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[57] ABSTRACT 
Methods are provided for treating an underground well 
formation whereby the treatment is con?ned to a de 
sired zone within the formation. The methods comprise 
introducing one or more preflush fluids into one or 
more fractures in the formation followed by the intro 
duction of a treating ?uid having a density differing 
sufficiently from the density of the preflush ?uids 
whereby the treating ?uid is segregated and caused to 
flow into a desired zone within the formation. 

26 Claims, 12 Drawing Figures 
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ZONAL FRACl‘URE TREATMENT OF WELL 
FORMATIONS 

Matter enclosed in heavy brackets [ ] appears in the 5 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

The present invention relates to the zonal fracture 
treatment of well formations, and more particularly, but 
not by way of limitation, to an improved method of 
fracture treating underground well formations whereby 
the treatment is con?ned to a desired zone within the 
formations. l5 
Many various methods have been developed and 

used for increasing or stimulating the production of oil, 
gas and the like from an underground well formation 
penetrated by a well bore. One commonly used method 
of well stimulation where the producing formation to be 20 
stimulated is formed of relatively low permeability ma 
terial consists of exerting fluid pressure on the forma 
tion to create one or more fractures therein and then 
extending the created fractures outwardly from the well 
bore. After the fractures have been created and ex- 25 
tended, a propping agent such as sand, glass beads, etc., 
can be placed therein to maintain the fractures open 
after ?uid pressure on the formation is withdrawn and 
the fractures close. 
Another commonly used well stimulation method 30 

involves a technique known in the art as fracture acidiz 
ing which consists of creating and extending one or 
more fractures in a well formation and then etching the 
fracture faces with acid so that when the formation is 
returned to production and the fractures close, ?ow 35 
channels remain therein through which desired fluids 
contained in the formation ?ow to the well bore. 

In fracture treatment procedures used heretofore, less 
than desired results have often been achieved due to the 
fractures extending into undesirable zones in the forma- 40 
tion. While most wells are completed in the zone of best 
possible production, it is often difficult to prevent a 
created fracture from extending vertically above or 
below the desired zone or both, resulting in increased 
production of unwanted fluids or gases. For example, 45 
barren zones or zones producing excessive water or 
undesirable gases may lie in close proximity to a pre 
ferred production zone and when a fracture treatment 
procedure is carried out to stimulate production from 
the preferred zone, ?ow channels extending into the 50 
undesirable zones are simultaneously created causing an 
undesirable increase in the ?ow of gases or water there 
from as well as a desirable increase in the production of 
oil or gas from the preferred zone. 
By the present invention an improved method of 55 

treating a well formation is provided wherein the treat 
ment is confined to a desired zone within the formation. 
While the invention is particularly suitable for carrying 
out fracture acidizing treatments of well formations to 
increase the production of desired ?uids therefrom, it 60 
will be readily understood by those skilled in the art that 
the invention can be utilized for carrying out a variety 
of fracture related treatments in well formations such as 
the placement of propping agents in a particular zone, 
etc. 65 
The present invention broadly comprises treating an 

underground well formation containing one or more 
fractures so that the treatment is con?ned to a desired 

0 

2 
zone within the fractures comprising the steps of ?rst 
introducing a pre?ush ?uid into the fracture or frac 
tures and then introducing a treating ?uid therein, the 
treating ?uid having a density differing sufficiently 
from the density ofthe pre?ush ?uid whereby the treat‘ 
ing ?uid is segregated and caused to ?ow into a desired 
zone within the fracture or fractures by the pre?ush 
?uid. 
The methods of the present invention can be carried 

out in formations including natural fractures or in for 
mations wherein arti?cial fractures are created therein 
and extended by exerting ?uid pressure thereon. Fur 
ther, where fractures are induced in a formation, the 
pre?ush ?uids of the present invention can be utilized as 
the fracturing ?uid for creating the fractures and the 
fractures can be extended simultaneously with the car 
rying out of the treatment methods. 

In the accompanying drawings forming a part of this 
disclosure: 
FIG. 1 is a schematic illustration of a fracture in an 

underground well formation after a pre?ush ?uid ofthe 
present invention has been introduced therein; 
FIG. 2 is a schematic illustration of the fracture of 

FIG. 1 after a light treating ?uid of the present inven 
tion has been introduced therein; 
FIG. 3 is a schematic illustration of the fracture of 

FIG. 1 after additional pre?ush ?uid has been intro 
duced therein; 
FIG. 4 is a schematic illustration of the fracture of 

FIG. 1 after additional light treating ?uid has been 
introduced therein; 

FIG. 5 is a schematic illustration of a fracture in an 
underground well formation after a pre?ush ?uid ofthe 
present invention has been introduced therein; 
FIG. 6 is a schematic illustration of the fracture of 

FIG. 5 after a heavy treating ?uid of the present inven 
tion has been introduced therein; 
FIG. 7 is a schematic illustration of a fracture in an 

underground well formation after a heavy pre?ush ?uid 
of the present invention has been introduced therein; 
FIG. 8 is a schematic illustration of the fracture of 

FIG. 7 after a light pre?ush ?uid of the present inven 
tion has been introduced therein; 
FIG. 9 is a schematic illustration of the fracture of 

FIG. 7 after a treating fluid of the present invention has 
been introduced therein; 
FIG. 10 is a schematic illustration of the fracture of 

FIG. 7 after additional heavy pre?ush ?uid has been 
introduced therein; 
FIG. 11 is a schematic illustration of the fracture of 

FIG. 7 after additional light pre?ush fluid has been 
introduced therein; and 
FIG. 12 is a schematic illustration of the fracture of 

FIG. 7 after additional treating ?uid has been intro 
duced therein. 

In treating underground well formations penetrated 
by well bores, particularly those formed of relatively 
impermeable and fracturable materials, it has become 
common practice to induce fractures in the most pro 
ductive zone of such formations and extend the frac 
tures laterally outwardly from the well bore whereby 
desired ?uids contained in the formation more freely 
?ow from the formation into the well bore. In most 
formations, induced fractures are vertically oriented, 
i.e., the fracture or fractures produced lie in a substan 
tially vertical plane paralleling the axis of the well bore. 
The induction of such fractures is generally accom 
plished by pumping a fracturing ?uid through the well 
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bore into the formation thereby exerting hydraulic pres 
sure on the formation at a point in the most productive 
and desired zone of the formation. Once parting of the 
formation is achieved, continued pumping of the frac 
turing ?uid at high pressures into the formation extends 
the fracture or fractures outwardly from the well bore. 
However, in addition to extending the fractures out 
wardly, they are often also extended or enlarged in 
directions upwardly or downwardly, or both, from the 
point of initiation. If undesirable zones lie above or 
below the desired zone, and if during the fracture treat 
ment of the desired zone conductive fractures are also 
formed into the adjacent undesirable zones, fluids from 
the undesirable zones are produced along with ?uids 
from the desired zone into the well bore. For example, 
zones containing excessive quantities of water or un 
wanted gas can lie adjacent oil producing zones and 
stimulation of the production of water and unwanted 
gas with the oil is an undesirable result. 
The present invention provides methods of fracture 

treating underground well formations utilizing a treat 
ing ?uid whereby the treating ?uid is con?ned to a 
desired zone within fractures in the formation, and as a 
result, the effects of the treatment do not reach undesir 
able zones. While as stated above, the methods of the 
present invention can be adapted for carrying out a 
variety of treatments or procedures in well formations, 
they are particularly well adapted for carrying out frac 
ture acidizing procedures whereby high capacity ?ow 
channels are formed in a formation. 

Referring now to the drawings and particularly to 
FIGS. 1 through 4, a vertical fracture 10 in an under 
ground well formation is schematically illustrated ex 
tending laterally outwardly from a well bore 12 pene 
trating the formation. A casing or liner 14 is shown 
positioned in the well bore 12 having perforations 16 
disposed therein positioned adjacent a desirable produc 
tion zone of the formation. The fracture 10 can be natu 
ral or induced, and in either case, a pre?ush ?uid is 
introduced into the fracture by pumping the ?uid under 
pressure through the conduit 14 into the fracture by 
way of the perforations 16. As will be understood, if the 
fracture 10 is induced, the pre?ush ?uid can be utilized 
for inducing the fracture. Assuming that an undesirable 
zone lies directly below the zone in which it is desired 
to carry out a treatment utilizing a treating ?uid, in 
accordance with the present invention, a treating ?uid 
having a density differing sufficiently from the density 
of the pre?ush ?uid is utilized whereby the treating 
?uid is segregated and caused to ?ow into the desired 
upper zone by the pre?ush ?uid as shown in FIG. 2. 
After pumping the pre?ush fluid into the fracture 10 in 
an amount at least sufficient to fill the lower portion 
thereof, the light or less dense treating ?uid is intro 
duced into the fracture 10. Due to the density difference 
between the treating ?uid and the pre?ush ?uid, the 
lighter treating ?uid overrides the pre?ush ?uid and is 
segregated into the top ponion of the fracture. After the 
light treating ?uid has been pumped into the fracture in 
a quantity suf?cient to fill the top portion and extend 
the fracture, additional pre?ush ?uid is introduced into 
the fracture in order to maintain the treating ?uid in the 
upper desired zone as shown in FIG. 3. After the addi 
tional pre?ush ?uid has been introduced into the frac 
ture, additional treating ?uid is introduced therein 
which is also maintained in the desired upper zone as 
shown in FIG. 4 by overriding the pre?ush fluid. Suc~ 
cessive quantities of pre?ush ?uid and treating ?uid can 
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4 
be continuously introduced into the fracture 10 while 
applying su?icient hydraulic pressure to maintain the 
fracture in an open position thereby forcing the treating 
?uid outwardly in the fracture from the well bore l2 
extending the fracture and simultaneously treating the 
desired zone therewithin. 

Referring now to FIGS. 5 and 6, when it is desired to 
treat a lower zone in a formation and prevent upper 
portions of a fracture therein from receiving treating 
?uid, a light pre?ush ?uid is introduced into the frac 
ture as shown in FIG. 5. After introduction of the pre 
?ush ?uid, a treating ?uid having a density greater than 
the density of the pre?ush ?uid whereby the treating 
?uid is segregated and caused to ?ow into the lower 
zone in the fracture by the pre?ush ?uid is introduced 
into the fracture as shown in FIG. 6. Additional quanti 
ties of light pre?ush fluid and heavy treating ?uid can 
be successively introduced into the fracture while main 
taining the fracture open so that the treating ?uid is 
confined to the desired lower zone therein and caused 
to ?ow through the fracture as the fracture is extended. 

Referring now to FIGS. 7 through 12, when it is 
desired to confine a treating ?uid to an intermediate 
zone of a formation penetrated by a fracture, i.e., pre 
vent the treating fluid from entering the uppermost or 
lowermost portions of the fracture which may extend 
into undesirable zones, a heavy pre?ush ?uid is ?rst 
introduced into the fracture as shown in FIG. 7. After 
introduction of the heavy pre?ush ?uid in an amount at 
least sufficient to fill the lower portion of the fracture, a 
light pre?ush ?uid having a density differing suffi 
ciently from the density of the heavy pre?ush ?uid so 
that the light pre?ush ?uid is segregated into the upper 
portion of the fracture along an interface is introduced 
into the fracture as shown in FIG. 8. After placement of 
the light and heavy pre?ush fluids in the fracture, a 
treating ?uid is introduced therein having a density 
substantially intemiediate to the densities of the light 
and heavy pre?ush ?uids whereby the treating ?uid is 
segregated and caused to ?ow along the interface be 
tween the light and heavy pre?ush ?uids in the desired 
treating zone as shown in FIG. 9. 
As shown in FIGS. 10 through 12, additional quanti 

ties of heavy pre?ush ?uid, light pre?ush fluid and 
treating ?uid can be successively introduced into the 
fracture thereby maintaining the segregation of the 
treating ?uid in the desired zone as the fracture is ex 
tended. 

Thus, in accordance with the methods of the present 
invention, the densities of pre?ush ?uids and treating 
?uid utilized are controlled to cause separation and 
segregation of the treating ?uid into a desired zone 
within a fracture. While any of a variety of ?uids can be 
utilized in carrying out the methods of the present in~ 
vention, hydrocarbon liquids, water, and aqueous solu~ 
tions are preferred because of their availability and 
general compatibility with well formations. 

In order to achieve separation and segregation be 
tween the ?uids used, the densities thereof must be such 
that a difference in the specific gravities of the fluids of 
at least about 0.025 exists at the conditions existing in 
the well formation to be treated. Preferably, ?uids are 
utilized having a specific gravity difference of about 
0.10 at the conditions in the formation which creates a 
pronounced vertical movement of one ?uid with re 
spect to the other. In treatments where an extreme 
overriding or underriding of one ?uid with respect to 
another is required, a speci?c gravity difference of 0.20 
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between the ?uids is preferred. To create the above 
mentioned difference of 0.025 between speci?c gravities 
of ?uids in the situation where it is desired that the 
treating ?uid can be con?ned to an intermediate zone of 
a fracture, as described in connection with FIGS. 7 
through 12, it is necessary that the minimum difference 
between the speci?c gravities of the heavy pre?ush 
?uid and the light pre?ush ?uid be at least about 0.05. 
Accordingly, in these situations, the difference between 
the speci?c gravities of the heavy pre?ush ?uid and the 
light pre?ush ?uid is equal to the sum of the differences 
between the heavy pre?ush ?uid and the treating ?uid 
and the treating ?uid and the light pre?ush ?uid. In this 
connection, reference should be made to Table III, 
below, where the differences between the speci?c grav 
ities of the heavy pre?ush ?uids and the light pre?ush 
?uids can be readily observed. As will be understood, 
the greater the difference in density between the ?uids, 
the more pronounced will be the overrunning or under 
running result. 
High viscosity ?uids tend to move through a fracture 

in a well formation as a mass with less tendency to be 
affected by differing densities than low viscosity ?uids. 
Low viscosity ?uids on the other hand readily override 
and underride ?uids of differing density. Therefore, 
pre?ush and treating ?uids having apparent viscosities 
of less than about 100 cps at the temperatures existing in 
the fractures into which they are to be introduced are 
generally preferred for use in accordance with this 
invention. However, higher viscosity treating and pre 
?ush ?uids can be used if the circumstances dictate and 
overriding or underriding can be accentuated by utiliz 
ing ?uids of differing viscosity. More speci?cally, the 
segregation and separation of the pre?ush and treating 
?uids can be enhanced by using a pre?ush ?uid having 
a higher viscosity than the treating ?uid. Preferably, 
when pre?ush and treating ?uids of different viscosity 
are used, the pre?ush ?uid viscosity is in the range of 
from about 5 to about 80 times the viscosity of the treat 
ing ?uid. 
The most preferred light pre?ush ?uids for use in 

accordance with this invention are oil, kerosene, or 
water. Most preferred heavy pre?ush ?uids are aqueous 
sodium chloride solutions, aqueous calcium chloride 
solutions, and aqueous potassium chloride solutions. 
The most preferred treating ?uids are those in the form 
of aqueous solutions. 

Speci?c preferred aqueous pre?ush ?uids for fracture 
acidizing are solutions ranging in speci?c gravity from 
about L0 to about 1.4 at room temperature (room tem 
perature is used herein to mean a temperature in the 
range of from about l5o C. to about 20° C.). Aqueous 
acid solutions having speci?c gravities in the range of 
from about 1.02 to about 1.34 at room temperature are 
particularly suitable for use with the pre?ush ?uids. 
Aqueous solutions of hydrochloric acid and hydrochlo 
ric acid-organic acid mixtures, e.g., hydrochloric-acetic 
acid mixtures are most preferred for carrying out frac 
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6 
ture acidizing procedures, but alcohol-hydrochloric 
acid solutions are also suitable in cases where an extra 
light acid treating ?uid is required. 

In carrying out fracture acidizing procedures to stim 
ulate production from a desired zone within a formation 
using the methods of the present invention, hydrocar 
bon liquids, water or aqueous solutions are particularly 
suitable and are preferred for use as pre?ush ?uids. Any 
of a variety of acidizing treating ?uids can be utilized, 
but aqueous hydrochloric acid solutions, aqueous solu 
tions of hydrochloric-organic acid mixtures and al 
cohol-hydrochloric acid solutions are particularly suit 
able and are preferred. 
As stated above, successive quantities of pre?ush 

?uid and acid treating ?uid can be continuously 
pumped or otherwise introduced into a fracture to ex 
tend the fracture while maintaining the acid segregated 
in a desired zone therein. 
As is well understood by those skilled in the art, the 

acid is moved through the fracture while the fracture is 
maintained in an open position by ?uid pressure exerted 
thereon so that the fracture is extended and channels are 
etched in the faces of the fracture by the reaction of the 
acid therewith. When the fractures have been extended 
to the desired extent and the acid has become spent, the 
?uid pressure exerted on the formation is withdrawn 
causing the fractures to close, but high capacity ?ow 
channels remain therein. 
As the acid treating ?uid reacts with the material 

forming the fracture faces, it increases in density. This 
density change must be taken into consideration when 
calculating the required densities of pre?ush ?uids used. 
When a single pre?ush ?uid is used in carrying out a 

fracture acidizing treatment, the use of equal quantities 
of acid generally achieves satisfactory results. When 
two pre?ush ?uids of differing density are used, equal 
quantities of the pre?ush ?uids and acid can generally 
be used. 
A variety of conventional additives can be incorpo 

rated with the pre?ush and treating ?uids utilized to 
vary their physical characteristics, e.g., ?uid loss addi 
tives, viscosity increasing agents, wetting agents, etc. 

In order to more clearly illustrate the present inven 
tion in carrying out fracture acidizing procedures, the 
following examples are presented. 

EXAMPLE I 

In applications where it is desired to con?ne an acid 
treating fluid to an upper zone in a fractured formation, 
i.e., the acid must override the pre?ush ?uid, the acid 
used should preferably be at least about 0.8 pounds per 
gallon less dense than the pre?ush ?uid used at room 
temperature, or stated another way, the acid should 
have a speci?c gravity less than the pre?ush ?uid by at 
least about 0.10. 

In Table I below the minimum required pre?ush ?uid 
densities for various hydrochloric acid treating solu 
tions are given: 

TABLE I 

MINIMUM PREFLUSH FLUID DENSITIES REQUIRED FOR TREATING 
AN UPPER ZONE WITH VARIOUS HYDROCHLORIC ACID SOLUTIONS 

Acid Acid Acid Treating Pre?ush Fluid 

Treating Strength, Acid Fluid Density, Density. 
Fluid By Treating Fluid Pounds I’er Speci?c Pound~ Per 
To Be Used Weight Speci?c Gravity Gallon Gravity Gallon 

Aqueous Hydrochloric 
Acid Solution I50; 1.075 8.95 I I7 9.75 
Aqueous Hydrochloric 



Re. 30,484 
7 
TABLE I-continued 

MINIMUM PREFLUSH FLUID DENSITIES REQUIRED FOR TREATING 
AN UPPER ZONE WITH VARIOUS HYDROCHLORIC ACID SOLUTIONS 

Acid Acid Acid Treating Prellush Fluid 

Treating Sirength. Acid Fluid Density. Density. 
Fluid By Treating Fluid Pounds Per Speci?c Pounds Per 
To Be Used Weight Speci?c Gravity Gallon Gravity Gallon 

Acid Solution 20% 1.1 9.17 1.2 10.0 
Aqueous Hydrochloric 
Acid Solution 25% 1.127 9.39 1.25 10.42 
Aqueous Hydrochloric 
Acid Solution 28% L14 9.5 1.] 10.83 
Methanol-Hydrochloric 
Acid Solution 22.4% L04 8.67 1.2 10.0 

unds r Ion less dense than the heav re?ush 
EXAMPLE 2 1” pe gal y p 

In applications where it is required that an acid treat 
ing ?uid be con?ned to a lower zone in a fractured 
formation, i.e., the acid must underride the pre?ush 
?uid, the acid used should preferably be at least about 

20 

?uid and at last about 0.32 pounds per gallon more 
dense than the light pre?ush ?uid used. 
Table III below presents the light and heavy pre?ush 

?uid densities which are preferred for use with various 
hydrochloric acid solutions. 

TABLE III 
1.10m AND HEAVY PREFLUSH FLUID DENSITIES FOR TREATING AN 

INTERMEDIATE ZONE WITH VARIOUS HYDROCHLORIC ACID SOLUTIONS 
Acid Acid " Acid Treating Heavy Pre?usli Fluid Light Prellush Fluid 

Treating Strength. Acid Fluid Density. Density. Density, 
Fluid By Treating Fluid Pounds Per Speci?c Pounds Per Speci?c Pounds Per 
To Be Used Weight Speci?c Gravity Gallon Gravity Gallon Gravity Gallon 

Aqueous Hydrochloric 
Acid Solution 15% 1.075 8.95 I.I7 9.75 1.0 8.3 
Aqueous Hydrochloric 
Acid Solution 20% L1 9.17 1.2 10.0 1.0 8.3 
Aqueous Hydrochloric 
Acid Solution 25% 1.127 939 1.25 10.42 1.0 8.3 
Aqueous Hydrochloric 
Acid Solution 28% L14 9.5 1.30 10.83 L0 8.3 
MethanoHlydrochloric 
Acid Solution 22.4% 1.04 8.67 1.20 10.0 0.8 6.7 

0.32 pounds per gallon greater in density than the pre 
?ush ?uid at room temperature, or stated another way, 

In Table IV below the densities at room temperature 
of various preferred pre?ush acid treating ?uids are 

the acid should have a speci?c gravity greater than the ‘'0 given: 
pre?ush ?uid by at least about 0.04. . . . TABLE IV 

Table 11 below presents the pre?ush ?uid densities DENSITIES OF 
which are preferred for use with various hydrochloric VARIOUS PREFLUSH AND ACID TREATING FLUIDS 
acid treating solutions. C _ . oncen- Density, 

TABLE II 
PREFLUSH FLUID DENSITIES FOR TREATING A 

LOWER ZONE WITH VARIOUS HYDROCHLORIC ACID SOLUTIONS 
Acid Acid Acid Treating Pre?ush Fluid 

Treating Strength, Acid Fluid Density, Density. 
Fluid By Treating Fluid Pounds Per Speci?c Pounds Per 
To Be Used Weight Specific Gravity Gallon Gravity Gallon 

Aqueous Hydrochloric 
Acid Solution 15% L075 8.95 1.0 8.3 
Aqueous Hydrochloric 
Acid Solution 20% 1.1 9.17 1.0 8.3 
Aqueous Hydrochloric 
Acid Solution 15% 1.127 9.39 1.0 8.3 
Aqueous Hydrochloric 
Acid Solution 28% 1.14 9.5 1.0 11.3 
Methanol-Hydrochloric 
Acid Solution 22.4% 1.04 8.67 0.8 0.7 

EXAMPLE 3 tration. Pounds 
. . . . . - _ By Con- Speci?c Per 

_ In apphcatlons where it is required that an acid treat Fluid weigh‘ dim“ Gmvi‘y 0am)“ 
mg ?uid be con?ned to an intermediate zone In a frac- 65 A H d h] _ 

- ~ - -‘ queous y roc one 

tured formation, 1.e., the acldmust override the heavy Add Snlulkm 5% Live ‘m5 Mn 
pre?ush ?uid used and undernde the light pre?ush ?uid Aqueous Hydrochloric 
used, the acid should preferably be at least about 0.8 Acid Solution 10¢. Live 1050 11.75 
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TABLE IV-continued 
DENSlTlES OF 

VARIOUS PREFLUSH AND AClD TREATING FLUIDS 
Conccn- Density, 
lration. Pounds 

By Con- Speci?c Per 
Fluid Weight dnion Gravity Gallon 

Aqueous Hydrochloric 
Acid Solution 15% Live 1.075 8.96 
Aqueous Hydrochloric 
Acid Solution 15% l Spcnl 1.1 ‘1.17 
Aqueous Hydrochloric 
Acid Solution 15% l Spent 1125 ms 
Aqueous Hydrochloric 
Acid Solution 15% i Spent 1.15 9.59 
Aqueous Hydrochloric 
Acid Solution 15% Spent 1.175 9.7‘) 
Aqueous Hydrochloric 
Acid Solution 20‘7‘1 Live 1.1 9.17 
Aqueous Hydrochloric 
Acid Solulion 20% Spent 1.233 10.28 
Aqueous Hydrochloric 
Acid Solution 25% Live 1.127 ‘3.30 
Aqueous Hydrochloric 
Acid Solution 25% Spent 1.295 10.79 
Aqueous Hydrochloric 
Acid Solution 28% Live 114 9.5 
Aqueous Hydrochloric 
Acid Solution 28% l Spent 1.19 9.9 
Aqueous Hydrochloric 
Acid Solution 28% # Spent 1.24 10.34 
Aqueous Hydrochloric 
Acid Solution 28% i,‘ Spent 1.29 10.75 
Aqueous Hydrochloric 
Acid Solution 215% Spent 1.34 8.67 
Melhanol-Hydrochloric 
Acid Solution 224% Live 1.04 8.67 
Water — Fresh 1.0 8.3 

Aqueous Potassium 
Chloride Solution 2% — 1.011 8.44 

Aqueous Sodium 
Chloride Solution 2% w 1.012 845 

Aqueous Sodium 
Chloride Solution 5% —~ 1.034 8.63 

Aqueous Sodium 
Chloride Solution 10% —— 1.07 8.93 

Aqueous Sodium 
Chloride Solution 15% — 1.11 9.25 

Aqueous Sodium 
Chloride Solution 20% — 1.15 ‘1.58 

Aqueous Sodium 
Chloride Solution 26% ——~ 1.2 10.0 

Aqueous Calcium 
Chloride Solution Saturated 4 1.4 11.6 

It will be apparent from the foregoing that many 
widely different embodiments of this invention may be 
made without departing from the spirit and the scope 
thereof and the invention should be limited only by the 
lawful scope of the appended claims. 
We claim: 
[1. A method for placing an acidic treating ?uid into 

a desired zone of a fracture in an underground well 
formation comprising: 

introducing a pre?ush ?uid having a known speci?c 
gravity into said fracture, and therafter 

introducing an acidic treating fluid having a speci?c 
gravity not equal to the speci?c gravity of said 
pre?ush ?uid into said fracture, the speci?c gravity 
of said acidic treating ?uid being at least about 0.1 
less than the speci?c gravity of said pre?ush ?uid; 
whereby said acidic treating ?uid having a lower 
speci?c gravity than said pre?ush ?uid is caused to 
override said pre?ush ?uid into a desired upper 
zone of said fracture] 

]2. The method of claim 1 wherein said pre?ush ?uid 
is selected from the group consisting of hydrocarbon 
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10 
liquids, water, aqueous sodium chloride solutions, aque 
ous calcium chloride solutions, and aqueous potassium 
chloride solutions] 

[3. The method of claim 2 wherein said acidic treat 
ing ?uid is selected from the group consisting of hydro 
chloric acid, hydrochloric acid—organic acid mixtures 
and methanol-hydrochloric acid mixtures] 

[4. The method of claim 1 which is further charac 
terized to include the additional step of: 

continuously introducing successive quantities of said 
pre?ush ?uid and said acidic treating ?uid into said 
fracture so that the overriding of said acidic treat 
ing ?uid into said upper zone is maintained while 
said acidic treating ?uid is flowed through said 
fracture] 

[5. The method of claim 4 wherein the apparent 
viscosities of said pre?ush ?uid and said acidic treating 
?uid at the temperature existing in said fractures are less 
than about 100 cps] 

[6. The method of claim 4 wherein said acidic treat 
ing ?uid has a speci?c gravity in the range of from 
about 1.02 to about 1.34 at room temperature] 

[7. The method of claim 1 which is further charac 
terized to include the initial step of inducing one or 

more of said fractures] 
[8. A method for placing a treating ?uid into a de 

sired zone of a fracture in an underground well forma 

tion comprising: 
introducing a ?rst pre?ush ?uid having a known 

speci?c gravity into said fracture, 
introducing a second pre?ush ?uid into said fracture, 

said second pre?ush ?uid having a speci?c gravity 
sufficiently lower than the speci?c gravity of said 
?rst pre?ush ?uid so that said second pre?ush fluid 
overrides said first pre?ush ?uid, producing an 
interface between said first pre?ush ?uid and said 
second pre?ush ?uid, and thereafter 

introducing a treating ?uid into said fracture, said 
treating ?uid having a speci?c gravity of at least 
about 0.1 less than the speci?c gravity of said ?rst 
pre?ush ?uid and at least about 0.04 more than the 
speci?c gravity of said second pre?ush ?uid; 
whereby said treating ?uid is caused to override 
said first pre?ush ?uid and to underride said second 
pre?ush ?uid and to ?ow along said interface be 
tween said ?rst pre?ush ?uid and said second prev 
?ush ?uid into a desired zone of said fracture] 

[9. The method of claim 8 wherein the specific grav 
ity of said second pre?ush ?uid in said fracture is at least 
about 0.05 less than the speci?c gravity of said ?rst 
pre?ush ?uid in said fracture] 

[10. The method of claim 9 which is further charac 
terized to include the step of continuously introducing 
successive quantities of said ?rst pre?ush ?uid, said 
second pre?ush ?uid and said treating ?uid into said 
fracture so that the flow of said treating ?uid along said 
interface is maintained while said treating ?uid is 
flowed through said fracture] 

[11. The method of claim 10 wherein said ?rst pre 
?ush ?uid and said second pre?ush ?uid are selected 
from the group consisting of hydrocarbon liquids, wa 
ter. aqueous sodium chloride solutions, aqueous calcium 
chloride solutions, and aqueous potassium chloride so» 

lutions] 
[12. The method of claim 11 wherein said treating 

fluid is selected from the group consisting of hyd rochlo 
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ric acid, hydrochloric acid-organic acid mixtures and 
methanol-hydrochloric acid mixtures] 

[13. The method of claim 12 wherein the apparent 
viscosities of said ?rst and second pre?ush ?uids and 
said treating ?uid at the temperature existing in said 
fractures are less than about 100 cps.] 

[14. The method of claim 13 wherein said ?rst and 
second pre?ush ?uids are aqueous solutions having 
speci?c gravities in the range of from about 1 to about 
1.4 at room temperature and wherein said treating ?uid 
is an aqueous acid solution having a specific gravity in 
the range of from about 1.075 to about 1.15 at room 
temperature] 

[15. The method of claim 9 which is further charac 
terized to include the initial step of inducing one or 
more of said fractures] 

16. A method for placing a treating ?uid into a desired 
zone of a fracture in an underground well formation com 
prising: 

introducing a pre?ush ?uid having a known specific 
gravity into at least one substantially vertically-ori 
ented fracture selected from the group consisting of 
natural and induced fractures, said introducing of 
said pre-?ush ?uid being performed via a well bore 
penetrating said formation in ?uid communication 
with said fracture at a treating pressure at least equal 
to a hydraulic pressure sufficient to open said fracture 
and to maintain said fracture in an open position, and 
immediately thereafter while maintaining said treat 
ing pressure and ceasing introduction of said pre?ush 
?uid 

introducing in to said fracture via said well bore a treat 
ing ?uid having a specific gravity not equal to the 
specific gravity of said pre?ush fluid, the specific grav 
ity of said treating ?uid being at least about 0.1 less 
than the specific gravity of said pre?ush ?uid; 
whereby said treating ?uid having a lower specific 
gravity than said pre?ush ?uid is caused to override 
said pre?ush ?uid into a desired upper zone of said 
fracture.‘ 

wherein said pre?ush ?uid is selected from the group 
consisting of hydrocarbon liquids, water, aqueous 
sodium chloride solutions, aqueous calcium chloride 
solutions, and aqueous potassium chloride solutions. 

I 7. The method of claim 16 wherein said treating ?uid 
is selected from the group consisting of hydrochloric acid, 
hydrochloric acid-organic acid mixtures and methanolhy 
drochloric acid mixtures. 

18. The method of claim 16 which is further character 
ized to include the additional step of‘ 

continuously introducing successive quantities of said 
pre?ush ?uid and said treating ?uid into said frac 
ture so that the overriding of said treating ?uid into 
said upper zone is maintained while said treating ?uid 
is ?owed through said fracture. 

19. The method of claim 18 wherein the apparent viscosi 
ties of said pre?ush ?uid and said treating ?uid at the 
temperature existing in said fractures are less than about 
100 cps. 

20. The method of claim 16 which is further character 
ized to include the initial step of inducing one or more of 
said fractures. 

21. The method of claim 16 wherein said treating ?uid 
contains propping agents for placement in said desired 
zone. 

22. A method for placing an acidic treating ?uid into a 
desired zone of a fracture in an underground well forma 
tion comprising.‘ 
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12 
introducing a pre?ush ?uid having a known specific 

gravity into at least one substantially vertically-ori 
ented fracture selected from the group consisting of 
natural and induced fractures, said introducing of 
said pre?ush ?uid being performed via a well bore 
penetrating said formation in ?uid communication 
with said fracture at a treating pressure at least equal 
to a hydraulic pressure sufficient to open said fracture 
and to maintain said fracture in an open position, and 
immediately thereafter while maintaining said treat 
ing pressure and ceasing introduction of said pre?ush 
?uid 

introducing into said fracture via said well bore an acidic 
treating ?uid having a specific gravity not equal to the 
specific gravity of said pre?ush ?uid, the specific grav 
ity of said acidic treating ?uid being at least about 0.] 
less than the specific gravity of said pre?ush ?uid.‘ 
whereby said acidic treating ?uid having a lower spe 
cific gravity than said pre?ush ?uid is caused to over 
ride said pre?ush ?uid into a desired upper zone of 
said fracture,‘ and thereafter while maintaining said 
treating pressure 

continuously introducing successive quantities of said 
pre?ush ?uid and said acidic treating ?uid into said 
fracture so that the overriding of said acidic treating 
fluid into said upper zone is maintained while said 
acidic treating ?uid is ?owed through said fracture 
wherein said acidic treating ?uid has a specific gravity 
in the range offrom about 1.02 to about 1.34 at room 
temperature. 

23. A method for placing a treating ?uid into a desired 
zone of a fracture in an underground well formation com 
prising: 

introducing a first pre?ush ?uid having a known specific 
gravity into at least one substantially vertically-ori 
ented fracture selected from the group consisting of 
natural and induced fractures. said introducing of 
said ?rst pre?ush ?uid being performed via a well 
bore penetrating said formation in ?uid communica 
tion with said fracture at a treating pressure at least 
equal to a hydraulic pressure sufficient to open said 
fracture and to maintain said fracture in an open 
position, and immediately thereafter while maintain~ 
ing said treating pressure and ceasing introduction of 
said first pre?ush ?uid. 

introducing a second pre?ush ?uid into said fracture via 
said well bore, said second pre?ush ?uid having a 
specific gravity su?iciently lower than the specific 
gravity of said ?rst pre?ush ?uid so that said second 
pre?ush ?uid overrides said first pre?ush ?uid, pro 
ducing an interface between said first pre?ush ?uid 
and said second pre?ush fluid. and immediately 
thereafter while maintaining said treating pressure 
and ceasing introduction of said second pre?ush ?uid 

introducing a treating ?uid into said fracture via said 
well bore, soial treating ?uid having a specific gravity 
of at least about 0.] less than the specific gravity of 
said first pre?ush ?uid and at least about 0. 04 more 
than the specific gravity of said second pre?ush ?uid,‘ 
whereby said treating ?uid is caused to override said 
first pre?ush fluid and to underride said second pre 
?ush ?uid and to ?ow along said interface between 
said first pre?ush fluid and said second pre?ush ?uid 
into a desired zone of said fracture. 

24. The method of claim 23 wherein the specific gravity 
of said second pre?ush fluid in said fracture is at least 
about 0.20 less than the specific gravity of said first pre?ush 
?uid in said fracture. 
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25. The method of claim 24 which is further character 
ized to include the step of contin uously introducing succes 
sive quantities of said ?rst pre?ush ?uid, said second pre 
?ush ?uid and said treating ?uid into said fracture so that 
the ?ow of said treating ?uid along said interface is main 
tained while said treating ?uid is ?owed through said 
fracture. 

26. The method of claim 24 which is further character 
' ized to include the initial step of inducing one or more of 

said fractures. 
27. A method for placing a treating ?uid into a desired 

zone of a fracture in an underground well formation com 
prising: 

introducing a ?rst pre?ush ?uid having a known specific 
gravity into at least one substantially vertically-ori 
ented fracture selected fmm the group consisting of 
natural and induced fractures, said introducing of 
said pre?ush ?uid being performed via a well bore 
penetrating said formation in ?uid communication 
with said ?-acture at a treating pressure at least equal 
to a hydraulic pressure sufficient to open said fracture 
and to maintain said fracture in an open position, and 
immediately thereafter while maintaining said treat 
ing pressure, and ceasing introduction of said ?rst 
pre?ush ?uid 

introducing a second pre?ush ?uid into said fracture via 
said well bore, said second pre?ush ?uid having a 
specific gravity sufficiently lower than the specific 
gravity of said ?rst pre?ush ?uid so that said second 
pre?ush ?uid overrides said ?rst pre?ush ?uid, pro 
ducing an interface between said ?rst pre?ush ?uid 
and said second pre?ush ?uid, and immediately 
thereafter while maintaining said treating pressure 
and ceasing introduction of said second pre?ush ?uid 

introducing a treating ?uid into said fracture via said 
well bore, said treating ?uid having a specific gravity 
of at least about 0.1 less than the specific gravity of 
said ?rst pre?ush ?uid and at least about 0.04 more 
than the specific gravity of said second pre?ush ?uid: 
whereby said treating ?uid is caused to override said 
?rst pre?ush ?uid and to underride said second pre 
?ush ?uid and to ?ow along said interface between 
said ?rst pre?ush ?uid and said second pre?ush ?uid 
into a desired zone of said fracture, wherein the spe 
cific gravity of said second pre?ush ?uid in said frac 
ture is at least about 0.20 less than the specific gravity 
of said ?rst pre?ush ?uid in said fracture, and there 
after while maintaining said treating pressure 

continuously introducing successive quantities of said 
?rst pre?ush ?uid, said second pre?ush ?uid and said 
treating ?uid into said fracture so that the ?ow of said 
treating ?uid along said interface is maintained while 
said treating ?uid is ?owed through said fracture, and 
wherein 

said ?rst pre?ush ?uid and said second pre?ush ?uid 
are selected from the group consisting of hydrocarbon 
liquids, water, aqueous sodium chloride solutions. 
aqueous calcium chloride solutions, and aqueous po 
tassium chloride solutions. 

28. The method of claim 27 wherein said treating ?uid 
is selected from the group consisting of hydrochloric acid. 
hydrochloric acid-organic acid mixtures and methanol 
hydrochloric acid mixtures. 

29. The method of claim 28 wherein the apparent viscosi 
ties of said ?rst and second pre?ush ?uids and said treat’ 
ing ?uid at the temperature existing in said fractures are 
less than about 100 cps. 
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30. The method of claim 29 wherein said ?rst and sec 

ond pre?ush ?uids are aqueous solutions having specific 
gravities in the range of from about I to about 1.4 at room 
temperature and wherein said treating ?uid is an aqueous 
acid solution having a specific gravity in the range of from 
about 1.075 to about 1.15 at room temperature. 

31. A method for placing a treating ?uid into a desired 
zone of a fracture in an underground well formation com 
prising: 

introducing a ?rst pre?ush ?uid having a known speci?c 
gravity into at least one substantially verticallyeori 
ented fracture selected fmm the group consisting of 
natural and induced fractures, said introducing of 
said pre?ush ?uid being performed via a well bore 
penetrating said formation in ?uid communication 
with said fracture at a treating pressure at least equal 
to a hydraulic pressure sufficient to open said fracture 
and to maintain said fracture in an open position, and 
immediately therea?‘er while maintaining said treat 
ing pressure, and ceasing introduction of said ?rst 
pre?ush ?uid 

introducing a second pre?ush ?uid into said fracture via 
said well bore, said second pre?ush ?uid having a 
specific gravity sufficiently dtjferent from the speci?c 
gravity of said ?rst pre?ush ?uid so that said second 
pre?ush ?uid and said ?rst pre?ush ?uid produce an 
interface between said ?rst pre?ush ?uid and said 
second pre?ush ?uid, and immediately thereafter 
while maintaining said treating pressure and ceasing 
introduction of said second pre?ush ?uid 

introducing a treating ?uid into said fracture via said 
well bore, said treating ?uid having a speci?c gravity 
of at least about 0. 1 less than the specific gravity of one 
of said pre?ush ?uids and at least about 0.04 more 
than the speci?c gravity of the other of said pre?ush 
?uids; whereby said treating ?uid is caused to override 
said one pre?ush ?uid and to underride said other 
pre?ush ?uid and to ?ow along said interface between 
said ?rst pre?ush ?uid and said second pre?ush ?uid 
into a desired zone of said fracture and thereafter 
while maintaining said treating pressure 

continuously introducing successive quantities of said 
?rst pre?ush ?uid, said second pre?ush ?uid and said 
treating ?uid into said fracture so that the ?ow of said 
treating ?uid along said interface is maintained while 
said treating ?uid is ?owed through said fracture, and 
wherein 

said ?rst pre?ush ?uid and said second pre?ush ?uid 
are selected from the group consisting of hydrocarbon 
liquids, water, aqueous sodium chloride solutions. 
aqueous calcium chloride solutions, and aqueous po 
tassium chloride solutions 

32. The method of claim 31 wherein said treating ?uid 
is selected from the group consisting of hydrochloric acid, 
hydrochloric acid-organic acid mixtures and methanol 
hydrochloric acid mixtures 

33. The method of claim 32 wherein the apparent viscosi 
ties of said ?rst and second pre?ush ?uids and said treat 
ing ?uid at the temperature existing in said fractures are 
less than about 100 cps. 

34. The method of claim 32 wherein said ?rst and sec 
ond pre?ush ?uids are aqueous solutions having specific 
gravities in the range of from about I to about 1.4 at room 
temperature and wherein said treating ?uid is an aqueous 
acid solution having a speci?c gravity in the range of fmm 
about 1.075 to about 1.15 at room temperature. 
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35. A method for placing a treating ?uid into a desired 
zone of a fracture in an underground well formation com 
prising: 

introducing a ?rst pre?ush ?uid having a known speci?c 
gravity into at least one substantially vertically-ori 
ented fracture selected from the group consisting of 
natural and induced fractures, said introducing of 
said pre?ush ?uid being performed via a well bore 
penetrating said formation in ?uid communication 
with said fracture at a treating pressure at least equal 
to a hydraulic pressure sufficient to open said fracture 
and to maintain said fracture in an open position. and 
immediately thereafter while maintaining said treat 
ing pressure, and ceasing introduction of said ?rst 
pre?ush ?uid 

introducing a second pre?ush ?uid into said fracture via 
said well bore, said second pre?ush ?uid having a 
specific gravity sufficiently lower than the specific 
gravity of said ?rst pre?ush ?uid so that said second 
pre?ush ?uid overrides said ?rst pre?ush ?uid, pro 
ducing an interface between said ?rst pre?ush ?uid 
and said second pre?ush ?uid, and immediately 
thereafter while maintaining said treating pressure 
and ceasing introduction of said second pre?ush fluid 

introducing a treating ?uid into said fracture via said 
well bore, said treating ?uid having a specific gravity 
of at least about 0. 1 less than the specific gravity of 
said ?rst pre?ush ?uid and at least about 0.04 more 
than the specific gravity of said second pre?ush ?uid; 
whereby said treating ?uid is caused to override said 
?rst pre?ush ?uid and to underride said second pre 
?ush ?uid and to ?ow along said interface between 
said ?rst pre?ush ?uid and said second pre?ush ?uid 
into a desired zone of said fracture, and wherein 

said treating ?uid contains propping agents for place 
ment in said desired zone. 

36. A method for placing a treating ?uid into a desired 
zone of at least one vertically oriented fracture induced in 
an underground well formation, the vertically-oriented 
fracture extending laterally outwardly from a well bore 
penetrating the formation, which method comprises 

while applying su?icient hydraulic pressure to open said 
fracture and to maintain the vertical fracture in an 
open position, introducing a ?rst pre?ush ?uid having 
a known specific gravity into said vertical fracture via 
said well bore and thereafter 

while applying sufficient hydraulic pressure to maintain 
the vertical fracture in an open position, and ceasing 
introduction of said first pre?ush ?uid introducing a 
second pre?ush ?uid into said vertical fracture via 
said well bore, said second pre?ush ?uid having a 
specific gravity sufficiently different from the specific 
gravity of said first pre?ush ?uid so that said second 
pre?ush ?uid and said ?rst pre?ush ?uid produce an 
interface between said ?rst pre?ush ?uid and said 
second pre?ush ?uid, and thereafter 

while applying sufficient hydraulic pressure to maintain 
the vertical fracture in an open position. and ceasing 
introduction of said second pre?ush ?uid introducing 
a treating ?uid into said vertical fracture via said well 
bore, said treating ?uid having a specific gravity of at 
least about 0.1 less than the specific gravity of one of 
said pre?ush ?uids and at least about 0.04 more than 
the specific gravity of the other of said pre?ush ?uids; 
whereby said treating ?uid is caused to override said 
one pre?ush ?uid and to underride said other pre?ush 
?uid and to ?ow along said interface between said 
?rst pre?ush ?uid and said second pre?ush ?uid into 

5 

O 

25 

45 

65 

16 
a desired zone of said vertical fracture, said treating 
?uid being forced by said hydraulic pressure to ?ow 
outwardly in the fracture from the well bore, extend 
ing the fracture and simultaneously treating the de 
sired zone therewithin. 

37. The method of claim 36 which is further character 
ized to include the initial step of inducing one or more of 
said vertical fractures, and wherein said treating ?uid is an 
acidic treating ?uid having a specific gravity in the range of 
from about 1.02 to about 1.34 at room temperature. 

38. The method of claim 36 wherein said treating ?uid 
contains propping agents for placement in said desired 
zone. 

39. A method for placing an acidic treating ?uid into a 
desired zone of at least one vertically-oriented fracture 
induced in an underground well formation. the vertically 
oriented fracture extending laterally outwardly from a well 
bore penetrating the formation, which method comprises: 

while applying sufficient hydraulic pressure to open said 
fracture and to maintain the vertical fracture in an 
open position, introducing a pre?ush ?uid having a 
known specific gravity into said vertical fracture via 
said well bore, and thereafter 

while applying sufficient hydraulic pressure to maintain 
the vertical fracture in an open position, and ceasing 
introduction of said pre?ush ?uid introducing into 
said fracture via said well bore an acidic treating ?uid 
having a specific gravity not equal to the specific grav 
ity of said pre?ush ?uid, the specific gravity of said 
acidic treating ?uid being at least about 0.1 less than 
the specific gravity of said pre?ush ?uid, whereby said 
acidic treating ?uid having a lower specific gravity 
than said pre?ush ?uid is caused to override said 
pre?ush ?uid in to a desired upper zone of said vertical 
fracture, said acidic treating ?uid etching ?ow chan 
nels in faces of the vertical fracture in the formation, 
said ?ow channels after said hydraulic pressure is 
lessened and said fracture closes, remaining in the 
formation to allow desired ?uid contained in the for 
mation to ?ow relative to the well bore wherein said 
acidic treating ?uid has a specific gravity in the range 
of from about 1.02 to about 1.34 at room temperature, 
and wherein the hydraulic pressure is sufficient to 
extend the vertical fracture laterally from the well 
bore. 

40. A method for placing or treating ?uid into a desired 
zone of a fracture in an underground well formation com 
prising: 

introducing a ?rst pre?ush ?uid having a known specific 
gravity into at least one substantially vertically-ori 
ented fracture selected from the group consisting of 
natural and induced fractures, said introducing of 
said pre?ush ?uid being performed via a well bore 
penetrating said formation in ?uid communication 
with said fracture at a treating pressure at least equal 
to a hydraulic pressure su?icient to open said fracture 
and to maintain said fracture in an open position and 
immediately thereafter while maintaining said treat 
ing pressure, and ceasing introduction of said ?rst 
pre?ush ?uid. 

introducing a second pre?ush ?uid into said fracture via 
said well bore, said second pre?ush ?uid having a 
specific gravity sufficiently different from the specific 
gravity of said ?rst pre?ush ?uid so that said second 
pre?ush ?uid and said ?rst pre?ush ?uid produce an 
interface between said first pre?ush ?uid and said 
second pre?ush ?uid, and immediately therea?er 



R6. 30,484 
17 18 

while maintaining said treating pressure, and ceasing Said/ifs! pre?ush ?uid and Said Second pre‘?ush ?uid 
introduction of said second pre?ush ?uid ""0 a desired Zone ofmldfraaure 

introducing a "eating ?uid [m0 said fracmre W-a Sal-d continuously introducing successive quantities of said 
well bore, said treating ?uid having a speci?c gravity ?rstpre?ush?u'd' Sa'd secondpre?ush?u'd and Said 
of at least about 0. 1 less than the speci?c gravity of one 5 treathng?mfi in to Smdfmvcmre so {hat ?fe?gw ofsald 
fsaid re?ush ?uids and a: least about 0 04 more treattng?utd along said Interface is maintained while 
0 p . _ _ ‘ said treating ?uid is ?owed through said fracture. 
mar‘ the Specl?c gram)’ of me other ofsa'd Pre?ush 41. The method of claim 40 which is further character 
?ulds; whereby said lrealmg?wd '5 mused '0 ovemde ized to include the intial step of inducing one or more of 
said one pre?ush ?uid and to underride said other 10 ggidfractures, 
pre?ush ?uid and to ?ow along said interface between * * "‘ * "‘ 
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