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l 
BUFFER-REGULATED TREATING FLUID 

POSITIONING PROCESS 

RELATED PATENT APPLICATIONS 

The present invention is related to, but is distinct 
from, the buffer-regulated mud acid solutions of the 
type described in the E. A. Richardson patent applica 
tion, Ser. No. 444,207 ?led 2/21/74. The present in 
vention utilizes reactants similar to those that form the 
buffer-regulated mud acid solutions in combination 
with a viscosi?er with which they react to provide a se 
lected strength and duration of the viscosity of the solu 
tion. The pertinent disclosures of the prior application 
are incorporated herein by cross-reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a process, such as a 
well-treating process, in which a viscous ?uid is 
pumped into a selected remote location, such as a sub 
terranean location in or around the borehole of a well 
or a fracture. The invention is particularly useful for 
emplacing a slurry of particles that form a sand or 
gravel pack in or around a perforated casing in a well 
borehole, and/or within a fracture in a subterranean 
earth formation; for displacing a low-?uid-loss viscous, 
slow-reacting, acidic solution into and along the walls 
of a fracture; for temporarily diverting a relatively fast 
acting acid away from the more permeable zones that 
tend to act as “thief-zones” in an inhomogeneous per 
meable interval of earth formations in order to improve 
the permeability profile of the interval; and the like. 

SUMMARY OF THE INVENTION 

The invention relates to a process for injecting ?uid 
into a selected remote location such as a location in or 
around the borehole of a well. At least one each of a 
cellulose ether, a ?uoride salt, a weak acid and a weak 
acid salt are dissolved in an aqueous liquid. The com 
positions and proportions of the dissolved materials are 
arranged to provide a weakly acidic solution that is ca 
pable of dissolving clay and has a selected relatively 
high viscosity that breaks in response to a time-and 
temperature exposure of selected severity. The tempo 
rarily viscous solution, or a combination of it with rela 
tively inert components that provide a treating fluid 
having substantially the same acidity and viscosity 
properties, is pumped into the selected subterranean 
location before its viscosity is signi?cantly reduced. 

DESCRIPTION OF THE DRAWING 

FIGS. 1 and 2 are schematic illustrations of portions 
of a well and reservoir formation in which the invention 
is being practiced. - 
FIGS. 3 and 4 illustrate plots of variations of viscosity 

with time of temporarily viscous solutions of various 
compositions. 

DESCRIPTION OF THE INVENTION 

In various situations, for example, where the treat 
ment to be effected is primarily a delayed acidization, 

' the injected ?uid can comprise a temporarily viscous 
aqueous solution of the present type, with little or no 
additional material. Where relatively inert materials 
are combined with those solutions, the materials that 
are combined can comprise substantially any that can 
be dissolved in, emulsi?ed with, or suspended in such 
a solution to form a ?uid having at least one liquid 
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2 
phase that is a weakly acidic, aqueous solution that is 
capable of dissolving clay (and/or silica) and has a vis 
cosity that is, temporarily, relatively high. Examples of 
inert materials suitable for use in the invention include 
solid particles such as sand, gravel, walnut shells, or the 
like for forming sand or gravel packs in well boreholes 
or masses of popping agents within fractures in subter 
ranean earth formations, corrosion-inhibiting materi 
als, wetting-agents, ?uid loss preventative materials, 
chelating agents, etc., such as those used in conven 
tional types of acidizing, fracturing, gravel packing, or 
the like, operations. Where the inert materials are solu 
ble in a weakly acidic aqueous liquid, they can be com 
bined with the temporarily viscous aqueous solution, or 
its components, during or after the compounding of the 
solution. Where the inert materials are to be emulsified 
with or suspended in such solutions, such materials are 
preferably combined with the solutions after all of the 
solutes have been dissolved. ' 
The present invention is, at least in part, based on a 

discovery that, relative to uses in well-treating opera 
tions and the time-temperature exposures to which ?u 
ids are subjected during such operations: (a) a mixture 
of at least one each of a ?uoride salt, a weak acid and 
a weak acid salt, is capable of breaking the ‘viscosity of 
a cellulose ether-thickened aqueous solution, (b) a cel 
lulose ether-thickened aqueous solution containing a 
mixture of at least one each of a ?uoride salt, a weak 
acid and a weak acid salt, is capable of becoming (be 
fore or after the viscosity of the solution has been re 
duced) a solution that has a relatively high pH but is ca 
pable of dissolving siliceous material and/or weak acid 
sensitive material, and (c) the breaking time of the vis 
cosity of a cellulose ether-thickened aqueous solution 
is sensitive to the pH of the solution (which is prefera 
bly within the range of from about 2 to 4) in a manner 
such that, at the temperatures usually encountered in 
well-treating operations, (within the range of from 
about 80° to 250°F), suitable viscosity~breaking times 
can be obtained by pH’s of a mixture of at least one 
each of a ?uoride salt, a weak acid, and a weak acid salt 
that provides a clay-dissolving weakly acidic solution. 
Because of the above interrelation of properties, a 

slug of thepresent temporarily viscous, weakly acidic 
mud acid solution can be pumped into a depth interval 
containing permeable earth formations of different ef 
fective permeabilities, so that its viscosity tends to di 
rect it into the most permeable portions, to there (a) 
dissolve fine particles of and thus to prevent permeabil 
ity-impairment due to particle-movement, (b) divert 
portions of a more strongly acidic and faster-acting liq 
uid to less permeable portions of the inverval, and (c) 
subsequently become a relatively non-viscous liquid 
that can readily be removed from the interval. Alterna 
tively such a temporarily viscous solution can be used 
as the carrying liquid for a slurry of sand or gravel or 
fracture-propping materials that is pumped into a bore 
hole or a fracture to provide a self-cleaning mass of the 
particles. In the latter procedure, substantially all of the 
particles and all portions of the mass of particles are 
immersed in a liquid that ( l) dissolves the clay or other 
acid-soluble ?ne particles (such as ?nes that were 
formed or entrained during the transporting of the 
slurry into the selected location), (2) maintains a pH 
that is relatively non-corrosive and (3) converts itself 
to a relatively non-viscous liquid that can readily be re 
moved from the so-cleaned mass of particles. 
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Aqueous liquids suitable for use in the present inven 
tion include pure water or substantially any relatively 
dilute aqueous liquid that is compatible with dissolved 
?uoride salts, weak acids, weak acid salts and the acidi 
?cation reaction products of hydrogen ?uoride and 
clays or other siliceous materials. The aqueous liquid 
can advantageously contain additives such as corrosion 
inhibitors, wetting agent, detergents, oil solvents, oil 
and water mutual solvents, that are similarly compati 
ble. Particularly suitable aqueous liquids include water 
or relatively dilute and soft saline solutions. 
Fluoride salts suitable for use in the present invention 

include substantially any relatively water-soluble ?uo 
ride salt.‘ The ammonium saltsvof hydro?uoric acid, 
such as ammonium ?uoride and ammonium bi?uoride, 
are particularly suitable. Where ammonium bi?uoride 
is used, it is preferably mixed with enough ammonia or 
ammonia hydroxide to provide substantially equivalent 
proportions of ammonium and fluoride ions. 
Weak acids that are suitable for use in the present in 

vention include substantially any that dissolve in water 
to form an acidic solution adapted to convert fluoride 
ions to hydrogen ?uoride. Examples of suitable weak 
acids include the water soluble fatty acids such as for 
mic acid, acetic acid, and the like; substituted organic 
acids that are both relatively weak and water-soluble, 
such as chloroacetic acid, hydroxyacetic acid, and the 
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like; various water-soluble polycarboxylic acids such as ‘ 
citric acid and the like. The weak acids can be used as 
individual acids or as mixtures of acids. Particularly 
suitable acids are formic, acetic and citric acids. 
Weak acid salts suitable for use in the invention in 

clude substantially any water soluble salt of any weak 
acid of the type described above. Examples of suitable 
weak acid salts include the ammonium or alkali metal 
salts of the above acids, such as sodium or ammonium 
formate, sodium or ammonium acetate, sodium or am 
monium citrate, or the like. The weak acid salts can be 
used as individual salts or as mixtures of salts. The salt 
of a given weak acid can be used with that acid or with 
one or more different weak acids. The latter arrange 
ment can be utilized to provide a temporary adjustment 
in pH. For example, a relatively small proportion of a 
weak acid having a relatively high ionization constant 
(such as formic acid) can be mixed with a salt of a less 
ionized acid (such as ammonium acetate) to provide a 
solution having a pH that initially stays at a lower value 
than that exhibited after the depletion of the relatively 
highly ionized weak acid. Particularly suitable salts of 
weak acids include the ammonium salts of formic, 
acetic, and citric acids. 
Where it is desirable to provide a temporarily viscous 

solution that is initially a relatively strongly acidic solu 
tion, a portion of a strong acid can be dissolved in the 
solution. While the strong acid is present, it over-rides 
the buffering action and depresses the pH of the solu 
tion. When the strong acid has been depleted, the pH 
rises to the value established by the buffering action 
corresponding to the relative proportions of weak acid 
and weak acid salt. 

In the present temporarily-viscous solutions, the pH 
is strongly affected by the ionization constants and rela 
tive proportions of the weak acids and weak acid salts. 
In addition, where the ?uoride salt concentrations are 
equivalent to less than about 5% by weight of aqueous 
hydro?uoric acid (about 2.5 moles per liter of the 
aqueous liquid), the hydrofluoric acid acts as a weak 
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4 
acid, and the ?uoride salt acts as a weak acid salt. ln a 
solution containing a mixture of ?uoride s'alt, weak 
acid, and weak acid salt, both the acidity of the solution 
and the rate of its dissolving of clay or weak acid 
soluble material, decreases with increases in the pH of 
the solution. In addition, in a solution that contains a 
viscosifying amount of a cellulose ether, the rate at 
which the ether is hydrolyzed (which hydrolysis re 
duces the viscosity of the solution) is also decreased 
with increases in the pH of the solution. 

In formulating the temporarily viscous solutions of 
the present invention, the composition and proportions 
of the cellulosic ether, ?uoride salt, weak acid, and 
weak acid salt, are preferably correlated or arranged to 
provide both an adequate‘duration of the viscosity and 
an adequate capability of dissolving clay or acid 
sensitive material. The clay-dissolving capability is in 
creaed by increasing the concentration of the ?uoride 
salt (preferably to concentrations within a range equiv 
alent to from about 0.1 to 3 moles per liter of hydrogen 
?uoride). The duration of the relatively high viscosity 
is increased (while decreasing the rate at which the so 
lution dissolves clay or acid-sensitive material) by in 
creasing the buffer-regulated pH of the solution (pref 
erably to a pH within a range of from about 3 to 6). 
Where it is desirable to have a relatively high concen 
tration of ?uoride salt and still have a temporarily high 
viscosity of relatively short duration (along with a rela 
tively rapid rate of acidification) the viscosity-breaking 
and initial acidification reaction rate can be increased 
by (a) adding a strong acid, such as hydrochloric acid, 
to the solution (preferably using less than an equal mo‘ 
lecular proportion relative to the amount of weak acid) 
in order to temporarily override the buffer regulation 
of the pH, (b) using a weak acid having a relatively high 
ionization constant or (c), increasing the temperature 
of the subterranean location to be treated (as well as 
the conduit from that location to a surface location), 
for example, by in?owing a hot fluid. 
Where the process of this invention is used for em 

placing a self-cleaning mass or pack of particles in a se 
lected location, the particles are preferably solid mate 
rials that are relatively slowly reactive with a “mud 
acid” (A HF-containing clay or silica-dissolving acid). 
Suitable particles include sand or gravel-sized, rela 
tively spherical or well-rounded particles of silica sand 
grains, walnut shells, glass beads, mud-acid-resistant 
polymers, or the like. Where such particles are sus 
pended in a temporarily viscous solution of this inven 
tion, the particles become emplaced in a mass in which 
all portions are permeated with a weakly acidic solu 
tion that is capable of dissolving clay or acid-sensitive 
?ne particles. This tends to free the mass of any fine 
particles (such as fine sand, silt-sized, clay-sized, or 
smaller) of siliceous or acid-sensitive materials that are 
formed in or became mixed with, the pack particles. 
Such fine particles are commonly formed or entrained 
by the crushing and scraping action of the particles of 
a slurry that is ?owed through pumps and/or conduits 
or along the face of earth formations, such as the walls 
of the borehole, or a fracture. The reactivities of the 
fine particles are many times greater than those of par 
ticles of from about It) to 100 US mesh sieve sizes that 
are the preferred sizes for use in sand or gravel packing 
operations. When the packing particles and/or frac 
ture-propping particles are suspended in the present 
temporarily viscous solutions and pumped into place, 
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the ?nes tend to be substantially completely dissolved 
with no signi?cant loss of the packing particles, or 
other deleterious effect on the mass of packing parti 
cles. 
Cellulose ether water thickeners that are suitable. for 

use in this invention, include substantially any acid 
sensitive cellulose ethers such as hydroxyalkyl, carbox 
yalkyl, or lower alkyl, cellulose ethers that are substan 
tially completely water-soluble and are adapted to form 
water-soluble hydrolysis products when they are hydro 
lyzed in an acidic aqueous liquid. Examples of such cel 
lulose ethers include hydroxyethylcellulose, carboxy 
methylcellulose, and the like. The hydroxyethylcel 
luloses available from Hercules Pattern Company, as 
“Natrosol,” those available .from Dowell as J-l64, or 
from Halliburton as WG-8, are particularly suitable. 
The present invention provides an improved process 

for acidizing a fracture in a subterranean earth forma 
tion while the fracture is being formed, extended, and 
/or packed with a propping agent. Fractures are formed 
by injecting ?uid into a well at a pressure above the 
breakdown pressure of the surrounding earth forma 
tion. To keep the fracture open, a slurry of granular 
solids is injected to emplace a porous mass of particles 
between the walls of the fracture. While the fracture is 
being extended, the volume of the opening between its 
walls is determined by the injection rate and volume of 
the fracturing ?uid, and the rate of ?uid loss into the 
fracture walls. A relatively large volume of ?uid free of 
fracture propping particles (although it may contain 
?ne particles ofa ?uid-loss material) is usually injected 
ahead of the slurry of propping particles. The tempo 
rarily high viscosity of the present well treatment ?uids 
adapts them to be pumped through the fractures with 
out rapidly leaking-off into the walls of the fractures. 
Their capability of reacting slowly, but relatively exten 
sively, with clays or other silicious materials, adapts 
them to continue to dissolve such materials, and thus 
increasing the matrix permeability of the earth forma 
tions forming the walls of the fracture. In this connec 
tion, it is advantageous to use relatively high concentra 
tions of ?uoride salt to form relatively high pH tempo 
rarily viscous solutions that react slowly with respect to 
both the reduction of their viscosity, and the dissolving 
of clay, since such solutions can be allowed to remain 
in the fracture walls for relatively extensive times, such 
as one or more days. 
As known to those skilled in the art, the severity of 

the time-temperature exposure of reactive materials, 
such as the present temporarily viscous aqueous solu 
tions are increased by increases in either the degree of 
the temperature exposure for a given time, or the dura 
tion of the exposure at a given temperature. In a well 
treating operation, it is not usually feasible to make sig 
nificant changes in the temperature of the subterranean 
location to be treated (or the conduit extending from 
it to a surface location) although some change can 
sometimes be made injecting a relatively hot or cold 
?uid. In addition, except in a fracturing operation, the 
rate at which ?uid is pumped from a surface location 
to the subterranean location, is generally limited by the 
rate at which ?uid can be flowed into the pores of the 
earth formation in response to a pressure less than the 
fracturing pressure. In formulating the present tempo 
rarily viscous solutions, the composition and propor 
tions of the solution component are preferably ar 
ranged to provide a viscosity reduction in response to 
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6 
a time-temperature exposure that can feasibly be at 
tained in pumping that solution into the particular sub 
terranean location to be treated. 
FIG. 1 illustrates a particularly suitable process for 

using the present invention in grave] packing a well. It 
shows a borehole 1 extended into a subterranean reser 
voir 2. The borehole contains a string of easing 3, sur 
rounded by a sheath of cement 4 and penetrated by 
perforations 6, which provide openings into the reser 
voir. The invention also can be used in uncased vbore 
holes or boreholes in which a casing is surrounded by 
a grouting material other than cement. A tubing string 
7 which is connected to a screen or perforated liner 8 
(along with appropriate packing, hanging, crossover 
devices, and the like, for a gravel-packing operation) 
has been inserted within the casing. 
As indicated by the arrows, ?uid is pumped through 

the tubing string and into the reservoir. The ?uid pref 
erably comprises a series of individual portions or slugs. 
The ?uids shown in the Figure are preferably preceded 
by fresh water and/or an aqueous solution of an ammo 
nium salt (such as ammonium chloride) and/or an acid 
adapted to dissolve carbonates or other reactive alka 
line earth metal salts, where desirable to dissolve car 
bonate minerals and/or to displace reservoir water that 
contains a significant proportion of dissolved salts of 
alkali metals or alkaline earth metals. Slug 9 is a pre 
formed mud acid. It can advantageously be a self 
neutralizing solution of hydrochloric and hydrofluoric 
acids and a pH-increasing reactant of the type de 
scribed in the co-pending patent application of E. A. 
Richardson and R. F. Scheuerman, Ser. No. 274,778, 
filed July 24, 1972 (the disclosures of which are incor 
porated herein by cross-reference). Slug 10 is a spacer 
slug, such as a relatively dilute aqueous solution (of not 
more than about 5% by weight) of ammonium chloride. 
Slug 11 is a buffer-regulated mud acid solution, com 
prising an aqueous solution of a ?uoride salt, a weak 
acid and a weak acid salt in proportions that form a sig 
nificant but low concentration of hydrogen ?uoride, of 
the type described in the above-identified patent appli 
cation Ser. No. 444,207. Slug 12 is a temporarily vis 
cous solution of the present invention that contains a 
small proportion (such as about 3% by weight) of am 
monium chloride, but is free of gravel-packing parti 
cles. Slug 12 functions as both a fines-removing mud 
acid and a viscous ?uid that precedes the gravel pack 
particle-containing slurry for inhibiting the settling of 
pack particles while the pack particle-containing slurry 
and the ?uid ahead of it are traveling through the con 
duits in the well. 

Fluid 13a is a filtrate from slug l3. Slug 13 is a slurry 
of gravel-packing particles suspended in a temporarily 
viscous solution of the present invention. The filtrate 
13a ?ows on into the reservoir as a temporarily viscous 
solution as the suspended packed grains are screened 
out against the face of the reservoir. Fluid 13b is a 
supernatent liquid comprising a temporarily viscous so 
lution of the present invention, from which the gravel 
packing grains have settled out (by gravity segregation) 
as portions of the slug l3 stands still or ?ows relatively 
slowly within the borehole. 

Fluid 14 is an inert gravel packing slurry-displacing 
?uid, such as a relatively dilute aqueous solution of an 
ammonium halide. Fluid 14 can advantageously con 
tain a pH-increasing reactant such as a readily hydro 
lyzable amide. The volume and extent of displacement 
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of the slugs 13 and 14 are preferably controlled so that 
(a) slug 13 fills the annular space around the screen 8 
and extends above the uppermost perforation 6 in the 
casing 3 and (b) slug l4 fills the portion of the casing 
above that space, up through the crossover assembly, 
and into the tubing string 7. 
FIG. 2 shows the same portion of the same well at a 

later time, when ?uid is being produced into the well 
from the reservoir 2. At this time the well contains a 
gravel pack 16, which hs been formed by the screening 
out and settling of the gravel pack particles that were 
transported by slurry l3. ‘ 
As shown by the arrows, the produced ?uid tends to 

?ow directly from the perforations 6, through the 
gravel pack 16, and into the adjacent openings in the 
screen or liner 8. Thus, the produced ?uid contacts 
only a small portion of the gravel pack and is con?ned 
within an inner conduit during most of its passage out 
of the well. Because of this, the production of ?uid 
from the reservoir tends to leave a substantially undis 
turbed column of the ?uids 1312 and/or 14 standing 
within and/or above the gravel pack 16. Since the fluid 
14 is apt to be mixed with the substantially non-viscous 
but relatively weakly acidic liquid that is formed by the 
self-induced conversion of the supernatent temporarily 
viscous ?uid 13b (shown in FIG. 1), the fluid 14 can ad~ 
vantageously contain a pH-increasing reactant for re 
ducing the corrosiveness of an acidic liquid. 
The flow patterns of ?uids that are injected or pro 

duced through a well containing a gravel pack, are such 
that the self-cleaning aspect of the present process is 
particularly advantageous. In the present process the 
particle~suspending ?uid (which is initially viscous and 
is distributed throughout the entirety of the gravel 
pack) comprises a weakly acidic and relatively slowly 
reactive mud acid that tends to dissolve substantially all 
of any silt-sized or clay-sized fine particles of siliceous 
material or acid-soluble material that becomes en 
trained within the pack or along any of its peripheral 
areas. The perforations 6, or other open portions of 
borehole wall (e.g., the walls of an open hole or “bare 
foot” completion) through which ?uids can flow be 
tween the interior of the well and the interior of the res 
ervoir are, in effect, parallel ?ow paths. If one such 
path is plugged, most of all of the flow proceeds 
through another path. Because of this, it is seldom ef 
fective to inject a mud acid into a gravel pack (such as 
pack 16) after it has been emplaced. Such an injection 
usually fails to dissolve fines throughout any but small 
and preferentially permeable portions of the body of 
the pack or along the interfaces between the pack and 
/or pack or perforations or perforation tunnels and the 
face of the reservoir. 

In preparing a temporarily viscous solution of the 
present invention for use in a well, a volume of approxi 
mately 1,000 gallons is preferably mixed as follows; 
about 884 gallons of fresh water are mixed with about 
80 pounds of a water-soluble hydroxyethylcellulose, 
308 pounds of ammonium ?uoride, and 250 pounds of 
ammonium chloride. Before pumping the solution into 
the well, about 85.6 gallons of aqueous 90% formic 
acid, and 29.75 gallons of aqueous 30% hydrochloric 
acid are added. This forms a temporarily viscous solu 
tion having a viscosity (in centipoises, about 350 at 
80°F and about 100 at 170°F) that is signi?cantly re 
duced by a time-temperature exposure equivalent to 
about 4 hours at I70°F. 
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8 
FIG. 3 shows the results of laboratory tests of the ef 

fect of pH on the viscosity-breaking times of aqueous 
solutions thickened with a hydroxyethylcellulose ether. 
Stock aqueous solutions were prepared by dissolving 

in potable water about 80 pounds per 1,000 gallons of 
a commercially available hydroxyethylcellulose, 0.1 
pound per barrel of water of sodium hydroxide, and 3% 
by weight (based on the water content) of ammonium 
chloride. The following reactants were then dissolved 
in the stock solution in proportions providing substan 
tially the indicated pH’s and number of moles per liter 
(based on the water content) of the following acidify 
ing materials: 
Solution A — 2 moles formic acid, pH 1.5 
Solution B — 1 mole formic acid, pH 1.8 
Solution C -- 1 mole acetic acid, pH 2.4 
Solution D - 0.75 mole formic acid, 0.25 mole so 
dium formate, pH 3.0 

Solution E — 1 mole formic acid, 1 mole sodium for 
mate, pH 3.4 

Solution F — 0.5 mole formic acids, 0.5 mole sodium 
formate, pH 3.6 

Solution G — 1 mole acetic acid, 1 mole sodium ace 
tate, pH 4.7 

FIG. 3 shows the variations in the viscosities of the 
respective solutions (in terms of transit times in sec 
onds through a No. 300 Ostwalt tube, in which a fulid 
having a viscosity of about 1 centipoise has a transit 
time of about 2.5 seconds) versus the time (in hours) 
at which the solutions were kept at a temperature of 
180°F. It is apparent that the extents of time 
temperature exposure that causes a significant reduc 
tion in the viscosity of the tested solution (such as a re 
duction to about 10 centipoises, which corresponds to 
a transit time of about 25 seconds) increase with in~ 
creases in the pH of the solutions. It is also apparent 
that a buffered system comprising a mixture of a weak 
acid and a weak acid salt can be used to adjust the pH 
of such a solution. 
FIG. 4 shows the results of similar tests of similar so 

lutions containing the same proportion of hydroxyeth 
ylcellulose. These solutions each contained about two 
moles per liter of formic acid and 1 mole per liter of 
ammonium ?uoride and were maintained at 170°F. The 
solutions differed from each other as follows: 

Solution A — contained 0.5 mole per liter hydrochlo 
ric acid, pH 3.0 

Solution B — contained 0.25 mole per liter hydro 
chloric acid, pH 3.3 

Solution C ~— contained no hydrochloric acid, pH 4.0 
Test results, such as those shown in FIGS. 3 and 4, 

indicate the ?uoride salt functions as a weak acid salt 
component of the buffer system that regulates the pH 
of the solution. For example, the 2m formic acid solu 
tion A of FIG. 3 has a pH of 1.5 while solution C of 
FIG. 4, which differs significantly only in an addition of 
1 mole per liter of ammonium ?uoride, has a pH of 4.0. 
Such tests also indicate that relatively small propor 
tions ofa strong acid, such as hydrochloric acid, can be 
added to obtain a lower pH. The lower pH provides a 
quicker breaking of the viscosity, as well as a faster rate 
of dissolving a silicious material or a weak acid-soluble 
material. The more rapid acidizing effect of a relatively 
low pH is more completely described in the above 
identi?ed patent application Ser. No. 444,207. 
What is claimed is: 
l. A well treating process comprising 
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dissolving in an aqeous liquid at least one each of a 
cellulose ether, a ?uoride salt, a weak acid, and a 
weak acid salt; 

arranging the composition and relative amounts of 
the solution components to provide a temporarily 
viscous solution that is weakly acidic but is capable 
of dissolving clay and has a selected relatively high 
viscosity that is signi?cantly reduced in response to 
a time-temperature exposure of selected severity; 
and 

?owing the temporarily viscous ?uid into a subterra 
nean location at a rate such that it at least substan 
tially reaches the location to be treated before its 
viscosity has been signi?cantly reduced. 

2. The process of claim 1 in which at least a portion 
of the temporarily viscous solution is combined with 
relatively inert material, to form a treating solution 
having substantially the same acidity and viscosity 
properties, prior to ?owing it into the subterranean lo 
cation. 

3. The process of claim 2 in which the relatively inert 
material includes solid particles adapted to form a sand 
or gravel pack or a fracture-propping mass of particles. 

4. The process of claim 1 in which a relatively small 
proportion of strong acid is mixed with the temporarily 
viscous solution to increase its initial rate of reaction 
and reduce the duration of its relatively high viscosity. 

5. The process of claim 1 in which the temporarily 
viscous solution is arranged to have a pH of from about 
2 to 4. 

6. The process of claim 1 in which the temporarily 
viscous solution is ?owed into a fracture within a sub 
terranean earth formation and, before ?owing it into 
the fracture, the composition and proportions of its 
components are arranged to provide a relatively high 
pH. 

7. The process of claim 6 in which slugs of the tempo 
rarily viscous solution are alternated with slugs of a rel 
atively fast-acting acidic material. 

8. A well treating process comprising _ 
dissolving in an aqueous liquid at least one each of a 

cellulose ether, a ?uoride salt, aweak acid, and a 
weak acid salt; 

arranging the compositions and proportions of said 
solutes to provide a temporarily viscous solution 
that is weakly acidic but is capable of dissolving 
clay and has a viscosity that is significantly reduced 
in response to a time-temperature exposure of se 
lected severity; 

combining the temporarily viscous solution with rela 
tively inert material to the extent desired to provide 
an earth formating treating ?uid having properties 
of acidity and viscosity substantially equaling those 
of the solution; and - 

?owing the earth formation treating ?uid into a sub 
terranean location to be treated before the solution 
viscosity is signi?cantly reduced. 

9. The process of claim 8 in which the earth forma 
tion treating ?uid contains suspended solid particles 
adapted to form a permeable mass of particles in the 
subterranean location to be treated. 

10. The process of claim 8 in which a relatively small 
proportion of a strong acid is mixed with the temporar 
ily viscous solution to increase its initial rate of acidiza 
tion reaction and reduce the duration of its relatively 
high viscosity. 
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11. The process of claim 8 in which the compositions 

and proportion of the components of the the temporar 
ily viscous solution are arranged to provide a relatively 
high pH and the earth formation treating ?uid contain 
ing that solution is ?owed into a fracture within a sub 
terranean earth formation. 

12. In a well treating process in which a self‘breaking 
viscous ?uid having a selected initial viscosity is in 
jected into a selected subterranean location in response 
to a selected injection pressure, an improved process 
for ensuring that the viscosity-breaking occurs at a se 
lected time after the solution has reached the selected 
location, which process comprises: 
determining the magnitude of the time-temperature 
exposure of ?uid that ?ows from a surface location 
to the selected subterranean location at the rate es 
tablished by the selected injection pressure; 

determining the pH at which an aqueous solution that 
contains enough cellulose ether to provide the se 
lected viscosity mixed with an acid capable of in 
ducing the breaking of the viscosity becomes a so 
lution in which the viscosity-breaking occurs at the 
selected time after the solution has been subjected 
to a time-temperature exposure of the determined 
magnitude and is maintained at the temperature of 
the selected subterranean location; and 

injecting as said self-breaking viscous ?uid a cellulose 
ether-thickened aqueous solution having a pH sub 
stantially equaling the determined pH. 

13. The process of claim 12 in which the pH of said 
injected ?uid is established by a dissolved mixture of at 
least one weak acid and one weak acid salt in a ratio 
that buffers the pH at substantially the determined pH. 

14. The process of claim 12 in which said injected 
?uid contains at least one dissolved salt of hydro?uoric 
acid. 

15. The process of claim 14 in which said injected 
?uid has a pH of from about 2 to 4. 

16. In a process in which the ?uid is positioned in a 
selected remote location by forming a temporarily vis 
cous ?uid and ?owing it into the selected location be 
fore the ?uid viscosity is significantly reduced, the im 
provement which comprises: 

dissolving in an aqueous liquid at least one each of a 
cellulose ether, a weak acid and a weak acid salt; 

arranging the solution components to provide a 
weakly acidic solution having a viscosity that be 
comes signi?cantly reduced in response to a time 
temperature exposure of selected severity; and 

?owing the weakly acidic solution into the selected 
location at a rate causing it to arrive at least sub 
stantially as soon as it has received a time 
temperature exposure of the selected severity. 

17. The process of claim 16 in which the selected lo 
cation is a subterranean region in contact with earth 
formation in or around the borehole of a well. 

18. The process of claim 16 in which the weak acid 
salt comprises a mixture of at least one salt of hydro?u 
oric acid and at least one salt of an organic acid. 

19. The process of claim 18 in which the weakly 
acidic solution contains an amount of strong acid that 
is signi?cant but less than equimolar relative to the 
amount of weak acid. 

20. The process of claim 18 in which the strong acid 
is hydrochloric acid. 

21. The process of claim 20 in which the pH of the 
buffer regulated solution is, initially, from about 2 to 4. 
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