
-1-                      2256887 WELL CLEANING SYSTEM This invention
relates to the servicing of wells by use of small diameter work strings and
more particularly to removal of scale and other downhole deposits from the
inside diameter of well tubulars. It has been common practice for many
years to run a continuous reeled pipe (known extensively in the industry as
"coil tubing") into a well to perform operations utilizing the circulation
of treating and cleanout fluids such as water, oil, acid, corrosion
inhibitors, hot oil, nitrogen, foam, etc. Coil tubing, being continuous
rather than jointed, is run into and out of a well with continuous movement
of the tubing through a coil tubing injector. Coil tubing is frequently
used to circulate cleanout fluids through a well for the purpose of
eliminating sand bridges, scale, and similar downhole obstructions. Often
[err]    obstructions are very difficult and occasionally impossible to
remove because of the inability to rotate the coil tubing and drill out
such obstructions.  Turbo-type drills have been used 



but develop insufficient torque for many jobs. Other devices have been used
to attempt removal of foreign material from the interior of well tubulars.
These well tubulars vary from unperforated and perforated pipe, large
diameter casing, production tubing, and slotted or wire-wrapped well
liners. Well tubulars often becomes plugged or coated with corrosion
products, sediments and hydrocarbon deposits. The deposits may consist of
silicates, sulphates, sulphides, carbonates, calcium, and organic growth.
It is desirable to perform drilling type operations in wells through use of
coil tubing which can be run into and removed from a well quickly in
addition to performing the usual operations which require only the
circulation of fluids. The same types of well servicing can also be
performed with various small diameter work strings. The present invention
may be used with such work strings and is not limited to coil tubing. For
example, a work string consisting of one inch (25.4 mm) jointed pipe may be
insert through a two inch (50.8 mm) production tubing string to    -3- 



hydraulically clean the inside diameter of five inch (127 mm) casing below
the end of the tubing string. U. S. Patent 3,285,485 which issued to Damon
T. Slator on November 15, 1966, discloses a device for handling tubing and
the like. This device is capable of injecting reeled tubing into a well
through suitable seal means, such as a blowout preventer or stripper, and
is currently commonly known as a coil tubing injector.  U. S. Patent
3,313,346 issued April 11, 1967 to Robert V. Cross and discloses methods
and apparatus for working in a well using coil tubing. U.S. Patent
3,559,905 which issued to Alexander Palynchuk on February 2, 1971 discloses
an improved coil tubing injector. High pressure fluid jet systems have been
used for many years to clean the inside diameter of well tubulars. Examples
of such systems are disclosed in the following U. S. Patents: 3,720,264
3,850,241             4,441,557 3,811,499             4,088,191
4,442,899 3,829,134             4,349,073             4,518,041    Outside
the oil and gas industry, tubing cleaners have been used for many years to
remove scale and other deposits 



from the inside diameter of tubes used in heat exchangers, steam boilers,
condensers, etc. Such deposits may consist of silicates, sulphates,
sulphides, carbonates, calcium, and organic growth. Wire brushes, scrapers,
scratchers and cutters of various designs were among the first tools used
to try to remove unwanted deposits. Some of these tools did not reach into
the slots or perforations. Those with wires or feelers thin enough to enter
the slot or perforation were often too thin to provide much cleaning force.
Several types of washing tools are available which use pressurized jets of
fluid in an attempt to dislodge undesired material from well tubulars. The
development of jet cleaning has advanced from low velocity for use in
cleaning and acidizing to abrasive particles suspended in high pressure
fluids. Abrasives are used for cleaning flow conductors, but with results
less than favorable since the flow conductors are sometimes eroded along
with the foreign material plugging or coating the flow conductors.    -5-
U.S. Patent 4,625,799 discloses a mechanically 



indexed cleaning tool.   U.S. Patent 4,705,107, discloses the use of boiler
type cleaning equipment to clean well tubulars downhole. U.S. Patent
4,781,250 discloses a cleaning tool indexed by fluid pressure changes.
Development of apparatus from these patents led to the present invention.
According to the present invention, there is provided a system for cleaning
the inside diameter of well tubulars comprising a work string disposed
within the well tubular, means for longitudinally moving the work string
within the well tubular, fluid jet cleaning apparatus attached to the
extreme end of the work string within the well tubular, means for supplying
power fluid to the fluid jet cleaning apparatus, a housing and nozzle body
rotatably attached to the fluid jet cleaning apparatus, a pair of jet
nozzles machined into the nozzle body diametrically opposite from each
other and oriented to project power fluid essentially tangential to the
nozzle body whereby power fluid exiting from the jet nozzles will cause
rotation of the housing and the nozzle body to remove deposits from the
inside diameter of the well tubular, and the nozzle body further comprises
a plurality of fluid jets extending therethrough at angles relative to a
longitudinal axis of the apparatus to allow 



power fluid to exit from the jets to remove deposits from the inside
diameter of the well tubular. The invention may also provide fluid jet
cleaning    -6- systems with stationary and rotating jet nozzles. Cleaning
system according to the invention may be provided with jet nozzles combined
with a mechanical cleaning tool to remove all types of downhole deposits.
Additional objects and advantages of the present invention will be readily
apparent to those skilled in the art after studying the written description
in conjunction with the drawings and claims. This application is a
divisional application of GB 8927586.1 in which the same drawings are used
to illustrate a system for cleaning the inside diameter of well, the system
comprising a fluid jet cleaning apparatus having an inner mandrel for
carrying a rotatable housing and a concentric nozzle body attached to the
housing. In the drawings: FIGURE 1 is a schematic drawing partially in 



elevation and partially in section with portions broken away showing a coil
tubing unit and fluid jet cleaning apparatus removing deposits from the
inside diameter of a well tubular.    -7- FIGURE 2 is an enlarged drawing
partially in section and partially in elevation showing the fluid jet
cleaning apparatus of Figure 1. FIGURE 3 is a drawing in end view from
below of Figure 2. FIGURE 4 is a drawing in section taken along line 4-4 of
Figure 2. FIGURE 5 is a drawing in section taken along line 5-5 of Figure
2. FIGURE 6 is a schematic drawing partially in elevation and partially in
section showing a mechanical cleaning tool attached to the
fluid jet cleaning apparatus.    



-8- In Figure 1 well 20 extends from wellhead 21 to an underground
hydrocarbon or fluid producing formation (not shown). Well 20 is defined in
part by casing string 22 with production tubing string 23 disposed therein.
This embodiment will be described with respect to tubing string 23.
However, the present invention can be used with other types of well
tubulars or flow conductors including liners and well screens. Also, the
present invention is not limited to maintenance of oil and gas wells.
During the production of formation fluids, various types of deposits may
accumulate on the inside diameter of the well tubulars or flow conductors.
Examples of soft deposits are clay, paraffin, and sand. Examples of hard
deposits are silicates, sulphates, sulphides, carbonates and calcium. The
present invention is particularly useful for removal of deposits found in
geothermal and oil wells but may be satisfactorily used to remove other
types of deposits. Using conventional well servicing techniques, injector
25 can be mounted on wellhead 21. Coil tubing or work string    



-9- 26 from reel 27 is inserted by injector 25 into bore 24 of tubing
string 23. Filter 39 and fluid jet cleaning apparatus 40 are attached to
the lower end of coil tubing 26. Manifold 28 includes the necessary pumps,
valves, and fluid reservoirs to discharge high pressure cleaning fluid
(power fluid) into bore 24 via coil tubing 26. Manifold 28 is connected to
reel 27 by power fluid supply line 34. Regulating valve or dump valve 35 is
provided in supply line 34. Valves 29 and 30 can be used to control the
return of spent power fluid to the well surface. Wellhead valve 31 is used
to control vertical access to and fluid communication with bore 24 of
tubing string 23. Blowout preventers 32 are normally installed between
wellhead 21 and injector 25 to block fluid flow during emergency
conditions. As best shown in Figure 2, cleaning apparatus 40 consists of
four major components -- adapter 41, inner mandrel 45, rotatable housing
50, and nozzle body 60. Bearing means 70, 71 and 72 are located on inner
mandrel 45 to allow rotation of housing 50 and nozzle body 60 relative
thereto. Adapter 41, similar to a tool joint, is a generally short
cylindrical coupling with longitudinal passageway 42 extending  



- 10 - therethrough. Heavy duty threads 43 are formed within one end of
passageway 42 to connect with the lower end of filter 39 or directly onto
work string 26 if filter 39 is not used. Threads 44 are formed in the
opposite end of passageway 42 to connect inner mandrel 45 therewith.
Longitudinal bore 46 extends at least partially through inner mandrel 45
and is aligned to receive power fluid flow from passageway 42. A plurality
of ports 47 are machined radially through inner mandrel 45 intermediate the
ends thereof to allow fluid communication betweeen the interior and the
exterior of inner mandrel 45. Fluid flow path 48 which communicates power
fluid from work string 26 to housing 50 includes passageway 42,
longitudinal bore 46, and ports 47. Annular chamber 51 is provided within
housing 50 to receive power fluid from ports 47. A plurality of
longitudinal openings 52 are provided between annular chamber 51 and nozzle
body 60.  Matching threads 53 are used to attach nozzle body 60 to housing
50 to receive fluid communication from longitudinal openings 52. Nozzle
body 60 has its own annular chamber 61 to receive power fluid from
longitudinal openings 52. A plurality of 



fluid jet nozzles extend through nozzle body 60 at various    angles
relative to the longitudinal axis of inner mandrel 45 to allow power fluid
to exit from the jets and remove deposits from the inside diameter of well
tubulars 22 or 23. One pair of jet nozzles 62a and 62b are machined into
nozzle body 60 diametrically opposite from each other and oriented to
project power fluid essentially tangential to annular chamber 61 or at a
ninety degree angle relative to both the diameter of nozzle body 60 and the
longitudinal  axis of inner mandrel 45. Jet nozzles 62a and 62b are
oriented to cause power fluid exiting therefrom to rotate housing SO and
nozzle body 60 and thereby significantly increase the removal of deposits
from the inside diameter of well tubulars adjacent thereto. Fluid jet
nozzles 63 extend through nozzle body 60 at various angles relative to the
longitudinal axis of inner mandrel 45. The orientation and number of jet
nozzles 63 is selected to allow power fluid exiting from jets 63 to remove
deposits from the inside diameter of well tubulars 22 or 23. Their
orientation and number varies depending upon the type and depth of the
downhole deposit, the inside diameter of the well 



tubular, flow characteristics of the power fluid, pumping capacity of
manifold 28, etc.   Preferably, inner mandrel 45 has one or more fluid jet
nozzles 64 in its extreme lower end    - 12 - 55 to receive power fluid
from flow path 48. Jet nozzles 64 are oriented to project power fluid
essentially parallel to the longtiudinal axis of inner mandrel 45. Slots 69
are machined in lower end 55 to aid in the assembly of cleaning apparatus
40. A wide variety of commercially available bearings could be used for
bearing means 70, 71, and 72. Self-lubricating bearings made from a
composite material consisting of a metal backup ring and a porous bronze
layer impregnated with polytetrafluoroethylene have been used
satisfactorily. Such bearings are available from Garlock Inc. Radial
bearings 71 and 72 are spaced longitudinally from each other between the
exterior of inner mandrel 45 and the inside diameter of housing SO. Ports
47 are disposed between radial bearings 71 and 72. A set of three small
grooves 49 are provided in the exterior of inner mandrel 45 adjacent to
each bearing 71 and 72 respectively. Grooves 49 cooperate with their
respective 



bearing 71 or 72 to act as a fluid barrier and restrict undesired fluid
flow from annular chamber 51. Thrust bearing 70 is positioned between the
adjacent ends of housing 50 and adapter 41. Bearing 70 prevents thrust
forces generated by power fluid exiting nozzle body 60 from restricting
rotation of housing 50.    - 13 - Operating Sequence Figure 1 shows the
system for supplying power fluid to cleaning apparatus 40 to remove
deposits from well tubular or flow conductor 23 after cleaning apparatus 40
was being inserted therein. Reeled tubing injector 25 is used to position
cleaning apparatus 40 at the desired location in the flow conductor.  Power
fluid is supplied to flow path 48 from manifold 28 via coil tubing 26. A
small amount of power fluid is projected directly from flow path 48 via jet
nozzles 64 to initially breakup any deposits below cleaning apparatus 40.
Most of the power fluid supplied to flow path 48 is directed to annular
chamber 61 via radial ports 47 and longitudinal openings 52. A portion of
the power fluid exits from jet 



nozzles 62a and 62b to cause rotation of housing 50 and nozzle body 60
relative to inner mandrel 45. The major portion of the power fluid exits
from jet nozzles 63 to remove undesired downhole deposits. Figure 1 shows
tubing 23 with an outside diameter only slightly smaller than the inside
diameter of casing 22. For many well completions, there may be a
substantial difference in the size of the downhole well flow conductors.
Nozzle body 60    - 14 - can be selected to have jet nozzles 63 optimized
to clean the relatively small inside diameter of a typical production
tubing string or optimized to clean the relatively large inside diameter of
a typical casing string. An important advantage of the present invention is
the ability to insert a work string and cleaning apparatus 40 with
relatively small outside diameters through tubing 23 to clean the
relatively larger inside diameter of casing 22 below the lower end (not
shown) of tubing 23. The speed of rotation of nozzle body 60 is a function
of the size of jet nozzles 62a and 62b, fluid flow rate through 



flow path 48, the type of power fluid, downhole well fluids, and the
characteristics of bearing means 70, 71, and 72. Power fluid discharged
from cleaning apparatus 40 is returned to the well surface via valves 29 or
30. Spent power fluid is used to remove the deposits from the well bore.
For some well conditions nitrogen gas may be mixed with the power fluid to
increase its ability to lift debris from the well bore.    15 Fig. 6
illustrates a modification in which nozzle body 160 includes means for
attaching various mechanical cleaning tools to the cleaning apparatus.
Connector    16 180 is threaded into the lower end of nozzle body 160 with
hollow shaft 181 projecting therefrom, through which power fluid can flow.
Various sizes and types of mechanical cleaning tools can be attached to
hollow shaft 181 corresponding to the size of the well flow conductor and 



the type of deposit to be cleaned. Cleaning tool 190 shown in Fig. 6 is
preferably used for deposits such as sand bridges (not shown) which
completely block tubing string 23. The exterior of cleaning tool 190 has
serrations 195 to remove deposits from the interior of well flow
conductors. The efficiency of serrations 195 is greatly increased by having
power fluid from flow passageway 48 exit drilled opening 196 and flow
upwardly therepast. The power fluid flow path optimizes both the rotational
effect of serrations 195 and the lifting of loosened deposits by spent
power fluid to the well surface.    -17- Cleaning apparatus 140 with
mechanical cleaning tool 190 attached can be lowered into tubing string 23
to contact a sand bridge. Power fluid exiting from jets 62a and 62b will
rotate housing  50, nozzle body 160, and cleaning tool 190. The rotation of
serrations 195 and power fluid exiting opening 196 will break up and lift
the debris. Additional spent power fluid from jets 62a and 62b will further
assist with lifting the sand and other debris to the well surface. Thus,
the 



present invention can be readily adapted for hydraulic or mechanical
drilling of downhole deposits. The previous description is illustrative of
only some embodiments of the present invention. Those skilled in the art
will readily see other variations and modifications without departing from
the scope of the invention.    18 CLAIMS: 1.        A system for cleaning
the inside diameter of well tubulars comprising: a.   a work string
disposed within the well 5   tubular; b.   means for longitudinally moving
the work string within the well tubular; c.   fluid jet cleaning apparatus
attached to the extreme end of the work string within the well tubular; 10
d.   means for supplying power fluid to the fluid jet cleaning apparatus;
e.   a housing and nozzle body rotatably attached to the fluid jet cleaning
apparatus; 



f.   a pair of jet nozzles machined into the 15   nozzle body diametrically
opposite from each other and oriented to project power fluid essentially
tangential to the nozzle body whereby power fluid exiting from the jet
nozzles will cause rotation of the housing and the nozzle body to remove
deposits from the inside diameter of the 20   well tubular; and g.   a
nozzle body further comprises a plurality of fluid jets extending
therethrough at angles relative to a longitudinal axis of the apparatus to
allow power fluid to exit from the jets to remove deposits from the inside
25   diameter of the well tubular. 2.        A system as defined in claim 1
wherein the fluid    19 jet cleaning apparatus comprises: a.   an inner
mandrel and an adapter to connect the apparatus to the work string; b.
the housing rotatably carried on the 5    exterior of the inner mandrel; c.
a fluid flow path from the work string to 



the housing via the inner mandrel; and d.   the nozzle body attached to the
housing and in fluid communication therewith. 10    3.         A system as
defined in claim 2 wherein the inner mandrel further comprises one or more
fluid jets in the extreme lower end of the inner mandrel projecting power
fluid essentially parallel to the longitudinal axis of the inner mandrel.
15    4.         A system as defined in any one of the preceding claims
wherein the nozzle body further comprises means for attaching a mechanical
cleaning tool whereby rotation of the housing and the nozzle body results
in rotation of the cleaning tool.    


