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[57] ABSTRACT 

Method and apparatus for directionally applying high 
pressure jets to well liners to clean openings which are 
plugged with foreign matter. High velocity jets of 
liquid having a velocity in excess of 700 feet per 
second are jetted from jet ori?ces having a standoff 
distance between 5 and 10 diameters of the orifice 
from the openings to remove substantially all plugging 
material from the openings. Apparatus for circulating 
foam is provided in combination with apparatus for 
delivering high pressure jets. New swivels and check 
valves permit rotation and reciprocation of the jet tool 
and tubing string while maintaining high pressure in 
the apparatus. 

11 Claims, 18 Drawing Figures 
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HIGH PRESSURE JET WELL CLEANING 

BACKGROUND OF THE INVENTION 

The present invention relates to cleaning openings in 
well liners positioned adjacent ?uid producing forma 
tions using high velocity liquid jets and, more particu 
larly, the present invention relates to methods and ap 
paratus for use in removing plugging material from 
openings in oil well liners and the like with liquid jets 
having velocities in excess of 700 feet per second which 
are directed at the well liners through ori?ces having a 
standoff distance between the end of the ori?ce and the 
well liner of between 5 and 10 times the diameter of the 
ori?ce. 

In the well producing art it is customary to complete 
an oil well or a water well adjacent a fluid producing 
formation by inserting a metallic well liner. Openings in 
the well liner provide passageways for ?ow of fluid such 
as oil or water and other formation ?uids and material 
from the formation into the well for removal to the sur» 
face. However, the openings which, for example, may 
‘be slots preformed on the surface or perforations 
opened in the well, will often become plugged. This 
problem is especially serious in areas of viscous oil 
production from unconsolidated sand formations. 
Since it is highly desirable to prevent sand from enter 
ing the well, the liners used in this type of formation are 
often completed with narrow longitudinal slots. The 
slots prevent the entry of most of the sand with the oil, 
but in time they become plugged. Of course plugging is 
not limited only to slotted liners but also occurs in per 
forated liners even though the perforations may be con 
siderably larger in size than the slots. In any event, 
removal and replacement of the liner is costly and is 
only a temporary solution since the liner will eventually 
again become plugged. 

Sections of recovered plugged liners have been 
analyzed to determine ‘the identity of the plugging 
material. Results have shown that the plugging material 
is mostly inorganic. Generally, it appears to be ?ne 
sand grains cemented together with oxides, sul?des and 
carbonates. Some asphaltenes and waxes are also 
present. Where water is produced, scale also seems to 
be present and presents a very tough plugging material. 
Many methods for cleaning openings in well liners 

have been heretofore suggested. These methods in 
clude pumping a fluid between two or more opposed 
washer cups until the pressure builds up sufficiently to 
hydraulically dislodge the plugging material. Explosives 
such as primer cord (string shooting) have been used to 
form a high energy pressure shock wave to hydrauli 
cally or pneumatically blow the plugging material from 
the perforations. The disadvantages of these two 
methods are that the energy is applied nondirectionally 
to the liner and it always takes the path of least re 
sistance. The use of these methods generally results in 
opening only one or two perforations out of a perfora 
tion row containing from 16 to 32 perforations. 
Other prior art methods of cleaning the openings in 

liners include the use of mechanical scratches and 
brushes to cut, scrape or gouge the plugging material 
from the perforations. There are many disadvantages of 
these approaches. For example, the knives or wires in 
the brushes must be very thin to enter the slotted per 
forations which generally measures only 0.040 to 0.100 
inches wide and, therefore, the knives and‘ wires are 
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2 
structurally weak. Thus an insufficient amount of ener 
gy is generally applied to really unclog the perforations. 
Furthermore, the cleaning tool must be indexed so that 
the knives or wires actually hit a perforation. Since only 
3 percent of the liner surface area is generally per 
forated, the chances are not favorable for contacting a 
perforation. 
The use of chemicals such as solvents and acids have 

been used to dissolve the plugging materials. There are 
major disadvantages to the chemical approach. Thus 
the material plugging the perforations varies widely 
even in a well which requires a number of different 
chemicals to solubilize them. The combinations of 
plugging materials often inhibits the reaction of the 
chemicals. For example, an oil film will prevent an acid 
from dissolving a scale deposit and a scale deposit will 
prevent a solvent from being effective in dissolving 
heavy hydrocarbons. The chemicals cannot always be 
selectively placed where they are needed due to vary 
ing permeabilities encountered in a well bore and/or 
they dissolve the material in a few perforations and‘ 
then the chemicals are lost into the formation where 
they can no longer be effective in cleaning the perfora 
tions. 

Jetted streams of liquid have also been heretofore 
used to clean openings. The use of jets was ?rst in 
troduced in 1938 to directionally deliver acid to dis— 
solve carbonate deposits. Relatively low velocities were 
used to deliver the jets. However, this delivery method 
did improve the results of acidizing. In about 1958 the 
development of tungsten carbide jets permitted includ 
ing abrasive material in a liquid which improved the 
ability ofa ?uid jet to do useful work. The major use of 
abrasive jetting has been to cut notches in formations 
and to cut and perforate casing to assist in the initiation 
of hydraulically fracturing a formation. The abrasive 
jetting method requires a large diameter jet ori?ce. 
This large opening required an unreasonably ‘large 
hydraulic power source in order to do effective work. 
The use of abrasives in the jet stream permitted effec~ 
tive work to be done with available hydraulic pumping 
equipment normally used for cementing oil wells. How 
ever, the inclusion of abrasive material in a jet stream 
was found to be an ineffective perforation cleaning 
method in that it enlarged the perforation which 
destroyed the perforation’s sand screening capability. 
There is, therefore, still a need for a method of clean 

ing openings in a well liner which results in cleaning 
substantially the entire opening and which is a practical 
and relatively easy operation to perform. Further, there 
is need for a method of cleaning openings in such liners 
which does not destroy or alter the openings or damage 
the liner. 

BRIEF DESCRIPTION OF THE INVENTION 

Brie?y, the present invention provides a method and 
apparatus for directionally applying‘ a high pressure jet 
to a well liner to clean openings in the liner which are 
plugged with foreign matter. High pressure liquid jets 
having a velocity in excess of 700 feet per second are 
jetted at the liner from jet ori?ces having a standoff 
distance less than l0 times the diameter of the ori?ce 
to remove substantially all plugging material from the 
liner openings. Apparatus for concurrently circulating 
foam is provided in combination ‘with the apparatus 
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used to deliver the high pressure, high velocity jets. The 
foam may be used before, with or after the jets to 
remove material from the well. New swivels and check 
valves permit rotation and reciprocation of the work 
string in the well at high pressure conditions to permit 
directional application of the high kinetic energy in the 
jet. ' 

In one aspect the present invention provides a 
method of jet cleaning openings in a well liner posi 
tioned adjacent a fluid producing formation. A ?ow 
path is formed from the earth‘s surface to a location ad 
jacent a liner having plugged openings and high pres 
sure liquid is ?owed down such ?ow path. A jet is 
formed of the liquid adjacent the liner and is directed at 
the liner with a velocity of at least 700 feet per second 
to clean openings in the liner. The jet is formed from an 
ori?ce and is directed at the liner from a standoff 
distance of not more than 10 times the diameter of the 
jet as it leaves the ori?ce. It has been found that rela‘ 
tively small diameter orifices which produce jets of 
one-sixteenth of an inch or less are useful in the present 
invention. Thus a preferred ori?ce diameter for use in 
accordance with the invention is one thirty-second of 
an inch. The use of small diameter jets is very ad 
vantageous in that liquid volume requirements are 
lowered, thus lowering horsepower requirements and 
reducing the possibility of formation damage in low 
pressure formations caused by liquid in the well over 
powering the formation. 

In another aspect, the method of the present inven 
tion provides for jet cleaning openings in a well liner 
which openings have become plugged from residual 
products from producing petroleum or other ?uids 
which includes the use of foam in conjunction with the 
high pressure, high velocity liquid jet. Thus a ?rst ?ow 
path from the earth’s surface to a location adjacent a 
liner having plugged openings is formed and high pres 
sure liquid is ?owed down it and jetted at the well liner. 
A second ?ow path is also formed from the earth’s sur 
face down the well and terminates at a location below 
the terminal end of the first ?ow path in the well. The 
second flow path provides a path for ?owing foam 
down the well to assist in removing matter from the 
well. This may occur either before, during or after the 
well has been cleaned with high pressure jets in ac 
cordance with the present invention. Thus foam may be 
used to remove sand from the well prior to jet cleaning 
the liner. Foam may also be circulated during jetting to 
remove the jetted liquid from the well to thus keep the 
well drawn down to prevent the jetted liquid from en 
tering the formation. Foam is also useful after the jet 
cleaning operation to remove debris and liquid from 
the well. 
The present invention provides apparatus for jet 

washing a well liner positioned adjacent a ?uid produc 
ing formation to clean openings in a well liner which 
have become plugged during production from the well. 
A first tubing means forms a well ?ow path from the 
earth 's surface to a location adjacent the well liner. The 
first tubing means has rotatably connected thereabout 
a rotating swivel. A source of high pressure liquid is 
connected to a ?ow path through the rotating swivel. 
An opening in the tubing means communicates with the 
?ow path in the rotating swivel to provide a flow path 
into the interior of the tubing for the high pressure 
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4 
liquid. A jet tool is connected to the end of the tubing 
means adjacent the liner and is used to jet the high 
pressure liquid at openings in the liner to clean them. 

In a more particular aspect the apparatus of the 
present invention is further characterized by a second 
tubing means arranged concentrically around the ?rst 
tubing means. The second tubing means extends from 
the earth’s surface to a location adjacent a liner in the 
well. A foam source is provided with conduit means 
connecting it with the second tubing means to provide 
foam for use in circulating in the well. 

In another aspect the present invention includes a 
rotating swivel comprising a housing member having a 
central opening through its entire length with a mandril 
having a central opening through its entire length posi 
tioned in the central opening of the housing member. 
Means are provided to rotatably mount the mandril in 
the central opening of said housing member. An open 
ing is formed intermediate the ends of said mandril to 
form a flow path from the outside of the mandril into 
the central opening of said mandril. Port means in said 
housing member communicate with the opening in the 
mandril. Means are provided for connecting a foam 
conduit to the port means. 

In still another aspect, this invention is directed to a 
check valve useful to permit flow in one direction and 
prevent ?ow in the opposite direction in an annular 
passageway formed by two concentrically arranged 
tubing members. Thus a first tubing member having a 
central opening through its entire length and a second 
similar tubing member of larger diameter are concen 
trically arranged to form an annular passageway 
between the tubing members. A resilient member hav 
ing one end mounted on the exterior of the first tubing 
member and the other end ?ared outwardly from the 
first tubing member to engage the inside wall of the 
second tubular member provides ?ow control in the an 
nular space between the tubing members. 

This invention also provides a jet tool for use in 
directing high velocity liquid jets at a well liner. The jet 
tool includes an inner tubular member having at least 
one hole in the wall thereof and a jet seat member ?x 
edly connected to the tubular member and having a 
central opening aligned with the hole in the tubular 
member. A jet body having a central opening formed 
therein is threadably engaged in said jet seat member to 
provide a jetting ori?ce for directing a high pressure 
jet. 

In a more speci?c aspect the invention is directed to 
a jet tool which is useful both to jet clean a liner and to 
simultaneously provide foam for circulation in the liner 
annulus. An inner tubular member having a hole in the 
side wall thereof is provided with a jet seat having a 
central opening positioned over the hole. A second out 
side tubular member is connected to the jet seat and is 
concentrically arranged around the ?rst tubular 
member. The second tubular member also has a hole 
which is coaxially aligned with the hole in the ?rst tubu 
lar member. A jet body means having a central opening 
therein is seated in said jet seat member to permit 
jetting of liquid from the interior of the ?rst tubular 
member through to the outside of the second tubular 
member. Foam can be circulated in the annulus 
between the two tubular members past the jet seat 
member before, during or after liquid is being jetted 
through the jet body. 
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PRINCIPAL OBJECT OF THE INVENTION 

The principal object of the present invention is to 
provide a method and apparatus for directionally ap 
plying high velocity, high energy liquid jets to clean 
plugged well liners. Further objects and advantages of 
the present invention will become apparent from the 
drawings and detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevation view, partially in section, illus 
trating the preferred embodiment of apparatus assem 
bled in accordance with the present invention posi 
tioned in a well; 

FIG. 2 is an elevation view, partially in section, and 
illustrates in greater detail the high pressure rotating 
swivel of the preferred embodiment of apparatus; 

FIG. 2A is a sectional view taken at line 2A--2A of 
FIG. 2; 

FIG. 3 is an elevation view, partially in section, and 
illustrates the safety clamp and rubber tubing stripper 
of the preferred embodiment of apparatus; 

FIG. 3A is a sectional view taken at line 3A-3A of 
FIG. 3; 

FIG. 3B is a layout view of a portion of the apparatus 
illustrated in FIG. 3; 

FIG. 4 is an elevation view, partially in section, and 
illustrates the elevators and rotating head of the 
preferred embodiment of apparatus; 

FIG. 5 is an elevation view, with portions broken 
away for clarity of presentation, and illustrates the 
power rotating swivel of the preferred embodiment of 
apparatus; 

FIG. 6 is an elevation view with portions broken 
away for clarity of presentation and illustrates the foam 
swivel ofthe preferred embodiment of apparatus; 

FIG. 6A is a section view taken at line 6A-6A of 
FIG. 6; 

FIG. 7 is an elevation view, partially in section, and 
illustrates the wellhead and tubing slips of the preferred 
embodiment of apparatus; 

FIG. 8 is a sectional elevational view illustrating the 
concentric check valve of the preferred embodiment of 
apparatus; 

FIG. 8A is a sectional view taken at line 8A—8A of 
FIG. 8; 

FIG. 9 is a sectional view and illustrates the crossover 
connection of the preferred embodiment of apparatus; 

FIG. 10 is a sectional view and illustrates the jet tool 
of the preferred embodiment of apparatus; 

FIG. 10A is a sectional view taken at line 10A—10A 
of FIG. 10; 

FIG. 11 is an elevation view with portions broken 
away for clarity of presentation and illustrates the drop 
ball valve and bit of the preferred embodiment of ap 
paratus; and 

FIG. 12 is a detail view of the jet body and a well 
liner showing standoff distance in accordance with the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 is an elevation view, partially in section, and 
illustrates the preferred embodiment of apparatus as 
sembled in accordance with the present invention posi 
tioned in a well. FIG. I thus illustrates the overall view 
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6 
of the preferred apparatus of the present invention. 
FIGS. 2 through 12 illustrate portions of the preferred 
apparatus in greater detail. 

In FIG. I a well is shown drilled into a ?uid produo 
ing formation 12 from the earth's surface 14. The 
upper portion of the well is cased with a suitable string 
of casing 16. A liner 18 having suitable openings 19 is 
hung from the casing and extends along the producing 
formation 12. The openings which may be slots or per 
forations permit ?ow of formation ?uids from forma 
tion 12 into the interior of the well. As the formation 
?uids are produced, the openings in the slotted liner 18 
tend to become plugged by depositions of scale, 
asphalt, clay and sand. The plugging material in the 
various slots at different elevations in the liner will vary 
in composition and, depending on the composition, will 
be more or less difficult to remove in order to reopen 
the slots. As the slots become plugged production from 
the well will tend to decline. Once it has been deter 
mined that the openings 19 in the well liner 18 have 
become plugged to the extent that cleaning is required 
for best operation of the well, the apparatus shown in 
FIG. 1 is assembled to accomplish such cleaning. 
The present invention utilizes high velocity jets of 

liquid to clean plugged openings in well liners. The high 
kinetic energy of the jet is directionally applied to the 
openings by means of a rotatable and reciprocal jetting 
apparatus. Thus the apparatus of the present invention 
can be rotated while jetting high pressure liquid jets at 
the liner. Additionally, the present apparatus may be 
concurrently raised or lowered in the well to provide 
for overall coverage of the liner by the jetted liquid. 
The use of high velocity jets, i.e., above 700 feet 

second, permits maximum energy release to clean the 
openings of a liner with minimum volume of liquid. 
This is an important feature of the invention since ac 
cumulation of large amounts of liquid in the well can 
overpressure the'producing formation and cause the 
liquid to flow into the formation causing formation 
damage. Additionally, the reduced volume of liquid 
made possible by the present invention greatly reduces 
horsepower requirements to move and jet the liquid. 

In accordance with the invention a method of jet 
cleaning a well liner is provided by ?owing high pres 
sure liquid down a ?ow path from the earth’s surface to 
a point adjacent the plugged openings in the liner. A jet 
of liquid is formed by passing the liquid through a small 
diameter jet ori?ce at a velocity of at least 700 feet per 
second and directing the jet of liquid at the liner to 
clean the slots thereof from a distance of between 5 and 
I0 diameters of the orifice. The jet is rotated and 
reciprocated in the liner to insure substantially 
complete coverage of the surface of the liner. This 
rotating and reciprocating is accomplished while the jet 
is simultaneously jetted against the liner to thereby 
clean the slots of the liner. 

In accordance with one form of the invention, a 
second ?ow path in addition to the jet liquid ?ow path 
is concurrently formed from the earth’s surface to a 
point below the ori?ce forming the jet. This second 
?ow path is used to inject a circulating ?uid, such as 
foam, in the well either before, during or after the jet 
cleaning. In the preferred form, the flow paths are ar~ 
ranged concentrically. Thus the jetting liquid is in 
jected down a small diameter tubing and the foam is in 
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jected down the annulus between such small diameter 
tubing and a larger diameter tubing concentrically ar 
ranged thereabout. The use of foam in connection with 
the high pressure jets is especially advantageous to 
remove material from the well during the operation. It 
is particularly helpful in low pressure formations in that 
the liquid which has been jetted at the liner and is col 
lecting in the well may be circulated to the surface by 
the foam. Further, any sand or other material in the 
well may also be circulated to the surface with the 
foam. Methods and apparatus for preforming and cir 
culating foam are disclosed and claimed in US. Pats. 
Nos. 3,463,231; 3,486,560; and 3,559,739. The disclo 
sure of such patents is incorporated herein by 
reference. 

in order to facilitate the understanding of the present 
invention the preferred embodiment of apparatus will 
be generally discussed from top to bottom in relation to 
FIG. 1. The apparatus of the present invention is hung 
above and in the well by means of elevators 20 and 
suitable long links 22 and 24. The links 22, 24 are con 
nected to a traveling block (not shown) on the conven 
tional hoist which is utilized to move the elevators up 
and down thereby raising or lowering the apparatus of 
the present invention. 
A conventional plug valve indicated generally by the 

number 26 is attached to the upper end of small diame 
ter tubing 28. The plug valve operates to close off the 
upper end of the tubing 28. The valve 26 may be 
opened to insert objects in the interior of the tubing 
string if one desired. A high pressure rotating swivel 30 
having an inner ?ow path therethrough is rotatably 
connected on a tubing means between tubing 28 and 
tubing 32. A high pressure liquid source is connected 
through a suitable conduit 34 to the high pressure 
rotating swivel 30 to provide a ?ow path for high pres 
sure liquid into the tubing string which forms a first 
?ow path down the well. 
A larger diameter tubing 36 is concentrically ar 

ranged around inner tubing 32 below the high pressure 
rotating swivel 30. The upper end of the larger diame 
ter tubing 36 is coupled to a rubber tubing stripper 38 
by collar 40. The rubber tubing stripper 38 contains an 
inner rubber stripper which seals off the upper end of 
tubing 36 against tubing 32. A rotating clamp indicated 
generally as 42 is connected between the inner tubing 
string 32 and the outer tubing string 36 to cause the 
tubing strings 36 and 32 to be rotated together. A rotat 
ing head 44 is seated on elevator 20 to permit rotation 
of the dual tubing strings 36, 32 while the tubing strings 
are being hung from elevator 20. Although it is recog 
nized that a number of segmented sections are con 
nected together to form tubing string, the inner and 
outer tubing strings in the present invention will be 
numbered 32 and 36, respectively, to facilitate descrip 
tion of the invention. A conventional power rotating 
swivel 46 is connected onto outer tubing string 36 so 
that the tubing string may be rotated as desired. As 
noted, rotation of outer tubing string 36 causes inner 
tubing string 32 to also rotate because of the connector 
clamp 42. The annulus formed between the two con 
centric tubing strings 32, 36 forms a second ?ow path 
down the well. A foam swivel 48 is rotatably connected 
to the outer tubing string 36. A foam source is con 
nected through a suitable conduit 50 to the foaming 
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8 
swivel 48 to provide foam for ?ow down the well in the 
annulus between outer tubing 36 and inner tubing 32. 
The outer tubing string 36 below the foaming swivel 

48 can be hung at the wellhead 52 by means of slips 54. 
The inner tubing string 32 is run in compression and is 
supported on a crossover connection located near the 
jet tool. Stripper rubber 56 on the interior of the well 
head 52 prevents ?ow of ?uid through the wellhead ad 
jacent the outer tubing 36. Flow out from the well an 
nulus 13 occurs through either blooie line 58 or kill line 
60. Each of these lines is provided with appropriate 
valves to control ?ow into or out of the casing-tubing 
annulus. 
The concentric tubing strings 36 and 32 extend down 

the well to a position adjacent the openings in a liner 
that are to be cleaned. A concentric string check valve 
indicated generally as 62 is located in the annulus 
between inner tubing 32 and outer tubing 36 preferably 
at a depth near the earth's surface but far enough down 
so that the liner can be washed up without pulling the 
check valve. Thus the check valve would be near the 
surface when the jetting operation is completed. The 
concentric check valve 62 permits downward ?ow of 
?uid through the tubing-tubing annulus but prevents 
back?ow of ?uids up this annulus. A jet washing tool 
indicated generally as 64 is connected to the lower end 
of the tubing strings. A suitable crossover connection 
66 is utilized to connect the inner tubing string 32 with 
the jet washing tool 64. A closeable drop ball valve 67 
is used to control ?ow through the lower end of tubing 
32. One or more jets 68 are connected on jet tool 64 

and provide a ?ow path for high pressure ?uid from the 
interior of inner tubing 32 to the wall of the well liner. 
A sand bit 70 is connected to the lower end of the jet 
tool to assist in cleaning out sand and to provide 
mechanical centralization of the jet tool. The centraliz 
ing provided by the bit 70 is particularly important 
while the jet tool 64 is being run (lowered) into the 
well. If the jet tool 64 were not so centralized there is 
danger of the jets 68 being sheared off while the tool is 
being run. The jet tool 64 is hydrolically centralized 
during the jetting operation by the balanced placing of 
the jets 68. A suitable downwardly opening ?apper 
valve contained in sub 72 permits downward ?ow of 
liquid through bit 70 and prevents back?ow of ?uid up 
the interior of the jet tool and tubing strings. 

in accordance with the invention then, a ?ow path 
for high pressure liquid is provided from the surface of 
the earth to a position in a well adjacent a liner having 
openings which are to be jet cleaned. High pressure 
liquid is jetted against such a liner from a distance re 
lated to the diameter of the ori?ce used to form the jet. 
It has been found that to insure efficient and satisfacto 
ry opening of the closed slots or perforations that the 
jetted liquid must have the velocity of 700 feet per 
second and be directed against the liner from a distance 
between 5 and 10 diameters of the ori?ce used to form 
the jet. It has been determined that a standoff distance 
of more than 10 diameters is too great to insure sub 
stantially 100 percent cleaning of difficult material 
likely to be found in the openings of a well liner. When 
the standoff distance is reduced to less than five diame 
ters the jet bodies are subject to undesirable errosion 
by splashback. A high pressure rotating swivel utilized 
on the tubing which forms the ?ow path for high pres 
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sure jet liquid permits rotation of the jetting string dur‘ 
ing jetting operations. The jetting string may also be 
reciprocated in the well during such operations and by 
combining a preplanned program of rotation and 
reciprocation substantially complete coverage of the 
liner with the high pressure jet can be obtained. 
A concentric outside tubing string is also provided 

and forms an annular flow path from the surface to a 
point below the jet washing tool so that a circulating 
medium, such as foam, can be injected and circulated 
as desired before, during or after the high pressure jet 
washing operation. Since the foam flow path terminates 
below the jet tool foam may be circulated up past the 
jet tool to free it should it become sanded in. Thus 
much closer tolerances between the tool and the casing 
are possible than would ordinarily be the case. The 
outer tubing is provided with a foaming swivel which 
permits injection of foam to the tubing annulus during 
rotation and reciprocation of the tubing strings. The 
tubing strings are locked together so that rotation and 
reciprocation occur simultaneously in the tubing 
strings. > i 

The apparatus of the present invention will be 
discussed in greater detail with reference to FIGS. 2 - 
12 and the various sections thereof. Brie?y, FIGS. 2 
and 2A show the concentric rotating swivel; FIGS. 3 

25 

and 3A show the safety clamp and rubber tubing _ 
stripper; FIG. 4 shows the elevators and rotating head; 
FIG. 5 shows the power rotating swivel; FIGS. 6 and 6A 
show the foam swivel; FIG. 7 shows the wellhead and 
tubing slips; FIGS. 8 and 8A show the concentric check 
valve; FIG. 9 shows a suitable crossover connection; 
FIGS. 10 and 10A show the jet tool; FIG. 11 shows the 
drop ball valve and the bit; and FIG. 12 shows standoff 
distance‘in accordance with the invention. 
The high pressure liquid is introduced into the inner 

tubing string 32 as shown in FIGS. 2 and 2A by means 
of a high pressure rotating swivel indicated generally by 
the number 30. A mandril section 80 is rotatably 
mounted in a central opening of a housing member 82. 
The mandril 80 has a longitudinal flow path through its 
entire length and has suitable pipe threads at both ends 
for connecting into tubing string 32 at the lower end 
and plug valve 26 at the upper end. An opening such as 
holes 83, is formed in the intermediate portion of the 
mandril 80 to permit communication through the man 
dril to the interior of the tubing string 32. The holes 83 
are aligned with the port 84 forming a flow path 
through the side wall of housing member 82 of the 
rotating swivel. The total area of the hole or holes 83 
should be at least as great as the cross-sectional interior 
?ow area of the tubing string 32. Tubing 34 connects 
flow path 84 of the housing 82 to a source of high pres 
sure liquid. Thus the high pressure liquid has a ?ow 
path into the interior of tubing 32 through the port 84 
and the annular chamber 85 formed in the inner wall of 
housing member 82 and thence through the holes 83 in 
the mandril 80. A spacer insert 86 having a plurality of 
holes 87 aligned with holes 83 of the mandril is used to 
space ?uid-tight packing 88 and 89 above and below, 
respectively, the high pressure liquid entry system. A 
shoulder 90 in the interior of housing 82 forms an abut 
ment for the upper packing 88 which, in turn, supports 
spacer 86 and lower packing 89. A packing retainer nut 
91 is threadably engaged in the lower portion of hous 
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ing 82 and is used to compress the packing a suitable 
amount. A lock bolt 92 engages through a hole in the 
packing retainer nut and engages against the housing 
82 to lock the packer retainer nut in suitable position. 
O-ring seals 93 and 94 assist in packing off the mandril 
and the housing member. 
The tubular mandril 80 is rotatably mounted in the 

rotating swivel by suitable ball bearing sets 95 and 96. 
Grease ?ttings 97 and 98 are useful to lubricate the ball 
bearings. A relief hole 99 is formed in the housing 
member 82 and communicates with the inner chamber 
thereof between the major packing 88 and the upper o 
ring 93. In this manner if the packing fails the high pres 
sure liquid can escape through the relief hole 99 
without damaging the ball bearings. A second relief 
hole 81 is also formed in the housing 82 and commu 
nicates with the inner chamber thereof between the 
lower major packing 89 and lower o-ring 94 to serve a 
similar function for the lower portion of the rotating 
swivel. 

FIG. 3 and FIG. 3A illustrate the concentric string 
clamp 42 and the concentric string stripper assembly 
38. FIG. 3B is a view of the upper portion of the clamp 
42 in an opened position. Inner tubing string 32 extends 
through the clamp 42 and the stripper assembly 38. A 
suitable collar 40 connects larger diameter tubing 36 
with a bell sub 100. The bell sub 100, in turn, is con 
nected by collar 101 to cap 102 and collar 103 which 
has an opening to slidably engage tubing 32. Stripper 
rubber 104 prevents flow between the outside of tubing 
32 and collar 103. In this manner, the upper end of the 
annular chamber 105 between the inner tubing 32 and 
the outer tubing 36 is closed off. 
The inner tubing string 32 and the outer tubing string 

36 are clamped together for rotational and reciprocal 
movement by concentric string clamp 42. A pair of 
gripping members 106 and 108 are swingably mounted 
on hinge pin 110. The gripping members are engaged 
around tubing 32 and locked in place by means of bolt 
112 and nut 114. A sleeve 116 is formed at the end of 
member 108 and a corresponding sleeve 118 is ?xedly 
connected by bar extension 120 ‘to the outside tubing 
string 36 by means of collar 40. A locking pin 122 is in 
serted through the axially aligned holes in the sleeves 
116 and 118 to lock the inner tubing string 32 and the 
outer tubing string 36 together for rotation. 

FIG. 4 illustrates the elevators: 20 and the rotating 
head 44. The elevators are suspended from a suitable 
hoist by means of links 22 and 24. The links are U 
shaped and the back portion of each link is not shown 
in the drawing. The links 22 and 24 are held under 
?anges 123 and 125, respectively, and maintained in 
place by pins 127 and 129 which engage between the 
upper ?anges 123 and 125 and lower ?anges 131 and 
133. Swinging doors 135 and 137 open to permit easy 
insertion and removal of tubing into the elevators. The 
rotating head 44 sits on top of the main deck 139 of the 
elevators. 
The rotating head 44 is provided with a central open 

ing to freely receive the inner and outer tubing strings. 
This permits the tubing string to be rotated while being 
held in the elevators. More speci?cally, an outer case 
member 141 rests on the upper surface 139 of the 
elevators, a bearing support member 143 is threadably 
engaged into case member 141 and a cap member 145 
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is connected by bolts 147, 149 to the cap member. 
Each of these three members is provided with a central 
opening to receive a mandril section 151. The ends of 
the mandril section are threadably connected to the 
outer tubing string string 36. This arrangement 
cooperating with the inner tubing 32 continues annulus 
105 which forms the foam ?ow path down the well 
through the rotating head. Mandril section 151 in 
cludes an annularly extending shoulder portion 153 
which engages into a recessed portion 155 of bearing 
support member 143. An annularly extending thrust 
bearing 157 provides a running surface between 
shoulder 153 and the bearing support member 143. 
Suitable annular packing rings 159 and 161 are pro 
vided to seal off the bearing chamber. 

FIG. 5 illustrates in greater detail a power rotating 
sub 46. Generally stated the function of the rotating 
power sub is to rotate outer tubing string 36. A suitable 
power rotating sub for use in the present invention is 
the Bowen PS-2 power sub described and illustrated in 
the 1968-69 Composite Catalog of Oil Field Equip 
ment and Services, at pages 636 and 637. Brie?y, the 
power rotating sub utilizes a hydraulic motor 202 hav 
ing motor manifold 204 to drive a main gear (not 
shown) inside of gear box 206. Telescoping torque 
reins 208 and 209 extend from the main gear box body 
206. The power rotating sub permits carrying the annu 
lar ?ow path 105 through the sub. 

FIGS. 6 and 6A illustrate in detail foam swivel 42. 
The foam swivel 42 permits injection of foam through 
conduit 50 into the annulus 105 between the inner tub 
ing string 32 and the outer tubing string 36. A foaming 
swivel is rotatably mounted with respect to the tubing 
strings so that the tubing strings may be rotated inside 
of the foam swivel 42. 
More specifically, the foam swivel includes an outer 

housing 164 which has a central opening therein to 
receive a mandril section 166. The mandril section 166 
has a central opening through its entire length and is 
threadably connected at either end with outer tubing 
string 36 to provide a continuation of annular ?ow path 
105 through the foam swivel 42. Two sets of annular 
tapered roller bearings 168 and 170 are provided above 
and below a foam entry port 172 in outer housing 164. 
Roller bearings 168 are packed off above by annular 
packing ring 174 and below by annular o-rings 176 and 
178. The lower annular bearing 170 is packed off 
below by annular packing ring 180 and above by 0 
rings 182 and 184. Grease openings 186, 188, 190 and 
192 are provided in the outer case 164 for lubricating 
the bearings. Upper cap collar 194 and lower cap collar 
196 threadably engage in the outer housing 164 to 
maintain the hearings in place. Mandril section 166 is 
provided with an opening such as one or more holes 
198 intermediate its length. These holes 198 are posi 
tioned adjacent an annularly extending recess 200 in 
the inner wall of housing members 164. Entry port 172 
communicates with the annular chamber 200 so that 
?uid injected into the chamber through conduit 50 will 
enter the interior of the mandril-through the annular 
chamber 200 and the holes 198 in the mandril. In this 
manner foam may be injected into the annular space 
105 between the tubing strings 32, 36. This annular 
conduit provides a flow path for foam down the well. 
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FIG. 7 shows in more detail the tubing hanging slips 

54 and the wellhead 52. The tubing hanging slips 54 are 
adapted to engage and disengage outer tubing string 36 
to hang the tubing string 36 in the well. Handles 211 
and 213 are used to engage and disengage the jaws 21S 
and 217 of the slips against the tubing string 36. An an 
nularly extending stripper rubber 56 seals off the annu 
lar space 13 between the casing 16 and the outer tubing 
string 36. Flow into and out of the casing-tubing annu 
lus 13 is accomplished through blooie line 58 or kill 
line 60. 

FIGS. 8 and 8A illustrate the concentric check valve 
which is indicated generally by the number 62. The 
function of the check valve is to close off the annulus 
105 between the outer tubing string 36 and the inner 
tubing string 32 to ?ow in an upward direction. Con 
centric check valve 62 permits ?ow in a downward 
direction in this annular ?ow path. The concentric 
string check valve includes a tubular mandril section 
220 having a central opening over its entire length. The 
lower end of the mandril section is connected into tub 
ing string 32. An annular-depending truncated cone 
shaped resilient member 221 is engaged over the out 
side of the tubular mandril section 220. The tapered 
end of the resilient member 221 is fitted over sleeve 
222 and the ?ared end 224 of the resilient member en 
gages against the interior wall of tubing section 36. A 
collar member 226 connects the upper end of mandril 
section 220 to interior tubing string 32 and additionally 
forces the resilient member 221 out against the interior 
wall of the outer tubing string 36. 
The resilient member is preferably made of rubber. 

A preferred form of rubber is buytle N. In a particular 
instance for a concentric check valve for use in a 350 
psi foam system such rubber material having Shore 
hardness of 70 gave excellent results. It should be noted 
that a similar material having a Shore hardness of 90 
was too hard to allow pump by of the foam. 

FIG. 9 illustrates in greater detail the liner l8-casing 
16 juncture and illustrates a crossover connection 
between inner tubing string 32 and the jet washer tool. 
This crossover connection 66 facilitates connecting 
tubing string 32 into the jet washing tool after the tool 
has been run into the well on outer tubing string 36. 
Brie?y, the crossover connection includes a sub 229 
connected into the inner tubular member 232 of the jet 
washer. Sub 229 has interior square threads at its upper 
end which are adapted to easily receive similar threads 
on the outside of tubing sub 231. The square threads 
contain o-rings to seal the connection. Tubing sub 231 
is connected at its upper end to tubing string 32. In this 
manner tubing string 32 can be run into the hole with 
tubing sub 231 connected to its lower end and a remote 
connection can be easily made between tubing sub 231 
and crossover sub 229 which had been previously run 
with tubing string 36. 

FIGS. 10 and 10A illustrate jet washing tool 64 in 
more detail. As noted above, the jet tool 64 is posi 
tioned adjacent well liner 18 which has slots 19 which 
need cleaning. An inner tubular member 232 having its 
upper end connected to inner tubing string 32 extends 
the length of the jet tool 64. One or more jets 64 are 
connected to inner tubular member 232 and extend 
through outer tubular member 236. The outer tubular 
member 236 has its upper end connected to tubing 
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string 36 and continues to form annulus 105 with inner 
tubular member 232. The jets communicate with the 
interior of tubing member 232 and the annular space 
13 between the outer-tubing 36, 236 and the casing 16 
liner 18. The jets comprise a jet body 238 having a cen 
tral opening 239 formed therein. The jet body thus 
forms the ori?ce through which the jet is formed. A jet 
seat member 240 having interior threads is ?xedly con 
nected between inner tubular member 232 and outer 
tubular member 236 by suitable means such as welding. 
The tubular members have axially aligned openings to 
receive the jet seat member. The jet seat members 240, 
240’ serve the dual function of seating the jet bodies 
238, 238' and maintaining tubular members 232 and 
236 in predetermined spaced-apart relationship. A jet 
body has an exterior thread portion adapted to be 
mated with the interior threads ofjet seats 240. The jet 
bodies, therefore, may be turned in or out to adjust the 
standoff distance between the exit of the jet from ori 
fice 239 to the well liner. This distance is adjusted so 
that the exit of the jet from the jet body 238 at ori?ce 
239 is between 5 and 10 times the diameter of the ori 
fice 239 formed in the jet. In other words, the diameter 
of the jet as it leaves the tip ofjet body 238 determines 
the standoff spacing of the jet. This is clearly shown in 
FIG. 12. Note that the distance B~B must be from 5 to 
10 times the distance A-A. Also the length of the ori 
fice having the diameter A-A should be at least 5 
times the diameter A-A. 
The lower end of tubular member 236 is connected 

to a tubular sub 336 leading to the check valve and bit. 
FIG. 11 illustrates in more detail the drop ball valve in 
dicated generally by the number 67 and bit 70. The 
lower end of the seat inner tubular member 232 ter 
minates in a ball valve seat. Thus ball valve seat 
member 245 having a central opening 247 of reduced 
diameter is connected to inner tubular member 232 by 
crossover sub 249. A ball 251 having a diameter 
smaller than the overall inner diameter of the flow path 
32, 232, 249 but larger than the reduced diameter 247 
of ball valve seat 245 is shown resting in the ball valve 
seat to close the ?ow path above such valve. The ball is 
introduced into the inner tubing string 32 at lock valve 
26. It is noted that prior to introduction of the ball, 
?uid may be circulated through the inner tubing string 
?ow path 32, 232 and the well annulus 13. 
A ?apper valve sub 72 is connected to the tubular 

sub 336 and contains a conventional downwardly open~ 
ing ?apper valve indicated in dashed lines at 256. A 
sand bit 70 is connected below the ?apper valve sub 
256 and is useful in‘ removing sand or other debris from 
the well in conjunction with foam injected down the an‘ 
nulus between the inner tubing and outer tubing. The 
foam goes through the ?apper valve 256 and is then 
ejected out of the lower portion of bit 70 and circulates 
sand or the debris to the surface via annulus 13 and out 
blooie line 58.‘ The bit 70 is also very important in 
providing mechanical centralization of the jet tool dur— 
ing running of the tool in the well on the outside tubing 
string. Thus the blades of the bit 70 are selected to be 
only slightly less in diameter than the inside diameter of 
the liner which is to be cleaned. 
The use of relatively smaller diameter jet ori?ces of 

less than one-eighth inch in the present invention has 
the advantage of reducing to a minimum the amount of 
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liquid being injected into the well. This reduces the 
horsepower requirements. Further, the lower volumes 
of liquid reduce the possibility of the liquid column in 
the well overpowering the formation and doing forma 
tion damage. Table l below indicates the effect of jet 
size on ?ow volume and standoff distance on power. .It 
also illustrates the difference in fluid requirements to 
obtain the necessary jet velocities with different sized 
jets. As noted, it has been discovered that small diame 
ter jets at the higher velocities taught herein are effec 
tive in cleaning liner openings of substantially all 
plugging material. 

TABLE I 

EFFECT OF JET SIZE ON FLOW VOLUME AND 
JET STAND-OFF ON POWER LOSSES 

size gpm at full power 1/10 power 1/100 power 
jet 7000 psi (6D) 12D) (28D) 
1/32" 1.94 0.187" 0.374" 0.784" 
1/16" 7.8 0.375” 0.750" 1.75" 
1/8" 31.2 0.750" 1.36" 3.50" 

Table II below summarizes results obtained in high 
pressure jet cleaning of plugged liners. The data in 
Table II indicates that jet velocities in excess of 700 
feet per second are needed to obtain substantially 
complete cleaning of the plugged. openings. In this re 
gard many different types of plugging material are en 
countered in wells. It is‘ important that the openings be 
substantially 100 percent cleaned, so therefore the 
most difficult material must be removed. This can be 
done if velocities and standoff distance are maintained 
in accordance with this invention. The cleaning liquid, 
which in this instance was water, was jetted through a 
I/ 16th inch jet ori?ce at pressures in excess of 6,000 
pounds per square inch. The environmental fluid 
through which the water was jetted was either foam or 
water as indicated. The data indicates that a standoff 
distance of greater than one inch with a 1/16th inch 
diameter jet orifice is too great for effective cleaning. A 
"76 inch standoff or less is preferred using a 1/16th inch 
jet ori?ce. An angled jet is somewhat more efficient 
than a head-on jet. In order to clean substantially all the 
slots, a standoff distance of less than 10 diameters is 
required. All tests were done with l/l6 inch nozzle. 
The liners were 5 ‘A inches and had 40 mil slots on 3 
inch centers. The rotation rate of the liner was 30-35 
RPM. Vertical movement rate of the nozzle was 2 . 

inch/min. Tests 1 through 12 were on one liner and 13 
through 15 on another. 

TABLE II 

test ?uid pressure jet stand-o?‘ 
no. envir- psig velocity inches conclusion 

onment 
I 6,000 Wate945 3/8 All slots cleaned. 
2 Water 6,000 945 3/4 All slots clean. 
3 Water 6,000 945 l [/8 It was decided 

tests should be 
continued before 

deciding. 
4 Water 6,000 945 1% Continuing 3 - 

Estimated 60 % 
clean. 

5 Water 6,000 945 1% Penetrated slightly 
' into nearly all 

slots but did not 
clean hardly any 

I the way 
through. 

6 Water 7,000 1,020 lb‘; Same as 5. 
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Water 

Water 

Foam 

Foam 
Foam 

Foam 
Foam 

Foam 

7 ,000 

7,000 

7 ,000 

6,000 
6,000 

7 ,000 
7 ,000 

7 ,000 

I5 
'1 ,020 

l .020 

[,020 

945 
945 

1,020 
945 

945 

% 
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Nozzle was not 
moved in this text. 
Liner was rotated 

5 mins. 90% of lil?lti 
were clean for 

about ‘15" length. 
50-60% of material 

in slots was 
removed. Only z 
20-30% of slots 

completely clean. 
50-60% clean - 

Similar to 8. 
Same result as 9. 

80-90% of material 
removed but only 
about 50% of slots 
were completely 

clean. 
Same as l 1. 

Half ofa 3 foot 
liner section was 
used. 50-75% of 

slots were 
completely cleaned. 

Second half of 
liner section was 
cleaned. Nozzle 
with l0“ angle 

upward was used. 
Result was similar 

to 13 - slightly 
better. 
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l5 Water 7,000 

16 
945 56 Liner in 13 and l4 

was cleaned second 
time ' 754% of 

slots were now open. 

Table lll’below summarizes additional results ob 
tained in high pressure jet cleaning of plugged liners. 
The data in Table III indicates that jet velocities in ex 
cess of 700 ft. per second are needed to obtain satisfac 
tory cleaning of the openings. In some of these runs gas 
was entrained in the liquid. This gave poor results in 
dicating that liquid alone should be used as the jetting 
media. The data also reveals that the smaller diameter 
l/l6 inch jet is at least as effective as the larger ‘A; inch 
diameter jet in cleaning the openings. The runs were 
conducted in an air environment. The data for liner 
number seven indicates that cleaning at a standoff 
distance of about 13 diameters for some material in 
some openings is effective. However, to insure substan 
tially complete cleaning of openings having various 
plugging materials, it is necessary to be within 10 
diameters when jetting. 
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Field operations were conducted in a number of 
California wells having liners whose openings were 
plugged to the point that production had declined to 
below a desirable rate. in instances where the jet stan 

20 
feet per second and directing said jet at a liner to clean 
the openings thereof from a standoff distance of not 
more than 10 times the initial diameter of the jet. 

2. The method of claim 1 where the jet is formed in 
doff distance was below 5 diameters of the jet there oc- 5 an Ori?ce having a diameter of less than one-eighth of 
curred excessive erosion of the jet body from splash an inch 
back. Thus, although successful cleaning can be ac- 3. The method of claim 2 where the standoff distance 
complished at very close range, it is preferred to main- is between ?ve and 10 diameters of the ori?ce. 
tain at least a standoff distance of five diameters to 4. The method of claim 3 where the diameter of the 
prevent erosion of the jet body. The results of field 10 orifice is about one thirty-second ofan inch. 
operations are summarized in Table IV below. The 5. A method of jet cleaning openings in a well liner 
concentric string apparatus disclosed in this application positioned adjacent a ?uid producing formation com 
was utilized in Wells A, B and C_ A single string 3p- prising providing a first ?ow path from the earth's sur 
paratus was utilized in Well D. Foam was used prior to, face to a location adjacent a liner having plugged 
concurrent with and after the jetting in Wells A, B and 15 openings, forming a second ?ow path from the earth’s 
C, surface to a location below the end of said ?rst ?ow 

'l‘ABLlE'lV ’ “T i "'““_“ 

Jet Daily Daily 
J ot standpfi production production 

Well sis: vehiiigf dlamltilttl‘ilst lJisltuid on/ii'eriiiie- oil/\vi‘afigii Remarks 
A _____ .. Ma" 945—1,015 8.35 H2O 17/90 ‘lo/303 Well had previously been string shot with favorable results but had ra 

pid production decline. Well is in steam displacement project. 
B ----- ~- 1/10” {Fifi-1,000 4. 65 11:0 4/35 35/33 Operation successful in opening slots. Short standoff distanceresultcd in 

excess erosion to jet body due to excessive splash back. Prefer 5 d1 

C ----- _- lie’ 1,000—1,050 4.0 1120 7/5 19/11 J tiltnilveziglllsetlluvlvltiillltirliiluated production—then preformed cyclic steam in 
jection operation. Daily production after steaming was 10? oil and 104 
water. Without jet washing would estimate production limited to 40 
oil and 20 water. Minimum standoff again caused erosion ofjet body. 

D _____ .. An” LOGO-1,050 6.0 1130 4/5 24/125 Jet washed thclincr. Then foam cleaned well alterjetting. Thensteamed 
well and returned to production. 

' SUMMARY OF ADVANTAGES OF PRESENT 3O path, ?owing high pressure liquid down said ?rst ?ow 
INVENTION path, forming a jet of said liquid having a velocity of at 

The present invention provides methods and ap_ least 700 feet per second and directing said jet ata liner 
paratus for jet cleaning plugged openings in well liners. to clean the openmg? thereof from a Standoff: dlstance 
A principal advantage of the present invention is the 35 ofnot more than 10 “me? the d'ameter Ofthelet: ’ 
ability to apply high energy directionally to clean 6. The method of claim ‘5 further characterized in 
openings in well liners. ln accordance with the inven- that foam ‘,5 ?owed 90w“ 53“? Seconf‘ ?ow Path_a“d 9'" 
tion the directional application of high energy is done culated af‘l-Wfem sad we" "ne'- pnor to ?owmg h'gh 
with high velocity liquid through small diameter jet ori- pressure hqu'd down sa'd‘?ow path‘ _ 
ficcs. Thus, the invention has the advantage of requir- 40 7' The method of cla'm_5 further charactenzed in 
ing relatively low horsepower. Further, liquid volume that foam I? ?owed d_°wn sald_second ?ow Path and Cir‘ 
required to do the cleaning is also reduced. The ap- ‘iul‘ftefi adJacem Sa'd we" llner wh'le h'gh P"essure 
paratus of the invention permits rotation and recipro- hqu'd '5 bemg ?owed do‘l’“ Sa'd ?rs‘ ?ow Path' 
cation of the jet tool in the well during high pressure 8' The method of dam‘; further characterized in 
jetting to provide for the directional application of the 45 that foam 's_ ?owed dPwn and second ?ow Path and cir 
cleaning energy. Thus new swivels, jet tools and a culated adjacent said well liner after high pressure 
check valve are provided. Additional advantages will hqu'd '5 ?owcd down said ?rst flow path 
be apparent to those skilled in the an’ 9. The method of claim 5 where the jet is formed in 

‘claim: an ori?ce having a diameter of less thanone-eighth of 
l. A method of jet cleaning openings in a wellliner 50 an inch' 

positioned adjacent a ?uid producing formation com- _ 10- Tlfe method of claim 9 Where the Standoff 
prising providing a ?ow path from the earth's surface to distance is between ?ve and i0 diameters of the ori?ce. 
a location adjacent a liner having plugged openings, 11- The 'Pethod of claim 10 where the Ori?ce i5 
?owing high pressure liquid down said flow path, form- about one thlrty'second of an inch 
ing a jet of said liquid having a velocity of at least 700 55 * * * * * 
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