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WELL TREATHNG METHOD USING RELATIVELY 

ll-llGH FLUTE LOSS TREATING LIQUIDS 
John A. Knox, Duncan, Okla, and Fred H. Ad‘cock, J13, 

Perryton, Tern, assignors to Hallihurton Company, 
Duncan, (Edda, a corporation of Delaware 

Filed Feb. 28, 1966, Ser. No. 534,581 
6 Claims. (Cl. 166—42) 

ABSTRACT OF THE DISCLDSURE 
A method of treating wells for providing a continuing 

or prolonged treatment of a desired type by introducing 
into a producing formation a thin, high ?uid loss treating 
liquid under a pressure sufficiently great to cause the treat 
ing liquid to be substantially lost to a fracture face near 
the well bore. The treating liquid is subsequently slowly 
produced back with the well ?uids. 

This application is a continuation-in-part of application 
Ser. No. 278,327 ?led Mar. 6, 1963, now abandoned, and 
is entitled to all the bene?ts provided by law of said 
earlier ?led application. 
The present invention relates to a new and improved 

method of treating wells and more especially to a method 
wherein a relatively high fluid loss treating liquid of a 
desired type is placed in at producing formation and slowly 
produced back with the produced ?uids. 

In modern oil and gas Well treating practices, it has 
become very important to provide prolonged bene?t from 
single treatments for wells, whether such treatments be 
for para?in control, scale control, corrosion control or 
other. One way in which paraffin inhibition and control 
is provided over a period of time is illustrated in US. 
Patent No. 3,051,653. In such well treatment method, 
certain slowly soluble para?in inhibiting solid chemicals 
are placed in the well or back in the formation, and as the 
well ?uids are produced, they are treated with the chemi 
cals. The treatments have proved to be very satisfactory, 
but solubility rates and melting points may be coordinated 
with well conditions to produce the best results. 

It is therefore an important object of the present inven 
tion to provide a new and improved method of inhibiting 
or controlling the formation of para?in on surfaces past 
which hydrocarbons ?ow. 

Another important object of the present invention is to 
provide a new and improved method of inhibiting the cor 
rosion of well equipment or other materials used in wells. 

Still another important object of the present invention 
is to provide a new and improved method of controlling 
or inhibiting the deposition of scale and like materials in 
wells and on the equipment therein. 

Another object of the present invention is to provide 
a new and improved method of adding surfactants for 
changing or maintaining the wettability of a formation, 
breaking emulsions, forming emulsions or other purposes 
or adding other well treating chemicals to the well ?uids 
as they are produced. . 

Still another object of the present invention is to pro~ 
vide a new and improved method of adding emulsion 
breakers to well ?uids in those wells which produce natural 
emulsions. 
A further object of the present invention is to provide 

a new and improved method of adding chelating or se 
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duced to provide aprolonged treatment of the well fluids. 
Yet a further object of the present invention is to pro 

vicle a new and improved method of treating well ?uids, 
wherein a plurality of treating liquids may be simulta 
neously added to the well ?uids as they are produced for 
providing a variety of treatments to the well ?uids as 
desired. _ 

Other objects and advantages of the: present invention 
will become more readily apparent from a consideration 
of the following description and drawings wherein: 
FIG. 1 is a vertical section of a well bore and fracture 

therein, schematically illustrating the location of ?uids 
after injection; and , 

FIG. 2 is a vertical section of a well bore and fracture 
therein, schematically illustrating the ?uid ?ow pro?le 
during production and after treatment. 

Although many different liquids have been injected or 
introduced into oil and gas wells and the like for a variety 
of reasons, none have heretofore been injected for the 
purpose of providing a long feed back thereof or a pro 
longed treatment of the well therewith. Under the prior 
art teachings as exempli?ed by the parai?n inhibition 
method of US. Patent No. 3,05 1,65 3, slowly soluble solid 
materials have been used to provide prolonged or con 
tinuous treatments of a well. Solubilities and melting 
points must always be taken into consideration when 
using such solid materials. 

In placing the treating materials into a fracture in a 
well formation, it has been discovered that a longer feed 
back may result if the treating material is completely 
dissolved in oil or other solvent, than if such material is 
slowly soluble and remains in the fracture. 
The treating solution of the present invention is pref 

erably a high ?uid loss liquid and is displaced in a well 
formation at a rate su?icient to fracture the formation, 
but which will also permit the treating liquid to be lost 
of the face of the fracture and into the formationwithin 
the ?rst few feet‘ of the fracture. In carrying out the 
present invention, it is preferable. that the fracture be‘ a 
horizontal radial one. ' ’ ‘ s.‘ 

The method of the present invention may also be used 
with vertical fractures, but shorter feed back times of the 
treating ?uid may result. . i ‘ 

Referring now to the drawings, the ?ow patterns of 
?uids injected into a well during fracturing and the pro; 
duction of ?uids‘ from the well after fracturing is com 
pleted are schematically illustrated. . ' ‘ i 

In FIG. 1 a well bore 10 is shown with a horizontal 
fracture 12 extending therethrough. The fracture 12 is i1 
lustrated as being sufficiently long to show the pattern of 
?uids injected into the well bore 10 and fracture 12. 
The treatingw?uid’ or fracturing ?uid containing the 

treating agent, para?in inhibitor, bactericide, scale pre 
ventative, corrosion inhibitor, emulsion breaker, sur 
factant, chelating agent or other is injected or pumped 
into the well bore 10 at a sulficient pressure and rate to 
create the horizontal fracture 12. The treating ?uid 14 
is preferably a high‘?uid loss liquid as de?ned herein 
below and is also introduced into the well bore 10 and 
fracture 12 in such manner that it is substantially lost to 
the face of the fracture and into the formation 15 within 
the ?rst few feet of the fracture. This may be readily seen 
in FIG. 1 wherein near the end of the .fracture at point 
a, the treating ?uid 14 has just barely entered the forma 
tion and wherein near the beginning of the fracture at‘ 
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point b, the treating ?uid has been injected relatively far 
into the formation. 
The treating ?uid 14 may be further displaced into the 

formation by the injection of either additional treated 
?uid or untreated ?uid 16. The untreated ?uid should 
preferably be of low ?uid loss to limit displacement of 
?uid 14. The amount of ?uid injected into the forma 
tions will govern the extent the ?uids 14 and 16 are ex 
tended into the formation 15, but the ?ow pattern as ob 
served in FIG. 1 will exist without regard to the amounts 
of ?uid injected into such formation 15. 

It can, therefore, readily be seen that the treating agent 
or treating ?uid 14 reaches its maximum penetration into 
the formation or producing sand 15 at or near the well 
bore. 

It can also be appreciated that the treating agent need 
not be distributed throughout the fracturing ?uid, but 
may be placed or dispersed in only the ?rst portion or 
spear head of fracturing ?uid injected into the Well. 
Economics, size of formation to be treated, and type of 
treatment to be made will largely control the amount of 
treating agent used in this operation. 

After the ?uids have ‘been introduced into the forma 
tion and the well has been placed on production, the 
?uids injected into the well and the natural well ?uids will 
be produced from the formation, through the fracture 
and into the well bore in a particular pattern. 

This pattern may best be seen in FIG. 2 wherein ?uids 
from the producing zone 20 enter the fracture 12 as il 
lustrated by the ?ow lines 21. 
The dotted lines 23 illustrate the pressure pro?le along 

each of the ?ow lines 21. From these ?ow lines 21 and 
equi-potential lines 23, it is easily seen that as ?uids are 
produced from the zone 20, the heaviest rate of ?ow is 
near the end of the fracture 12 at a point c, and that there 
is little ?ow of ?uids from a point 0.‘, near the well bore 
10 or beginning of the fracture 12. 
The treating liquid which has been lost to the formation 

nearest the well bore Will therefore be slowly produced 
back with the producing ?uids. As only a few parts per 
million are ‘required of most treating agents to provide 
an effective control over the problems, a continuing con 
trol of the problem is maintained over a long period of 
time. 
The amount of treating agents required or needed for a 

particular job is readily determined by one skilled in 
the art. 
Two articles have been written by Dr. H. K. van Pool 

len which explain in detail the pattern of ?uid production 
upon fracturing a ‘formation. These articles are entitled 
“Productivity Permeability Damage in Hydraulically 
Produced Fractures” and “Do Fracture Fluids Damage 
Productivity” presented at the Spring Meeting of the 
Southwestern Division of Production, American Petro 
leum Institute in Dallas, Texas, March 6-8, 1957, and 
published in the May 27, 1957 issue of The Oil and Gas 
Journal, respectively. 
A high ?uid loss liquid is de?ned herein as a liquid hav 

ing an effective E value (Em) of 0.003 ft./min.’/’ or 
higher as explained in detailed hereinbelow. 
The leak-off rate of an injected ?uid to any given area 

is dependent on each of the following: differential pres 
sure from fracture to formation, ?uid viscosity, time of 
exposure to ?uid (decreasing as the square root of time), 
formation permeability, porosity, saturation classi?cation 
of the producing formation, and the compressibility of for 
mation ?uids. 

Rate of ?uid leak-off may be mathematically described 
by either the term Ev which describes the viscous resist 
ance to ?ow into permeability or by ER which describes 
the resistance to penetration due to the low compres 
sibility of ‘formation ?uids. In saturated formations Em 
is used to calculate leak-off rates due to a combination of 
BV and ER. These terms are mathematically determined 
or described by the following. 
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Where: 
¢=formation porosity as a decimal 
K=formation permeability, darcys (1 darcy=1000 mil 

lidarcies) 
/J.=ViSCOSlty of injected ?uid at bottom hole temperature, 

cps. 
AP=ditferential pressure, p.s.i. (bottom hole treating pres 

sure less reservoir pressure) 
Cf=reservoir ?uid compressibility factor, p.s.i.—1 
Formation conditions will, to a great extent, control 

the limits of these values, and thus require variations in 
the treatment method to obtain the proper treating ?uid 
penetration pro?le for desired protection. 
The penetration pro?le is then determined based on the 

described example conditions by the solution of a stoi 
chiometric material balance in which the injected volume 
equals the loss volume to a given area plus the volume 
of generated fracture based on an incremental time ana 
lysis. The width of the fracture during injection can be 
calculated by accepted methods based on rock properties, 
?uid properties, volume injected and rate of injection. The 
results of this analysis determine the rate of fracture gen 
eration, rate of leak-off and total leak-01f volume to any 
increment of area within the generated area. 

Based on this data, the volumetric treating ?uid con 
tribution to the total production from any increment of 
fracture area can be determined. 

This permits the calculation of feed back rate, con 
centration of treating chemical within the produced ?uid, 
changes in concentration of treating chemical with time 
and the maximum time over which protection can be ex 
pected. 
From these calculations suita-ble volumes of injection 

?uid, rates of injection or techniques can be determined 
to provide the desired protection requirements for par 
ticular formation conditions. 
An illustration of the determination of Em for a par 

ticular job and formation conditions ‘is set forth in Ex 
ample I. 

Example I.——]ob and formation conditions 

Formation permeability-20 md.=.2 darcy 
Formation porosity—l5 percent:t0.15 
Reservoir ?uid compressibility factor—1 x 10-5, p.s.i.-1 
Differential pressure during injection—2000 p.s.i.g. 
Viscosity of injection ?uid—1.0 cp. 
Injection rate desired—2 b.p.m. 
Injection volume—3000 gallons 
Producing rate of oil following treatment—20 b.p.d. 
Formation saturated 
Horizontal fracture induced 

For these particular formation conditions, an EV of 
0.120 ft./m»in.1/2 was calculated with the value of ER 
being 0.013 ft./min.1/2. The resulting Em for the saturated 
reservoir was determined to be 0.0117 ft./min.1/2 

For the conditions cited in this example penetration dis 
tances are illustrated for increments of area from the well 
bore zero ft.2 to an area of 1947 ft.2 generated at a time 
of 10 minutes. The losses to these areas are based on the 
total pumping time of 35 minutes, The pro?le and volume 
lost to the area increments beyond 25 feet were not cal 
culated in this example. This could be done by determin 
ing the area exposed in each minute of pumping (Au 
thru A35), thereby determining the period of time in 
which ?uid is lost to that area. This time is the pumping 
time minus the time required before exposure. This time 
would then determine the volume lost to that area and 
the resulting pro?le for calculation of feed back rate. 
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Area Area of each Penetration Volume Lost 
Increment Increment, Total Area to One Face, One Face, 

ft? inches ft.3 

354 354 5. 54 24. 519 
246 600 5. 45 1G. 78 
214 814 5. 38 14. 39 
193 l, 007 5. 29 12. 78 
176 1,183 5.208 11. 46 
170 1, 353 5.124 10. 89 
156 1, 509 5. 04 9. 83 
151 1, 660 4. 94 9. 34 
146 1, 806 4. 86 8. 81 
141 1,947 4. 76 8. 41 

The subsequent solution of this problem in the described 
manner for only that portion of mateiral contained in the 
area described above indicates a feed back rate of 2.52 
gallons per day for 498 days followed by a feed back rate 
of 0.84 gallon per day for an additional 312 days. The 
calculated protection time would have been in excess of 
this time had the solution been carried out for the total 
area generated in 35 minutes. 
The following variables will alter the calculated pro 

tection time. 

(1) Formation permeability 
(2) Formation porosity 
(3) Differential treating pressure 
(4) Rock properties 
(5) Fracture orientation 
(6) Fluid viscosity 
(7) Production rate following treatment 

Treatments can be designed for pre-determined periods 
of protection in the same general mathematical manner 
as shown above. 
The present invention may be utilized in either natural 

or ‘arti?cial fractures, and the treating liquid may be in 
jected in a previously fractured formation or may be in 
jected simultaneously with the creation of the fracture. 
When the treating liquid is injected into a formation 

prior to a fracturing treatment, the fracturing ?uid should 
have a ?uid loss less than that of the treating liquid, and 
preferably have an effective E value (Em) less than 
0.001. 
Although it is generally preferred that the treating liq 

uid be a low viscosity liquid (Le. about 1 cp. or less), it 
can be appreciated that considerably higher viscosity liq 
uids may be used in highly permeable formations. 

Broadly, the present invention relates to a new and 
improved method of treating Wells for providing a con 
tinuing or prolonged treatment thereof, namely para?in 
control, corrosion inhibition, scale prevention, bacteria 
control, well stimulation and similar problems requiring 
the injection of chemicals into a well. 
What is claimed is: 
1. A method of providing a desired type of a continu 

ing or prolonged treatment of a Well, comprising the step 
of: introducing into a producing formation a desired treat 
ing liquid having a high ?uid loss at a pressure su?iciently 
great to cause the treating liquid to enter the formation 
and be substantially lost to a fracture face near the Well 
bore, whereby said treating liquid is slowly produced back 
with the well ?uids; said high ?uid loss liquid being one 
having an effective E value of a minimum of about 0.003 
ft./n1in.1/2, wherein Eeff is determined by the following 
formula: 

1 1 1 

Estates 
12.20.0469 diKAP/g. (ft./min.1/2) 

ER0.03711AP\/¢KCf/a (re/minim) 
Where: 

¢=formation porosity 
K=formation permeability 
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6 
a=viscosity of injected ?uid 
AP=di?erential pressure 
Cf=reservoir ?uid compressibility factor 

2. The method of claim 1 wherein the treating liquid 
is selected from the group consisting of a paraffin inhibit 
ing agent, a corrosion inhibiting agent, a scale'deposition 
preventative agent, a surface active agent, a bactericide, la 
chelating agent, and an emulsion breaker. 

3. A method of providing a predetermined type of a 
continuing or prolonged treatment of Well ?uids produced 
from underground strata penetrated by the bore of a well, 
comprising the steps of: ' 

(a) introducing into the well a desired well treating 
liquid having a high ?uid loss, said high ?uid loss 
liquid being one having an effective E value of a 
minimum of about 0.003 ft./min.l/2, wherein Eeff is 
determined by the following formula: 

1 1 1 
Eeif 

Ev=0.0469\/¢KAP//i (fa/minim) 

¢=formation porosity 
K=formation permeability 
a=viscosity of injected ?uid 
AP=differential pressure 
Cf=reservoir ?uid compressibility factor 

(ft./1nin.1/2) 

(b) causing said treating liquid to contact a section 
of the underground strata to be fractured; 

(c) applying sufficient pressure to said treating liquid 
to fracture said strata section and enter thereinto, 
whereby said treating liquid is substantially lost to 
the face of the fracture and into the strata section 
within the ‘first few feet of the fracture; 

(d) introducing into the well immediately after said 
treating liquid, at fracturing liquid having a ?uid loss 
substantially less than that of said treating liquid; 

(e) causing said fracturing liquid to enter the section 
of the underground ‘strata previously fractured; 

(f) applying su?icient pressure to said fracturing liquid 
to extend the fracture into said strata section, enter 
thereinto ‘and displace any treating liquid not previ 
ously lost to the formation face, whereby said fractur 
ing liquid is extended substantially into the forma 
tion; and 

(g) allowing the treating liquid to be produced back 
with the well ?uids thereby providing a continuing 
treatment of the well by the treating liquid. 

4. The method of claim 3 wherein the treating liquid 
is selected from the group consisting of a para?in inhibit 
ing agent, a corrosion inhibiting agent, a scale deposition 
preventative agent, a surface active agent, a bactericide, 
a chelating agent, and an emulsion breaker. 

5. A method of treating underground strata containing 
either a natural or arti?cial fracture therein and pene 
trated by the bore ‘of a well for providing a desired c0n~ 
tinuing or prolonged treatment of the well, comprising 
the steps of: 

(a) introducing into the well ‘a desired well treating 
liquid having a high ?uid loss, ‘said high ?uid loss 
liquid being one having an effective E value of a 
minimum of about 0.003 ft./min.1/2, wherein Em is 
determined by the following formula: 

1 1 1 

E.“ ‘E. E; 

E,: 0.0469Vq5KAP/a (fr/minim) 



3,323,595 
7 8 

Where: 6. The method of claim 5 wherein the treating liquid 
is selected from the group consisting of a p-araf?n in 
hibiting agent, a corrosion inhibiting agent, a scale dep 
osition preventative agent, a surface active agent, a bac 

5 tericide, a chelating agent, and an emulsion breaker. 

¢=formation porosity 
K=formati0n permeability 
=visc0sity of injected ?uid 

AP=differential pressure 
C§=reservoir ?uid compressibility factor References Cited 
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((1) allowing the treating liquid to be produced back 15 , _. _ . _ 
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