
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2016/0152885 A1 

Offenbacher et al. 

US 2016O152885A1 

(43) Pub. Date: Jun. 2, 2016 

(54) 

(71) 

(72) 

(21) 

(22) 

(86) 

(60) 

METHOD OF APPLYING SOLVENT 
TREATMENTS USING EMULSIONS 

Applicant: M-I L.L.C., Houston, TX (US) 

Inventors: Matthew Offenbacher, Houston, TX 
(US); Balkrishna Gadiyar, Katy, TX 
(US) 

Appl. No.: 14/901,197. 

PCT Fled: Sep. 18, 2014 

PCT NO.: PCT/US1.4/S6230 

S371 (c)(1), 
(2) Date: Dec. 28, 2015 

Related U.S. Application Data 
Provisional application No. 61/882.379, filed on Sep. 
25, 2013. 

Publication Classification 

(51) Int. Cl. 
C09K 8/57 (2006.01) 
E2IB 43/04 (2006.01) 
E2IB 37/06 (2006.01) 

(52) U.S. Cl. 
CPC. C09K 8/57 (2013.01); E2IB 37/06 (2013.01); 

E2IB 43/04 (2013.01) 

(57) ABSTRACT 

Methods of delivering a low density solvent into a wellbore 
include combining an oleaginous solvent and a nonoleagi 
nous fluid to form an emulsion, and injecting the emulsion 
into a wellbore. Other uses of low density solvent systems 
may include dissolving waxes and wax-containing residues 
in a wellbore, on downhole tools, from sand screens, or use in 
general cleanup operations in and outside of the wellbore. 
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METHOD OF APPLYING SOLVENT 
TREATMENTS USING EMULSIONS 

BACKGROUND 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/882.379 filed on Sep. 25, 2013, 
incorporated by reference herein in its entirety. 
0002 Natural resources such as oil or gas residing in sub 
terranean formations can be recovered by drilling a wellbore 
that penetrates reservoirs within a given formation. During 
the establishment of a wellbore, a number of fluids are deliv 
ered downhole depending on the requirements of the particu 
lar operation. Wellbore fluids may be circulated through vari 
ous downhole tools emplaced within the wellbore, including 
drill strings, casings, coiled tubing, and the like. 
0003. When fluid bearing formations are composed of 
poorly consolidated sands and other granular material, there 
is a natural tendency for the material to move with formation 
fluids into the wellbore during hydrocarbon production. In 
Such formations, problems may arise when sands and other 
materials compact around the receiving end of the production 
string and reduce the effective radius of the wellbore, decreas 
ing well productivity. In addition, sand production in uncon 
solidated wellbores may also erode hardware, block tubulars, 
create downhole cavities, and may require intervention to 
separate sand from fluids before disposal at the surface. To 
avoid such complications, completion methods employed in 
sand-containing reservoirs often use measures to keep forma 
tion sand in place without restricting productivity. 
0004 Techniques for controlling sand displacement may 
include placement of a gravel pack to hold formation sand in 
place and prevent sand from entering production streams 
from open-hole oil and gas wells. Ingravel pack operations, a 
steel Screen may be placed in a wellbore and the Surrounding 
annulus is packed with prepared gravel of a specific size 
designed to prevent the passage of formation sand while still 
allowing fluid to flow through the gravel, Screen, and enter 
production piping. Gravel packing operations may generally 
stabilize the formation while causing minimal impairment to 
well productivity. 

SUMMARY 

0005. This summary is provided to introduce a selection of 
concepts that are further described below in the detailed 
description. This Summary is not intended to identify key or 
essential features of the claimed Subject matter, nor is it 
intended to be used as an aid in limiting the scope of the 
claimed Subject matter. 
0006. In one aspect, the present disclosure discloses meth 
ods of delivering low density solvents into a wellbore that 
including combining an oleaginous solvent and a non-olleagi 
nous fluid to form an emulsion, and injecting the emulsion 
into a wellbore. 

0007. In another aspect, the present disclosure discloses 
methods of installing a sand screen within a wellbore that 
including emplacing the sand screen within the wellbore, 
wherein the sand Screen has a wax coating. The method may 
further include injecting a fluid system into the wellbore, the 
fluid system containing a solvent and a non-olleaginous fluid 
that form an emulsion, contacting the wax coating present on 
the sand screen with the fluid system, and allowing the fluid 
system to reduce the wax coating. 
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0008. In yet another aspect, the present disclosure dis 
closes methods that include injecting a fluid system into a 
wellbore, the fluid system comprising a solvent and a non 
oleaginous fluid that form an emulsion. The method may 
further include contacting a wax or wax-based residue in the 
wellbore, and dissolving or otherwise removing the wax or 
wax-based residue from the wellbore. 
0009. Further aspects of the subject disclosure will 
become readily apparent from the following detailed descrip 
tion. 

DETAILED DESCRIPTION 

0010. The particulars shown herein are by way of example 
and for purposes of illustrative discussion of the embodi 
ments of the Subject disclosure only and are presented in the 
cause of providing what is believed to be the most useful and 
readily understood description of the principles and concep 
tual aspects of the Subject disclosure. In this regard, no 
attempt is made to show structural details in more detail than 
is necessary for the fundamental understanding of the Subject 
disclosure. The description taken with drawings, if any, may 
make apparent to those skilled in the art how the several forms 
of the subject disclosure may be embodied in practice. For 
example, Systems, processes, and other elements of embodi 
ments may be shown as components in block diagram form in 
order not to obscure the embodiments in unnecessary detail. 
In other instances, well-known processes, structures, and 
techniques may be described without unnecessary details in 
order to avoid obscuring the embodiments. 
0011. The present disclosure relates to fluid systems used 
to deliver low density treatment fluids downhole. Specifically, 
the disclosure is directed to solvent systems that deliver low 
density solvents as a component of an emulsified wellbore 
fluid. For example, in embodiments directed to invert emul 
sions, solvent systems may contain an oleaginous solvent 
external phase, a non-oleaginous internal phase, and one or 
more surfactants. 
0012. In particular embodiments, solvent systems in 
accordance with the present disclosure may be used down 
hole to dissolve wax-based components, e.g., wax, wax 
deposits, allowing such deposits to be easily pumped out 
when reclaiming treatment fluids. Waxes encountered down 
hole may include a multitude of higher-molecular-weight 
paraffinic components that are minutely soluble in the liquid 
phase of black oils and condensates, for example. As a wax 
containing fluid cools, higher-molecular weight wax-based 
components becomes less soluble and eventually separate 
from surrounding fluids and begin to solidify. The onset of 
crystallization is known as the cloud-point, which may pro 
duce a wax-appearance. As the fluid continues to cool, lower 
molecular weight species also solidify, adding to the Solid 
fraction. Wax crystallization may be controlled by tempera 
ture but may also be dependent on fluid composition. Com 
mon wax-based components may include, for example, bees 
wax, paraffin wax, candelilla wax, carnuba wax, ceresine 
wax, montan wax, shellac wax, petrolatum waxes, and the 
like. 
0013 While downhole temperatures are often high 
enough to keep waxes in a mobile liquid phase for formations 
having lower temperatures, for example, wax deposits may 
not reach sufficient temperatures to rise above the cloud point 
for the particular wax and may remain solid and relatively 
immobile. In Such formations, wax deposits may be removed 
using means that may include disrupting, Solubilizing, or 
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partially solubilizing the wax in a Suitable solvent or displac 
ing the wax with steam or heated oils. 
0014 While hydrocarbon solvents may be employed to 
reduce wax-based components, Suitable solvents for dissolv 
ing the components may have densities that are much lower 
than other fluids present within the well and are quickly 
displaced from targeted intervals. Thus, in order to treat inter 
vals at low depths, the treatment may be continuously 
pumped through the interval or be weighted up to reach a 
sufficient density to resist displacement by hydrostatic forces. 
In one aspect, inventors of the instant disclosure have 
addressed this limitation by delivering solvents downhole as 
a component of an invert emulsion in which fluid density is 
provided to the system through the incorporation of a discon 
tinuous aqueous phase. 
0015. In particular embodiments, solvent systems of the 
present disclosure may be used to reduce wax and/or wax 
based components present downhole, whether they be natu 
rally occurring or introduced from previous wellbore opera 
tions. Solvent systems may be a weak emulsion or a 
dispersion that is unstable and separates over a period of time. 
Such systems may allow for easier removal of waxy deposits, 
which may be carried with the low density phase as it sepa 
rates and rises to the top of the denser non-oleaginous phase. 
In some embodiments, the solvent system may be an emul 
sion formulated without surfactant or with low concentra 
tions of surfactant. Such emulsions may be used, for example, 
to create weak emulsions that minimize the damage to the 
formation that may be associated with the use of particular 
Surfactants. 

0016. In other embodiments, solvent systems of the 
present disclosure may be used during completions opera 
tions in wellbores that have been drilled with muds containing 
wax-based or wax-containing fluid loss control agents. For 
example, drilling fluids and residues formulated with waxes 
as seepage control agents or present as additive coatings may 
be dissolved and removed with an invert emulsion solvent 
system in accordance with the present disclosure prior to 
production operations. 
0017. In another embodiment, fluid systems in accordance 
with the instant disclosure may be used to remove waxes or 
other deposits from the Surface of a sand screen emplaced 
downhole. Sand screens are mechanical devices used to sepa 
rate entrained sand from wellbore fluids below the surface, 
thereby preventing Solids from entering the producing well. 
Sand screens are often employed alone to screen out sand in 
various operations or may be used in conjunction with gravel 
pack completions. For example, protected sand screens may 
be installed in a selected interval and, once emplaced, the 
wellbore may be gravel packed by known methods including 
water packing or slurry packing methods prior to removal of 
the coating from the sand screen. 
0018. In either operation, the screen is provided with par 

ticularly sized openings to encourage Sandgrains to bridge. In 
completions which employ a screen without aggregate, the 
screen openings are sized in relation to formation particles to 
effect particle bridging. In gravel pack completions, the 
screen openings are sized in relation to the aggregate used 
outside the screen, and the aggregate is sized in relation to 
formation sand. The size relationships of the aggregate and/or 
screen are normally determined by well-known techniques 
which are based upon sieve analysis data obtained from for 
mation cores. 
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0019. However, the small openings in such screens may 
present challenges during Storage, handling, and placement 
because of the tendency of the openings to become plugged 
with particulates. For example, many completion fluids or 
materials containing fluid loss additives can reduce the flow 
capacity of screens because of the propensity of such fluids to 
form filter cakes or seals on the surface of screens. Another 
factor that may contribute to poor screen performance is the 
plugging effects of corrosion during storage and handling. 
During storage prior to use, corrosion products formed on 
screens such as iron oxide can build up and seriously restrict 
the flow area of openings in the screen’s fine mesh. Corrosion 
is particularly severe in offshore environments where expo 
Sure to the salty air can produce Substantial corrosion in a 
matter of days. Further, prior to being run in the well, the 
screen is normally delivered to the well site and laid on the 
ground or on the pipe rack where dirt, grease or other foreign 
matter can become lodged in the openings. Regardless of the 
Source of the foreign material which plugs the screen open 
ings, it can be difficult to remove Such materials from fine 
mesh screens, particularly once emplaced downhole. 
0020. In order to decrease the possibility of detrimental 
screen damage prior to emplacement, coatings are often 
applied to screen openings prior to transport or installation 
downhole. The coatings may be heat-sensitive and transition 
to a liquid or semi-liquid at temperatures existing at the set 
ting depth of the screen. Because of its low cost, availability, 
ease of application, and low melting point, waxes are often 
chosen as a temporary sealant. 
0021. In particular embodiments, solvent systems in 
accordance with the instant disclosure may be used to clean 
and remove waxes from sand control screens that have been 
temporarily plugged with wax prior to installation into a 
wellbore that has an average Zonal temperature below the 
melting temperature and/or cloud point of the wax. 
0022. In yet other embodiments, the screen may use a 
thermoplastic resin as the protective coating and sealant Such 
as polyethylene and polypropylene. When Such polymeric 
coatings are employed, compatible solvents may be selected 
from those disclosed and used to formulate an appropriate 
Solvent system. 
0023. Further, in other embodiments, where the well natu 
rally contains paraffins and other wax-based components that 
may accumulate on sand Screens, other equipment, or is 
present in the wellbore generally, the solvent delivery systems 
of the present disclosure may be employed as a chemical 
treatment to remove insoluble deposits from Screens or equip 
ment emplaced downhole or present in the wellbore in order 
to increase or restore production. 
0024. Thus, one or more embodiments are directed to the 
treatment of sand control screens temporarily plugged with 
wax that are installed in deep open hole wells, wherein the 
wax has a melting temperature slightly greater or less than the 
nominal formation temperature in the Zone from which well 
fluids are to be produced. Drilling fluids and other solids 
laden wellbore fluids are displaced from the wellbore by 
flowing the fluids up through a section of tubing disposed 
distal to the screen, through the interior of the screen and 
through the tubing string to the surface until the wellbore is 
cleaned of the solids laden fluid. The solvent system of the 
present disclosure is introduced to the screen to reduce the 
wax-based component. The wax-based component may be 
reduced Such as by softening, eroding, removing, dissolving 
(partially or completely), etc. The distal tubing section is then 
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plugged so that production fluids are forced to flow through 
the sand control screen in a conventional manner. In other 
embodiments, one or more displacement and/or completion 
fluids may be used in conjunction with the solvent systems of 
the present disclosure. 

Solvent Delivery Systems 
0025 Solvent delivery systems of the instant disclosure 
may be compatible with a number of low density solvents. 
Fluid systems in accordance with embodiments of the present 
disclosure may contain a mixture of a solvent, an aqueous 
fluid, and a Surfactant. In particular embodiments, the Surfac 
tant may be selected such that the emulsion formed is a 
dispersion or a weak or unstable emulsion. In the application 
of embodiments that utilize weak emulsions, the emulsion 
may be prepared at the Surface and injected into the formation 
to maximize the time that the disparate phases will remain 
comingled. After a period of time that may vary based upon 
the selected Surfactant and other factors such as pH, tempera 
ture, and the presence of fluids downhole, the emulsions may 
degrade and phase separate, displacing the low density Sol 
vent phase above the targeted region. The low density solvent 
may then form an upper oleaginous phase, along with any 
solubilized wax or residues. In particular embodiments, a 
weak emulsion may be prepared at the Surface and injected 
into the well to contact a wax or wax-based residue in an open 
or cased interval of the wellbore, and upon dissolution of the 
wax or residue, the emulsion separates and lifts any wax or 
residues from the treated interval. 
0026. In one or more embodiments, the solvent may be the 
continuous phase of an invert emulsion and be present at a 
percent by volume (vol%) of 30 vol% to 90 vol% in some 
embodiments, or 30 vol% to 75 vol% in other embodiments. 
0027. In one or more embodiments, the density of the 
Solvent systems in accordance with the present disclosure 
may range in density selected from a lower limit of about 8 
ppg, 9 ppg, and 10 ppg to an upper limit of about 11 ppg, 12 
ppg, and 13 ppg. 
0028. In particular embodiments, the solvents in accor 
dance with the present disclosure may include hydrocarbon 
Solvents such as terpenes, such as d-limonene, turpentine, 
pinene, and citronellol, terpenoids, kerosene, pentane, hex 
ane, heptane, decane, Xylene, and other C2-C16 hydrocarbon 
solvents, for example. In yet other embodiments, the solvent 
may be one selected from glycol ethers such as those formed 
from C1-C6 alcohols and C2-12 glycols including, but not 
limited to, dipropylene glycol methyl ether, hexylene glycol 
methyl ether, ethylene glycol monobutyl ether, and triethyl 
ene glycol monobutyl ether. In other embodiments, suitable 
solvents may include esters of aliphatic C2-5 carboxylic acids 
and C4-C22 alcohols or polyols such as, for example, methyl 
laurate, ethyl laurate, methyl myristate, ethyl myristate, butyl 
lactate, ethyl lactate, isopropyl lactate, isopropyl palmitate, 
propylene carbonate, and butylene carbonate. In other 
embodiments, the solvent may be selected from alkyl amide 
solvents that include C8-14 alkyl amides and C8-14 dialkyl 
amides such as, for example, N,N-dimethyloctanamide and 
N,N-dimethyldecanamide, or selected from alkyl mono- or 
di-ethanolamides such as lauryl monoethanolamide or myri 
styl monoethanolamide, for example. In particular embodi 
ments, the Solvent may be selected from low density commer 
cial solvents such as DEEPCLEANTM, SAFE-SOLVTM OM, 
and SAFE-T-PICKLETM, which are available from M-I L.L. 
C. (Houston, Tex.). In one or more embodiments, the solvent 
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may be immiscible or substantially immiscible with water. 
For substantially immiscible solvents, the solvent may be 
miscible with water at 25°C. at a percent by volume (vol%) 
that ranges from a lower limit selected from the group of 0 vol 
%, 1x107 vol%, 1x10 vol%, 1x10 vol%, and 1 vol% to 
an upper limit selected from the group of 0.1 vol%. 1 vol%. 
5 vol%, 10 vol%, and 20 vol%. 
0029. In one or more embodiments, the solvent may be a 
semi-volatile solvent having a vapor pressure at 20°C. within 
the range of 1x107 mmHg to 1 mmHg. 
0030 Solvent systems in accordance with the instant dis 
closure may be formulated as an invert emulsion containing a 
non-olleaginous or aqueous solvent internal phase having an 
equivalent or greater density than the solvent external phase. 
The non-olleaginous fluid may be selected from the group 
including one or more of fresh water, sea water, a brine 
containing organic and/or inorganic dissolved salts, liquids 
containing water-miscible organic compounds, and combina 
tions thereof. For example, the aqueous fluid may be formu 
lated with mixtures of desired salts in freshwater. Such salts 
may include, but are not limited to alkali metal chlorides, 
hydroxides, or carboxylates, for example. 
0031. In various embodiments of the solvent system dis 
closed herein, the non-olleaginous fluid may include seawater, 
aqueous Solutions wherein the salt concentration is less than 
that of sea water, or aqueous solutions wherein the salt con 
centration is greater than that of sea water. Salts that may be 
found in seawater include, but are not limited to, Sodium, 
calcium, aluminum, magnesium, potassium, strontium, and 
lithium, salts of chlorides, bromides, carbonates, iodides, 
chlorates, bromates, formates, nitrates, oxides, phosphates, 
Sulfates, silicates, and fluorides. Salts that may be incorpo 
rated in a given brine include any one or more of those present 
in natural seawater or any other organic or inorganic dis 
solved salts. Additionally, brines that may be used in the 
drilling fluids disclosed herein may be natural or synthetic, 
with synthetic brines tending to be much simpler in constitu 
tion. In one embodiment, the density of the drilling fluid may 
be controlled by increasing the salt concentration in the brine 
(up to Saturation). In a particular embodiment, a brine may 
include halide or carboxylate salts of mono- or di-valent 
cations of metals, such as cesium, potassium, calcium, Zinc, 
and/or sodium. 
0032. In particular embodiments disclosed herein, the sol 
vent system may be an invert emulsion fluid having an oil/ 
water ratio of less than 55/45, which may also be referred to 
as high internal phase ratio (HIPR) invert emulsions or high 
internal phase emulsions (HIPE). For example, in one or more 
embodiments, the amount of non-olleaginous fluid may be 
less than about 70% by volume of the solvent system or from 
about 1% to about 70% by volume of the solvent system in 
other embodiments. In other embodiments, the non-olleagi 
nous fluid may be from about 5% to about 60% by volume of 
the fluid system. 

Surfactants 

0033 Solvent systems of the instant disclosure may 
include a surfactant capable of generating an invert emulsion, 
also known in the art as a water-in-oil emulsion. Surfactants 
that may be used in the systems disclosed herein include, for 
example, fatty acids, amidoamines, polyamides, polyamines, 
oleate esters, such as Sorbitan monoleate, Sorbitan dioleate, 
imidazoline derivatives or alcohol derivatives and combina 
tions or derivatives of the above. 
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0034. In one or more embodiments, the surfactant may be 
selected by choosing a Surfactant having a Suitable hydro 
philic lipophilic balance to generate a stable, or weakly sta 
bilized, invert emulsion. The term “HLB (Hydrophilic Lipo 
philic Balance) refers to the ratio of the hydrophilicity of the 
polar groups of the Surface-active molecules to the hydropho 
bicity of the lipophilic portion(s) of the same molecules. A 
HLB value may be calculated by considering the molecular 
weight contributions of the respective hydrophilic and lipo 
philic portions and taking the ratio thereof (divided by 5). A 
HLB value of 0 corresponds to a completely lipophilic/hy 
drophobic molecule, and a value of 20 corresponds to a com 
pletely hydrophilic/lipophobic molecule. 
0035 Generally, the Bancroft rule applies to the behavior 
of emulsions: emulsifiers and emulsifying particles tend to 
promote dispersion of the phase in which they do not dissolve 
very well. For example, a compound that dissolves better in 
water than in oil tends to form oil-in-water emulsions (i.e., 
they promote the dispersion of oil droplets throughout a con 
tinuous phase of water). Emulsifiers are typically 
amphiphilic. That is, they possess both a hydrophilic portion 
and a hydrophobic portion. The chemistry and strength of the 
hydrophilic polar group compared with those of the lipophilic 
nonpolar group determine whether the emulsion forms as an 
oil-in-water or water-in-oil emulsion. In particular, emulsifi 
ers may be evaluated based on their HLB value. To form an 
invert emulsion, an emulsifier (or a mixture of emulsifiers) 
having a low HLB may be desirable. 
0036. In one or more embodiments, surfactants of the 
present disclosure may have an HLB of less than 3, between 
3 and 12 in other embodiments, and between 3 and 7 in still 
other embodiments. 

0037. In one or more embodiments, the stability of emul 
sions formed by solvent systems in accordance with the 
present disclosure may be characterized using electrical sta 
bility measurements. Electrical Stability (ES) measurements 
give an indication of the stability of a water-in-oil emulsion. 
In order to characterize the stability of a water-in-oil emul 
Sion, a strong electric field is applied across a small gap 
between two electrodes. Normally, alternating current (AC) 
electrical fields are applied to mitigate damage to the Surfaces 
of the electrodes. The gap is filled with a sample of the fluid to 
be tested. The electric field is increased until a relatively 
significant current flows through the sample between the 
electrodes. Oil based drilling fluids with emulsified brine are 
essentially electrical insulators to weak electric fields. As the 
field strength increases, the emulsified droplets of water in the 
electrode gap begin to elongate and align with the electric 
field. If the electric field is sufficiently strong, the droplets 
may eventually merge, forming a conductive bridge across 
the electrode gap. The dropletbridge can conduct a relatively 
significant electric current. The moment that the current 
exceeds a specified trip current is described as breakdown. 
0038. As discussed above, embodiments of the solvent 
system include weak emulsions that may remain stable long 
enough to deliver the solvent system to the appropriate depth 
within a wellbore in order to contact a wax or other residue 
before collapsing over time and separating into distinct 
phases. In one or more embodiments, the solvent system may 
be formulated to create an emulsion having an electrical 
stability within a range having a lower limit selected from the 
group of 5 V. 10 V, 20 V, 30 V, and 40 V to an upper limit 
selected from the group of 30 V, 50 V, 60 V. 75 V, and 100V. 
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0039. In one or more embodiments, the surfactant may 
include fatty acids having the general formula XR'R', where 
X may be a counter ion Such as an alkaline or alkali metal, 
ammonium, or be a covalent hydrogen; R' is an acidic func 
tional group capable of forming an anion Such as a carboxylic 
acid or a sulfate group, and R is an alkyl group having 3-22 
carbon atoms. In one or more embodiments, the Surfactant 
may be a fatty acid including fatty acids derived from animal 
and vegetable fats and oils. Fatty acids are the raw materials 
used in the manufacture of many drilling-fluid additives. Such 
as emulsifiers, oil-wetting agents and lubricants. For 
example, Tall-oil fatty acids are distilled from conifer trees. 
Animal and vegetable fats and oils are triglycerides, which 
are hydrolyzed to give fatty acids (and glycerol). Fatty acids 
from animals are mostly Saturated acids, having single bonds 
between carbon atoms. Tall oils and vegetable oils yield both 
saturated and unsaturated (double- and triple-bond) fatty 
acids. 
0040. For example, the surfactant may be a fatty acid 
selected from Such as butyric acid, Valeric acid, caproic acid, 
enanthic acid, caprylic acid, pelargonic acid, capric acid, 
lauric acid, mySristic acid, palmitic acid, Stearic acid, in addi 
tion to unsaturated fatty acids Such as myristoleic acid, palmi 
toleic acid, oleic acid, linoleic acid, alpha-linoleic acid, erucic 
acid, and the like. In addition to these fatty acids, the com 
pounds may also have a small degree of Substitution/branch 
ing or may be sulfonic or phosphonic derivatives thereof. 
0041. Other surfactants may include amidoamines such as 
those represented by: 

O R R4 

R -- NH h \ 
pi V 

R3 Rs 

wherein R is selected from a C-C alkyl, C-Coalkenyl, 
C12-C soarylalkyl, and C12-Cso cycloalkyl; R2 and Rs are each 
independently selected from Hora C-C alkyl; RandRs are 
each independently selected from H. C-C alkyl, C-C, 
alkoxyalkyl, and C-C hydroxyalkyl; and n is an integer from 
1 to 10. Amidoamines may be formed from the reaction of a 
polyamine with a carboxylic acid. For example, in aparticular 
embodiment, an amidoamine formed from a C-C fatty acid 
reacted with a polyamine. In a particular embodiment, the 
organophilic reactive amine may include a C-C fatty acid 
reacted with a polyalkylene polyamine. Alternatively, the 
organophilic reactive amine may include 2-alkyl imidazoline 
formed from C-C fatty acid reacted with a polyalkylene 
polyamine, which may then be derivatized with a dicarboxy 
lic acid. 
0042. In other embodiment, the surfactant may be selected 
from C-C fatty polyamines including polyaliphatic 
polyamines, heterocyclic polyamines, and alkylalkanol 
polyamines. In one embodiment, organophilic reactive 
polyamines may have at least one amine being a reactive 
amine. Alternatively, an organophilic species comprising a 
tertiary amine may be reacted with quebracho. 
0043. Additionally, the fluid may also contain surfactants 
that may be characterized as wetting agents. Wetting agents 
that may be suitable for use in the fluids disclosed herein 
include crude tall oil, oxidized crude tall oil, organic phos 
phate esters, modified imidazolines and amidoamines, alkyl 
aromatic sulfates and Sulfonates Such as dodecylbenzyl Sul 
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fonic acid, and the like, and combinations or derivatives of 
these. Examples of commercially available surfactants Suit 
able for use in the solvent systems disclosed herein include 
FAZEMULTM, FAZE-WETTM, VERSACOATTM, 
NOVAWETTM, SUREMULTM PLUS, SUREMULTM, 
SUREMULTM EH, SUREWETTM, VERSAWETTM, and 
VERSAWETTMNS, all of which are manufactured and dis 
tributed by M-I L.L.C. of Houston, Tex. 
0044. In one or more embodiments, at least one surfactant 
may be added at 1 to 6lb/bbl in some embodiments, and from 
2 to 4 lb/bbl in other embodiments. 

0045. In yet other embodiments, the emulsion may be a 
stable emulsion that destabilizes or separates upon a change 
in the ionization state of the emulsifier in response to a change 
in pH. In a particular embodiment, the invert emulsion may be 
reversible, whereby the invert emulsion may be converted 
from a water-in-oil type emulsion to an oil-in-water type 
emulsion upon exposure to acid, for example. 
0046 For example, an invert emulsion may be admixed 
with an acid that protonates the amine surfactant. When suf 
ficient quantities of the acid are utilized, the invert emulsion 
of the present disclosure may be converted so that the oleagi 
nous fluid becomes the discontinuous phase and the non 
oleaginous fluid becomes the continuous phase. The conver 
sion of the phases is reversible so that upon addition of a base 
to deprotonate the protonated amine Surfactant, a stable invert 
emulsion in which the oleaginous liquid becomes the con 
tinuous phase and the non-olleaginous fluid become the dis 
continuous phase can be formed. 
0047. Additionally, lime or other alkaline materials may 
be added to the solvent system of the present disclosure to 
maintain a reserve alkalinity. The reserve alkalinity may help 
maintain the stability of the emulsion. Absent an alkaline 
reserve, acidic materials encountered downhole may weaken 
the stability of the emulsion fluids to the point that the con 
tinuous oleaginous phase and the discontinuous non-olleagi 
nous phase “flip.” Additionally, the reserve alkalinity may 
also serve to aid in solubilization and/or degradation of the 
degradable materials described above. In aparticular embodi 
ment, lime (or other suitable alkaline materials) may be added 
Such that the non-oleaginous phase may have an equivalent 
pH of at least 8.3, or greater than 10 or 11 in other embodi 
mentS. 

0048. In other embodiments that utilize pH-control to 
destabilize the emulsion, delayed acid sources may be used to 
control the period of time that the solvent system may stay in 
contact with a treated interval. Delayed acid sources, as 
referred to herein, may include compounds which will release 
acid upon hydrolysis or spontaneous degradation after a 
determined length of time. In particular, compounds that 
hydrolyze to form acids in situ may be utilized as a delayed 
acid source. Such delayed source of acidity may be provided, 
for example, by hydrolysis of an ester. Illustrative examples 
of such delayed acid sources include hydrolyzable anhy 
drides of carboxylic acids, hydrolyzable esters of carboxylic 
acids: hydrolyzable esters of phosphonic acid, hydrolyzable 
esters of sulfonic acid and other similar hydrolyzable com 
pounds that should be well known to those skilled in the art. 
0049 Suitable esters may include carboxylic acid esters so 
that the time to achieve hydrolysis is predetermined on the 
known downhole conditions. Such as temperature and pH. In 
particular embodiments, the delayed acid source may include 
a formic or acetic acid ester of a C2-C30 alcohol, which may 
be mono- or polyhydric, such as ethylene glycol monofor 
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mate or diformate. In embodiments, the delayed acid source 
may be the hydrolysable ester D-STRUCTORTM available 
from M-I L.L.C. (Houston, Tex.). 

Wellbore Fluid Additives 

0050. Other additives that may be included in the wellbore 
fluids disclosed herein include, for example, wetting agents, 
organophilic clays, Viscosifiers, fluid loss control agents, Sur 
factants, dispersants, interfacial tension reducers, pH buffers, 
mutual solvents, thinners, thinning agents, and cleaning 
agents. The addition of such agents should be well known to 
one of ordinary skill in the art of formulating wellbore fluids 
and muds. 
0051. In some embodiments, additives may be included in 
the composition to modify rheological properties. Such as 
Viscosity and flow. For example, organic thixotropes Suitable 
for addition to wellbore fluids of the present disclosure may 
include alkyl diamides, such as those having a general for 
mula: R1-HN-CO-(CH),-CO-NH-R2, wherein n is an inte 
ger from 1 to 20, from 1 to 4, or from 1 to 2, and R1 is an alkyl 
groups having from 1 to 20 carbons, from 4 to 12 carbons, or 
5 to 8 carbons, and R2 is hydrogen or an alkyl group having 
from 1 to 20 carbons, or is hydrogen oran alkyl group having 
from 1 to 4 carbons, wherein R1 and R2 may or may not be 
identical. Such alkyl diamides may be obtained, for example, 
from M-I L.L.C. (Houston, Tex.) under the trade name of 
VERSAPACTM. Such alkyl diamide viscosifiers may be par 
ticularly suitable for use in an oil-containing wellbore fluid 
substantially free of an aqueous or non-olleaginous fluid, but 
may also be included in direct emulsions. 
0.052 Viscosifiers may also be included in the wellbore 
fluid to viscosify the non-olleaginous internal phase. Viscosi 
fiers which may be included are water- or brine-soluble or 
dispersible viscosifiers including both polymeric and clay 
based viscosifiers. The polymeric viscosifiers may include 
synthetic polymers and/or biopolymers such as hydroxyeth 
ylcellulose (HEC), carboxymethyl cellulose, guar gum, Xan 
than gum diutan, Scleroglucan gum and wellangum, starches, 
polyamide resin, polyacrylates, polyacrylamides, and mix 
tures and derivatives thereof. In a particular embodiment, the 
biopolymer may be BIOVISR) manufactured and distributed 
by M-I L.L.C (Houston, Tex.). Clay-based viscosifiers which 
may be used comprise clay materials containing attapulgite or 
Sepiolite clays. The amount of viscosifier used in the compo 
sition may vary upon the end use of the composition, but may 
range from 0.1 to 10 wt %, or from 0.2 to 6 wt %, or from 0.5 
to 1.5 wt % in other embodiments. 
0053. In other embodiments, organophilic clays, such as 
amine treated clays, may be useful as Viscosifiers in the fluid 
composition of the present disclosure. TRUVIS, VG-SU 
PREME, VG-69TM and VG-PLUSTM are organoclay materi 
als, available from M-I L.L.C., Houston, Tex., that may be 
used in embodiments disclosed herein. Such organophilic 
clays, as well as water-based clays, may be particularly useful 
in assisting in the formation and stabilization of emulsions. 
0054) Other viscosifiers that may be used include partially 
hydrolyzed polyacrylamide (PHPA), biopolymers (such as 
guar gum, starch, Xanthan gum and the like), bentonite, atta 
pulgite, Sepiolite, polyamide resins, polyanionic carboxym 
ethylcellulose (PAC or CMC), polyacrylates, lignosul 
fonates, as well as other water soluble polymers. When 
formulating a direct emulsion without an emulsifier, Surfac 
tant, etc., the viscosifier may be incorporated to increase the 
Viscosity and thus miscibility of the two phases, such that a 
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direct (oil-in-water) emulsion is formed upon mixing in a 
high shear mixer, as that term is understood by those of 
ordinary skill in the art, operating at least 3500 rpm, or at least 
5000 or 7000 rpm in other embodiments. 
0055. In other embodiments, precipitated silica may be 
used as a viscosifying agent. In yet other embodiments, pre 
cipitated silicas may advantageously be used to provide both 
weighting and Viscosifying of the oleaginous base fluid. 
When used to provide weighting and Viscosifying, the pre 
cipitated silicas may be used in addition to or in place of the 
weighting agents described above. Alternatively, the relative 
amounts of the weighting agent and the precipitated silica in 
the wellbore fluid formulation may be adjusted such that the 
wellbore fluid has both the desired density and flow proper 
ties. 

EXAMPLES 

Example 1 

0056. Several chemicals were tested to establish wax 
removal, first by soaking wax samples in different additives. 
Wax samples assayed were formed from MICROSERE 5000 
series waxes obtained from The International Group, Inc. 
(Toronto Canada). SAFE-SOLVTM OM and SAFE-T- 
PICKLETM were each placed in jars along with a wedge of 
wax sample. A third sample, ECF-1989, an ethoxylated qua 
ternary ammonium chloride, available from M-I L.L.C. 
(Houston, Tex.) was added to a third container at 50% V/v 
with calcium chloride. The samples were left at ambient 
temperature to Soak and observations were made a regular 
intervals. 

0057. SAFE-T-PICKLETM and SAFE-SOLVTM OM per 
formed quite similarly. The wax appeared to "fluff and 
soften, and was converted into a flowing material as would be 
desired in a wax removal application. After 24 hours, wax 
submerged in SAFE-T-PICKLE and SAFE-SOLVTM OM 
samples broke into Small, soft pieces without agitation. The 
ECF-1989 did not change in appearance throughout the test. 

Example 2 

0058. In the next example, emulsions were formulated 
from a brine and one of the SAFE-SOLVTMOM or SAFE-T- 
PICKLETM solvents in order to increase the density of the 
fluid system. Both SAFE-SOLVTM OM and SAFE-T- 
PICKLETM have a specific gravity below 1 and are immis 
cible in non-olleaginous fluids. Because the fluids may be 
equal to or heavier than the resident fluid in the wellbore in 
order for the fluid system to remain in place once injected 
downhole, samples were prepared be mixing the Solvents, 
respectively, with a brine to increase the density of the fluid 
system. 
0059. Initial formulations separated too rapidly to effec 

tively treat the wax. To delay the separation, the viscosifier 
SAFE-VISE, a hydroxyethylcellulose polymer in a synthetic 
carrier available from M-I L.L.C., was added to stabilize the 
emulsion. The separation also only took several minutes, so 
FLO-VISTM PLUS viscosifier was tested with similar results. 
0060 Another invert emulsion containing a SAFE 
SOLVTM OM continuous phase was formulated with brine 
and VERSAWETTM, an organic oil-wetting surfactant from 
M-I L.L.C. (Houston, Tex.), to stabilize the weighted brine 
internal phase. The inclusion of the brine internal phase 
increases the overall density of the fluid and minimizes com 
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patibility issues as the invert emulsion is designed to break. 
The oil to water ratio of the fluid system was 53:47 using 
~10.75 lb/gal calcium chloride brine for the brine phase. The 
emulsion stability (ES) was 13 volts. 
0061 The initial formulation was prepared as shown 
below in Table 1 and a sample of wax was added. The wax 
demonstrated the softening as observed with undiluted 
SAFE-SOLV OM. 

TABLE 1 

Sample formulation for Example 2. 

Product Concentration 

SAFE-SOLV OM 0.48 bbl 
VG-SUPREME 3 Ibibb 
VERSAWET S bfbb 
SUREMUL 2 bfbb 
Lime 2 bfbb 
10.74 lb/gal Calcium Chloride Brine O.043 bbl 

Example 3 

0062. In the next example, a follow up test was performed 
using a sand control screen coupon soaked in wax and a full 
sized wax pellet. The wax demonstrated the same softening 
effect as observed when exposed to the “neat' SAFE 
SOLVTMOM solvent. After 72 hours at ambient temperature, 
the wax was extremely soft and pliable and there was a clear 
oil separation generated from the breaking of the weak emul 
S1O. 

0063. The preceding description has been described 
herein with reference to particular means, materials, and 
embodiments, it is not intended to be limited to the particulars 
disclosed herein; rather, it extends to all functionally equiva 
lent structures, methods and uses, such as are within the scope 
of the appended claims. Although a few example embodi 
ments have been described in detail above, those skilled in the 
art will readily appreciate that many modifications are pos 
sible in the example embodiments without materially depart 
ing from this disclosure. Accordingly, all such modifications 
are intended to be included within the scope of this disclosure 
as defined in the following claims. Moreover, embodiments 
disclosed herein may be practiced in the absence of any 
element which is not specifically disclosed. 
What is claimed: 

1. A method of installing a sand screen within a wellbore, 
the method comprising: 

emplacing the sand screen with a wax-based component 
within the wellbore; 

injecting a fluid system into the wellbore, the fluid system 
comprising a solvent and a non-olleaginous fluid that 
form an emulsion having an electrical stability (ES) 
within the range of 10 to 100 Volts: 

contacting the wax-based component with the fluid sys 
tem; and 

allowing the fluid system to reduce the wax-based compo 
nent. 

2. The method of claim 1, wherein the solvent comprises at 
least one selected from a group consisting of terpenes, 
limonene, and ethylene glycols. 

3. The method of claim 1, wherein the emulsion has an ES 
within the range of 20 V to 40 V. 
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4. The method of claim 1, wherein the emulsion further 
comprises a Surfactant having a hydrophilic/lipophilic bal 
ance within the range of 3 to 12. 

5. The method of claim 1, wherein the solvent has a vapor 
pressure at 20° C. within the range of 1x107 mmHg to 1 
mmHg. 

6. The method of claim 1, further comprising pumping the 
fluid system through the wellbore, thereby removing the wax 
based component from the screen. 

7. A method comprising: 
injecting a fluid system into a wellbore, the fluid system 

comprising a solvent, a non-oleaginous fluid that form 
an emulsion having an electrical stability (ES) within the 
range of 10 to 100 Volts: 

contacting a wax-based component in the wellbore; and 
reducing the wax-based component from the wellbore. 
8. The method of claim 7, wherein the solvent comprises at 

least one selected from a group consisting of terpenes, 
limonene, and ethylene glycols. 

9. The method of claim 7, wherein the wax-based compo 
nent is present on a Surface of a sand Screen. 

10. The method of claim 7, wherein the wax-based com 
ponent is present as a filtercake on at least an interval of the 
wellbore. 

11. The method of claim 7, wherein the emulsion has an ES 
within the range of 20 V to 40 V. 

12. The method of claim 7, wherein the solvent has a vapor 
pressure at 20° C. within the range of 1x107 mmHg to 1 
mmHg. 
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13. A method of delivering a low density solvent into a 
wellbore, the method comprising: 

combining an oleaginous solvent and a non-olleaginous 
fluid to form an emulsion, wherein the emulsion has an 
electrical stability (ES) within the range of 10 to 50 
Volts; and 

injecting the emulsion into a wellbore. 
14. The method of claim 13, wherein the solvent comprises 

at least one selected from a group consisting of terpenes, 
limonene, and ethylene glycols. 

15. The method of claim 13, further comprising adding an 
acid or base to disrupt the emulsion. 

16. The method of claim 15, wherein the emulsion contains 
a delayed acid source. 

17. The method of claim 16, wherein the delayed acid 
source is a formic acid ester oranacetic acid esterofa C2-C30 
alcohol. 

18. The method of claim 13, wherein the density of the 
emulsion is from about 9 ppg to 12 ppg. 

19. The method of claim 13, wherein the emulsion further 
comprises a Surfactant that is at least one selected from a 
group consisting of fatty acids, amidoamines, polyamides, 
polyamines, and oleate esters. 

20. The method of claim 19, wherein the surfactant has a 
hydrophilic/lipophilic balance within the range of 3 to 12. 

k k k k k 


