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COMPOSTION AND METHOD FOR TREATING A SUBTERRANEAN
FORMATION

Field of the Invention

(0001} The invention relates to a composition and method for treating a subterranean
formation to increase its permeability. More particularly,' the invention relates to a
stimulation composition and methed in which secondary reactions resulting in precipitation

of initially dissolved materials are reduced.

Background of the Invention

{0002) The present invention relates te methods to enhance the productivity of hydrocarbon
producing wells (e.g., oil wells) by creating alternate flow paths by removing portions of a
wellbore coating, dissolving small portions of the formation, or removing (by dissolution)
near-wellbore formation damage. Generally speaking, acids or acid-based fluids are useful
for this' purpose due to their ability to dissolve both formation minerals and contaminants
(e.g., drilling fluid components coating the wellbore or that have penetrated the formation)
which were introduced into the wellbore/formation during drilling or remedial operations. In-
the case of treatments within the format’ion (rather than wellbore treatments) the portion of
the formation that is near the wellbore and that first contacts the acid is adequately treated,

though portions of the formation more distal to the wellbore (as one moves radially outward

from the wellbore) may remain untouched by the acid, because all of the acid reacts before it

can get very far from the wellbore.

[0003] For instance, sandstone formations are often treated with a fnixture of hydrofluoric
and hydrochloric acids (called mud acid), usually at very low injection rates (to avoid
fracturing the formation). This acid mixture is often selected because it will dissolve clays
(found in drilling mud) as well aé the primary constituents of naturally occurring sandstones’
(e.g., silica, feldspar, and calcareous material). In fact, the dissolution is so rapid that the
injected mud acid is essentially spent by the time it reaches a few inches beyond the
wellbore. Thus, it can be cél'c'ulated that, because of reaction, a far greater amount of acid
would be required to achieve radial penetration of even a single foot, if a conventional mud
acid fluid were used to treat a damaged sandstone at high temperatures, than would be

required to fill the pores of a region extending to five feet from the wellbore (assuming 20
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per cent formation porosity and a 6-inch wellbore diameter). Recent studies on matrix
stimulation (treatment below fracture pressure) have strongly emphasized the importance of
secondary and tertiary reactions in determining the success of matrix stimulation treatments.
These reactions produce solids, such as hydrated silica or gibbsite (AlI(OH)s), which can
damage the formation during the stimulation process. Sandstone formations frequently
contain clays and other minerals made up of aluminosilicates. Fluids containing chelating
agents as well as HF—producma chemicals have been proposed for treatment of sandstone

formations.

[0604] Chelating agents are materials that are employed, among other uses, to control

undesirable reactions of metal ions. In oilfield chemical treatments, chelating agents are
frequently added to matrix stlmu]atxon acids to prevent precipitation of solids (metal control)
as the acids sperid on the formation being treated (See Frenier W. W., et al., “Use of Highly
Acid-Soluble Chelating Agents in Well Stimulation Services,” SPE 63242 (2000).) These
precipitates include iron hydroxide and iron sulfide. In addition, chelating agents are used as
components in many Scalé removal/prevention formulations. (See Frenier, W. W., “Novel
Scale Removers Are Developed for Dissblving Alkaline Earth Deposits,” SPE 65027
(2001).) Two different types of chelating agents are in use: polycarboxylic acids (including
aminocarboxylic acids and pélyaminopolycarboxylic acids) and phosphonates. Chelating
formulations based on ethylenediaminetetraacetic acid (EDTA) have been used extensively
to control iron precipitation and to remove scale. Formulations based on nitrilotriacetic acid
(NTA) and diethylenetriaminepentaacetic acid (DTPA) alsb are in use, Hydroxy chelating
agents have also been proposed for use in matrix stimulation of carbonates (sée Frenier, ef
al., "Hydroxyaminocarboxylic Acids Produce Superior Formulations for Matrix Stimulation
of Carbonates,” SPE 68924 (2001)) as well a5 for use as metal control agents and in scale
removal fluids. The materials evaluated include hydroxy-aminopolycarboxylic acids
(HACA) such as hydroxyethylethylenediaminetriacétic' acid (HEDTA) as well as other types
of chelating agents.

[0005] Fredd and Fogler (see Fredd, C. N, and H. S. Fogler, “The Influence of Transport
and Reaction on Wormhole Formation in Porous Media, ” J. Am. Inst. Chem. Eng., 44, 1933-
1949 (1998); Fredd, C. N., and H. S. Fogler, “The Influence of Chelating Agents on the
Kinetics of Calcite Dissolution,” J. Col. Interface. Sci., 204, 187-197 (1998); and Fredd, C.
N. and Fogler, H. S., “The Kinetics of Calcite Dissolution in Acetic acid Solutions,” Chem.
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Eng. Sci., 22, 3863-3874 (1998)) have proposed a use for EDTA-type chelating agents that
employs the chelating agents as the primary dissolution agent in matrix acidizing of
carbonate formations (in particular calcite: calcium carbonate; and dolomite:
calcium/magnesium carbonate). The purpose of the carbonale matrix acidizing treatment is
to remove near wellbore damage and to produce "wormholes" that increase the permeability
of the near wellbore region. Because HCI reacts so rapidly with most carbonate surfaces,
diverting agents, ball sealers and foams are typically used to direct some of the acid flow

away from large channels that may form initially and take all of the subsequent acid volume.

By adjusting the flow rate and pH of the fluid, it becomes possible to tailor the slower

reacting EDTA solutions to the well conditions and achieve maximum wormhole formation
with a minimum amount of solvent. However, acids and methods used for carbonate

stimulation are not the same as those used for sandstone stimulation.

[0606] Disodium EDTA has been used as a scale-removal agent in the Pradhoe Bay field of
Alaska (see Shaughnessy, C. M. and W. E. Kline, "EDTA Removes Formation Damage at

Prudhoe Bay," SPE Paper 11188 (1982)). In this case, CaCO3 scale had precipitated in the

,perforatidn tunnels and in the near-wellbore région of a sandstone formation. High decline

rates followed conventional HCI treatments, but 17 wells treated with disodium EDTA
maiﬁtained production after these treatments. Rhudy (see Rhudy, J. S., “Removal of Mineral
Scale From Reservoir Core by Scale Dissolver,” SPE Paper 25161 (1993)) reviewed the use
of EDTA and DTPA formulations to remove Ca, Ba and Sr scales from .rcservoif cores.
Howéver, many fluid properties and procedures required for successful scale removal are

different from those required for successful sandstone stimulation.

[0007] Huang (see Huang, T. et al. “Acid Removal of Scale and Fines at High
Temperatures,” SPE paper 74678 (2002)) described the acid removal of scale and fines at
high temperatures. This fluid (believed to be a mixture of organic acids) was developed to

clean fines-plugged screens and/or gravel packs, especially in high-temperature formations.

~ Due to the type of metallurgy, long acid contact times, and high acid sensitivity of the

formations, removal of the scale with HCI acids had been largely unsuccessful. A series of
tests conducted on screens and clayrich cores showed that a new organic acid system, which
was highly biodegradable, could successfully remove the calcium carbonate scale and fines

to stimulate production. They reported that core flood testing demonstrated that this organic
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acid system could effectively remove calcium carbonate scales and ﬁneg at temperatures up
to 204 °C (400 °F). Corrosion tests showed that at 177 °C (350 °F:), the corrosion rate
caused by this organic acid was 0.00049 g/cm2 (0.001 Y ) on 22-Cr for 16 hours. (Also
see Ali, A, er al. “Chelating Agent-Based Fluids for Optimal Stimulation of High-
Temperature Wells,” SFE paper 63242 (2002).) This paper also discusses.use of chelating

agent formulations for stimulation of sandstones and carbonates at high temperatures.

[0008] U. S. Fatent No. 6,436,880 (assigned to Schlumberger Technology 'Coxporationj

describes a well treatment fluid composition containing a first acid, in'an amount of from

about 0.1 weight per cent to about 28 weight per cent, prefcrably selected from HCI, HF,
formic acid, acetic acid, or mixtures of those acids, and a second acid, in an amount from
about 0.5 to about 30 weight per cent, that is HEIDA (hydroxyethyliminodiacetic acid) or
one of its salts, and/or HEDTA (hydroxyethylemylcncdiaminetetraacetic acid) or one of its
salts. This patent also describes methods of matrix acidiiing, and removal of scale and/or
drilling mud from wellbores tsing this fluid composition. U. S. Patent Application
Publication No. 2002/0170715 (assigned to Schlﬁmbergcr chhnology Corporation)
describes matrix stimulation with a composition contéining pdtassium, lithium or ammonium
salts of EDTA (ethylenediaminetctfaacetic‘acid) or DTPA (diethylenetriaminepentaacetic
acid). U. S. Patent Application Publication Nos. 2002/01046572nd 2002/0070022 (assigned
to Schlumberger Technology Corporaﬁon) describe an acidic composition containing
fluoboric acid and an acid, or mixture of acids, which chelate aluminum ioﬁs and aluminum
fluoride Speciés. The flucboric acid may be made from a fluoride source (such as HF or an
HF source such as ammonium ﬂuéride or ammonium bifluoride, optionally plus HCI) and a
borate source, such as boric aéid. The chelating acids may be polycarboxylic acids (such as
citric, tartaric or malic acids) or aminocarboxylic acids such as nitrilotriacetic acid (NTA),
HEDTA, HEIDA, or their ammoniﬁm or potassium salts. These applications also describe

methods of using these acidic compositions for matrix stimulation.

(0009} U. S. Patent No. 4,090,563 describes an “aqueous mud acid solution” containing a
weak acid (preferably citric, i_'ormic, or acetic acid), a weak acid salt (preferably the
ammeonium salt of the weak aé{d), a fluoride salt (preferably ammonium fluoride), and a
partial salt of an aminopolyacetic acid chelating agent (preferably EDTA having 2.5

ammonium ions). The partial salt of the aminopolyacetic acid chelating agent can serve as
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the weak acid salt. The solution was found to be effective for dissolving siliceous materials

such as bentonite clay. However, one of the inventors later described adding EDTA having

2.5 ammonium ions to an acetic acid/ammonium hydroxide buffered HF sandstone acidizing

fluid to improve the ability of the fluid to hold aluminum and magnesium ions in solution
and therefore reduce the amount of reaction-product precipitates, but he reported that not
only did this not work relative to the fluid without the chelant, but it resulted in more
precipitation of silica as well (R. F. Scheuerman, SPE paper 13563; SPE Production
Engineering, pp. 15-21, February (1988)). |

[00010] U. S. Patent No. 6,531,427 describes a method of acidizing an aluminum containing
sandstone using as an acidizing composition a fluid containing water, HF and at least one
hydroxy carboxylic acid (Qreferably citric, taxjtaric, malic, lactic or hydroxyacetic acid)
present in an amount of from 2.1 weight per cent to about 10 Weight per cent. The method is

said to be effective for the prevention of precipitation of aluminum fluoride compounds.

[00011] Sandstone matrix “stimulation” is often ineffective and sometimes damaging. The
precipitation of silica is thought to be the major reason that sandstone-acidizing jobs fail to
produce the anticipated decrezse in skin, especially at temperatures > 150 °F (66 °C) or in the
presence of acid sensitive clay. There is a need for fluids and methods to increase the

stimulation ratio (reduce ovezall skin) by eliminating some of the precipitation reactions.

 There is a need for fluids and methods that will not damage sandstone formations.

Summary of Embodiments of the Invention

[00012] A first embodiment of the invention is an aqueous oilfield treatment fluid cOntaining
a fluoride source, in an amotat that can release from about 0.3 to about 3.3 weight per cent
fluoride when in contact wits acid, and a chelating acid in an amount of from about 10 to
about 40 weight per cent. The first stability constant of the chelating acid with aluminum
ion has a log greater than abozt 5. The chelating acid is one or more than one of maleic acid,
tartaric acid, citric acid, NTA :T(hitrilotriacetic acid), HEIDA (hydroxyethyliminodiacetic
acid), HEDTA (tvdroxyethylethylenediaminetetraacetic acid, EDTA
(ethylenediaminetetraacetic zid), CyDTA (cyclohexylenediaminetetraacetic acid), DTPA

(diethylenetriamine-pentaacesic acid), ammonium, lithium, or sodium salts of those acids, or
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mixtures of those acids and/or their salts. The chelating acid is preferably diammonium
cthylencdiami'nete(raacetic', present in an amount between about 10 and about 40 weight per
cent, preferably between about 15 and about 30, most preferably between about 20 and about

25.

[00013) In another embodiment, the fluoride source is ammonium bifluoride is present in an
amount between about 0.5 and zbout 6 weight per cent, preferably between about 1 and
about 5, and most preferably between about 1 and about 2. In yet another embodiment, the
fluoride source is ammonium flueride present in an amount between about 0.3 and about 4
Weight per cent, preferably between about 0.6 and about 3, most preferably between about
0.6 and about 1.3.

[00014] In another embodiment, the pH of the aqueous oilfield treatment fluid is adjusted to
between about 3 and about 9, preferably between about 5 and about 7, most preferably
between aBout 5 and about 6.5. The pH is adjusted with a base (selected from among an
.ammonium salt, ammonium hydroxide, or an amine having the formula RIR2R3N in which
R1, R2, and R3 are alkyl groups having from one to ébout 4 carbon atoms, CHaCH>OH, or

H) or an acid (selected from HCI, formic acid, or acetic acid).

[00015] In yet another embodimen:, the aqueous oilfield treatment fluid contains boric acid in .
an amount of between about 1 weight per cent and about 6 weight per cent, preferably
between abbut 2 weight per cent and about 4 weight per cent, and most preferably between
about 2.5 weight per cent and aboat 3.5 weight per cent. In other embodiments the fluid rhay

contain a mutual solvent and/or a surfactant.

[00016] Another embodiment of the invention is a method of matrix stimulation of a
subterranean sandstone formation that includes injecting the aqueous oilfield treatment fluid
of previous embodiments into the formation matrix in an amount sufficient to increase the
permeability of the formation. Another embodiment is a method of fracturing a sandstone
formation that includes injecting the aqueous oilfield treatment fluid of previous

embodiments into the formation gatrix at a pressure sufficient to fracture the formation.

[00017] Additional embodiments ticlude removal of drilling mud or filter cake, or cleaning
gravel packs or hydraulic fractzring proppant packs by injecting the aqueous oilfield

treatment fluid of previous embodiments into a wellbore or into the pack.
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Brief Description of the Drawings
[0001S) Figure 1 shows the aluminum and silicon in solution after treatment of kaolinite with

trisodium HEDTA and varying arﬁounts of ammonium bifluoride.

100019] Figure 2 shows the aluminum and silicon in sclution after treatment of kaolinite with

DAE and varying amounts of ammonium bifluoride for 24 hours at 176 °F (80 °C).

{00020] Figure 3 shows the aluminum and silicon in solution after treatment of kaolinite with
DAE and varying amounts of ammonium bifluoride for 90 and 240 minutes at 212 °F (100 -

OC').
Detailed Description of Embodiments of the Invention

[00021] We have discovered that the ability of an organic acid type chelating agent to
dissolve and to hold various reaction products of aluminosilicates (in particular. Al, Si and
Mg ion complexes) in solution can be manipulated by simultaneously controlling the relative
amount of ammonium ions, the concentration of fluoride ions and the pH of the formulation,
each within a specified range. We have identified aqueous treatment fluids having certain
preferred salts of certain preferred chelating agents, preferred sources of and concentrations
of fluoride ions, and preferred pH’s that are particuiarly effective in processcs in which it is

desired to dissolve silicon-containing compounds in the presence of aluminum containing

- compounds and to prevent the subsequent precipitation of silica. We will describe these

compositions and there uses primarily in terms of matrix stimulation of sandstones, although
it is to be understood that that is oniy one embodiment ofA the invention. Embodiments of the
invention include particularly a process and composition for dissolving clay and clay'—like
minerals (i. e. aluminosilicates) from sandstone formations using mixtures of chelating
agents capable of stabilizing aluminum in solution between pH values of about 3 and about
9. Ammonjum ions are added to control the rate of the dissolution of thc clay by HF,
especially at higher pH values. The pH and the amount of fluoride added (from about 0.5 to
chout 5 per cent) are manipulated to control the degree of silica or aluminum salt
precipitation. The process can be used to stimulate oil and gas-bearing formation while
minimizing the precipitation of hydrated silica and other precipitates. Some of the chelating

zgents also dissolve/control calcium or magnesium salts and their precipitates.
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[00022] Suitable chelating agents include malic acid, tartaric acid, citric acid, certain
aminopolycarbbxylate and polyaminopolycarboxylate chelating agents (such as, by non-
limiting example, NTA (nitrilotriacetic acid), HEIDA (hydroxyethlimnodiacetic acid),
HEDTA (hydroxyethylethylenediaminetetraacetic acid. EDTA (ethylenediaminetetraacetic
acid), CyDTA (cyclohexylenediaminetetraacetic acid), DTPA (diethylenetriamine-
pentaacetic acid)) and certain aminopolymethylenephosphonic acid chelating agents and
some of their salts. The criteria for the selection of the chelating agent (“chelant”) are that
the log of the stability constant ([AITDL)/[AIIIM][L]), where L is the chelating agent,
should be greater than about 5, and that the free acid of the chelant should be soluble under
the conditions of use. The criteria for the selection of the salt cation are based upon the pH
and on what other materials are present. Ammonium is the preferred cation and can be used .
under any conditions under which the fluid embodiments of the invention would be used in

the oilfield. Sodium and lithium may be used at conditions under which their fluorides are

~ soluble. Potassium should not be used because there a_ré potassium-aluminum- and

pqtassium-sili_con compounds that would precipitate. The cheléting acid or its salt is
‘prefcrably' present in an amount between about 10_ and about 40 weight per cent, more
preferably between about 15 and about 30, and most preferably between about 20 and about
25. The process can be conducted from about 150 °F (66 °C) to about 400 °F (198 °C).

[00023] Some of the important reactions occurring in sandstone matrix stimulation when the
sandstone contzins clay, and when ammonium and chelant are present and HF is generated
from ammonium bifluoride, are shown below:

Primary reaction: (1) _
32 HFoq) + ALSLO10(OH)s(y > 4 AlFy6g + 4 SiFe¥ (g + 18 HoOgy + 4 H' g

Secondary reaction: (2)
2 SiFs g + 16H:0q + ALSiyO1(0H)se) > 6HFug) + 3AIF, ag + 100H (g + AL gy +
6 Si02-2H20¢

Aluminum Leaching Reaction: (3)
12 Hf g + ALSi:0,0(0H)s) > 4 Al g + 2 HaOgag + 4 Si02:2Hz0)

Amorphous silica HF reaction: (4)
6 HP(aq) + SiO:':H-_AOI,) -> HzSiFs(aq) + 4H20(,.,q)

Generation of HF: (5)
NH4HFa(aq) +H sy € 2HFaq) + NHy (ag)
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Precxpltatxon of Al: (6)
NH4 gt Al (aq) +4F (aq) <« NH4AIF4(S)

anary Reaction of Chﬂl'mt (7)

Secondary Feaction of Chelant: (8)
AIEDTA o+ F gy AIEDTAF

A key problem is that initially-dissolved silicon, in the form of SiFg? reacts with clays to
form solid amorphous silica and aluminum fluorides that may then precipitate. The problem
is particulady serious at higher temperatures, above for example about 150 °F (66 °C). Of
course, there are many other species present in sclution and as solids, and many other
reactions taking place, some to completiqn and some in equilibrium. The actual
compositions and amounts of species present depend upon many factors, in particular the
fluids and solids ini{ially present, the temperature, and the time. The accuracy with which
the actual species present in solution and as solids can be determined (or predicted) depends
upon the complexity of the system and the number of reactions taken into consideration.
Simple laboratory experiments may be characterized accurately by calculation and/ or
measurement; real field situations may be approximated to an extent dependent upon how
well the initial conditions are known and how complex a model is used. Computer models

are invaluable when considering real field situations.

{00024] Not to be limited by theory, but it is believed that if the chelating agents have a
stability constant greater than about 5, then the aluminum ions in solution (resﬁlting from the
primary dissolution reaction of aluminum-containing mmerals and compounds) are present
primarily in the chelated form. In the absence of an appropnate chelating agent, these
aluminum ions would be present in solution primarily as aluminum fluoride salts or would
precipitaté, for example as NH4AIF, if sufficient anmonium were present. Also, in the
absence of the chelating agent, gibbsite (AI(OH)3) could precipitate. Since a common form
of soluble aluminum fluoride salt is AlF,* and 2 common form of soluble silicon fluoride is
H,SiFg, then the arhount of ﬂuo_rjde required to meintain silicon in solution might be three
times the amount of fluoride required to maintain alaminum in solution (or one and one half
times the amount of fluoride that is lost from the system if the aluminum is precipitated as

NH4AIF,). Of course there are many possible solusie aluminum-containing species, having
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up to six fluorides per aluminum; there are also many possible aluminum-containing solids,
containing up to about four fluorides per aluminum. Note that precipitation of aluminum
typically consumes more fluoride than maintaining aluminum in solution. In general,
therefore, keeping the most silicon in seolution as possible would typiéally be accomplished
by keeping as much aluminum as possible in solution, although that may not always be the
case. In the absence of the chelating agent, the aluminum is held in solution primarily by
fluoride, or precipitated as a fluoride, and then silicon precipitates because there is
insufficient fluoride to hold it in solution. In the presence of the chelating agent, the
aluminum is held in solution by the chelating agent and the silicon is held in solution by the
fluoride. The precipitation of an aluminum fluoride salt removes one aluminum and four
fluorides from the solution. Stabilization of a silicon in solution requires six fluorides. In
the presence of an appropriate chelating agent, such as EDTA, aluminum is complexed by
bdth EDTA and one fluoride, allowing more fluoride to be available to stabilize silicon. We
have found that by carefully controlling‘th_é pH in the presence of the proper chelating
agents, aﬁd by simultaneously ensuriné,-> that the optimal amounts of ammonium and fluoride
are available, the effectiveness of sandstone matrix stimulation is optimizéd. Only a narrow

range.of concentrations of ammonium and fluoride is effective.

[00025) This works only if the pH is between about 3 and about 9. If the pH is too low, then
aluminum is not chelated and some chelate acid may précipitatc. If the pH is too high, then'
aluminum or aluminum-calcium  salts may precipitate. As is described elsewhere, the
optimal pH depends upon the choice of chelant, the choice of cation in the chelant salt, the

temperature, and the pature of the cations in the minerals being contacted. However, the

- preferred pH range is from about 5 to about 7, and the most preferred is from about 5 to

about 6.5. The pH may be adjusted by adding acid or base. The preferred acid is HCI,
although other acids may be used, such as acetic, formic, citric, malic; and hydroxy acetic
acids. The preferred base is ammonium hydroxide, élthough other bases may be used, such
as substituted amines (R-NH,, ethanol amines and substituted ethanol amines (HO-CH,CH4-
NHa, etc). The fact that these pH’s are much higher th%m mud acids is a distinct advantage,

because these sandstone matrix stimulation fluids are much less corrosive than mud acids.

{00026) Re-precipitation of initially-dissolved silicon as amorphous silica is responsible for

much of the damage observed in sandstone matrix stimulation. Furthermore, re-precipitation



10

15

20

25

30

v 13120.

of any solids onto minerals that otherwise could be dissolved will slow or stop the
dissolution. Therefore, the best treatment would be one in which initially-dissolved
aluminum does not remove a lot of fluoride from the solution, so that fluoride remains
available to‘kéep silicon in solution. This can be determined by controlling the nature of the
species in solution. This, in turn, can be achieved by }the proper contro} of the amounts of
ammonium, hydrogen ion (pH), fluoride, and chelant, given the choice of chelant and thc
nature and amounts of the solids (for example formation silica, formation aluminosilicates,
other natural minerals, precipitates resulting from oilfield operations, drilling“ finid
components, scales, or other materials). Of particular importance is the acid capacity of the
system that is the amount of acid consumed by reactions, for example, the amount of

carbonate present in a sandstone.

[00027] The rate of dissolution is important in safldstone matrix stimulation because it has an
effect (as does the amount of dissolution) on the location and nature of dissolution, as is well
known in the art. Most important is whether dissolution is localized near the wellbore or
extends deep into the formation. Either nlight be preferred, depending upon the reason for
the treatment. The rates (and amounts) of dissolution are, of course, affected by the
concentrations of dissolution agents. The dissolution reaction can be slowed, hoWevér,
without decréasing the ultimate amount of dissolution by retarding thé rate of generation of
the HF. Although there are physical ways to do this, for example by using the dissolution
fluid in the form of an emulsion, one good way is to use boric acid (H3BOs3) which reacts
with the HF as it is initially gcfxerated from the ammonium bifluoride to form fluoboric acid
(HBE,) which then releases HF to the systermn more slbwly. One advantage of using boric
acid to slow the reactions is that boric acid may also be useful as a clay control additive to

minimize the movement of fines.

{00028} In embodiments of the invention, the preferred source of fluoride is ammonium
bifluoride, although others sources of fluoride may be used, such as ammonium fluoride and
HF. When the fluoride source is ammonium bifluoride, it is present in an amount between
about 0.5 and about 6 weight per cent, preferably between about 1 and about 5, most
preferably between about 1 and about 2. When the fluoride source is ammonium fluoride, it
is present in an amount between about-0.3 and about 4 weight per cent, preferably between

about 0.6 and about 3, and most preferably between about 0.6 and about 1.3.
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{00029} The sandstone matrix stimulation fluid embodiments may advantageously be
formulated with mutual solvents as components. A preferred mutual solvent is dipropylene
glycol methyl ether (DFM). Mutual solvents are used to water-wet the formation and to help
dissolve small amounts of organic compounds; mutual solvents are preferably included in a
concentration of from about 2 to about 10 weight per cent. Other suitable mutual solvents
include, by non-limiting example, ethyleneglycolmonobutyl ether, propylene glycol and.
dipropylene glycol substituted on one or bo»th hydroxyls with methyl, acetate, acrylate, ethyl,

propyl or butyl.

t00030] The sandstone matrix stimulation fluid embodiments may also advantageously be
formulated with certain surfactants for the purposes of water weﬁting the formation, lowering
the surface tension and disgersihg fines. A typical suitable surfactant is cocamidopiopyl
betaine. Other suitable surfactants are ammonium Cs-C10 alcohol ethoxysulfate or alcohols,
C6-C10 ethoxylated quaternary compounds, and many different types of arrunqnium

quaternary compounds.

[00031] Sandstone matrix stimulation fluids typically should contain corrosion inhibitors if
their pH's are below about 10. Conventional corrosion inhibitors may be used as long as

they are suitable for use with-and compatible with organic acids or chelating agents.

Compounds containing ammonium quaternary moieties and sulfur compounds are suitable

(see for example U. S. Patent No. 6,521,028). Sandstone matrix stirhulation fluid

"embodiments of the invention may also contain many other additives commonly used in

oilfield treatment fluids, such as clay control additives, viscosifiers, wetting agents,
emulsifiers, agents to prevent the formation of emulsions, and foaming agents. It is to be
understood that whenever any additives are included, laboratory tests should be performed to

ensure that the additives do not affect the performance of the fluid.

[00032] The solutions of DAE and ammonium bifluoride should be made up so that the pH
does not go below 5.5 by adding ammonium hydroxide to DAE, then adding ammonium
bifluoride. Ammonium bifluoride can be purchased as a solid or as a solution in water. The
fluids also can be formulated from DAE, ammonium hydroxide and liquid HF. Solutions of
other chelating acids should be adjusted with appropriate acids, bases, or buffers so that the
pH is above thé pH at which the free chelating acid would precipitate. Components of the

aqueous oilfield treatment fluid embodiments of the invention may be mixed in any order.
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Any combination of some or all of the components can be pre-mixed in a concentrate and

then dijuted and/or the remaining component or components, if any, added and then diluted

if necessary. Any or all of the mixing steps may be performed in advance of use at a

separate location, or at the site of the use. The aqueous oilfield treatment fluid embodiments
of the invention may be stored or used immediately after preparation. The only preparation
and storage requirements are that the final formulation must be stable and contain no
precipitates when used. Chelating acids may be obtained as solids or liquids, free acids or
salts, and may be obtained as a solution in water. Any water may be uséd for preparation of
the aqueous oilfield treatcnent fluid embodiments of the invention, provided only that no
salts are present that woauld result in formation, in preparétion_ or in use, of undesirable
precipitates, and that no materials present in the water would interfere with the efficacy of
the fluid. Simple laboratory-iesting to ensure the suitability of the water is within the scope

of embodiments of the invention, just as in the case of additives.

[00033] In method embodiments of the invention, in addition to sandstone matrix stimulétion,
these compositions can be used for fracture acidizing of sandstone, drilling mud or filter
cake removal, or for proppant pack or gravel pack cleanup, as long as the primary solid to be
removed is a clay. In these weatments, they can be used as a prc;ﬂush, as the main fluid; or
as a post-flush. The fluids may also be viscosified by incorporation of viscoelastic
surfactants, polymers, or polymers with crosslinkers. In viscosified form, in addition to the
uses just listed, the fluid embodiments of the invention may be used for hydraulic fracturing,
gravei packing, frac-packing, and formation of propped fractures with wormholes as
described in U. S. Patent Application No. 10/248,540 (filed on January 28, 2003, assigned to
Schlurﬁbergcr Technology Corporation, and hereby incorporated in its entirety). When used
in proppant and gravel gack placement or cleanup (of gravel or proppant packs that have
been plugged or partieiy plugged by migrating fines or by precipitates), the fluid
embodiments of the inveztion have an advantage over previously used, more strongly acidic,
cleanup fluids because te fluid embodiments of the invention do not cause a loss of crush
strength of proppants or gravel. When they are used in pack placement, they allow
placement and cleanup i= z single step. Viscosification of oilfield treatment fluids is well

known in the art and any scitable means may be used. The oilfield treatments discussed here

that can be improved b tse of fluids that are embodiments of the present invention are

known to those skilled i e art, when performed with previously known fluids, except for
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the methods disclosed in U. S. Patent Application No. 10/248 »240.  Before using fluid
embodiments of the invention in improved method embodiments of the invention, one
skilled in the art would perform laboratory tests or computer simulations to ensure that the
selected fluid would be efficacious in the intended use: such normal precautions are

considered to be within the scope of embociments of the invention.

[00034] The well treatment fluid compositions of embodiments of the present invention can
be used to remove clay-containing drilling mud and filter cake from the wellbore, Removal
of drilling mud and filter cake occurs especially readily if the mud contains carbonates,
especially calcium carbonate, but is normay difficult if the deposxt contains clays. Removal
of drilling mud can be performcd by any technique know in the art, and involves the steps of

injecting a well treatment fluid compositior of the present invention into the wellbore.

[00035) The well treatment fluid compositions of embodiments of thé present invention can
be used in matrix stimulation of subterrnean formations surrounding wellbores, Such
matrix stimulation (acidizing) methods geaerally involve pumping the acid-containing well
lreatmen't composition down the wellbo:e and ‘out through perforations into the target
formation. Packers can be used in the welEore to control the formation zones into Wthh the
treatment fluid is injected from the wellbere, if the well has perforatlons in more than one
zone. After the composition has been injected into the formatlon optxonally the well can be
shut in for a period of time to allow more complete reaction between the acid and the
formation material. The desired result of fie treatment is an increase in the pcrmeablhty of
the formation, for example by the creaton or enlargement of passageways through the
formation, and therefore an increase in the rate of production of formauon fluids such as oil

and oas

'[00036] Parameters such as pumping rate. pumping time, shut-in time, acid content, and

additive package, must be determined for each particular treatment since each of these
parameters depends upon the extent of the damage, formation geology (e.g., permeability),
formation temperature, depth of the proZxcing zone, etc. A well-treatment designer of

ordinary skill is familiar with the essential Zatures of matrix acidizing treatments.

(00037} One of ordinary skill in the art wil’ ecognize that the well treatment compositions of

embodiments of the present invention car e used in the fracture acidizing of a formation.
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By increasing the pumpiag pressure (to above the minimum in situ rock stress), a matrix
acidizing treatment becomes an acid fracturing treatment. Unlike non-acid fracturing
treatments, wherein a proppant is highly desired to hold open the fracture after pumping
pressure is released, in a%id fracturing treatments, the faces of the fractures formed by the
high pressure of pumping are etched by the acid to provide a flowpath for hydrocarbons to

the wellbore after pumpirg pressure is released.

{00035] DAE is also expcted to have the additional advantage of being a clay stabilizer
itself, because of the higk concentration of ammonium ions. With other chelating agents that
are embodiments of the mvention, it may be necessary to add clay stabilizers such as KCI,

NH4CI, or (CH3)4NCl; thzse can be used with DAE as well.

[00039] The preferred sequence of injection of fluids in sandstone matrix stimulation
(acidizing) when fluoridz is in the main treatmcni fluid is a pre-flush, then an optional bﬁnc
spacer, then the main trzatment fluid, then a post-flush. In a typical treatment in which
fluoride is introduced inx 2 wellbore or formation, a pre-flush such as a mutual solvent or
toluene, xylene,. or the like may be employed, if desired, to clean the wellbore and
surrounding formation o organic deposits such as paraffins or asphaltenes. Optionally, the
pre-flush to remove orgznic deposits may be followed by a pre-flush of HCI or an organic
acid, especially acetic acid, to dissolve carbonates in the formation and thus to ensure that
there is no calcium (froz calcium carbonate) remaining in {he region. In sandstone, an acid
pre-flush is commonly a5 to 15% HCl solution containing a corrosion inhibitor. It displaces
Na* and K* as well as dissolves calcite (calcium carbonate). This prévents subsequent
precipitation of sodiuz or potassium fluosilicates or calcium ﬂuofide when HF is
introduced, and saves r:cce—expensivé HF or HF sources. The post-flush (for oil wells a
hydrocarbon like diesel, ir 15% HCI; for gas wellé_, acid or a gas like nitrogen or natural gas)
also isolates the unreaced HF from brine that may be used to flush the tubing, as well as
restores a water-wet cozcition to the formation and to any precipitates that did form. The
sequence of stages may Ze repeated. The pre-flush and/or post-flush also help to minimize
any incompatibilities tecween treatment fluids and oil. Though the formulations of
embodiments of the im=ztion ar€ compatible with small concentration of non-emulsifying
agents and are not highlz zcidic, to prevent emulsion and sludge that may form from contact

of crude oil with acid, T iz also a good practice to pre-flush or post-flush the well with a
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mutual solvcnt, preferably low molecular weight esters, ether and alcohols, and more
preferably ethylene glycol monobutyl ether or DPM. Mutual solvent, such as 10% ethylene
glycol monobuty] ether, is used as a post-flush to strip any oil wetting surfactant from the
surface and leave it water wet. It is also common to over-flush or. post—ﬂush with an aqueous
solution containing, for example, 5 percent by weight ammonium chloride or 10 percent
glacial acetic acid. In many cases, when fluids lhat are embodiments of the present
invention are used, little or no pre-flush or post-flush is needed. If 2 post-ﬂush 15 desired, it
need be only ammonium chloride. This is because the fluids that are embodiments of the

Present invention are more compatible with sodium, potassium calcmm and crude oil than

-most other ﬂuonde-contammg treatment fluids.

(00040] The optimal amount of ammonium bifluoride for a given treatment in which clay is
to be dissolved is dictated primarily by the temperature, by the amount of very readily
dissolved material, such as CaCO3, present, and by the presence of catxons other than those
of silicon and aluminem, such as those of sodium, potassmm and calcium, that may form
insoluble’ ﬂuondes under certain conditions. At low temperatures, such as about 200 °F
(about 93 °C), large amounts of silicon can be held i in solution, but ammomum alummum-
fluoride salts prcc1pxta:: Most ﬂUld embodiments of the i mventmn stunulate sandstones at

low temperatures. At higher temperatures, or in the presencc of significant amounts of

- calcium or magnesium-containing carbonates, the amount of ammonium bifluoride used

should be Jess. For example, at 250 °F (121 °C), Berea sandstone cores are stimulated by a
fluid containing 20 weight per cent active DAE and 3 weight per cent ammonium bifluoride,
but are damaved by a fiuid containing 20 wexcht per cent active DAE and 5 weight per cent
ammonium bifluoride. At 300 °F (149 °C), more silicon precipitates and less ammonium
bifluoride should be used. Not to be limited by théory but we believe that these effects are
due substantially to Ciznges in the complex equilibria in equations (6-8) above, so that
aluminum precipitates 25 ammonium- -aluminum-fluoride salts at low temperatures wile
leaving excess fluorids available for maintaining a substantial amount of silicon in solution.
At higher temperature:. the ammonium is released from the salt and the chelating agent can
leach aluminum (fror minerals like clays) which also complexes with the chelating agent
and fluoride. For exzuple, we believe that about 2 weight per cent ammonium bifluoride
may be used with DAE gp to about 250 °F (121 °C), or with sandstones having up to about 2

weight per cent carbozates, but the limit i about 1 weight per cent ammonium bifluoride at
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higher temperatures, or with sandstones having higher carbonate contents. With carbonate
contents above about § per cent, the ammonium bifluoride should be limited to about 0.5
weight per cent. Not to be limited by theory, but we believe that the silica produced by too
much ammonium bifluoride is more damaging than the aluminum salts that may precipitate
at lower temperatures. In most cases, 1 weight per cent ammonium bifluoride will be the
concentration of choice; in some cases up to 2 weight per cent ammonium bifluoride may be
chosen; in a few cases it may be possible to use up to about 5 weight per cent ammonium
bifluoride. |

i00041] The key attributes of the fluid embodiments of the invention are that compared to
other fluids used to dissolve aluminosilicates downhole, the fluids are calcium-tolerant, iron
tolerant, insensitive to the types of alummosxhcates present, can be used over a. broad
temperature range, and are compatxble thh crude oil. The fluid embodiments of thc
mventxon are used in methiod emboduncnts of the invention in conventional ways, except
that they may require little or no corrosion inhibition additives or clay control additives, and
they may require little or no pré—ﬂush or post-flush treatments. The fluids also may not need
to be retarded (for example by viscosifying or by formation of emulsions). However,
corrosion inhibitors, clay control additives, pre-flushes, post-ﬂushes and retardmcr methods
may be used thhm the scopc of embodlments of the invention. The fluids of embodiments
of the invention can dxssolve as much clay as 9:1 mud acid with sunultaneous dissolution of
large amounts of calcium, and they give minimal dissolution of zeolites and are less
damaging to acid-sensitive clays or feldspars than fluids containing HCl or high

concentrations of HF. They are also safer for personnel.

[00042] Experiments were conducted using the following materials, equipment and

procedures:

{00043) thral Preparation: Five minerals were used: kaolinite Al,Si,05(OH)q,
montmorillonite Cag 17A1238i37(0H);,  analcime NagO'Alp_Og'4SiOz'H20, chlorite
a(Fe))sAlaSis010(0H)g, illite (K,H)Al,(Si,A1)4019(0H),, and albite NaAlSizOg. All of

the solvents were prepared from laboratory-grade chemicals. The minerals were crushed in a

plastic bag, and then ground to a fine powder using a mortar and pestle.
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[00044] Slurry Reactor: High clay ratios (about 9/1 by weight of fluid to aluminosilicate)
were used. In .these tests, there was never enough fluid to completely dissolve the mineral,
and so the secondary reactions are particularly important to the final results. The slurry
reactor was obtained from Parr Instrument Co., Moiine, IL., USA. The test cell is a modified
4500 series Parr pressure reactor, with a nominal capacity of 1 liter of fluid. The reactor was
stirred V(IOO rpm) using a 3-bladed impeller driven by a magnetic drive-coupled electrical
motor. The cell also was fitted with a dip tube to remove samples and a backpressure
regulator, which was set at 50 psig. The reactor body and wetted intemal surfaces were
constructed of Hastelloy B metal. All of the connecting lines were 316 stainless stee] and
the heated transfer flask was constructed of Teflon-coated 316 stainless steel. To conduct
each test, approximatefy O/1-weight ratio of fluid to clay (e.g., 70 g of weighed clay) was
placedin a Teflon liner and then placed in the cell, which was closed and heated to the test

* temperature (with a small amount of nitrogen pressure). The test fluid (approximately 650 g

of weighed liquid) was pumped inte the transfer flask, which was also heated to the test
temperature When both chambers were at the test temperature, the test fluid was transferred
to the chambcr containing the stirred clay (at 100 rpm) and the test time was started. At
appropriate intervals, small samples of fluid were withdrawn from the chamber, immediately

filtered through a 0.45 micrometer filter, weighed and‘ diluted with 2 per cent nitric acid. In

all runs, no more than 10 per cent of the total liquid volume was withdrawn during the test.

[00045) Some preliminary reactions were ran with 100 ml of treatment fluid and 2 g of clay
in static tests as follows: The samples were placed in an oven at 180 °F (82 °C) for 24 hours.
The solution was periodically sampled and the concentrations of silicon and aluminum were

determined using Inductively Coupled Plasma Optical Emission Spectrometry (ICPOES).

[00046] Preservation of the samples with nitric acid is a critical step for maintenance of the
integrity of the original samples’ metal concentrations. The samples were analyzed using
ICPOES, usually within 24 hours after the test. The concentrations of silicon and aluminum
are expressed as mgfkg of fluid based on the weight concentration of the fluid in the test
chamber at the time of the sample withdrawal. The pH of the fluid was determmed using an
HF-resistant pH probe and instrument calibrated in the pH range of 1.0 to 4.0. The final
weight of the clay was determined after filtration, washing with DI water and drying for 24
hours at 200 °F (93 °C; for 24 hours.
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{00047] The treatment chemicals evaluated were “HEDTA”™ (the term used in the discussion
of experimental results for trisodium HEDTA, 40 per cent active, adjusted to a pH of about
4.0 with HCl); “DAE” (the term used in.the discussion of experimental results for
diammonium EDTA, used at several concentrations, usually 50 per cent of the commercial
product (which is 40 per cent active), which gives a 20 per cent active solution, having a
nominal pH of about 4.5 to about 5.0, but in some ftests adjusted to a pH of about 6.5 with
ammonia to stabilize ammonium bifluoride in solution); and “CSA” (“Citric Stimulation
Acid”; the term used in the discussion of experimental results for a fluid consisting of 13 per
cent citric acid, 5 per cent ammonium bifluoride, 2.5 per cent boric acid and HCl to adjust

the pH to about 1.5). A few other solvents were used for comparison. '

[00048] Core flood Tests: Core flood tests were run using Berea sandstone. The Berea cores
were treated with several different solvents. A backpressure of 600 psig was used to keep
CO, in solution. The Berea cores were tested at 200, 250, 300 or 350 °F (93, 121, 149, 177
or °C) and a constant flow rate of 5 ml/min. The test consisted of two KCl stages (pumped
in 6pposite directions) to establish the initial permeability, followed by 10 or 15 pore
volumes of the treating fluid and a final KCl (10 PV) stage (post-flush) to establish the final
permeability, and thus the amount of stimﬁlation/damage achieved. Samples were collected
at regular intervals and analyzed for Al, Ca and Si by Inductively Coupled Plasma Optical
Emission Specttoscopy (ICPOES) for all three stages.

[00049] Chemical Analyses: All of the solutidn 'analyses with the exception of soluble
fluoride (F) were pcrformed using ICPOES. The fluoride analyses were conducted using
fluoride specific ion electrode methods. Many of the aluminosilicates as well as thc reaction
products were analyzed using powder X-ray diffraction (XRD). Several samplcs of clay

reaction products were analyzed to determine the amount of amorphous silica (not visible by

XRD) using solid state *°Si NMR.

t00050] The Berea sandstone used was determined by powder X-ray diffraction to be 87 per
cent quartz, 3 per cent potassium feldspar, 2 per cent celcium-sodium feldspar, 5 per cent
illite, 2 per cent kaolinite, and"1 per cent chlorite, with a trace of calcite. It should be
understood that there are many sandstones with many mizierologies and the sandstone used
in these experiments was undamaged, that is it did not c¢ontain any drilling solids, scales,

precipitates, fines that had migrated in, or other contaminets.
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{00051} All compositions 2re given in weight per cent active ingredient. Table 1 shows the
ppm silicon and alumioum in solution and the weight per cent silicon and aluminum
dissolved in kaolinite dissolution experiments at a 9/1 fluid/clay weight ratio in thé shurry
reactor with various fluids, at various pH’s and temperatures for about 4 hours. Table 2
shows Berea sandstone core flood tests at 350 °F (177 °C) with various fluids.- The table
gives the initial and final permeabilities. in mD; the per cent permeability increase; the
maximum (“peak”) ppm in solution at any point during the experiment and the total mg
removed during the experiment for aluminum, calcium and silicon; and the total weight loss
ing “of the core as a result of the experiment. The initial core weights were typically about
160 g. In Table 2, DPM was present at a conccntrauon of 10 weight per cent when listed;
SUREF is a surfactant formulation containing some hght alcohols and a betaine, present at a
concentration of 0.5 weight per cent when listed; Table 3 shows Berea sandstone core flood
tests at various temperatures with 50 weight per cent as-received DAE and various other
components. It shows the maximum (“peak”) ppm in solution at any point durmg the
experiment and the total mg in solution at the end of the expcnment for aluminum, calcium
and silicon; and the ratio of the final permeability to the initial permeability. Scale Inhibitor
A contains dlethylene triaminepenta (methylene phosphonic acid) and Scale Inhibitor B

contains a proprietary phosphonate blend.

[0005..] Figure 1 shows the ppm aluminum and sxhcon in solution after treatment of kaolinite
(using 100 ml of treatment fluid and 2 g clay in static tests) with 50 weight per cent as-
received (20 weight per cezt active) trisodium HEDTA at 176 °F (80 °C) for 24 hours and
varying amounts of ammorium bifluoride fromOto 5 weight per cenf Figure 2 shows the
ppm aluminum and silicon i solution after treatment of kaolinite (usmg 100 ml of treatment
fluid and 2 g clay in static tests) with 50 weight per cent as-received (20 weight per cent
active) DAE at 176 °F (89 *C) for 24 hours and ‘varying amounts of ammonium bifluoride
from O to 5 weight per ceat. Figure 3 shows the ppm aluminum and silicon in solution after
treatment of kaolinite (iz Te slurry reactor with a weight ratio of fluid to clay of 9:1,
sampled at 90 and 240 mizutes) with 50 weight per cent as-received (20 weight per cent

active) DAE at 212 °F (102 °C) and varying amounts of ammonium bifluoride from 0 to 5

weight per cent.

(00053] Example 1. Certzin chelating agents such as trisodium hydroxyethylethylenediamine

triacetate (which we wiii refer to as “HEDTA” in these examples) and disodivm
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diammonium- ethylenediaminetetraacetate (which we will refer to as “DAE” in these
examples) are 'morc effective for 'mcreasing the permeability of short (six inch) Berea
sandstone cores at temperatures above about 250 °F (121 °C) than any conveniional fluids
containing HF (generated from ammonium bifluoride precurser) that were tested. On the
other hand, mineral dissolution tests in the slurry reactor showed that these chelating agents
did not dissolve much of any of the minerals tested. With kaolinite, after 4 hours at 212 °F
(100 °C) fn 50 per cent HEDTA the concentration of aluminum is about 80 ppm and the
concentratioh of silicon is about 60 ppm; after 4 hours at 302 °F (150 °C) the concentration |
of aluminum is about 1100 ppm and the concentration of silicon is about 450 ppm.
However, after 4 hours in 9:1 mud acid, at only 149 °F (63 °C), the concentration of
aluminum is about 10,000 ppm and the concentration of silicon is about 100 ppm. (The
solubiiity limit for silicon is about 500 ppm at-that temperature.) The HEDTA can ‘keep
silicon in solution, but its total dissolving capacity is very low. On the other hand, after 4
hours at 212 °F (100 °C) in 50 per cent DAE the concentration of aleminum is about 450
ppm and the concentration of silicon is about 350 ppm; after 4 hours at 302 °F (150 °C) the

concentration of aluminum is about 2200 ppm and the »conccmration of silicon is about 475

ppm. The DAE is much more reactive than the HEDTA, even though the pH of the DAE
solution is about 4.5, vs. about 4 for the HEDTA. Not to be limited by theory, but it is
believed that the increased reactivity of the DAE may be due to the protons provided by the
ammonium ioné. Sirhilaﬂy, other data not given here show that DAE removes more
magnesium and aluminum from chlorite and more aluminum from illite than does HEDTA
and each dissolves silicon up to its solubility limit; meither dissolves much analcime or

albite.

[00054] The core flood data in Table 2 show that HEDTA and DAE (rows 1 and 5) produce
dramatic increases in the Berea permeability while removing very litde silicon or aluminum
but a lot of calcium (espeéially the DAE). In comparison, mud acid, or even 15 % HCI,
(rows 14 and 15) remove much more aluminum, and comparable amounts of calcium and
silicon as the chelants, but give much smaller increases in permeability. They show the
highest peak silicon, especially the mud acid, but cannot keep it in solution. Interestingly,
the tetraamonium EDTA and tetré;odium EDTA (rows 9, 10 and 12) were not as effective as
either HEDTA or DAE, but were still better than the mineral acids. Because of the relatively

low solubility of tetrasodium EDTA, it was used at either half strength or with the pH
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adjusted to 6 with BC] (where it is more soluble). Note that addition of DPM mutual solvent

and a surfactant inwreased the permeability enhancement for both HEDTA and DAE (rows 3
and 7).

[00055) These resuts show that certain chelating agents, especially DAE, most especially
with added mute! solvent and surfactant, can be very effective in Increasing the
permeability of Be=2 sandstone. However, they are not very effective in removing silica or

aluminostilicates. = Z damage is to be removcd which is the usual reason for Stll‘l)l]latln“

sandstones, then izprovement of their performance can be beneficial.

[00056) Example > Addition of ammonium bifluoride to fluids containing the chelating
agents greatly inz=ases the amount of alummum removed from kaolinite and Berea ’
sandstone, but doz not improve the stlmulanon of the Berea sandstone. Compare, for
example, rows 23 and 24 in Table 1 for HEDTA and rows 10 and 11 for DAE, that show
greatly mcreased &ssolution of aluminum from kaolinite with the addition of 1 wewht per
cent ammomum Hiluoride (especially for DAE, especially when the temperatures are
con51dercd) with Izie change in silicon. However, rows 1 and 2 of Table 2 for HEDTA, and
rows 5 and 6 for DAF, show that the ammonium bifluoride mgmflcantly decreased the
permeability impivement for HEDTA and had little effect on ‘the permeability
1mprovcmcnt forIAE. These results show that the permeability of a sandstone damaged by
the presence of kefinite in the pores would be improved by the proper chelant/ammomum
bifluoride combinzion, However, note from rows 12 and 13 of Table 2 that ammomum
bifluoride does nx improve the performance of Na EDTA; the ammonium ion helps.
Furthermore, it caz be seen from the data in Table 2, that addition of ammonium bifluoride
lowered the pcrm-mhty improvement (although there was still always an xmprovcmcnt) in
every case excep: vhen the chelant was DAE and a mutual solvent and surfactant were
included (row 8). 7 is not shown here, but in most of these cases there was substantxauy
more dissolved siican in the KCI flush used to establish the final permeability after the
treatment step wh=: ammonium bifluoride was included in the treatment than when it was
not. Not to be izird by theory, but it is believed that this indicates mobilization of
initially-dissolved zficon from initially-dissolved aluminosilicates because of the high
values of dissolve: luminum. It 1s also believed that the permeability increase when mutual

solvent and surfazzn: were included was due to removal or stabilization of fines initially
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present, or precipitated, or both. Even with ammonium bifluoride there is re-precipitation of
mitially-dissolved silicon, but with DAE there is less (compared with mineral acids) and
with DPM and surfactant it is less harmful. Not to be limited by theory, but we believe that

the surfactants/mutual solvents keep any re-precipitated silicon dispersed.

1660371 Examnple 3. Since the Berea sandstone used consisted of a number of minerals but

was undamaged, dissolution of the Berea sandstone was not a good experiment to evaluate

e ability of various treatment fluids to dissolve specific minerals that might cause damage -

in hydrocarbon-producing formations. Therefore, to determine the effect of varying the
trzatment fluid composition, kaolinite dissolﬁtion experiments were performed. Figure 1
shows the ppm aluminum and silicon in solution after treatment of kaolinite (using 100 ml of
reatment fluid and 2 g cIay_in static rtests) with 50 weight per cént as-received (20 weight
per cent active) HEDTA at 176 °F (80 °C) for 24 hours and varying amounts of ammonium
bifluoride from O to 5 weight per cent. There does not appear to be any beneﬁt in adding
ammoniurm bifluoride to trisodiuin HEDTA at this temperature, probably because of the low
solubility 61‘ NaF (“HEDT " is actually trisodium HEDTA and contains over 5 per cent
m&ium). However, rows 23 and 24 of Table 1 show that addition of ammonium bifluoride
i HEDTA at about 145 - 150 °C (about 293 — 302 °F) does iricreasc fhe aluminum in

solution, although it does not increase the silicon in solution.

10058] The experiments shown in rows 1 through 4 show how the pH affeqts behavior with
citric &cid as the chelant and _a'relativcly large amount of ammonium bifluoride. At a pH of
zhbout 4.7 to 4.8, silicon is held in solution but aluminum precipitatcs; when HCI is added to
iower the pH, aluminum is held in solution but silicon precipitates. Although it is not
shown, the boric acid in the experiments of rows 3 and 4 also slowed down the reactions; the
=zximum silicon and aluminum concentrations in the supernatant were reached after about

=0 minutes in the experiment of row 1; in the experiment of row 3 the maximum aluminum

" —zncentration was reached after about 50 minutes and the maximum silicon concentration

z1er about 150 minutes. ‘(Also not shown, is that the boric acid slowed the reaction of DAE
= the experiment of row § about the Same way it slowed the reaction of citric acid in the
zzperiment of row 3.) Row 5 shows that approximately the same amount of DAE as citric
acid is not effective, but row 6 shows that with more DAE, not only is the fluid effective, but
zost importantly, it holds both silicon and aluminum in solution. These experiments show a

very important result. When about 12 per cent active DAE was present at 149 °F (65 °C),
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very little aluminum was in solution, but the theoretical amount of silicon (based on 6:1
ﬂuoride:silicbn) was dissolved. The precipitate was identified by powder XRD as aluminum
fluoride. However, when about 20 per cent active DAE was present at 1;19 °F (65 °C), more
aluminum was found in solution and less silicon. It is believed that this is because the
aluminum was partially present as an aluminum-EDTA-fluoride complex. Not shown is that
the silicon concentration was almost constant in the experiment of row 6 after about 15

minutes, whereas the aluminum concentration was very low for the first hour and was still

rising after 4 hours.

[00059] Example 4. The effect of the ammonium bifluoride concentration on the dissolution

of kaolinite with DAE was investigated. Figure 2 shows the ppm aluminum and silicon in
solution after treatment of kaolinite (using 100 ml of treatment fluid and 2 g clay in static
tests) With 50 weight per cent as-received (20 wcight per cent active) DAE at 176 °F (80 °C)

~ for 24 hours and varying amounts of ammonium bifluoride from 0to5 weight per cent. In

this specific case, the highest concentration of aluminum in the supernatant occurred at an
ammonium bifluoride concentration of about 1 per cent, while the highest concentration of
silicon occurred at at least § per cent ammonium bifluoride. The silicon and aluminum

concentrations were about equal at about 2 per cent ammonium bifluoride. = -

[00060] Figure 3 shows the ppm alummum and silicon in solution after treatment of kaolinite

(in the slurry reactor with a weight ratio of fluid to clay of 9:1, sampled at 90 and 240

- minutes) with 50 weight per cent zs-received (20 wéight per cent active) DAE at 212 °F (100

© °0) and varying amounts of ammonjum bifluoride from 0 to 5 weight per cent (the

experiments in rows 10-15 in Table 1). The maximum solubility of silicon in water is about
500 ppm at 302 °F (150 °C); it is probable that up to about 2 per cent ammonium bifluoride
in these experiments at 302 °F (150 °C) the maximum was all that was seen. Not to be
limited by theory, but it appears t:z: below that there was only enough ammonium bifluoride
to provide enough fluoride to form the aluminum-EDTA-fluoride complex and essentially
only additional aluminum was dizselved. With increasing fluoride, however, more silicon
stayed in solution for longer times, znd less aluminum dissolved (or stayed in solution). It
should be noted that at higher c';n:enuations of ammonium bifluoride, such as 5 per cent,
EDTA acid precipitates out of a ssiction of DAE and ammonium bifluoride after about one
half to one hour at ambient terzezzture. This can be prevented by raising the pH of the

initial solution, for example to atu: 6.5 with ammonia. Row 16 in Table 1 shows that this
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greatly increases the solubility of aluminum.and decreases the solubility of silicon; row 9 of
Table 1 shows ‘that increasing the pH further to 8.9 decreases the solubility of aluminum but
increases the solubility of silicon. This further shows how embodiments of the invention can
be mahipulated by adjusting the initial pH and ammonium ion content, in this case at
constant total fluorine content. Note that, according to the equilibrium shown above in
equation (5), raising the pH by adding ammonium will lower the amount of HF generated; at
a pH above about 6, the amount of HF available is quite low at temperatures below about
212 °F (100 °C).

100061) In another experiment, row 18 of Table 1, kaolinite dissolution in 20 per cent active

DAE with 1 per cent ammonium bifluoride at 302 °F (150 °C) resulted in almost 10,000 ppm
aluminum in solution but no r_nbre than about 500 ppm silicon. Again it is believed that an
aluminum-EDTA-fluoride ‘c.omplex was formin'g and no fluoride was available to increase
the dissoi_uﬁon of siﬁcon.’ Over this range of iniﬁal aﬁd final pH’s, Al(OH); would
precipitate if EDTA were not present In another experiment, not shown, with 20 per cent
active DAE and 5 per cent ammonitm bifluoride a'tv.248 °F (120 °C) for 4 hours, poWder
XRD of the rccoyercd solids showed the major crystalline phase to be ammonium aluminum
ﬂuoridé; with very little kaolinite. -Amorphous silica should have been present but would not
have been detected by powder XRD. These results arsj:. consistent with reactions 6-8 shown

above.

[00062] Example 5. The dissolution of other minerals was examined in 20 pe:. cent active
DAE and 5 per cent ammonium bifluszide at 212 °F (100 °C) for 4 hours. The ppm metal in

the supernatant at the end of each test is shown below, with kaolinite for comparison:

Al Si Na Mg Ca K
Analcime 192 3410 200
Chlorite 100 1680 150
Kaolinite 5860 1940
Mite 1100~ 3600 . 750
Albite 100 3350 tr
Montmorillonite 950 2500 N 400

It can be seen that for the other mizerzs tested, the DAE/ammonium bifluoride fluid very

effectively dissolved and kept in scizZon more silicon than aluminum. In another set of
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reactions (not shown) when the pH of €= fluid was raised from about 5 to about 6.5 with
ammonium idn, the dissolution of each ¢ the other minerals was about the same. After
these experiments, powder XRD analyses showed that the residues from kaolinite and illite
contained (NHy)3AlF, the residue from chlorite contained MH MgAlFg, and the residue
from analcime contained (NHy)SiFs. For further comparison, at 212 °F (100 °C) for 4
hdurs, 9:1 mud acid, that has a much Ics2r pH, dissolves more aluminum and less silicon

from each of these minerals than does &= 20 per cent active DAE/S per cent ammonium

bifluoride fluid at pH 5.

[00063) Example 6: A serious problem %= mud acid is that when it contacfs calcium ions,
Can is pfc_cipitatcd. Coﬁsequcn;ly, pre-Zshes, spacers and other tébhniques must be ﬁs’ed
to preient this from occurring whenever tere is any carbonate in sandstone being treated,
which is very often the case. Dissolutic experiments were run with 71 per cent kaolinite

and 29 per cent CaCOj at 257 °F (125 *C) for 4 hours; this is a two to three times higher

CaCO4 cbncentration than wbuld normz=7 be found in sahdstones. With 20 per cent active
DAE and 1 per cent ammonijum bifluori. almost 1 per cent Ca was maintained in solution,
the dissolution of the kaolinite was sitzr to tests with purc kaolinite, and powder XRD
showed no CaF, in the solids. Whez e concentration of ammonium bifluoride was
increased to 2.5 per cent, the kaolinite s dissolved, and there was still almost 0.5 per cent ‘
Ca in solution, but CaF; could be seen - Ze residue and there was no silicon in solution. It

is clear that sandstone matrix stimulatir fluids that are tolerant of Ca but still dissolve

minerals can be formulated.

{00064] Example 7. Core flood tests wer= n with Berea cores and DAE at P.H 6.5-with 2,3
and 5 wéight per cent ammonium bifluode (and with 2 weigh't per cent ammonium fluoride
and either 2 weight per cent boric acid o 25 weight per cent scale inhibitor) at 95, 123, and
149 °C (203, 253, and 300 °F). The resc: are shown in Table 3. (It should be kept in mind
that the Berea cores were undamaged; 2 T=atment capable of increasing the permeability of a
damaged formation by removing certair zzterials might decrease the permeability of a clean
Berea core.) For each composition, w== creasing temperature the amount of aluminum
removed and in solution increased ani Ze amount of silicon removed and in solution

decreased. The amount of calcium re=<7ed and in solution was substantial in all cases.
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With 5 per cent ammonium bifluoride, the core permeabilities were decreased at each
temperature; with 3 per cent ammonium bifluoride, permeability was increased at the lower
two temperatures but slightly decreased at the highest temperature. With 2 per cent
ammenjum  bifluoride the permeabilities were closer to uﬂéhanged than with other
compositions. With 2 per cent ammonium bifluoride and 2 per cent boric acid, the
permeabilities were all increased, sometimes substantially, and the amounts of aluminum
and silicon removed and in solution were decreased. The scale inhibitors increased or
decreased the amounts of aluminum or silicon removed and in solution modestly, but’
decreased the amount of calcium substantially. In one case, injection of a pre-flush of 20
weight per cent active DAE without ammonium bifluoride increased the amounts of

aluminum; silicon and calcium removed and in solution but did not affect the change in
permeability. - :
[00065] Although the methods have been described here for, and are most typically used for,

hydrocarbon production, they may also be used in injection wells and for production of other

fluids, such as water or brine.
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CLAIMS

An aqueous oilfield treatment fluid comprising a fluoride source in an amour:
capable of releasing fmm about 0.3 to about 3.3 weight per cent fluorids
when in contact with acid, and from about 10 to about 40 waigﬁt percentof a
chelating acid, wherein the log of the first stability constant of the chelatiry
acid with sluninum ion is greater than about 5, and further wherein the pHi:

adjusted to between 3 and about 9.

Thelaqueous oilfield treatment fluid of claim 1 wherein the chelating acid iz
selected from the group consisting of maleic acidi tartaric acid, citric acié,
NTA (nitrilotriacetic aéid),- HEIDA (hydro:l':yethy]jminodiacetic acidj,
HEDTA | (hydroxyethylethylenediaminetetraacetic acid, EDTA
(ethylenediaminetetraacetic acid), CyDTA (q)vclohexylengdianﬁneteu;‘xaceﬁ:
acid), DTPA (dicthylenetdamine-pentaacetic acid), ammonium salts thereof,
" lithium salts thereof, sodium salts fuereof, and mixtures thereof,

The aqueous oilfield treatment fluid of claim 1 or claim 2 wherein fhe

chelating acid is diammonium ethylenédi&mineteu'aaceﬁc acid.

The aqueous oilfield treatment fluid of any of the Prcccding claims wherez,

the fluoride source is ammonium bifluoride.

The aqueous oilficld treatment fluid of any of claims 1A through 3 wherein the

fluoride source is ammonium fluonds.

The aqueous oilfield treatment fluid of any of the preceding claims whereiz
the pH is adjusted to between about 5 and about 7, preferably between abow
5 and zbout 6.5.

The agueous oilfield treatment fluid of any of the preceding claims further
comprising a member selected from the group consisting of a mutual solverr,

a surfactant, boric acid; and mixtures thereof.

A method of treating a subterrancan sandstone formation comprising injectnz
into the formatjon matrix an aqueous oilfield treatment fluid according to acy

of the preceding claims.
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A method of removing drilling mud from a wellbore, comprising injecting

mto the wellbore an aqueous oilficld treatment fluid according to any of

claims 1 through 7.

A method of cleaning a pack comprising sand or proppant comprising
igjecting into the pack an agueous ojlfield treatment fluid according to any of
claims 1 throngh 7.
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