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This invention relates generally to the art of chemical 
injection into, or treatment of, oil wells, and pertains 
more particularly to sonic methods and apparatus for 
achieving more effective and deeper dispersion of the in 
troduced chemicals into the oil bearing formation. 

Chemical treatment of oil wells, for various purposes, 
is of course a common practice, the various chemicals 
used having different effects upon the formation ma 
terials in the region around the well. For example, 
glacial actic acid acts to remove limes to improve 
porosity. A range of organic solvents take into solu 
tion the large molecule solid and semisolid hydrocar 
bons which have been deposited over long time inter 
vals of oil flow to the well. Crude oil will also depcsit 
water, which tends to reduce the permeability of the 
formation adjacent the well. Certain chemical wetting 
agents or surfactants are effective in mobolizing such de 
posited water. 

Such chemicals have heretofore been generally intro 
duced by literally dumping thern into the well. Pene 
tration distance into the well formation, however, is 
quite limited. It has sometimes been the practice to 
wash out the perforations in the well casing so as to 
increase the contact of chemicals with the formation 
spots which are exposed by the perforations. The perfo 
rations are in this case washed by use of an oil well 
service tool which jets a spray of liquid against the 
perforations. These well washing tools are of advan 
tage only, however, in instances in which the inside wall 
of the casing and the perforations have become coated 
with heavy gelatinous material from the crude oil. 

in my Reissue Patent No. Re. 23,381, issued June 26, 
1951, I have disclosed the impressing of vibrations upon 
a descending stream of washing or solvent liquid for 
the purpose of causing these liquids to work on the cas 
ing and formation is an improved manner. As disclosed 
therein, and also in my Patent No. 2,680,485, issued 
June 8, 1954, sound waves radiated into the formation 
greatly facilitate the penetration of the porous forma 
tion medium by fluids. More specifically, Patent No. 
2,680,485 discloses various forms of auxiliary device in 
corporated in a sonic type pump for the purpose of 
causing such pump to radiate sound waves into the forma 
tion at substantial energy levels, for the purpose of in 
creasing flow of well fluids from the formation to the 
pump. The present invention is concerned with the 
use of such a sonic pump, incorporating a sound wave 
radiation action, used and arranged in a novel manner 
which gives unexpected results of deep penetration in 
connection with the introduction of chemicals into the 
bottom of the well for the purpose of causing penetra 
tion of such chemicals into the formation, and for the 
further purpose of causing such introduced chemicals to 
be circulated through a substantial region of the forma 
tion and thence back to the sonic pump to be pumped 
back to the ground surface, 
A general object of the invention may be stated to 

be to accomplish, using a sonic pump equipped with a 
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sound wave radiator, a substantially improved degree of 
penetration of the formation by introduced chemicals, 
and a circulation of said chemicals from the well bore 
deep into the formation, and thence through the forma 
tion in a return path back to the intake of the pump for 
return to the ground surface. 
The invention can best be described, along with fur 

ther objects and the various features of the invention, 
in connection with a suitable embodiment of sonic pump 
and sound wave radiator such as shown in the accom 
panying drawings, in which the single view shows partly 
in longitudinal section and partly in elevation an illus 
trative form of Sonic pump and radator arranged for 
the practice of the invention. 

Referring to the drawing, numeral i3 designates the 
perforated casing in the well bore, and i designates an 
elastic steel pump tubing suspended therein from coil 
springs 2, the upper end of said tubing being adapted 
to deliver well fluid to pipe i3 having control valve 14. 
A sonic wave generator 15, hereinafter to be described, 
is mounted on the top end of the tubing, and operates to 
send alternating longitudina waves of tension and con 
pression down the tubing 1 for transmission to the 
lower end thereof. Tubing a has near its upper end 
an enlarged collar i6, and below said collar is received 
an aperture 7 formed in a horizontal top plate 8 of a 
spring suspension device generally designated at S, the 
collar 16 overhanging and bearing downwardly on said 
plate 8 for the support of the pump tubing. Spac-d 
below tep plate 18 is a bottom or base plate 9 car 
ried by a tubular member 20 mounted atop casing head 
21. Between base plate 9 and top plate 8 of the sus 
pension device are a plurality of the coil springs 12, po 
sitioned om vertical pins 22 set tightly into base plate 19 
and projecting with a sliding fit through top plate 18. 
The weight of the pump tubing is thus transferred to 
springs 2 and thence to the casing Supported by the 
earth. 

Coupled to the lower end of tubing it is an enlarged 
hollow pipe section 25, of Substantial length, such as a 
quarter wavelength to one-half wavelength of the wave 
generated in the liquid in the well by the wave originating 
from generator 15. This pipe section 25 is relatively 
large so as to provide increased area for generation of 
waves in the liquid body. In some installations I find 
this enlargement 25 is unnecessary, the tubing 1 having 
sufficient cross sectional area to provide adequate waves. 
The lower end of the pipe portion 25 has a bottom 
closure wall 26, provided with ports 27 forming valve 
passages controlled by a like plurality of ball valves 23 
furnished with suitable cages 29. In the illustrative 
embodiment, the lower end of casing 10 carries a perfo 
rated liner 30 installed in the bottom of the well hole. 
The vibration generator 5 is shown as of a pre 

ferred type comprising casing 31 in which are meshed 
oppositely rotating spur gears 32 carrying eccentric 
weights 33 which balance out horizontal vibrations but 
cause vertical vibrations to be additive to produce a sub 
stantial resultant oscillatory force in a vertical direc 
tion. The driving pulley 34 of the generator, mounted 
on the shaft for one of the gears 32, is driven by a suit 
able prime mover, in this case, illustratively, by a car 
buretor-type internal combustion engine 35, through 
beit 36. 

Casing head 2i is provided with inflow pipe 38, through 
which chemicals in solution may be introduced to the 
annulus 39 between the pump tubing and casing, to 
descend to the lower end of the well annulus, immedi 
ately above pipe portion 25, as indicated at 40. Gen 
erally, the pump tubing is equipped, at spaced inter 
vals, with ball check valves such as indicated at 41. 
The operation of the foregoing apparatus, as a sonic 
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lower end of the pump. Under these circumstances, the 
chemical solution can be worked still deeper into the 
formation, and can be left there for a long sustained 
time interval, giving opportunity for the chemical re 
actions desired to go to completion. 
14 may then, after a suitable time interval, be opened, 
either partially, so as to hold a back pressure, or fully, 
thus partially or wholly re-establishing the negative wave 
propagation which is responsible for the loop circulation 
path for the chemicals. With the valve 14 only partially 
opened, of course, pumping effort and radiation of corre 
sponding negative pressure or suction pulses occur at 
partial instead of full amplitude, while substantially sym 
metrical Sonic waves continue to be radiated at relatively 
high energy level. Full opening of the discharge valve 
establishes normal operating conditions as described here 
inabove, with chemical solution continuously fed from 
the well bore near the lower region of the pump through 
the formation and back to the well below the pump, to 
be thence elevated by the pump with other well fluids. 
The practice of the invention has the advantage that 

the reagents or products of chemical action in the forma 
tion are maintained in solution by the sustained sonic 
Wave action in the formation, and further, are circulated 
back to the well bore to be removed by the pump, rather 
than being permitted to accumulate within and clog 
structure of the formation. The vibratory action of the 
sonic pump itself also keeps products of the chemical 
reaction in Solution within the pump apparatus So that 
they will be pumped out of the well without clogging 
the internal mechanism of the pump. Further, chemicals 
issuing from the outflow line can be separated from the 
well fluids so that a substantial proportion of remain 
ing useful chemicals can be saved for reuse. 
The now describcd process permits more effective and 

deeper chemical treatment of the producing formation 
than has heretofore been possible. The spent or only 
partially used chemicals are removed from the forma 
tion along with the products of the chemical reaction, 
so that the formation is not merely chemically treated, 
but effectively cleaned both during and following the 
treatment. In this connection, operation of the apparatus 
for a period of time after completion of introduction of 
the chemica solution effectively cleans out the introducedi 
chemicals and products of their reaction with the for 
mation. 

I claim: 
1. The method of chemically treating oil well forma 

tion, which comprises: introducing a chemical solution 
into the well bore, generating in the lower portion of the 
well bore sonic waves which propagate into the solution 
and the surrounding formation, and so facilitate panetra 
tion of said solution from the well bore into the Surround 
ing formation, and sonically pumping well fluids from 
a region spaced along the well bore and adjacent to the 
region of said penetration of said solution, whereby to 
create in the well fluids in the well bore and in the 
surrounding formation negative wave puises which re 
turn said solution to the well bore for removal therefron. 

2. The method of chemically treating oil well forma 
tion, which comprises: introducing a chemical solution 
into the well bore, generating in the lower portion of 
the well bore sonic waves which propagate into the 
solution and the surrounding formation, and so facilitate 
penetration of said solution from the well bore into the 
surrounding formation, and simultaneously therewith 
sonically pumping well fluids from a region spaced along 
the well bore and adjacent to the region of said pene 
tration of said solution, whereby to create in the well 
fluids in the well bore and in the surrounding formation 
negative wave pulses which return said solution to the 
well bore for removal therefrom. 

3. The method of chemically treating oil well forma 
tion, which comprises: introducing a chemical Solution 
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into the well bore, generating in the lower portion of 
the well bore sonic waves which propagate into the solu 
tion and the surrounding formation, and so facilitate pene 
tration of said solution from the well bore into the sur 
rounding formation, and thereafter sonically pumping 
well fluids from a region spaced along the well bore 
and adjacent to the region of said penetration of said 
solution, whereby to create in the well fluids in the well 
bore and in the surrounding formation negative wave 
pulses which return said solution to the well bore for 
removal therefrom. 

4. The method of chemically treating oil well forma 
tion, which comprises: introducing a chemical solution 
into a predetermined region of the well bore opposite 
the productive formation, generating in the lower portion 
of the well bore sonic waves which propagate into the 
solution and into the surrounding formation, and so 
facilitate penetration of said solution from the well bore 
into the surrounding formation, and Sonically pumping 
well fluids from another predetermined region of the well 
bore opposite the productive formation and adjacent to 
said first mentioned region, in Such manner as to create 
negative pressure pulses in well fluids in said last men 
tioned predetermined region and in the formation Sur 
rounding and between said predetermined regions, where 
by to cause circulation of said chemical solution from 
the first region through the formation to the Second 
region. 

5. The method of chemically treating the productive 
formation around a well bore, using in the well bore a 
sonic pump and wave radiator comprised of an elastic 
pump tubing, check-valved at its lower end and pro 
vided at its lower end with a sonic wave radiator oper 
able by sonic waves transmitted down said tubing, and 
provided at its upper end with a wave generator for 
sending Sonic waves therealong, that comprises: intro 
ducing a chemical solution into the well annulus above 
the sonic wave radiator, providing a flow path for said 
solution from said annulus to the formation in a region 
spaced along the well bore from the lower end of the 
pump tubing, and adjacent thereto, establish a standing 
wave pattern in the tubing, and with Such energy de 
livery as to supply an excess of sonic wave energy beyond 
that necessary to motivate any sonic pumping that may 
simultaneously occur, whereby to provide energy for Sonic 
wave radiation from said radiator into the formation and 
solution, and continuing the operation for a Sustained 
time interval during which the chemical solution pene 
trates the formation under stimulation by the radiated 
sonic waves, and is thereafter returned to the well bore 
by vacuum pulses radiated into the formation from the 
check-valved lower end of the sonic pump tubing as 
successive charges of well fluids are sucked thereinto at 
the sonic frequency of said pump operation. 

6. The subject matter of claim 5, wherein the Sonic 
pump and radiator are operated to simultaneously radiate 
sound waves and pump well fluids from the Well bore. 

7. The subject matter of claim 5, including the fur 
ther step of maintaining a back pressure on the pump 
tubing to partially restrict sonic pumping and corre 
spondingly augment sonic wave radiation. 

8. The subject matter of claim 5, including the fur 
ther step of maintaining a back pressure on the pump 
tubing to partially restrict Sonic pumping and correspond 
ingly augment sonic wave radiation, and thereafter re 
lieving said back pressure to increase the rate of Sonic 
pumping through the tubing, and the amplitude of the 
vacuum pulses radiated from the pump. 

9. The subject matter of claim 5, including the step 
of stopping flow from the pump tubing to stop consump 
tion of pumping energy and divert such energy to aug 
mentation of sonic wave radiation, whereby to subject 
the chemical solution to the influence only of augmented 
sonic waves in the productive formation, and thereafter 
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permitting flow from the pump tubing whereby to follow References Cited in the file of this patent 
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