the range
of about 10% to about 21.5%, or aboul 31.5% to ahout 338, or about 33% to
about 44.5%, or aboul 44.5% to about B5%, or shoul 58% to about 87.5% by
waight of the renswable diesal base fuid, sucorpassing any velue and subset
thaerabetwasn,

{QG24] In some embodiments; the renewable diesel base fiuid may
comprise & C17 hydrpcarbon Content g, all of ranched, cyclic, and straight-
chainedy of greater than aboul 6.5% by waight of the renswalile diessl hase
fluid, encompassing any value and subset thercbetwean,  For axample, the
revewable dicsel base fuld may have a CL& hyedrocarbon cotent n the range of

shoul 6.5% to about 30%, including about §.5% to about 10%, or 10% to about
13.5%, or sbout 12.5% to aboul 15%,; or about 15% to ahout 17.5%, or about
17.5% to about 30%: by weight of the renewable base fluid, sncompassing any
value and subseat therebetweean,

{QG25] The renewable diesel base fluid may further comprise g C18
hydrocarbon content {(Ga, all of brenched, oyclic, and straight-chained) of
greater than about 7.5% by weight of the renswable diesel hase fuld,
ancompassing sy value and subset therebetwesn, For example, the renswable

diesel base fiuld wmsy have & C18 hydrocarbon content in the renge of about

8
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7.5% to aboutl 20%, including aboul 7.3% to aboul 10%, or 10% 1o about

"

12.5%, or about 12.5% {o about 15%, or about 158% o about 17.5%; or ghout
17.5% to aboul 20% by weight of the rencwable base fluld, sncompassing any
vaiue and subget therebebwesn,

[B02&6] The renewalile diessl base il desoribed herein may have g
comidnation thereof, such that the C18 contant s greater than about 10%, the
17 content iz graater than sbout &5%, and the £16 content i greater than
about 7.5%, sach by weight of the renewable diesel base fuld. The renewable
digsel base Auid may have a C18 condent fn the range of shoul 10% D about
67.5%, a C17 content of about 6.5% to about 20%, and a C1& content of about
7.5% 1o about 0%, each by weight of the renswable dissel bese fuild, and
shcompassing any value and subset thersbhetwaan,

{QG2E] Soecific sxamples of the content of the Ci1s-CIR
hydrocarbons In the renewable diesel Dase fluld for use in the embodiments of
the present dizclosure may be parsed based on tranched, straight-chained, or
cyclic hydrocarbon contert for ssch of C16-C18. &g 8 specific example, the
rengwable digsel base fuid may comprise & hvdrocarbor content of branched
18 of greater than about 109% by weight of the rencwable disse! base fluld, In
some instances, the hydrocarbon cordent of the TGI8 In the rengwable diesal
base fluid is in the range of aboul 10% to about 80% by weight of the renswable
dizsal base fluid, encompassing any value gnd subset thersbetwesn,  For
examiple, the bhydrocarbon content of branched CIB may De in the range of
about 10% o about 20%, or about 20% to about 30%; or about 30% o abaut
40%, oF about 509 to about 0%, ar abiout 20% o about 50%, or about 3%
to about 40% by welght of the rencwable diesel base fuld, without departing
fraom the scope of the present disclosure, ancompassing any valuge and subset

therebatweaen.
RLER Y As ancther specifin exampls, In some smbodiments, the

hydrocarbon content of branched C1§ i greater than about 7.5% by weight of
the renewable diesed base fudd, including in the range of about 7.5% and about
15%, or aboul 7.5% to ghout 1D%, orabout 7.5% to about 12%, or about 10%
o about 15%, or aboul 10% fo about 13% by welght of the renswable dissdd
base fluld, withoul departing from the scops of the present discipsure,
ancompassing any value and subset therabetween, Ag another specific exampla,
in some embodiments, the yydrecarbon content of ranched C1F is greater than

8
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about 6.53% by weight of the renewable dlesel basse fluld, Including in the range
of about 8.5% to about 15%, or about §.5% to about 10%, or aboul 8.5% to
about 13%, or about 10% o about 15%, or abipul 10% o aboul 13% by weight
¢ the renewable dissel base fluid, without departing from the scope of the
present-disclogure, encompassing any value and subsst therebetween,

Esleisy Providing sdditional specific examples, stralghi-chsined Ci&,
17, and C18 hydrocarbons arg alse comparstively prominent in the rénewable
diesals for use as base fluids of the present Invention, ¥ compared o traditional
patroleum disse! {and biodiessl}, In some embodimends, the n-CI§, n=C17, and
~CI8 are prasent in an amount in the rangs of about 1% to about 18% by
weaight of the renewable disss! base fluld, Including In the range of about 1% to
aboul 2.5%, or about 2.5% to aboul 5%, orabout 5% 1o about 7.5%, ar about
3.5% to about 12.5%, or aboul 12.5% o aboul 18%, or about 5% to sbout

12.5%, or sbout 7.5% to about 10% by weight of the renewabde diesel base
fluld, without departing from the scope of the present disdosune, encompassing
any valug and subset therebatween. In sumes embodiments, the o018 may Be
in greater amount than each of the n-C17 and n-016, and the n=C1¥ may ba in
greater amnunt than the n-C16.

{O030] The renswable dicsel base fluld may further comprise Qyalic
£16-C18 hydrocarbons, without departing from the scope of the present
disclosure,

{8638} Each of these valuss for hydrocarban content provided above
s oriticel to the embodiments of the presert disciosure and may depand on 8
sumber of factors including, but not Hmited o, the type and camposition of the
renswable diesed base fuid, the processing methodology used to form the
renewable diess! base fuld, the deslred gualities of the renewable dissel {(24.,
ragiting point, hydrophabloity, and the tike).

on33] As an example, i seme ambodiments, the renswadle diesal
base fluid for use in the embodiments of the present discosure may have &
branched C16 hydrocarbon content of about 1%, 8 brarched C17 content of
shout 13%, and @ branched C18 content of gbout 54%, sach by weight of the
renewalde diese! base fuld,  In some embodiments; the rencwable dissel base
fluld for use In the smbadiments of the gresent disclosure may have '3 n~C1L8
hydrocarban content of about 2%, a Q17 content 3.5%, and a =018 contant
of about 79, cach by weight of the rencwsble diessl base fluid, & combination
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of these contents s also suitable for Use as the renewable diese! base fluids of
the present disclosure, including the prasencs of opaic {318-C18 %'sya:imcarmns,

(8331 In addition to the characteristics desoribed shove for th
renewable base Ruld of the present disclosure, sdditional characteristics nclude
an absence of aromatic compounds, an absence of suifur content, and an
absence of oxygen. That is, the renewable diesel for yse In the embodiments
described hereln comprises $% sromstic compourds, 9% sulfur, and %
oxygen.,  Such characteristics may be environmentally and operstor-safety
friondly. Additionally, these chargclteristics may make reuss, regyeling, or
disposal foss environmantally impactiul snd less expansive {8.9., provsssing for
disposal is reduced}. Further, the varlous characteristics of the renewable diessl
base fluids of the present disclosure permit 88 use in high temperaturs welibore
arpvironmerdts, which may be In the range of sbout 150°C o aboul 220°C,
sncompassing any value and subset therghetwean:

[RG347 In some smbodiments, the renewable dissel base fulds
described hergin may be inthe form of an et emulsion, which may enhance
use of the treatment Ruld comprising the renewable diesel base fluids i extrame
downthole conditions {&.9., high temperatures, pressuras, and the lke),
operations requiting incressaed lubrigity or corrosion resistancs, and the ke, Ag
usad hareln, the term “invert emulsion” refars to an emudsion i which of is the

ntinuous, extarnal phase and an aqueocus fuid ik the discontinuous, intemal
phase,  Accordingly, the rencwabie dicsel base fluld forms the extemal phase

k]

a
and an aquepus fluld forms the Internal phase of the invert emuision, When the
renewable ol dlesdl iz inthe form of an invert emulsion; sultabde agueous Hulds
for forming the internal phase may include, but are not Hoted $o, fresh water,
saltwater {La, watar containing one or muare salts dissobved té‘aer{am}, brne {La.,
saturatad salt water), seawster, producsd water (L, water produced as &
bypraduct of & sublerransan formation opearation), undropted wastewater {Le.,
water that has baen adversely affected In quslity by snthropogenic nflusnce),
treated wastewsater {{e., wastewater treated to remove all or a portion of the
anthropogenic  influence}, sikohols  In combination  with  any of the
aforemeantioned  squecus  fiukdgs  {e.g,  methanod,  ethandl,  nepropanad;
isapropanad, n-butanad, sec-butanol, isabutansl, tbutanol and the like), and any
combination thereof.,  That ig, the sguecus Huld may be from any sourte,
grovided that it does nob contain componants that might adversaly affect the
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stability andfor performance of the rengwable diesel Dess fuld or the treatment
fluids comprising the renewable diesel base fluids according o the smboadiments
descringed harain,

{BG35] When In invert smudsion formy, the ratin of the renewable
desel base fluidiaguenus fluid may e i the range of abwout 1001 I about
33:70, encompassing any value and subset thersbetwesn, The ratio may be by
volume or waight, For example, the ratio may be In the range of about 101 o
about 80: 10, or about 8010 Lo shout 80:20, or about BO:20 to about 7430, or
about 70:30 to about 60140, or about 60240 © aboul 50:30, or about 530 to
aboub 40040, or sbowt 40:40 o aboul 30270, encompassing any valug eng
subset therebebtween., In soms embodiments, the nvert emudsion may exhibit
increased stebilication with an noreased aboul of the renewabie diese! hass fuld
compared o the agquecus fuid,  In such embaditments, the ratio may be i the
range of between about 108:1 and 70030, encomipassing any value and subset
tharebetiveen. In some embodiments, the ratio & about 70:30. Each of these
valyes is oritical to the embuodiments of the present disclosure and may depend
on g number of factors ncluding, but not imited o, the formation operation
being performed, the desired stability of the emulsion, the type of agusous fuid
selacted, the renawable base fluld selatied {89, pure, blanded with patroleam
dfessl, ang the ke, angd the ke, gnd any combingtion theresof,

{G036] in other embodiments, the renswabie diese! base fulds may
be in the form of an oib-ln-water emulsion, In which the ol s v the
discontinuous,; intemal phase and an agueous fluid is in the continuous, external
ghase, Acrordingly, the renswable diesel base Auld forms the intemal phass and
an agueous fuid forms the extemal phase, Such oll-in-water emulsions formed
using the renewable dissel base fluids desoribed herein may be low-dansity
fliids suitable for applicatinons such 85 nearchalanced o low-pressure and
dapisted fractursd reservoirs, among other gpplications.  When the renswable
diessl base fluid I8 In the form of an ollin-water smulsion, any of the
aforementioned agquecus flulds discussed above with reference o the wert
gragisions desoribed hereln may b ussd as the aquesus fluld for forming the oil-
in~water amuisinn.

[RO3F] Whert i1 oil-in-waler emuuision forny the rstie of the
renswable diesel base fluldraguesus fluid may be In the range of about 1150 to
abut 580, encompassing any value and subiset therebetweean. The ratio may
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be by volume or by weight. For example, the ratic may be in the range of about
1154 to aboul 1D:53Q, or aboul 10:50 to about 2058, o about 20:56 o about
30:50, or about 30:50 to 40150, or aboul 4150 to about 50150, sncompassing
any valug and subssl therebetween,  In some embodiments, the ratlo may be
aboul 12.5:50, or 8% renewable diesel base fuid by volume of the all-in-water
gnuision, without departing from the scope of the presemt disclosure. Each of
these valuss iz oritical fo the embodiments of the present disglosure and may
depend on a number of factors including, but notl Himited to, the formation
gpergtion being performed, the degired stability of the emulsion, the type of
agusous fuld selected, the renawabis base fluld selected {(e.g., pure, blended
with petrolewm dissel, and the fike}, and the ke, and any combination thereof.

(838} In some ermbodiments, rather than Deing biended with &
petroleum diesel, s desoribed above, the renewabde divsel base Auid may be
blonded with an agueocus fluld, to form & wedominamtly aguepus-based
treatment Ruid, where the renewable diesel acts as 8 lubiricart thersln, and
having the benefits of the renewable dicsa! base fluid described above., The
rengwable diesel may serve 1o lower torgue {rotary friction) and drag {(axial
friction} in the wellbors, lubricate egquipment components {e.g., drill bits,
bearings), sxiend the life of the squipmeant components {89, by combating
heat, contarmingtion from water and dirt, heavy bulldup of sludge, and the itke),
and the ke, Use of the renewable diesel ofl for sugh applications decresses
costs and provides g Momass, clean sowrce 1o enhance lubrication and desaning
of the egubpment, Moreower, effective lubricstion results In more effident
goerations, such as drilling operations, further reduchy costs and pperational
thme and personnel.

s ki When the renewable diessl base fuid s blended with an
aquecus fuid for use g8 » lubricant thersin, the agueous fluld may be any of
those desoribed above with reference o the invert emudsion {and the oildne-
water emulsion).  When the renewable diese! base fuld 5 blended with an
agqusous Ruld, €t may be hwluded In an gmount in the range of about 1% o
shout 20% by volume of the aguecus full, encompassing any value and subset
thersbetween, For oample, the renewable dissel base fluid may by present in
an amount of about 198 o aboll 5%, of abiout 3% to about 1086, or ahout 0%
to about 18%, or sbout 15% to about 0% by volume of the sguecus Huld,

engempassing any value angd subset thersbetween,  In some embadiments, the
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renawable diesel base fluld may be present In an amount of sbout 4% by
volumeg of the agquenus fluld. Bach of thase values is critical to the emboadiments
of the present disclosures and may depend on g number of factors including, but
npt Hmited 1o, the subisrrangsn formation operation belng performed, the
desired lubricity, the type of renewable diesd base fluld selected {ag., pure,
Mended with pefircdeur disssl, and the ke, and the like, and any combination
therdgof.

foo4ag) Moraover, the renswable dissel bhase Huid described herain
raay be used 8% a universal diluent for any liguid additive used in a treatment
fluld for use In a sublerrgnean formation operalion; Indluding water-based, ofl-
hased, solveni~based, emulsian-based, and the Hike fluids.

[o041} The treatment flulds desgribed herein further comprise @
treatmernt fluld additive.  As used herein, the term “tresbment fuld additive”
{alzo referred (o hersln simply ag “addithee”) refers to 8 subistance included
within & treatment fluld o parform on o miore specific fJunctiong, sither in the
tregbment Buld self or for performing 8 porticulad subterranean formstion
operation, as desoribed herain, For example, the reatment flulds of the present
disclogure may be used during orilling operations angd examples of reatment
fuld additives used for thet purpose may includes, but are not miled o,
weighting sgents, viscosifiars, lubricands, and the like.  Ag ancther examiple,
when the renewabls diesel base fluld Is i the forrmy of an vvert emulsion or afl-
in-water emulsion, an emudsifier may be inciuded for the purpose of enhanging
the stability of the vert emulgion or pii-in-water emulsion for performing s
particular formation aperation.,

{ag42] Examples of sultable trestment fuld additives for use in the
gmbodiments of the present disclosure may include, Bt are not Hmited to, an
amulsifier, a pH control agent, 9 viscosifler {ncluding lovweshaar angd high-shear
viscosifiers), a corosslinker, 3 Buid loss contral sgent, a sslt, an alcohal, 8
weighting agent, an insrt solid {e.g., gravel, proppant partiouistes, and the k),
and any combination thersof, (ther suitable treatment fluld additives may
inciude, but are not limited to, 8 dispersion aid, 8 corrpsion inhibitar, & foaming
agent, @ gas, 8 breaker, 3 biocide, & chelating sgent, @ scale inhibitor, a gas
hvdrate inhibltor, 8 day stabllizihg sgent, and sny  combination thereof.
Combinations of cach of thess Dreatment fuld sdditives may alse be sultable,
without departing from the scope of the present disclosure.
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FOE43Y An ernulsifier additive may be included in the reatment fluids
of the present disclosure when the renewable diesel base fluldd is In the form of
an invert emulsion or gilrewater smudsion. The smulsiffer additives are used o
stabilize the droplets of aqueous fluld i the Invert emuision to impart stability
thersto, o to stabilize the dropiets of the renawable diesel base fluld inthe ail-
in-water emulsion o impart stability therete, The emuisifier sdditive additionally
s used to maintain any solids i1 the hwert simuigion of gil-in-water emuision ol
weat, thus preferring 10 be In contact with the renewable dissel Huld phase rather
than the sgusous fuid phase. Exawmples of suilable emuisificrs for use in the
smbadiments of the present disclosure may ncude, but are not Hmilted to, a
fatty acld, & scap of » fatty acld, 3 polymerizsed fally acid, a polyamids, an
amido~gming, @ polyaming, an olegle ester (&g, sorbilan monoleate
polyethoxylate, sorbilan dicleate polvethoxylate, and the likel, an hmidasoling,
an alcehpl 8 polvolefin amide, an alkenamide; an lonio surfactant, 8 non-lanic
surfactant, an anjonic surfactant, a cationic surfactant, 8 viscpelastic surfactany,
an ovalkyviated phenul, a carboxylate sall of an axysiylsted phenol, & castor of
ethoxylated with sthyleng oxide, and sy combinstion thereaf, Sultgble
cormnarcially avallable emulsifiers for use in the trestrent Ruids of the present
disclosure may include, but are not limited to, INVERMULG NT, FORTI-MULE, LE
SUPERMIAL®, and EZ MULE NT, sach fally acid emuldsifiers, and sach available
from Halliburton Energy Services, Ing in Houston, Texas.

{88441 In some embodiments, the emulsifisr may be Included in the
freztment Suids desgribed hersin in an amount in the range of shout 8.5% o
shout 7% by volume of the renewable dissel bass Hudd in the nvert emulsion
{ie, by volume of the exiemat phase of the invert emulsion). For example, the
grruisifier may be present In an amount in the range of about {L.5% o about
1.8%, or about 1.8% 1o about 3.19%, or about 3.1% to sbout $.4%, or about
4.4% 0 ghoul 5%, or abaut 5.7% o aboutl 7% by wolume of the rengwable
dissed base fuid in the Invert smulsion. In some ambodiments, the emulsifier is
preferably presant in the range of abowt 1.875% to aboul 3828 by volume of
the renewable diesel base flull In the invert emulsion, sncompassing any vaiug
and subset therebebween, In some embodiments, the gnulsifier i3 present in
shput .75% or about 3% by volunte of the renowable diesel base fhuld in the
vert emulsion Esch of these valugs for the emulsifier g oritical o the

smbodiments of the presant disclosure and may depend on o number of factors

o
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inchuding, but not mited 1o, the desired stabiiity of the invert smulsion; the
stability of the invert emulsion without the emulsifier, the amount and btype of
weighting agents in the Invert emulsion, the ratlo of external phase o temal
phage, the subterranean formation operation being parformed, the conditfons of
the subterranean formation savironment {e.g. . temperature, presswre, angd the
ke, and the ke, and any combination thereof,

IBG4R8] The pH controt agent additive may bde included In the
tragtment Huids descoribed harsin 1o achiave a desired pi for the trestmeant fluld,
which. may be bassd on the functionaiity of other additives induged in the
treatment fluid. The pH control agent may be used to neutralize acids that are
present due to the indusion of addithves in the tregtment fuld or due to natural
conditions of the formation {e.g, acld gasses formed by the formation}.
Examplas of suitable pH control agerd sdditdves may cluds anwy acid or bass
compourkds capable of adjusting the pH of the freatment fivids described herein,
including, but not iimited to, lime, an slhall metsl hvdroxide {s.q., sodium
hydroxide, potassium hydroxide, and the fike), an atkall metal carbonste {e.g.,
sadim carbonate, potassiuny carbonate, and the like), & bogrbonate, sulfamic
acid, sulfuric adid, hydrochiorie adid, sodium bisulfate, and any combination
tharent,

o048} In soroe ambodiments, the pH cantrol agent may be included
i the treatment fuids described hergin in an gmount iy the range of about &1
pounds per barre! {IBAobl, where s barrel is squal to 42 U5, galiong and 158887
metric iters) o aboul 15 /ol of the reatmant fivid.  For examiple, the ol
control agent may be prasent iy the tregtment flulds In range of about 8.1 hykbl
toabout 1 /b, or about 1 /b to about 3 bl or shout 3 ib/GbI to about
& ih/bbl, or about & b to about § thibbl, or about & b/bbl to about 12 /b,
or sbout 12 bbbl to aboub IS /bl encompassing any valug and subset
thershetwesn. In some smbodiments, the pH conirol agent s present in the
ranga of about 3 bbbl to about ¥ /b, encompassing any value and subsat
therabetweaen, In some smbodiments, the oM control agent s present in the
treatment flulds in an amount of about 7.5 ib/bbl. Each of these values for the
o contred agent is critical  the embodiments of the present disclosure angd
gy depend on 8 number of factors including, but not timited to, the deslvad pH
of the freapment fluld, the typeg of additives Includead it the treatment fuld, the

subterranean formation operation being parfurmed {e.g., effects upon contagt
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with operationa! sguipment), the condditfons of the subterranean formation
gnviranmert {&.g., acklic and/or basic in certain intervals of intersst), and the
fike, and any combination thereof.

{84477 The viscosifisr addiive for use In the Ueatment fuids
described hergin may be any substance that increases the viscosity of the
treatrment fukds {eug., of the rencwsble diessl base fiuid). In some
embodiments, the viscosifier mgy comprise ohg oF more polymenie or absorbent
clay mpteripls that have at lsast molecules that are capable of forming an
internal crassiink or an extemal crossiink with another viscosifier in g
crosslinking  reaction i the presence of & orosslinker additive.  In somse
instances, the viscosifier may sclectively incresse ow-shear ar high-shear
viscosity, whith may be particidarty beneficial depending on the type of
subterranean formation and subterrangan formation operstion being performed
thergin, Additionally; one or mare viscosiflers may alse ncrease the ged strength
of the Uestment Hugds, without departing from the scope of the present
digclasure,

{B487 Examples of sultable viscosifiors may inglude, but are not
Hendted to, & ooy {8.9., & phyllosiiicate, such as bentondte, laponite, ang the
fike); an grganophilic day {e.9., organophilic berdonite); hydrophobic amines
angd €36 dimer dlamings; polar hydrophoble anditives such @ pentasrythritol
tetrastegrate, rimethyiol propane tricleate, pentasrytivitel tetradieate; and gny
combingtion thereof. Suitabde commuerdially available viscosifiers may nclude,
but are not limited o, GELTONER woducks {a.g., GELTONE® II, GELTONES ¥,
angd the ike), bentonile viscosifiers, and  TAUSMOD  viscosifier, an
amarphous/fibrous viscosifier, pach avallable from Halliburton Bnergy Services,
Ing. iy Houston, Texas. Other suitable commercially avaliable viscosifiers may
include, bub arenot imited to, SUSPENTONE™, RM-63™, and REEMOD™ L, BDE-
568™, each low-shear viscosifiers, and sach avallsble from Halliburton Ensrgy
Services, Ing, i Houston, Texas,

(G048} In soms embodiments, the viscosifier additive may be
inciuded v the treatment fuids desaoribed herein In an amount in the mangs of
about §.1 pounds per barrsl Qbbb where 2 barrel s equal 1o 42 LLS; gallons
angd 1RGBRY metrike Hlers) I sboul 15 /bbbl of the trestment fuld.  For
example, the viscosifier may be present in the trestment fluids in range of about
8.1 /bbb in about 1 b/ or about 1 ib/bbl to about 3 /obl, or about 3 ibibl
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0 gbout & /bl or about & /bl to aboul 8 I/BG, or about 9 IB/ADE to about
12 b/bbl, or about 12 ib/bbl to about 15 infbbl, sncompassing any value and
subset therebebween., In somg embodiments, the viscosifier agernt is present In
the range of sboul 3 Ib/bbl 0 about ¢ /b, encompassing any valug and
subset thergbebween., In some embodiments, the viscasifier Is present in the
treatrment fluids I an amount of sbout 7.5 tbh/bbl. Each of these values for the
vigcosifier s oritical to the embodiments of the present disclosure and may
depand on a number of factors including, but not imiten to, the desired viscasity
of the treatment Suid, the types of additives included fn the treatment fuig, the
subtereanean  formation operation being performed, the conditfions of the
subteprransan formation  snvironment (e, low-ghear  or  higheshear
srvironmaent, and the ke, and the tike, and any combination thereof,

{QORG] The fiukd loss contrel agents for use in the embodiments of
the present disclosure reduce figld loss; or the amount {e.g.; volume) of filbste
that passes through @ filter medium, such as 2 formation. Suitsble fuld ioss
condrol agents may be any matenial capable of reduging fuid loss during &
subterranean formation operation and may, indude, iy some instances overiap
chamically with the viscosifiers desoribed hersin,  Exarples of suitable Huld loss
gontral agents may include, but are not imited to, & cay, @ polymer, an organic
palymar, & copolymer; silice flour, & wax, d resin, & Hgnin, & gralt Hgnin, a
fignite, an organophills ignite, various copolymers and any combination tharsof,
Examplas of gcommerdiatly avatiable fluld loss contrgd agents for wuse in the
embodiments of the present disciosure may includs, but are not mied
DURATGNER HT, a lignite Auid loss contral agent, and ADARTAE and BUE-
4547 polymeric fuld loss control agents, each avsilable from Halliburton
Energy Services, Inc. in Houston, Texas.,

fResL] In some embodiments, the Huld loss contral agent addithve
may ba included in the treabment flulds describsd hersin in an amount in the
ranga of about 0.1 pounds per barrel (b/bbl, where 3 barrel is ggual to 42 WS,
gations and 158.887 metric iterg) 1o about 18 /bl of the treatment Buld. For
exampls, the Auld loss control agent may be present in the reatment flulds in
range of about §.1 b/bbl o sbout 1 IBAGDL of ahout 1 /00 o about 3 /by,
o about 3 Ib/b! to about & Ib/bbL or about & B/DH to about @ /Dbl or about
9 bfhb toabout 12 B/bH, or about 18 {5/bb to about 15 ib/bbl, sncompassing

ary value and subsel therebetween,  In some embodiments, the duid loss
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vontragl ggent it present in the renge of shoul 3 /bl o about 9 infbbl,
grcampassing any value and subset therpbebwsen.  In soms embaodiments, the
fluid loss control agent Is present in the treatment Hukds in an amount of about' §
iIbfhbl, Each of these values for the fluld loss contrel agent s oritical o the
embodiments of the presert discosure and may depend o a8 number of factors
including, but not limited to, the desired fiuld loss contrad, the types of additives
inchuded in the treabment fuld, the sublorranean formation operation baing
parformad, the conditions of the sublterransgn formation envionment {89,
parosity, parmeabiiity, and the fike}, and the ike, and any combination thereof.
{0053 When the renewable dissel base fuid s in the form of an
invert smudsion or an oii-in-water emulsion, & salt additive may be added o the
agussus phass of the verl emulsion to dtrive osmaotic dehydration of &
formiation. (&g, of a drilled wellbore), thereby additionslly enhanging

prts

stabllization of sticky or water-sensitive clays o prevent thelr Influx intp
wallbore, thus improving mechanical staliity in the wellhore, The salt additive,
accordingly, may be any ssit compound; or lon derived therefrom, {coliectively
reforred o herain g3 8 “salt”) that iz capsble of driving the desired asmaotic
process. Examples of suitabls salts may include, but are not Hmited to, an alkali
sarth matal salt, an plkaling sarth matal salf, and any combingtion thereof. For
axample, suitablé saits may ncludes, but are not imited to, calclum, sodium, or
potassiom chioride, sulfats, niirsie, nitrite, Tormate, thicoyanste, and any
combingtion thereof,

fags3] In some embogdimeants; the sall additive may be included in
the treatment fulds desoribed hergin in an amount whiich renders the density of
the agueous fluld phase above that of fresh water, typicstly about 8.5 to about
10.5 isfgal, encompassing any value and subset therehetween, For example,
the density may ba about 8.5 1b/gal, about 8.6 ibfgal, shout 8.7 h/gsl, about
8.8 ib/oal, about 8.9 ih/gal, about 9.0 ih/gal, about 9.1 Ih/gal, sbowt 8.2 Wgal,
about 9.3 ibioal, about 8.4 b/gal, aboul 8.5 Ibfgal, sbout 9.6 Ib/gal, abowt 9.7
/el about 3.8 bigel, about 5.8 {b/gal, about 10,0 infgal, shout 101 infgel,
ahout 10,2 Ibfgel, about 18.3 1/gal, about 18.4 b/gal, or about 10.5 ibigal. ,Fw
other applications, the ssil sdditdve may be added to full saturation of the
squecus fluid phase,. Each of these values for the salt additive is oritics! to the
gmbodiments of the present discosure and may depend on & number of faciors
including, but not imited to, the necessary ssmualie debydeation, the types of

v



i@

Pk
m

W 2RI TR POTAUSIOIS/4D353

additives included In the freatment fudd, the conditions of the sublerranean
formation snvironment (a.g., the salinity therein), the salinlly of the gqueous
phase forming the invert emuision, amd the iiif,e, and any combingtion thersof,
OGR4 In some embodiments, rather than induding & salt additive in
freztment fuids present in invert smulsion ?s:;rm, an alcohol may be used I
achipve the same offects. In some ambodiments, e alcohol is & polval, such as
& {C3-Chyarogarbon polyel, The alvohol can be & trioh, such as & {03
Cidalkanetriol,  The alcohol tan be glyeersl. In addition, the aleohol and an
aquesus Huid may be blended to form an invart emulsion, where the internal
aguesus phase can inglude any sullable amount of one or morg water-miscible
iquids, such as methannl, athangl;, sthylena glyenl, propylene givend, and the
fike. &ny suilable volume of the Invert emulsion can be the internal agusous
phase, such as gboul 0.1 voif% to about 8 voi%s, 18 vai% 1o about 50 voi, or

aboul 1 volfb ar less, or abaut 1 voi%h, 2 wold%h, 3 vol%, 4 voiS%, 5 voi%, &
vai%h, 8 wolfe, 10 valls, 15 volS, 20 volth, 3% val%h, 30 vol%, 35 vwoi%, 40
vOi%, 4% voi%h, 50 vol%, 55 vold, &0 wolbh, 85 vol¥, 70 vollh, 7% volfh, or
about 88 volds or more, whereln for & ussd invert emulsion dritling 8uid the
volume refars o the liguid volume nob inclugding driting cuttings and other
insoluble material garried thereinn, Bach of thess walues are oritical to the
ambodiments hergin and may depand on 3 number of factors inclugding, but not
fimited to, the desired siability of the invert emulsion, the selected alcohal for
inclusion in the resinent fluld, and the like, and any combination theraof.

[RG55] These alcohols are typleally misciide iy water, Examiples of
cther suitable alcohols may indude, bl are not Bmted W, . n-propanpt
tsopropancl, nsbutanol, sec-butanol, isobutanol, thutanol, glycerol, a glvodd
{e.g.. polygivools, propyiene glyeol, | diethylene glveol, . and the Hke}, 8
poalyglyeol amineg, o palyol, and the Hke, and any cormbination thereof.

{OR5s] The alocho! may e included i the trestrment Hulds described
hergin in an amount iy the rangs of ahout 1 {b/bbl tn about 00 /b of the
tregtrent Huld,  For examples, the alcehol may be included In the amount of
ahout 1% to about 40% o 40% I aboul BUSG, or about 8% to about 130%, or
aboul 120% o about 166%, or aboul 100% 1 about 200%, encompassing any
valie and subset therebetween. It some smbodiments, the alcohol i included
in the treatment fuids in sneamuount of about 60 th/bbl. Each of these values &8
critical o the embodiments of the present disclosure and may depend on &
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number of factors Including; but not imited o, the types of audditives inclugded In
the reatment fuld, the conditions of the subterranean formation anvirenmentd,
the salinity of the aquecus phase forming the invert emulsion, and the ke, and
any combination thersof.

L & weighting agent additive may further be induded in the
troatent flulds of the present disciosurg.,  The weighling sgent 8 used to
crease the density of & treatment fuld, such a8 to enhanve the suspension of

Migs therein (8.9, of hert solids, defll cuttings for production to the surfacs, for
examp;e}, to achisve & specific level of overbalance pressure o hold the
wellbors in place and counter formation fluld pressurss, and the ke, Examples
of suitable weighling agents may clude, but arg not limited to, barite,
precipitated  barite, submioron  precipiiated  barite, hematite, iimentite,
manganese telraoxide, galens, calclum f:at‘b(}ﬂﬁ't& and any combiination thereof,
Suyiteble commercially avaliable welghting agents may clude, byt are not
fimmited to, BARDIDYS products {e.g., BARGIDE 41), barite weighting agents,
available from Halliburton Bngrgy Senvices, Ing. in Houston, Texas.

{oosg] in some embodiments, the weighting agent sddiive may
optionally be included in the treatment fuids deseribed harein in an amount in
the rangs of aboul §.1% 10 aboul 609 by volume of the ligudd portion of the
treabtment fluid, Forexample, the weaighting agent migy be present of from about
{.1% to about 13%, or about 13% to about 24%, or about 24% to aboul 36%,
or gboul 36% 1n aboul 48%, or abowl 48% to about 80% by volume of the
Howld portion of the trestment Hulds, Each of these values for the weighting
sgent & critical 1 the embodiments of the wesent disclosirg and may depsnd
g 8 number of fackors arzc:%m:ﬁng, but not Hmited Lo, the desired density of the
reatment fluld, the types of additives included in the trestment fluid, the
subferransan formation operation being parfarmed {og., dritling, facturing,
compiation, asd the Hke), the conditions of the sublerranean formation
anvironment {8.¢., pressurs exerled by the formation Hulds into the wellbore),

rid the like, and any combination thereof.

{Ba5%] An Inert solid additbve may be included i the smbodiments
herain to achisve any ane of more of the sbove functions described with
reference n the previous additives {e.g., Buld loss, increasing density} dug to
thelr ahility. to sggregate or become suspanded v a treabtment fuld, For
example, the ingrt solid additives may function as hridging agonts for fluid loss
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applications, proppants o propping fractures, gravel for farming gravel packs,
arud the like, BExamples of suitable inert solids may include, but are not limited
o, marble, sand, hauxite, ceramic materials, glass materials, polymer miaterials,
poiytetrafivormativdens materials, nut shell pleces, cured resinous particulates
gomprising nut shell pleces, seed shell pleces, cured reginous particuiates
comprising sead shell pleces, Hrull it pleces, cured resinous partiouiates
comprising Sult piE pleces, wood, composite particulstes, snd combinations
thareof. Suilable compesite particeiates may comprise a binder and 2 filler
material whersin suitable filler materials include silica, sluming, fumed carbon,
carbon black, graphite, mice, tanium dioxids, meta-siligats, calcium silicats,
kaolin, tele, zirconda, boron, iy ashy, hollow glass microspheres, solid glass, and
combinations thereaf. The nert solids may be of my‘ shape inciwding
subistantiatly spherical or non-spierical {sg, Rbrous), without departing from
the scopeof the present disclosure,

[8aei Generally, depending at igast on the particular sublarransan
formation pperation being performed, the nert solids may have an average
particle sive distribution (450} In the range of atiout 2 mesh 1o aboul 3500 mesh
gn the U8, Sieve Series, such as about 3 mesh o about 550 mesh, or 2 mash
angd about 350 maesh, or about 3 mesh and about 270 maesh, or ghout 2 mesh
and gbout 100 mash, or about 3 mesh and about 40 maesh, or about 2 mesh and
about 30 mesh, o about 2 mash and about 16 mesh, without departing from the
scope of the present disclosure, sncompassing any  value and subset
therebetwean,  In some embadiments, the inert solide migy have & d50 in the
range of about 100 mesh o aboul 2508 mesh, sncompassing any valug and
subset therebetween, Ib will be apprecisted, however, in cortainy craumstances,
other sizes or mivtures of sizes may be desired and are suitable for practice of
the embodiments of the present disclosure. For axampls, when the nert solid

additive s used 38 & bridging matenial, it may have d50 In tha rangs of about 18
raash 1o about 2500 mash, sncompassing any valug and subset thersbetweern.
An example of a sullable commearially avaliable Inert solitd may inchude, but is
not Emited D BARACARBE products {e.g., BARACARB®R 5, BARACARE® 35, and
the like), bridging agents, availalle from Halliburion Energy Services; Ing |
Houston, Texas,

{agsl] In some embodiments, the nert solid additive may be
included iy the treastment fluids desoribed herein in an amount in the range of
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about 8.1% o sbout §0% by volume of the liguld portion of the treatment Fuld,
For example, the weighting agent may De present of from about $.1% o gbwut
13%, o about 12% o about 24%,; or about 24% 1o about 38%, or about 36%
teabout 48%, or sboul 48% 1 aboul 60% by volume of the Hould portion of the
treatment fuids,  Each of these salues for the nert solid is crticsl o the
ambodimeants of the present disclosure and may depend on 8 aumber of factors
scluding, but not limied to, the subterranesn formstion operation baing
parformad {s.g., drilling, fracturing, completion, and the like), the selected inert
solid{s} type, shape, and size, the conditiong of the subterransan formastion
srvironment, and the Bke, and any combination thereof,

{GQE2] Referring now o FIG. 2, the sxemplary treatment fluids
disciosed herain may dirsotly o indirectly affegl one o moreg componeants or
pleces of sguipment assodiatad with the preparstion, delivery,. recapture,
recyeling, reuss, andfor disposal of the disclosed treagtment Ruilds: For Examgsie‘
angd with reference o FREE. 2, thé disclosed treatmsnt Hulds may divectly or
directly affect one or more components ur pleces of equipment assodiated with
an exemplary wellbore driliing  assembly 100, according o one of maore
ambodiments. T should be noted that while FIG, 2 generally depicts & lands
based driliing assambly, those skiled In the st wiil readily recognize that the
principles described harsin arg sgqually applicable fo subsss drilling operations
that employ floating or sea-based platforms angd rigs, withouwt departing from the
scope of the disclosure, Marsover, while Fliz, 2 depicts & drilling operation, i
will be sppreciated that the smbodimeids herein, 85 discussed praviously,
encampass ather sublerransan formation aperations as well,

{24837 As Hlustrsted, the dulling assembly 100 may include a drilling

ok

fatform 102 that supports g derdek 104 having & traveling block 106 for ralsing
angd lowering a drill string 108, The drill string 108 may includs, but is not
Hnited o, drill pipe and colled tubing, as generally kg to those skilled o the
art. A kelty 110 suppaorts the drill string 108 as it is lowered through 3 rotary
table 112, A drill bit 114 is sitached to the distal end of the drill string 108 and
in driven gither by g downhole motor andfor vig retation of the drill string 108
from the well sipface, &g the Bt 118 rotates, it Creates a borshole 1186 that
panetrates varlous sublerransan formations 118,

(00847 A pump 120 {o.g.. & mud pump) circulates deilling Auid 128
through ¢ fosd pipe 124 and to-the kally 130, which correeys the driling fluld
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132 sdownhole through the iderior of the drilt string 108 and through one ar
marg orifices in the deill it 114, The drilling fluld 122 iz then drnulated badck to
the surface via an annglus 138 defined batween the drilf string 1088 and the walls
of the borehole 116, A the surface, the reclroulated or spent drilling fuid 132
exils the annulug 128 and may be convayed o ane or more fuid processing
urdtfsy 128 vis an interconnecting Sow line 130, After passing through the fluld
provessing unit{s) 138, & “cleanad” deifiing fluld 122 ix deposited Inty a nearby
retantion pit 132 {le, » mud pit). While Mustrated as being arranged at the
gutlet of the weallbgre 116 vig the aniulus 138, those skilled i the art will
regdily approciste that the fldd procassing unit{s) 128 may be arrangad oL any
gther lacation in the drilling asssembly 160 to faciitates s proper function,
without departing from the scape of the scape of the disclosure,

{OOEET One ormore of the disclosed raatment flulds may be added to
the drilling fiuld 122 vig 8 mixing bopper 134 communicably coupded tn or
ctherwise iy fluid corpnunication with the retention pit 133, The mixing hopper
134 msy include, but {8 not Hmited o, mixers and relsted mikding sguipment
fenown to those skifted in the avt. Iy other embodiments, however, the disclosed
treatment Huids may be added tn the dritling Sulg 122 at any other location in
the driling assembly 100, In at least ons smibodiment; for sxample, thers could
be more than oue refention pit 132, such as multiple retention pits 132 o serigs.
Morspver, the retention pit 132 may be representative of ong or more fiuld
storage facilitdles andfor unlls where the digcosed trastment fluids may be
stored, reconditioned, andfor reguiated untll added to the drilling Auld 122,

[ROSE] As mentioned above, the disciosed trestment fulds may directly
prindirectly. affect the componants snd eguipment of the driliing assembhy 104,
For example, the disclosed treatment Hulds may directly or inglivectly affect the
fliid processing unitis) 138 which may indude, but iy not Hmited to, ong or more
of a sheker (o9, shale shaker), 3 contrifuge, 8 hydrogycione, § separstor
{including magnstic and  slectrical separators), & desilter, a desander, @
separatar, 8 filter {g.g, distomacecus earth flers), @ heat exchanger, any fluld
reciamation squipment,  The fluid processing anit{s) 138 may further include
ONE OF MOre SenSOrs, gaugss, pumps, comprassars, and the Hike used storg,
snonitar, reguiate, anddfor recondition the exemplary treatment 8uids,

[BOET] The disciosed trestment flutds may directly or indivectly affect
the pump 128, which representatively includes any conduits, pipstines, trucks,

LSy
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tubutars, andfor pipes used o fluldically convey the treatment fuids downhole,
any pUmps, Lompressors, or motes {(a.g., topside or downhele) used to drive
the treatment flulds nto motion, any valves or relpted joints used {o regulate

the pressure or flow rate of the breatment Bulds, and any sensors {Le,, pressire,
temperatire, Sow rate, o0y gauges; andfor combinations thereof, and the like,
The disclosed reatment flulds may alse directiy of indirectly affect the mixing
hopper 134 and the retention pit 133 and thelr assorted variations,

[OR68] The disclosed treatment Puids may siso dirsctly or indirectly
affect the various downhole egquipment and tools that may come inlo contact
with the treatment Buids such as, but not imited to, the drill string 108, any
finats, dritl collars, mud motors, downhols motors angfor pumps asseclated with
the drill string 108, and any MWDAWD tools and related telemetry squipmeant,
sensors or distributed sensors associated with the drlll string 168, The disclogsed
freatinent fulds may sisn direcly or indirectly affect ahy downholg heat
exchangers, valves amd correspanding actustion devives; tool seals, packers and
prhar wellbhore golation devides of components, and the ke sssodiated with the
wellipre 116, The disclosed teatment fluids may also divectly or indirectly
affact the Jdrill biy 114, which mey nclede, but s nob Hmited to, roller cong bits,
PR bits, natural digmong bhits, any hole opsners, reamsrs, coring bits, ste,

ogen] While  not  specifically i%iufstratfe{% harafny, the disclosed
treatment fulds may also divectly or indirectly affect any transport or dealivery
eguipnent used D convey the reatmient flulds to the drilling assembly 100 such
as, for sxample, any ansport vesssls, conduits, plpslines, trucks, tubulars,
andfor pipes used o Suddically move the treatment fwids feoun one lacastion to
another, any pumps, compressors, or motors used o drive the treatment fluids
infe motion, any walves or related joints used {o requiate the pressure or flow
rate of the treatment flulds, and any sensors {Le., prassurg angd temperaturg),

gauges, and/or combinations thereof, and the ke,

{Oo70] Embodirents disclogsed hersin include:
(O0¥FLY Embodiment & A& method comprising: inbroducing 8

treatment fluld inte a8 sublerranean formation, the treatment fluid comprising &
renewalde diesel base Buid and at least ong treabment fluid additive, whersin the
renewable diesel base fluld comprises in the range of ahout 10% and about
67.5% €18 hydrocarbons by wealght of the base fluidy asnd parforming &

subdarransan formation operation.
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[oB72] Embodiment B! & freatment fuld comprising: 8 rengwable
diesel base fluld comprising In the rangs of about 10% and sbout 67.5% C18
hydrocarbons by weight of the base fluldy and gt isast one treatment fuld
additive;

IR073] Embadimeant € A system comprising: 3 tubuyiar extending
into a sublterranean formation; and & pump fuidly coupled to the wbular, the
tubular containing ¢ reatment fluld comprising: a renswabla olf base fhuid and st
feast one freptment Suld additive, whersin the rencwable diesel base fluid
corpprises fn the range of gbout 109% and about §7.5% 18 hydracarbons by
waight of the base fidd,

[BG74] Each of Embodimeants &, B and € may have ¢ae or moare of
the following adiditional elements in any combination:

BGE5] Element 1; Wherein the trestment fuid is used o parform &
subterranean formeation operation selaected Fom the group consisting of g drilling
goeration, 8 pre-pad treatmend operation, a fractudng operation, 3 pre-flush
treabment operation, an after-fiush breatment oporstion, & sand  fonirdd
operation, an acidizing operation, 8 frsc-pack operstion, a water control
gpergtion, 8 fluld loss control operation, & weitbore clean-out operation, & lost
circulation contrel operation, & complation gperetion, and any combination
thereof.

[o07&] Element 2 Whereln the renewable diese! base fluld is in the
forny of an invert emuision, wherein the renewable diese! hase Huld comprises an
external phase and an agueous fluld comprises an internal phase,

Qa7 Elament 31 Whereln the renewable diesel base fuld is v the
form of an invert amulsion; whergin the renewabie diesal base fluld comprises an
extemat phase and an sgueous fuld comprizses an intermnal ghase, and wherein
the ratio of the sxternal phase o the indermmal phase is shout 101 to about
30:74.

[oo7s] Elament 40 Wherain the renswable dissel base fluld is in the
form of an oii-in-wabter ermuision, whersin the rencwable dieset basg fuld
comprises an inferna! phase and an agueous fluld comprises an extarnal phase,

jag7al Element 5: Whereln the treatment fluid further comprises an
squecus fuld, and whsrein the renewable desel bage fluld is present 1 an
amouwtt of aboul 1% toabout 20% by volume of the aguesus fuld,
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[aR8a] Element & Wherein the treatment fluld additive is selscted
fram the group consisting of an emulsifiar, a pH contral agent, a viscosifier, &
crossiinker, a fuld loss control agent, g sait, a weighting agent, an inert solid, 2
dispersion aid, a corrosion inhibitor, a foaming agent, 8 gas, & bresgker, &8
blogide, g chelating agent, & scale inhibitor, 8 g8y hydrats inhibitor, a day
stabilizing sgent, and any combination thevreaf

IBe8] Eloment 71 Wherpin the renewable dicsel base fuid
comprisss in the rangs of about 7.5% and sboot 30% CIR hydrocarbons by
weight of the base Huid,

faag] Elameant & Wherein the renewables diesel base fluld
comprises in the range of about 6.5% and about 20% C17 hydrecarbons by
weight of the bass fuld,

BaeN Element & Wherein the renewable disssl base fluid
comprises g straight-chainad hydrocarbon selected from the group consisting of
3018, n~C17 =18, and any combination thereof In in the range of about 2%
to about 15% by weight of the base Huid,

foogal By way of non-iimiting example, exemplary  element
cormbinations applicabie to Embodirment &, 8 andfor Cincluds 3, 2, and 8; 3, 5,
Gand B L4, and 7 5, 6, 7, and By dand 8§ 5, 7, and By and the Hke; and any
combination thereof.

{GO8R] To facilitate a betler understanding of the embodiments of
the present invention, the Pllowing sxamples of preferred or ropregsentative
embodiments gre givene In no way should the following examples be read io
Hmit, or o defing, the soope of the invention.

EXAMBLE L

{0867 & Dattery of tests were condughed D evaluate the use of a
biodiess!, specifically a fatty addd methyl ester {"FAME"™} tlodiesel, for use as the
base fluld in an Nodiesel gil-based deilling treatmert flugd THORDF™) for use In g
driliing operation compared In 3 petrclewn dissel, specifically $#2 diesel, for use
as the base fluld In an petroleum oli-based deilling trestment fluld (pOBLET) for
use in a drilling operatitn. The pOBDEF was prepared to Hustrste the typicsl
behavior of & relaxed-filtrate off-based tregtment fluld forrmulation.

o087 ] Four bUBDFs and one pUBDF were prepared acoording 1o
Table 1 below, sach having sbout & 15 pound per gallon {Ib/gal) density and
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gach disss! ol component was present in an invert emuision form having an
8518 oil-to-water ratln. The biodiese! splected was a FAME biodiesel gvailable
from Blug Sun Corporation In Golden, Colorado,  Two different Blue Sun
Blodiesel types were evaluated: Bliue Sun BL00 and Blus Sun BSQ, where the
TG0 refers to 100% bicdiege! angd the "50Y refers 0 & blend where 50% ks
blodigsal {repregsentad by the "587 In BEGY and 50% Iz petrelsum disssl, REV
DUSTR Is & ground calclm montmuoriiontte dlay used to simulate dnill cuttings
in laboratory experimentation, and is available from Milwhite, Inc. i Browngville,
Taxas, The unit “bbi” refers fo barrel, where a bare! Is squivalent £ 42 gatlons
{aisn eguivalent to CLISBH cubic maters), The unit "I refers o pounsls {also
gguivalert to 453,582 grams). The nolation 7= means that the particular
componsnt was not included.

TABLE §
Carmponent pOBDF | BOBDF L | BOBDF 2 | hOBDF 3 | bOBDF 4
#2 Dissel (bbb &.575 i R i
RSO hiodiess! {bhi} 8.57% 0.575 | —
B100 hiodiesel (bbh) - - - D578 (.575
INVERMULG NT 2 2 2 3 2
ermuisifier (b} s
EZ MUL® NT & & & & &
amulsifier ()

Lime {ib) 1 1 g 1 i
GELTONE® I 3 i 2 1 -
wiscosifiar (i)

DURATONE® HT fluid 1 i 1 1 1
logs controd sgent
b} |
Fresh Water (bix) £.103 0,103 0.103 | 0,103 0.103
Caiclum chigride salt 24 24 2.3 | 204 204
{ib}
BARQID® 41 357 387 385 | 3§87 357
weighting agent (b}
REV DUST® clay (iix) 30 30 EVI 30

[OOBRR)] Using & FANN® Multi-Mixer, 350 milliliters {ml) sampies of
gach of the tragiment fuids were mixed for 45 minutes gt about 12,000 rpm and
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at room temperature. The samples wers then hot rollsd in glass jars ab 180°F
{65.56°%C) for 16 houwrs to comiition the mixtures and simudate formation
conditions,

{R4E8] &fter hot rolling, rheclogy data was for the samples obtained
gshig 8 FANNG® 354 Viscometsr {(R1 rotor, Bl bob, and FI lorsion) at 120°F
{48.882CY by measuring the shear stress of the bob ol shear rates bholween 3
rpam to 800 rpm {units: 1B/1008%), determining the plastic viscosity (PV) {units:
centipoise {oP}) and the vield point {¥P) {units: IH/ 1007 The BV is determined
by subltracting the 300 rpm shear stress from the 600 rpm yiald stress. The ¥R
is determingd by sublraciing the PV from the 300 rpm shear stress. The 10
second {5} gel and 10 mingte {min} gsl were mpasured by allowing TFL to
remain static for 10-sec or 10-min, respectively, angd, then, measuring the
maximur deflection 8t 3 rpm with the FANNG 3BA Viscometer {units:
e/ TOOR™ )

{80987 The alectrical stabliity {unita: volts) of each treatment fluid
was measurad using & FARNNG Model 338 EBlectrical Stability Tester st 120°F
{48859} to evaluate the emulsion stability and opibwelling capacity of the
fhuida,

{onsL) The high pressure, high temperaturg (HPHT) filtration contral
{f.e., Fuid loss) {units: mi) of the tregtroent flulds was tosted on a FANNG HBEHY
Fitber Press with an AP standard fitter paper (6,35 centimeter {om} {(fe, 2.5
inch} diameter). Bibrate was oollected In 8 gradusted oviinder with the fluld
samiple bheld &b Z250%F (21310 and S3B0 psi differential pressure for 30
minutes. The volume of fluld collected was multiplied by 3.10 give the HPHT
filtrate value {or fuld loss volume amounty. The restlts are reported in Table &

balow.
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TABLE 2
pOBDF | BUBDE 1 | BOBDF 2 | BOBDF 3 | BOBDF 4 |

R0 rom 54 &5 CER BT 130
300 rom 5 30 g0 | 73 87
300 rom 30 25 5T 75
100 rpm 13 19 54| a7 50
& rom & 3 P T 1)
3 rpm 4 & 4|13 13
Piastic Viscasity 33 2% TR T 43
Yield Paint § i5 FER Y 4
1i-sec gel 4 7 P T i
Thomin gl 5 & 55T )
Elacirical stamility BBO 78 54 854 G0
HEHT Fitrate 34 30 - 35 -

[aBR3] pOBDF exhibited adeguate rheology after 150°F hot roliing
for drilling operations.  DOBDF 1 exhibited similar rhesiogicsl proparties as
compared o pOBLGF after 150° het rolling snd, thus, exhibited sdegquate
properties for drilling operstions.

IN083]

BORBRDE 1, simuiating contact of the fluld with cament a3 s often included whan

BOBDEF 2 fuld comprises ingreased ime content compared to
the fluld is expected to contant downhole acidic gasses. The incrssse in lime
Loncentration led to a fpllure affer the 150°F hot roll. The rheology was highsr
than desirable, and the emulsion broke to legve water-weat solids.  The alectrical
stability value was only 54 volls, considerad far oo low &t least for drilling
gperations. Industry standards may vary, yvet i {5 known 0 those skitled that an
£S5 value below 208 volts Indicates minlmum emudsion stability,

8484} HOBDF 3 comprising BiGD bodiess!l was formed using the
same fornmulation as bOBLF 1 comprising B50 tlodiesal. After 150%F hot rolling,
the rheglogical properties of bOBRE 3 were clovated compared to bOBRE i,
which is less desirable. DOBLF 4 wag prepared socording o bOBOF 3 {with 8108
bhiadiesal}, but without GELTONER 11 organophilic day viscosifier, and ths
rheology profile stilf exhibited slevated results comparsd 10 the BSD readings or
the petrpleum dissel-only regdings.  Thusg, the viscosity of the bindissel i
generally higher than desired, particularly for B10G flulds, and i higher amounts

30
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of water and/or other componsnis {e.g., solids) were added to these fluids they
woutld not be suitable for use as a drilling Auld.

EXAMPLE 2
[ooes] Each of pOBDF and hOBDF 1 weare hol rolied further ot 3S0°F
after hot rolling st 150%F, &5 described In BExample 1, thus simuiating stevated
temperpturas in & formation, which dritling operations arg often parformed. The
rheology data was evalusted using the same paramsters as described in
Example 1, argd the resuits are shown in Tabie 3 below,

TABLE 3
pOBDE | bOBDF 1

£30 rpm LI i
360 rpm TTTERTTiaE
200 rpm . 51 85
100 rpm B R R 5)
& rpm | i1 3G
3 rpm 7 24
Mastic Viscusity 48 38
Yield Point I T B
10-ga¢ gad | @ &5
10-min gel B U T
Elecirical stabllity | 620 | 24%
HPHT filtrate PR

[B886] &s showry, pOBEF exhibited adeguste and stable rheslogical
praperties ab the elevaled tempersture, oxhibiting retained emulsion stability

and olbwet zolids. Converssly, BOBDE 1 showed excessive viscosity &t the

slevated termperature, with a yield point resuit of 67 which i3 bypically too high
for nomraal use In a drilling operation.  Typically, & yield poind of 3590 is
considerad by most i the industry to be the highest acceptable range for 3
normal driling fuid, The emulsion stability of DOBDF also droppsd i
approximately half its Inltial valug shown in Table 2, and water-wetting of solids
was oliserved; this would cauze the BORBDE 1 to separate and fall in @ regl
dritting operations  The filtrate volumme of BOBOF 1 increased by abiout &%,
which also indicates destabilization,

Lad
o



is

W 2RI TR

POTAUSIOIS/4D353

EXAMPLE 2

{B08¥] ¥ was bypothesized that, due o slkaline hydrolyals, FAME
biodissals may be unstable for use In & typical driliing Auid formulation or bypioal
fiald driliing operation because thelr bresidown inte fatty acids and short-chain
aleohols poses both health and safety hazards, as weall 83 parformance issuss in
the drilling environment, particularly at elovated temperdtures.  Accordingly, o
tast this hypothasis, & small addition of FAME was added to 3 stabls low
arormatic mineral oli-bassd driling fluid formuiation {HORDF &) and compered 0
& iow aromatic mineral oli-based drilling fluld formation without FAME (“Contrpl
17y {Table 23 The mineral oll selected was BSCAID 1108, avallable from
ExxonMobil Chemical In Irving, Texas. The seawater contaminabion was
purchased from Lake Products Company LLO iy Flonssant, Missour as ARTH
31141-98 grade scawater fwred by dissolving 41,98 grams of standard sea salt
i de-ionized water 1o make up & volume of one liter. The final density of the
sofution was 1.02 sq.

{8688] The formulations for Contred 1 and bOBDF 5 are shown in
Tatde 4 below, sach having about g 14 Ib/gal density and sach ol componant
was prasent in an kwvert emuision form having an 80:20 oif-to-walar ratin,

L0}
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TABLE &
Component  Control 1 | BOBDF S
ESCAID 1100 (hb)) Y .50
8100 bivdiase! {bbi} .03
INVERMULA NT emulsifier (b} 4 4
EZ MUL® NT emulsifier {b) 14 14
Lime (b} 3 3
ADAPTAR fluld loss contro! agsnt () 3 3
DURATONE®R HT fiuld loss control agent (i) 18 10
SELTONE® V viscosifier (1b) 5
SUSPENTONE™ viscosifier (ib) 3
RM-63™ viscasifier {ib) R 6.5
Frash Water {(bbl) $.143 0.143
Calctum chioride sait (it} 17.4 7.4
BARDID®E welghting agent () 331 331
BARACARBE § inert sollg (i) 5 &
Seawster contamination (bhl} .11 0.1%

fooue]
Cantral 1 and DOBDF § were mixed for 45 minutes st about 12,800 rpmand af

Using & FANNS Multh-Mixer, 380 milliiters {mb) samples of
¢ ] p

room ternperature. The samples werg then hot roflsgd in stesl aging cells at
JSORF {176.67%0) Tor 18 hours to condition the mixtures gl sirmulate formation
conditions,  The HPHT flirate was delsrmined using the same parameters
according to Example 1, sxcent a1 8 temperature of 350°%, The results are

shawn i1 Table 5 below.

TABLE B
Control 1 | DOBODE S
HEHT filtrate 3.6 i2.6
HEHT water breakout {mi) 0.0 1.4

Ii8g] A shown, Condral 1 showsd good properties st the high
temperature testing and pressure testing. Since drilling Hulds must contend with
& nurnber of potential cantaminanis in s normal application, it is commonplage

fo add additional water to the inderngl phase combinad with heat strass fo gaugs
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the health of the emulsion and suitebility of the trestment fuld  stend up I
harsh conditions, The addition of 2% valume BLOG blodiese!, farming bDBOF &,
Jid notcause any apparent ssues with the rheclogy or amulgion stability of the
fluld when measired 3t normal conditfons. However, the combination of
seawater contamingtion and heat stress o 350°%F did cause the HEMT filtrateto
braak down, resuliing in water breskout of 1.0 ml

Igia] Iri the HPHY flitration test, the fuld must seal off special filter
paper At high temiperature and prassurs differential Lo simalste the action of
fluigd downhole when penetrating new formations,  This siresses the invert
smulsion since the fluid must badld an impermeable seal and allow only & small
valumes of ofl to penetrate theough. I the emulsion strangth is not robust, water
draplats can alsy pansirate through angd affect the formation by water-wetting i
angd hydrating cleys. This could also potentially bock producing formations or
dainage the nesr wellborg gand cause formation evaluation ssues.  bOBLFE
exfiibsited both a steed lncrease in the flrate volume and water bragkout i the
filtrate.

EXAMPLE 3

{0102} In this example, the use of commaercially avallable renawable
diessl In an oil-based treatment fuld invert smulsion was  svaluated.
Commercisilty avallable REG-00UT/HRD  renswable digssl, svaiisble from
Renewable Energy Group; g, in Ames, Iows was used, & reatment fuid (TFLD)
comprizing 9 rencwable disssl base fluld was prepared socording o Table 6,
where sach component was added individually or simultansously where the “Mix
Time” column is mearged in Table &, and mixed for the sliotted time in minules
batore the next componsnt was added.  In this xampie, the components
forming the treatment fluld wers mixed using 3 Sivarson Mixer ab room
temperature and 8t 8,000 rpmy TR was formulated to have about 8 12 infgael
density and the renewable diessl vomponent was present in an invert emulsion
form having g 528 oil-to-water ratio, where the waler phase salinity was
256,000 ppm,
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TABLE 6
LComponent . TFL #ix Time
REG-SO00/HRD renewable diesal (bbl) | 151.93 5
E2 MUL® NT emulsifier {ib) B ¥
Uime (b} e 10
ARAPTA® fluid loss control sgent {1} 4 10
Calcium chioride satt (b) IR 5
Fresh Water (b} - G882
GELTONE® 11 viscosifier (i) 8 10
BARACARB® © inert solid (156} BT
RM-637 Viscosifier (i) s
RARGIDG weighting anent (157 317,84
21837 Samples of TR wers tested aeither (1Y tnmediately, {2 after

hot rolling at 32358%F {182.78°C) for 16 howrs {he), or {3} after hot rolling &t
J25%F for 18 b followed by static aging at 3Z25°F at either 24 hr, 48 b, or 72 0y,
2% indicated below. The properties werg evaluated using the sameg parametars
as described i Example b The resulls sre shown iy Table 7 below.

TABLE ¥
TFL
Hot Rofled @ J2S°F {hr) 16

Static Agad @ 33SOF {hr) 2% 48 72
£00 rpm 108 71001 & | 8% B3

300 rem &9 41 37 | 48 45

2080 rpm 57 30 26 34 32

100 rpen 43 i9 16 1B i8

& rpm 28 & 4 4 4

3 rpm 25 & 3 3 3

Plastic Viscosity a7 3 30 37 38

Yield Point 33 11 7 11 7

-gec gal 48 8 & & &

10-min get 34 11 10 10 10
Electrical stability 873 539 431 385 366

103
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fgia4] As shown In Table 7, TF1 having the renewable diess! base
fluid has long-term stability at 335%F. The propertiss of TF1 werg stable and the
gmuision showstd no signs of any bregkdown after g totel of B8 hours, nearly
four days total, These results, when compared with Examples 1 and 2 above,
far surpass the stabliity of the similar reatment fluids bulle with Bodissel ar
biodigsal bignds.

EXAMPLE 4

[Qlas] in this sxample, the uss of commercially avaliable renswable
diese! In an cii-Dased trestment Auld invert emuision was evaiuated using &
different formulstion and under differant conditions than Example 30 Thres
treatment fulds (TR-TRL) comprising 8 renhewable diesal base fuld were
preparad according o Table 8, with mixing performed as explaingd in Bample
3 In this exsmple, the components forming the traatment fluids were mixed
using ¥ FANNG Mulli-Mixer at room temperaturs and about 12,000 mm. TF2-
T4 wers formulated to have about @ 12 th/gal density and the renewable disge!
companant was present inan fwvert emulsion form having a 8538 oil-to-water
ratin, where the waber phase salinily was 250,000 ppviy The dvill solids wers
REV-DUSTE clay.

L3
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TABLE B
Componant TF2 TFE3 TFS Mix Time |
REG-5000/HRD rencwable diesel | 135.57 | 135,57 | 13557 | 3
{ bl
FORTI-MUL®R emuigifier {ib) & i B
Limte (i) 3 3 3 10
ADARTA® Auld loss control agent P 2 Z 8
(i
Caloiurn chdorigde salt {ib) 34,25 34,235 34,38 5
Frash Water {bbl} QR8T 98.867 38.87
RHEMOD™ L vigeosiffer {ib} 2 2 2 i
TAU-MOD™ vigcosifier {ih) 4 4 & 5
BAROID® 41 weighting agent (b} | 21648 | 21648 | 21848 | &
Seawater contamination 1Q - i
{% by volume)
Orill sofids {ib} o B 42 15

{01887 Samples of TF-TFE were iested elther {1} immediately
{efore hot rofling CBHR" ), or (2} after hot rofling 8t I50°F for 16 howrs ()
{after hot rofling (FAMR™)S, 38 ingdicated below. The prapertiss were svaluated
wsing the same paramieters as descrilind in Examiple 1, except that 5 3-min gel
valug was alge determined i some instances.  Theresults are shown i Table 9
below.

L3
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TABLE &
TF2 TF3 TF4
BHE AMR BHR AR BHR AMHR
SO0 rom B9 88 167 108 106 178
I00 rpm &l 58 3 20 7 10%
200 rom » 49 48 58 53 &4 8%
100 rpm 35 34 43 42 43 20
B rpm i3 | 13 18 iB 1% 34
3 rpm TN N T A
Mastic Visoasity - &8 33 34 35 28 i3
Yigld Paint TER 28 3% 35 48 32
1Q-gec geat 12 i& 14 17 23 44
1-rmin gal 14 24 16 23 25 47
30-min gel e 25 23 s 48
Elactrical stability 215 441 194 345 208 267
MPHT Filtrate ~ 4.8 s 4.8 - 3.4
{0107} Az shown in Table 8, trestment flulds comprising renswable

diesel base fudds can be gsed in organodlay free systems without reducing their
range of capabiiity. TF3 and TF4 having seawater and drill solids, respectively,
gontaininants show the treatment flids remain stable and could be used In
dritling applicationg, among other sulterranesn formation sperations.

EXAMMES

[8108] Iy this example, the use of cormunercially avaiiable renewable
diesel I an oi-hased reatment Suld invert emulsion {TFS) was evialuated angd
comparad to 3 contre! having #2 dissed petroleuny.oll base fuid {Control 25, TFS
was prepared acconding o Table 10, with mixing performed as explained in
Example 3. In this exampie, the componsnts forming TFS and Control 2 wers
raixed using o FANNG Mulli-Mixer st room femperature and about 12,000 rpm.
Cantral ¥ angd TFE were formulated to have about & 10 ibfgal density and the oif
companant was present inan bwvert emulsion form having a 7528 ail-to-water
ratino, wherg the water phase salinity was 204,000 pom.

L3
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TABLE 10
Componsent Control 2 TFS Mix
Thoe
#2 Diagel {bbl) 18026 3
REG-2G00/HRD renewable dlesel e 167,66
{bb}
INVERMULE NTemuisifier (i} & & 16
EZ MULB NT emulsifier (Ib) 4 4
Lime (b} & & 16
Calciyry chioride salt in fresh watar | 19.38/74.38 | 18.12/74.59
{11}
SELTONE® 1 viscosifler {1b} 6 & 10
DURATONE® HT fluld toss control £ 8 1¢
agﬁnt (b}
BARACARE® & inert solid (I} i ki
BARACARBR 25 inert soiid (b} iy 20
BARQIBRS® waightimm agent {i} 52.03 FI82
REV GUSTR clay () a7 7
{01a3] Samples of Control 2 and TF5 wers tested either (1)

frmadiately (BHR], or (2} after hot rolling st J007F (83, 33%0) for 18 hours (hw}
AMRY, as indicated below. The propertiss were evslusted using the same
paramaters as described in Example I, exgept that the rpmy readings, psstic
visoosity, and vield polnt were pvaluated at 150°F (85,5850, and the MHPHT
filtrate was collected at 200°F (83.33%0). Additionally, the lowest value of vield
point ("LSYPY) was recorded. The results are showay in Table 11 below.,

Lad
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TABLE 11
Conteal 2 TES
BHR | AHR | BHR | AHR
&8 rpm 0 53 57 58
308 rpm 81 44 37 443
200 rpm 33 38 28 38
100 rpm 33 27 19 21
& ropm 20 14 i 18
3 rpm {18 13 @ 9
Plastic Viscosity 18 i 1 20 | 18
Yiedd Point 2 25 17 21
L8vP i T
10-sec gal 20 & 13 12
10-mifr gal 27 16 18 18
HPHT Fiitrate — 2.4 1.4
Elartrical stabiity 575 1 590 | B3& | 596
{0110} A divect comparison of pelrolsun dissel and renswable diessl

for use 35 @ base fuld In @ trestment fuld is shown in Table 11, The fuld
properties warg comparable in every respect, meaning that renewable diess! can
be used a3 gn immediste substiute andfor replacement for petroleum disseal
with no, o minimsl concern, for reformulating currently used fluids or thelr
varipus additive packages. As & Ib/LD ime was prasent In both flulds this shows
that rencwable dicsdd tolerates stkalinity v 8 way which biodiesel cannot.
it Therefore, the prasent disclosura i well adapted to attain the
srds and sdvantages mentionad as well as those that are inherent therain, The
particular ambodiments disclosed shove are filustrative only, 85 they may be
modiffed and praciced In different but equivalent manners apparent to those
skiflad in the art having the benefit of the teachings herein. Furthermore, ne
Hmitationg are intended 1o the detalls of constructon or design hersiny shown,
athier than as desoribed iy the dabng balpw, T is thersfore evident that the
particuiar Hustrative embadiments disclosed above may be alterad, combined,
av modified and all such varigtions are congidered within the scope and spivit of
the presant disclosure, The embindiments Hustratively disclosed herain sultably

may be practiced in the ahsence of any elamant that is not specifically discloged

40
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herain amifor any optional clement disclosed herein.  While compositions and
methods are described i terms of “comprising,” “contalning,” o “indluding”
varipus components or steps, the compositions angd msthods can alse “consist
assentially of” or Tcensist of " the varlous companents and steps, &l numbers
and rangss disclosed above may vary by some gmipunt. Whenever @ numerical
range with a lower Hmit and an vpper Umit s disclosed, any number and any
ncluded range falling within the range 3 specifically disclosed.  In particulsr,
svery rangs of values {of the form, “rom about & to about b7 or, aguivalently,
rom approximately a8 to b)Y or, equivalently, “rom approximately a-b™)
disclosed hergln is o be understood o sst forth svery number and rangs
grcampassal within the broader range of values, Alse, the terms in the claims
have their plain, ordinary meaning untess cthenwiss sxplicitly and clsarly defined
by the patentee, Moreover, the indefinlie articles ™a” or Man,” g5 used in the
giahnig, are defined herein 1o mean ong or more than one of the element that it
intraduces,
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CLAIME
The invention cabmed &

i. & mesthod comprising:
introducing a trostment fluld info 8 sublerranean ormation, the tregtment
fluid coraprising a renewabla diesel base Ruld and ot least ong treatmeant Ruid
wherain the renswable tdiesal base Ruid comprises in the mngs of
about 10% angd about 67.5% C18 hydrocarbons by weight of the base fuid; and
performing @ sublerransan formation operation.
2. The method of daim 1, whersin the rencwable diesal base Huld s i the
form of an invert amulsion, wherein the renewabie diessl base fluld comprises an
external phase and an agquecus fuld comprises an nternal phase,

3. The method of claim 1, wheraein the sublerranean formation operation is
selentadt from the group consisting of 8 deilling opevation, & pre-pad treatment
apearation,; a fracturing opevation, a pre-flugh treatment operation, an after-flush
traatment operation, 8 sangd contral opsration, an scidizing opsration, a frace
pack pperation, & water conlrel aperation, 3 Ruld less control operation, 8
welibore clean-oul operation, a lost droulation control operation, 8 completion
posration, and any combination theraot,

4. The methogd of dlairs 1, wharain the treatment Hoid additive is selacted

4

from the group consisting of an emulsifier, & pH control agent, & viscosifier, ¢

ps3

crosslinker, a fluid Ioss contrdd agent, & .sall, & weighting agent, an inert solid,

o

dispersion akd, @ corrnsion inhibitor, & foaming agent, & ges; § breaker, @
biocids, a chelating sgent, 3 scale inhibllor, 8 gas hydrate inhiblor, @ clay
stablilzing agent, and any combination thereaf,

5. The method of ¢laln 1, wheareln the renewable dicsel base fluld comiises

in the range of about 7.5% and about 30% €16 hydrocarbons by welght of the
hase fuld,
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8. The method of clalm §, wherein the renewable diesel base fiuld comprises
in the range of about 6.5% and aboul 0% {17 hydrocarbons by weight of the
base fuid.

7 The methad of claimt 1, whareln the rencswabie Jlesel base fluld comprises
2 straight-chainegd hydrocarbon selected om the group consisting of 5-C18, -
17, 1-C18; and any combinstion thereof v in the range of about 2% to about

159% by weight of the bass Huid.

8. A treatment fluld comprising:
a renswable dicsel base fluld comprising n the range of about 18% and

about £7.5% C18 hydrocarbons by weight of the base fuid; ang
&t feast one reatment fuid asdditive.

&, The treatment fuid of clalm ], wherain the renewable dissel base fluid is
iy the form of an invert emulsion, wherein the renewable diesal base fuaid
comprises an extornal phase and an aguuous Tuld comprises an intomal phase.

10, The reatment fuld of dainy 8, whersin the renswable diess! bass fuid is
inn the form of an invert emulsion, whersin the renswable diesel base fluld
comprises an externsgt phase and an agqueocus Buld comprises gn internal phase,
angd whareln the ratio of the extema! phase o the internal phase is about 16421
o about 36176,

11 The treatment fuld of clsim 8, wharein the renswable dissel base fluld s
in the form of an cil-in-water anuislon, wherehy the renewable diesel base fluld

comiprises an inferna! phase and an sgusous fuid comprises an extarmnal phass,

12, The trestment Suld of olaim 8, further comprising an sgusous Huld, and
whearsin the renewable dlesel base fluld is present In an amount of about % to
shout 2% by volume of the sgusous fuid,

13, The Doatment fudd of daim 8§, whereln the treatment fuid additive s
safectad from the gioud consisting of an smulsifier, & pH control agent, a8
viscosifier, & crosshnker, a fluld loss control agent, 3 salt, & welghting agent, an

&3
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fnert solid, a dispersion g, a corrosion inhiblior, & foaming agerd;, a8 @as, a
breaker, a biockde, & chelpting agent, a scale inhibitor, 8 gas hyirate inhibitor, &
clay stabilizing ggent, and any combination thereof,

i4.  The treatment fiydd of cialim 8, whergln the renewabie disse] base fluld

comprises i the range of aboul 7.5% and sbout 20% branched Cis
hydrotarbons by weaight of the base fluid

1%,  The treatment fluid of clsim 8, whereln the rencwable dicse! base fluid
comprises In the range of aboul 5.5% and shout 0% branched 17

Hydrocarbons by weight of the base fluld,

16, A system comprising:
a tubular exiending inte & subiterranean formation; and
g pump fluldly coudled o the tubudar, the tubular containing & treatment
fluid compriaing: 8 renewable oft base fluid and at least one trestment flud
addithve,
wharein the renswable diesel hase Auid comprisss in the rangs of

about 10% and about §7.5% 18 hydrocarbons by weight of the base fuld.

17, The system of claim 18, wheraln the renswable diese! base fluid is In the
fornt of an invert emuision, wherain the renewable diese! base Huld comprises an
external hase and an agqusaus uld comiprizes an internal ghase,

I8, The system of oaim 16, wherein the rengwalile dicse! base fuld I8 in the
formy of v invert emuision, whersin the renswable diesel base Huid comprises an
external phass and an agueous Huid comprises an internal phass, and whearein
the ratio of the external phase (o the Intemal phase is aboul 10001 o about
3070,

I8, The system of clalm 1§, whersin the renewable dissel base fluld comprisss
in the range of about 7.5% and zboul 0% branched C1& hydrocarbons by
waight of the base fuld,
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20. The system of clgim 18, wherein the renewable dissel base fluld comprises
in the range of about 6.5% and about 20% branched CIF hydrocarbons by
weight of the bass fuld,
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