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[57] ABSTRACT

£

A jet carrier ass‘tmbly for cleaning well liners has a jet
tool stabilized by a centralizer proximate to each of the
tool’s upper and lower ends. The jet tool is an elongate
member having about 4 to 8 pairs of jet nozzles axially
spaced therebetween, the axial spacing between alter-
nate pairs being equal. The jet nozzles are spaced to
provide a jet fluid track that covers any given point on
the liner at least once but not more than twice when the
member is lifted at a constant selected vertical speed
and a constant selected rotational speed. The nozzles
are mounted within adapters which are in turn detach-
ably mounted to the elongate member. The adapters,
which are provided in various sizes depending upon the
diameter of the well liner, are interchangeable. The
centralizers are capable of axial and rotational move-
ment along mandrels attached to the upper and lower
ends of the tool. The centralizers which are provided in
varying sizes, depending upon well liner diameter, have
a central bore which slidably engages the mandrel per-
mitting the rotation of the centralizer to be isolated
from the rotation of the jet tool. For any given diameter
well liner, the adapters and centralizers are chosen to
provide a jet nozzle to liner standoff distance of about 5
to 10 times the diameter of the nozzle orifice.

3 Claims, 5 Drawing Figures
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1

HYDRAULIC JET WELL CLEANING METHOD
AND APPARATUS

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The invention is directed to devices using high veloc-
ity liquid jets for cleaning perforated, slotted and wire-
wrapped well liners which become plugged with for-
eign material.

In the well producing art, it is customary to complete
wells, such as water, oil, gas, injection, geothermal,
source, and the like, by inserting a metallic well liner
adjacent a fluid producing formation. Openings in the
well linear provide passage-ways for flow of fluids,
such as oil or water and other formation fluids and
material from the formation into the well for removal to
the surface. However, the openings, which, for exam-
ple, may be slots preformed on the surface or perfora-
tions opened in the well, will often become plugged
with foreign material, such as products of corrosion,
sediment deposits and other inorganic complexes. Anal-
ysis of the plugging material has shown it to be fine sand
grains cemented together with oxides, sulfides and car-
bonates. Some asphaltenes and waxes are also present.
Where water is produced, scale also seems to be a very
tough plugging material. Removal and replacement of
the liner is costly and is only a temporary solution as the
liner will eventually again become plugged.

Jetted streams of liquid have been heretofore used to
clean openings. The use of jets was first introduced in
1938 to directionally deliver acid to dissolve 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 including abrasive
material in a liquid which improved the ability of a fluid
Jjet 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 hydrauli-
cally fracturing a formation. The abrasive jetting
method requires a large diameter jet orifice. 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 effective work to
be done with available hydraulic pumping equipment
normally used for cementing oil wells. However, 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 perfora-
tion’s sand screening capability.

More recently, Chevron Research Company dis-
closed a method and apparatus for directionally apply-
ing high pressure jets of fluid to well liners in a number
of U.S. patents. These patents are U.S. Pat. Nos.
3,720,264, 3,811,499, 3,829,134, 3,850,241, and
4,088,191, which are herein incorporated by reference.

The assignee of the subject application is a licensee of
the Chevron Systems and developed a cleaning opera-
tion and device pursuant to the Chevron disclosures.
This system, which will hereinafter be referred to as the
old design, employed a jet carrier of about 6 feet in
length having 8 jet nozzles widely spaced along its
length. The nozzles were threadably mounted on exten-
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2
sions which were in turn welded to the jet carrier. A
fixed tri-blade pilot bit was fixed to the lower end of the
jet carrier.

The jet carrier was attached to a tubing string that
could be reciprocated and rotated within the well bore.
As the carrier was moved and rotated adjacent the
liner, the nozzies directed jet streams which contacted
and cleaned the liner.

The distance between the well liner and the end of
the jet nozzle, called the standoff distance, is critical in
such a process. If this distance becomes too great, the
power of the jet stream against the liner drops off mark-
edly (decreasing proportional to the square of the dis-
tance). Conversely, if the standoff distance becomes too
small, the power of the jet stream is reduced to a lami-
nar flow along the well liner. Such a flow is also inade-
quate for proper cleaning. Thus, it has been found that
the standoff distance should be between about 5 and 10
times the diameter of the jet nozzle orifice.

In the old design, the only means to regulate the
standoff distance was to vary the diameter of the jet
carrier itself. Thus, four different sizes of jet carriers
were available for differently sized well liners. The
Chevron patents disclose that liner adjustments can be
made by turning the jet nozzles in and out of the welded
extensions. However, in practice, this was found not to
be workable because of leakage if the nozzles are not
tight in the extensions.

A function of the pilot bit was to provide mechanical
centralization of the jet tool during running of the tool
in the well. Thus, the blades of the pilot bit were se-
lected to be slightly less in diameter than the inside
diameter of the liner.

This old design, although a significant advance in the
art, developed a number of problems. First, the spiral
track created by the streams of fluid from the nozzles as
the tool was lifted and rotated, were widely spaced
from each other. In order to ensure coverage of each
point on the liner, the vertical and rotational speed had |
to be decreased to levels which resulted in fluid cover-
age of other points on the liner of three or more times.
Conversely, if the rotational and vertical speeds were
increased to reduce the coverage of areas to no more
than twice, significant areas on the liner remained un-
cleaned. This caused substantial inefficiencies in the
cleaning process.

Secondly, the wide spacing of the nozzles required a
long jet carrier which was prone to jamming in well
bores which deviated significantly from vertical.

Thirdly, since the extensions were permanently
welded to the carrier, a different size jet carrier was
required for each size of well liner. To retain such an
inventory of carriers was expensive and produced logis-
tic complications in the transportation of the various
sized carriers to on-site cleaning operations. Accord-
ingly, only four sizes of jet carriers were available for
the various sizes of well liners. As a result, control over
the standoff distance was inexact and limited, and the
required standoff distances of about 5 to 10 times the
diameter of the nozzle orifice were often being violated.
In a few cases, the distance was exceeded by 10 to 15
diameters.

A fourth problem was the possibility of weld failure
at the extension/carrier interface.

A fifth problem was the inability of the fixed pilot bit
to ensure concentric rotation of the assembly. At times
in “tight hole” situations, the assembly was prone to jam
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or produce back-torque due to liner contact. If the fixed
pilot bit were made smaller to reduce jamming, the
standoff distance could vary resulting in nozzle peening
or closing of the jet orifices.

Due_to the multitude of problems which developed
with the old design, a strong need existed for a device
and method of cleaning well liners in which every per-
foration on any given liner could be cleaned more effec-
tively and efficiently in a more practical, economical
operation.

SUMMARY OF THE INVENTION

The disclosed invention which obviates the disadvan-
tages of the prior methods and devices discussed above,
provides a jet carrier assembly having a jet tool stabi-
lized by a centralizer proximate to each of the tool’s
upper and lower ends. The jet tool which is less than 2
feet long has between 8 and 16 nozzle jets spaced along
its length. The number and spacing of the nozzles is
such that the tool can be lifted at a constant vertical
speed and rotated at a constant rotational speed which
will provide jet tracks of fluid streams which cover any
given point on the well liner at least once but not more
than twice.

In the preferred embodiment, 16 nozzles are spaced
along the jet tool. The nozzles form 8 axially spaced
pairs. The nozzles in a given pair are circumferentially
spaced 180° from each other. Adjacent pairs of nozzles
are circumferentially offset 90° from each other. Thus,
the four nozzles in two adjacent pairs are directed
toward the liner at 90° intervals.

The particular nozzle number, nozzle spacing, verti-
cal and rotational speeds employed in the preferred
embodiment were chosen on the basis of calculations
preformed with a mathematical formula. This formula is
used to provide the jet stream track pattern for a given
jet tool. The spacing between the tracks is then calcu-
lated from this track pattern. Comparing this spacing
with the known width of the jet streams determines
whether the jet tool will expel streams which cover the
liner at least once but not more than twice. Similar
calculations using this formula may be done to choose
different nozzle numbers, spacing and vertical and rota-
tional speeds.
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The invention design and method allows the use of 45

greater vertical and rotational speeds without produc-
ing gaps in the cleaning coverage. For example, in the
preferred embodiment, vertical speed can be increased
to 3 feet per minute contrasted with 1 to 1} per minute
used in the old system. Despite this greater speed, all
points on the liner are covered with jets streams at least
once ensuring the effectiveness of the operation. More-
over, no point is covered more than twice ensuring the
efficiency and economy of the operation. In addition,
the design allows the nozzles to deliver the fluid uni-
formly against the liner with an average of 2 to 4 times
the energy of the old system.

Another advantage of the inventive design is that the
spacing of the nozzles is much closer resulting in a much
shorter jet tool. This reduces the possibility of the tool
becoming jammed when the well bore curves.

In the inventive design, the jet nozzles are mounted in
adapters which in turn are removably mounted to the
jet tool. The adapters are provided in many different
sizes and can be easily mounted or removed from the jet
tool. As a result, for a given liner diameter, an appropri-
ately sized adapter can be selected which is calculated
to give the required standoff distance of about 5 to 10
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times the diameter of the jet orifice. The interchange-
ability of the various sizes of adapters eliminates the
necessity for jet tools of different diameters. Using this
design, applicant has been able to use a single jet tool
size for liners having a diameter from 5% inches to 9§
inches or more.

Moreover, the adapters allow a machine design
which requires no welding. Thus, the weld failure prob-
lem of the extensions of the old device is eliminated.

The design also uses a‘centralizer at each end of the
jet tool. The centralizers have a central bore which
slidably engages mandrels attached to the upper and
lower ends of the tool. This slidable engagement per-
mits the centralizers to move both axially and rotation-
ally with respect to the jet tool. The rotational move-
ment of the centralizers tends to reduce and, in many
cases, eliminates any back-torque which otherwise can
develop because of contact between the centralizer and
the liner. Moreover, if the centralizers should become
jammed, the axial freedom of the centralizer with re-
spect to the tubing permits the tubing to be moved up
and down creating a jarring action to free the assembly.

The use of dual centralizers ensures concentric rota-
tion of the assembly even when tubing is not straight.
Moreover, the centralizers are provided in various sizes
depending upon the size of the liners. Thus, an appropri-
ately sized centralizer is chosen for each liner calculated
to produce the required standoff distance. As a result,
the centralizers prevent the jet nozzles from contacting
the metal liner, thereby eliminating closing by peening
of the jet orifice.

Thus, the centralizers and adapters are readily
changeable for a given liner size. The tubing, jet tool
and mandrels are of a single size. The system is there-
fore more versatile and more economical since invento-
ries of differently sized jet tools can be eliminated.

A further advantage of the design is that certain noz-
zles can be eliminated as the depth of the well or the
amount of liner to be cleaned increases. This is impor-
tant because as the depth of the well increases, there is
more opportunity for fluid leaks to occur at tubing
joints. Secondly, as the amount of liner to be cleaned
increases, the size of the jet orifice enlarges due to wear.
Both of these factors results in a pressure drop at the jet.
With the new design, nozzles can be eliminated to coun-
teract the pressure drop and yet still ensure that each
point of the liner is cleaned at least once.

These and other advantages will be clarified and
discussed in the following section with reference to the
following drawings in which:

FIG. 1 is an elevation view partially in section illus-
trating the inventive jet carrier assembly within a well
bore and attached to the high pressure rotating swivel;

FIG. 2 is a perspective view of the inventive jet car-
rier assembly;

FIG. 3 is an elevation view partially in section of the
portion of the jet carrier assembly above the lower
centralizer;

FIG. 3a is an elevation view partially in section of the
lower end portion of the jet carrier assembly; and

FIG. 4 is an elevation view partially in section taken
through line 4—4 of FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 1, a well 10 is shown drilled into
the earth’s surface 12. The upper portion of the well 10
is cased with a suitable string of casing 14. A liner 16
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having suitable openings 18 is hung from the casing and
extends along the producing formation (not shown).
The openings 18 which may be slots or perforations
permit flow of formation fluids from the formation into
the interior of the well 10. As the formation fluids are
produced, the openings 18 in the slotted liner 16 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 upon the composition, will be more or
less difficult to remove. As the slots become plugged
production from the well declines. Once it has been
determined that the openings 18 in the well liner 16
have become plugged to the extent that cleaning is
required for best operation of the well, a hydraulic jet
cleaning apparatus 20 is assembled to accomplish such
cleaning.

The apparatus 20 is composed of a high pressure
rotating swivel 22 which is in turn rotatably connected
to a tubing siring 24. A high pressure hose 26 provides
the tubing string 24 with a sorce of high pressure liquid.
The tubing string 24 extends downward into the well 10
by means of a series of tubing sections 28 connected by
collars 30. All features thus identified of the hydraulic
jet cleaning apparatus 20 form no part of the present
invention. The tubing string 24 extends into a jet carrier
assembly 32, adjacent the slotted liner 16 which assem-
bly and method of use thereof form the subject inven-
tion.

The high pressure hose 26 supplies high pressure
fluid, such as water which may be mixed with chemical
additives, to the tubing string 24. The fluid travels down
the tubing string 24 to the jet carrier assembly 32 from
which it is jetted. The high pressure swivel 22 is utilized
to permit rotation of the tubing string 24 during jetting
operation. The tubing string 24 is also reciprocated in
the well 10 during such cleaning operation. To clean the
opening 18 in the liner 16, the jet carrier assembly 32 is
positioned adjacent the openings 18 and lifted upward
while being simultaneously rotated. A cleaning opera-
tion may entail a second pass in which the jet carrier
assembly 32 is moved downward while being simulta-
neously rotated past the openings 18 and the liner 16.
More than two passes can be made if desired.

Referring to FIG. 2, the jet carrier assembly 32 is
shown in an enlarged perspective view. A portion of the
tubing string 24 is connected to a collar 34 which is in
turn connected to an upper mandrel 36. An upper cen-
tralizer 38 slidably engages the upper mandrel 36. The
upper mandrel 36 is connected to a collar 40 which is in
turn connected to a jet tool 42. The jet tool 42 is con-
nected to a collar 44 which is in turn connected to a
lower mandrel 46. A lower centralizer 48 slidably en-
gages the lower mandrel 46. The lower mandrel 46 is
connected to a bull plug 50. The jet tool 42 has nozzles
n; through njg spaced along its length. Each of the
nozzles ny through ni has a jet orifice 62. Each of the
nozzles n) through ni¢ is threaded into a hexagonally
shaped adapter labeled generally as 52. The adapters 52
are in turn threadably mounted within adapter seats
labeled generally as 54.

Referring now to FIGS. 2 and 3, the jet tool 42 is
formed of a tubular elongate member which, in the
preferred embodiment, is approximately 20§ inches in
length. The diameter of the jet tool in the preferred
embodiment is 2.75 inches. This diameter has been used
for all well liner sizes of 53 inches to 9§ inches in diame-
ter. Running through the middle of the jet tool is a fluid
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channel 56. Located at upper and lower ends of the jet
tool 42 are threaded ends 58,60 respctively which are of
smaller diameter than the body of the jet tool 42.

The nozzles n; through n¢ form 8 pairs. Thus, noz-
zles, ny and n; form a first piar, nozzles n3, ng, form a
second pair, nozzles ns and ng form a third pair, nozzles
n7, ng form a fourth pair, nozzles ng, nyo, form a fifth
pair, nozzles, njy, ni2, form a sixth pair, nozzles ny3, ny4,
form a seventh pair, and nis, ni¢ form an eighth pair.
The nozzles in each pair are circumferentially spaced
180° from each other. For example, nozzle njis circum-
ferentially spaced 180° form nozzle ny. Adjacent pairs
of nozzles are circumferentially offset 90° with respect
to each other. Thus, the nozzle pair n3, ng, is 90° out of
phase with respect to the nozzle pair formed by njy, n;.
The four nozzles in any adjacent two pair of nozzles are
directed toward the well liner at intervals of 90°. Thus,
the nozzles ny, ny, n3, and ng, as a group, are spaced at
90" intervals.

Each pair of nozzles is axially spaced from each
other. In the preferred embodiment, the nozzle pair n3,
ng, is axially spaced 2} inches from the nozzle pair nj,
ny. The nozzle pair n3, ng, is axially spaced 2 inches from
the nozzle pair ns, ng. The nozzle pair ns, ng, is axially
spaced 24 inches from the nozzle pair ny, ng. The nozzle
pair n7, ng, is axially spaced 2 inches from the nozzle
pair ng, n1o. The nozzle pair ns, njgis axially spaced 23
inches from the nozzle pair n13, n12. The nozzle pair nyy,
nyy, is axially spaced 2 inches from the nozzle pair ny3,
n14. The nozzle pair ny3, n1a, is axially spaced 24 inches
from the nozzle pair njs, nis. Thus, each alternate axi-
ally spacing is equal with one set of alternate axial spac-
ings equaling 2 inches and the other set of alternate axial
spacings equaling 2} inches. Although theoretically
equal spacing between each pair would be satisfactory,
it has been found preferable in actual practice, because
of unavoidable variations in rotational and lift speed
that a slight variance as specified in each alternate axial
spacing is preferable.

During a cleaning operation, the jet tool 42 is simulta-
neously rotated and lifted. The rotation and vertical
movement of the jet tool 42 causes the jet streams from
the nozzles nj through ni¢ to traverse helical paths dur-
ing the cleaning operation. Further, it was determined
that the jet orifices 62 which, in the preferred embodi-
ment are 0.03 inches in diameter, produced a jet stream
which is approximately § inch in diameter at the appro-
priate standoff distance. The vertical and rotational
speeds were then chosen in relation to the number and
spacing of the nozzles to provide jet tracks of fluid
streams whose center to center spacing was in the range
of equal to or one-half the width of said fluid stream,
i.e, } inch, producing a stream coverage of any given
point on said liner of at least once but not more than
twice.

In order to understand how to space a given number
of nozzles properly in relation to a vertical and rota-
tional speed to produce stream coverage of at least once
but not more than twice, it is necessary to examine the
mathematical formula which was used to generate the
preferred embodiment. First, let us assume that the total
number of nozzles equals 16, and that these nozzles are
spaced in the relation as already described in FIGS. 2
and 3. The vertical and rotational speeds must then be
calculated which will provide a stream coverage of any
given point of the linear of at least once but more than
twice. Given a jet stream width of } inch, if each jet
track from each nozzle is spaced } of an inch, then any
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given point on the liner will be covered at least twice. If
the jet tracks are each spaced } inch from each other,
any given point on the liner will be covered at least
once.

Assume that nozzle nj is a base point, and that the jet
tool will be rotated and lifted so that the jet streams
from the nozzles traverse helical paths. The following
equation will provide the distance in inches of a nozzle
track above the base point for a certain number of revo-
lutions. This formula is as follows:

tx=(V/R}D}c) —(a) +(V/R}Xz) )
wherein:

ty=the distance in inches of nozzle ny above the base

point (n before vertical or rotational movement)
after a certain number of rotations;

V equals the vertical speed in feet per minutes;

R equals the rotational speed in rotations per minute;

f equals a conversion factor for converting feet to

inches;

c;equals the fraction of a rotation nozzle n;is circum-

ferentially spaced from nozzle nj;

a;equals the axial spacing of nozzle n; from nozzle nj;

Z equals the lowest positive integer which will make

tx positive.

The entire set of formulae for 16 nozzles which are
spaced as has been described with a rotational speed of
24 rotations per minute and a vertical speed of 4 feet per
minute is as follows:

t1=base point=0

t1=(4/24)(12)=2

ty=(4/24)(12)0.5)=1
t3=(4/24)(12)(0.25)— 2+ (4/24)(12)}(1)=0.5
ta=(4/24)(12)(0.75)—2 +(4/24)(12)(1)=1.5
ts=(4/24)(12)—4.125+(4/24)(12)(2) = 1.875
te=(4/24)(12)(0.5)— 4.125 4 (4/24)(12)(2)=0.875
t7=(4/24)(12)(0.25) — 6.125 + (4/24)(12)(3)=0.375
tg=)4/24)(12)(0.75)—6.125+(4/24)(12)(3)=1.375
to=(4/24)(12)—8.25+(4/24)(12)(4)=1.75
t10=(4/24)(12) (0.5)—8.25+(4/24) (12) (4)=0.75
t11=(4/24) (12) (0.25)—10.25+ (4/24)(12)(5)=0.25
t12=(4/24)(12)(0.75) — 10.25+(4/24)(12)(5) =1.25
t13=(4/24)(12)— 12.375+(4/24)(12)(6)=1.625
ta=(4/24)(12)(5) — 12.375 4 (4/24)(12)(6)=0.625
t15=(4/24)(12)(0.25) — 14.375 +(4/24)(12)(7)=0.1-

25
t16=(4/24)(12)(0.75) — 14.375 + (4/24)(12X () =1.1-
25

Taking some specific examples will clarify the use of
formula (1). For example, t; provides that nozzle n;
after rotation will be at a locus 2 inches directly above
its original point, the base point. Since nozzle ny is cir-
cumferentially spaced one-half a rotation from nozzle
ny, it will be directly above the base point in one-half a
rotation. Thus, for t, V/R is multiplied by 0.5 which
gives a value of 1 inch. This means that the vertical
distance which nozzle n; travels at the first time it is
directly above the base point is 1 inch. Taking one more
example, nozzle n3 is circumferentially spaced from
nozzle ny, i.e., 3, one-quarter of a rotation. However,
after one-quarter of a rotation, nozzle n3 will be directly
below the base point because nj3 is axially spaced from
nozzle ny, i.e., a3, a distance of 2 inches. Thus, after
one-quarter of a rotation nawill be 1.5 inches below the
base point. The factor V/R(12)(Z) is therefore added to
this value until t3 becomes positive. When this occurs,
nozzle n3 will have traveled enough rotations to be
above the base point. In order to make t3 positive, the
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factor Z must equal one. The value of t3 is thus calcu-
lated to be 0.5. This means that after one and a quarter
rotations, nozzle n3 will, for the first time, be directly
above the base point. These calculations are then made
for each nozzle.

The following is a listing of the calculated values of
tx from largest in magnitude to smallest in magnitude.
This listing represents a plot of the nozzles and there-
fore the jet tracks frozen in time when they are directly
above the base point. Although the locus of points de-
scribed by the jet tracks during the cleaning operation
are helixes, these helixes are mutually parallel for each
nozzle. Thus, the following plot of jet track positions
would be true at any given point along the liner. Calcu-
lating the differential between each adjacent value of tx
determines the spacing of the jet tracks. Continuing
with the example when R=24 and V=4, the track
pattern and spacing is as follows:

Plotted Track Pattern
Track Spacing In Inches

=2 125
ts = 1.875 125
9= 175 25
t13 = 1.625 125
t4 = 1.5 125
tg = 1.375 125
ty2 = 1.25 125
tie = 1.125 125
t2=1 125
te = .875 125
130 = .75 125
114 = .625 128
t3=.5 125
t7 = .375 125
t1s = .125 125
=0 125

The track spacing between adjacent nozzles is a con-
stant } inch. Since the thickness of the jet stream ex-
pelled from the nozzles has been determined to be }
inch, this combination of nozzle number, nozzle spacing
and vertical and rotational speeds will provide a tool
which covers each point on the liner twice.

Throughout the specification it has been stated that
the nozzle number and nozzle spacing provide a tool
which covers each point on the liner at least once and
no more than twice when the tool is lifted at a selected
constant vertical and rotational speed. While this is
theoretically true, it should be understood that in a
particular operation, field limitations on the ability to
control rotating and lift of the carrier assembly may
result in stream coverage of some areas of the liner
somewhat more than twice. It should also be under-
stood that different combinations of rotational and ver-
tical speeds are possible for any given number of noz-
zles and nozzle spacing. In the example given when
R =24 and V =4, theoretical double jet track coverage
is obtained.

In field use, a reasonable range of values of these
variables has been determined to maintain the system
within operational and cost effective limitations. Thus,
for a jet tool having 16 nozzles which are spaced as
shown in FIG. 2, a preferred vertical speed range is
about 2.5-4 feet per minute. The preferred rotational
speed range is about 20-30 rotations per minute. Ac-
ceptable ranges for vertical speed occur between about
1-10 feet per minute, and acceptable ranges for rota-
tional speed occur between about 10-50 rotations per
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minute. Moreover, the selection of the particular com-
binations of values of V and R will be somewhat depen-
dent upon liner size. The values given apply to liners of
about 2% to 12 inches in diameter. As the liner size in-
creases, the tangential speed of the jet streams at the
target on the liner will become greater. It is expected
that for liner sizes above about 12 inches in diameter,
values of R =24 and V =4 result in a tangential speed of
the jet streams at the target so great that an insufficient
dwell time (the time a nozzle is directed toward a given
area) exists for proper cleaning. Thus, a combination of
V and R should be selected which is smaller in value,
for example, V=3 and R=18.

It will now be understood by those in the art that
formula 1 may be used to determine the jet track cover-
age for any given set of parameters. Although theoreti-
cally, any number of nozzles could be employed, it has
been found that other factors cause the acceptable range
of nozzies to be between about 8-16 nozzles. Thus, if
the number of nozzles rises much above 16, the pressure
at each nozzle drops off undesirably, and too much
water tends to be delivered to the well causing the
danger of water blocks which inhibit the production of
the well. Conversely, if the number of nozzles decreases
too much below 8, the time required for the cleaning
operation becomes cost ineffective.

The inventive design allows the use of vertical speeds
which are greater than those which could be obtained in
the past. Thus, the devices operated according to the
Chevron disclosures, obtained a vertical speed of about
1-13 feet per minute. As described, the optimum verti-
cal speed for the present design is about 3 feet per min-
ute.

Another important advantage of the inventive design
is that several times the energy can be applied to a given
point on the inside of the liner to be cleaned than was
previously possible. The energy of the stream delivered
to the liner is proportional to the number of times any
given point on the liner is hit by the stream. With the
old device, many gaps occurred between the jet tracks
and many areas on the liner were not hit at all. In these
areas, the energy delivered was, of course, zero. Other
areas on the liner, were hit three or more times by the
stream. In these areas, the energy delivered to the liner
was greater than that delivered by the present system in
which no point is hit more than twice. However, if the
energy delivered to the liner by the old device is aver-
aged, this value is far less than the energy delivered to
each point by the new design. For example, calculations
indicate that energy delivered with the current design
to a slot that is 2 inches long by approximately 0.004
inches wide is from 200-400 pound feet. This compares
with about 100 pound feet of energy on the same area
for the old design.

Another important advantage of the current design is
that certain jets can be eliminated from the configura-
tion while still retaining a jet tool which hits every point
on the liner at least once. The number of jets should be
decreased when either the depth of the well increases or
the amount of liner to be cleaned increases. This is due
to volumetric limitations of the pump at a given pres-
sure. As more tubing is put in the hole, the opportunity
for leaks at the tubing joints increases. Thus, as the
depth of the well increases, the opportunity for leaks
increases. Secondly, the orifice of the jet nozzles them-
selves tends to enlarge somewhat with use. Thus, as the
amount of liner to be cleaned increases in size, the jet
nozzles tend to enlarge. This causes a pressure drop
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across the jet. As the number of nozzles is decreased,
the vertical speed should also be decreased somewhat to
ensure complete coverage of the liner.

An empirical jet selection chart has been devised
which provides the number of jets and the vertical
speed which would be used for any given depth and any
given amount of liner to be cleaned.

JET SELECTION CHART AND VERTICAL
SPEED OPERATING DATA

No
DEPTH u?;s
® TOTAL
0 —— ® FEET
I CLEANED
1000 —— 3IFPM 16 ©
0
2000 —— —t 100
3000 —— 3IFPM 14 200
300
4000 —t— e 400
5000 —d— 2FPM 12 300
600
6000 ==t—e — 700
7000 —4— 1FPM 10 APPROXIMATE
| MAXIMUM PER
8000 —— ROUND TRIP.
CONSULT
ENGINEERING

Empirically, it has been determined that drawing a
straight line between the well depth, in Column A, and
the feet cleaned in Column C, provides an indication of
the number of nozzles to use and the vertical speed at
the intersection of this line with Column B.

Once it has been determined that, for example, only
14 nozzles should be used, the plotted track pattern as
determined above should be consulted. The nozzles are
always removed in pairs to ensure that the jet tool re-
mains in balance. Plugs are placed within the empty
adapter seats to maintain fluid pressure at the jets. Any
pair of nozzles may be removed as long as adjacent jet
tracks are not disturbed, as shown by the plot given
above. Thus, in the example given, if nozzle n, and
nozzle n; were removed, the track spacing between
nozzle ns and nozzle n;s and between nozzle nj¢ and
nozzle ng would be } inch. This spacing ensures that
each point on the liner remains covered at least once.
However, if nozzles ni3 and n4 were removed, for exam-
ple, the spacing between the track given by nozzle ng
and nozzle ng would be § inch, which is greater than }
inch and a gap would occur. In the field, it is often
easiest to remove the pair of nozzles which are circum-
ferentially spaced 180° from each other, for example,
nozzles n; and n; or nozzles nis and nys. These nozzles
also are located at the end of the jet tool.

Referring to FIGS. 3 and 4, the attachment of the
nozzles to the adapters 52, which are in turn mounted in
the adapter seats 54, will now be described. Each
adapter seat 54 has a threaded bore 68 which extends
down into the interior of the jet tool 42 to the fluid
channel 56. At the outer end of the threaded bore 68, a
shoulder 64 is formed by an enlarged diameter counter-
bore. A groove 66 for receiving an O-ring 69 is disposed
between the threaded bore 68 and the shoulder 64. The
adapters 52 have a hexagonal head 70.



Re. 31,495

11

The adapter 52 also has a threaded bore 78 which
communicates with the exterior. A counter bore 76 at
the outer end of the threaded bore 78 forms a shoulder
79. The threaded bore 78 extends down through the
length of the adapter 52 and is threaded with { inch
straight pipe thread in the preferred embodiment.

The adapter 52 is mounted within the adapter seat 54
by threading the body 74 into the threaded bore 68. The
adapter 52 will screw into the adapter seat 54 until the
adapter head 70 abuts the shoulder 64. An “O” ring 69
is placed around the groove 72. The “O” ring provides
a seal between the adapter seat 52 and the adapter body
74.

Referring to FIG. 4, the nozzle ng will now be de-
scribed. This description applies equally well to any of
the nozzles ni through nje. The nozzle ng has a head 80
which narrows to an externally threaded body 82. Lo-
cated between the head 80 and the body 82 is an O-ring
groove 84. The head 80 of the nozzle ng forms a shoul-
der which seats on shoulder 79. The body 82 is exter-
nally threaded with a § inch straight pipe thread in the
preferred embodiment. Extending through the middle
of the nozzle n¢ is a passage 86 which is widest at the
innermost end of the nozzle ngand then narrows to the
orifice 62 which in the preferred embodiment is 0.03
inches in diameter.

In order to mount the nozzle ng within the adapter 52,
the body 82 is screwed into the adapter bore 78. The
threading continues until the nozzle head 80 abuts the
shoulder 79 of the adapter. An “O” ring is placed
around the groove 84 of the nozzle ng. This “O” ring
provides a seal between the body 82 of the nozzle ngand
the adapter 52.

When water is supplied through the jet tool passage
56, it will be forced into the passage 86 and will eventu-
ally be expelled through the orifice 62 directed toward
the well liner to be cleaned.

The nozzles ny through ng, and the jet tool 42, are of
a standard size. However, the adapters 52 come in a
variety of sizes. The depth from the shoulder 79 to the
shoulder 64 is an important dimension and is labeled
“A" in FIG. 4. The dimension “A” importantly varies
in each of the different adapter sizes. It should be under-
stood that the value of the dimension “A” will deter-
mine how far the nozzles nj through nj¢ protrude from
the adapters 52. Thus, the larger the dimension “A”, the
more the nozzles will protrude from the adapters 52. As
the size of the adapters 52 increases, the length of the
adapter body 74 remains essentially the same. Thus, in
all sizes of adapters, the adapter will be screwed into the
jet adapter seat 54 the same distance. Thus, as the size of
the adapters increases, the dimension “A" increases, and
the distance the nozzles protrude from the adapters will
accordingly increase.

The adapters 52 are therefore extremely important in
determining the distance between the nozzle heads 80
and the well liner 18. This distance is defined as the
standoff distance and is of critical importance in the
cleaning operation. It has been found that a standoff
distance of approximately 5-10 times the diameter of
the jet orifices is required for efficient cleaning. If the
standoff distance increases to much above 10 times the
diameter of the jet orifice, the power of the jet spray
against the liner will drop off markedly. In fact, the
power decreases proportionally to the square of the
standoff distance. Conversely, if the standoff distance
falls below about 14 times the diameter of the jet orifice,
the jet stream is reduced to a laminar flow along the jet
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liner and no cleaning power results. A standoff distance
of about 13 to about 5 times the diameter of the jet
orifice is acceptable, but dimensional tolerances provide
problems of fitting the jet tool within the liner,

For any given liner size above 54 inches in diameter,
at least one adapter size is available to provide the re-
quired standoff distance of between about 5-10 times
the diameter of the jet orifice.

In the old design, the standoff distance could only be
regulated by providing jet tools of differing diameters.
This caused serious problems in keeping adequate in-
ventories and also provided transportation difficulties
to on-site operations. As a result, only four sizes of jet
tools were available. With this design, the required
standoff distances were sometimes exceeded by as many
as 10-15 diameters of the jet orifice. The Chevron pa-
tent disclosures also teach that minor adjustments to the
standoff distance could be made by turning the nozzles
in and out. However, as a practical matter, this could
not be incorporated into applicant’s old design due to
fluid sealing problems which resulted.

The centralizers 38 and 48 also affect the standoff
distance, as will be described below.

Use of the threadably mounted adapters 52 also is a
distinct advantage over the old design in that weld
failure problems which resulted from the welded exten-
sions are eliminated.

Referring to FIGS. 2, 3 and 3a, the structure and
function of the centralizers 38, 48 will now be de-
scribed. The centralizer 38 has an inner tubular body 88.
Four ribs 90 extend radially outward from the tubular
body 88 at equally spaced intervals of about 90°, Each
of the ribs 90 has the shape of a trapezoidal prism. The
ribs 90 have a top side 92 which mounts a hardband
dressing 94. The top side 92 angles inward toward the
inner tubular body 88 by means of beveled sides 96 and
98.

The inner diameter of the inner tubular body 88 is
slightly larger than the outer diameter of the mandrel
36. The centralizer is thus free to rotate about the man-
drel. Thus, the rotation of the centralizer 38 is isolated
from any rotation of the tubing string 24. The central-
izer 38 has a pair of “O” rings 100 which are placed
between the mandrel 36 and the tubular body 88. The
“O” rings provide a grease seal for grease which is
placed between the mandrel 36 and the centralizer 38.

The mandrel 36 is axially longer than the centralizer
38. The centralizer 38 is thus also free to move along the
mandrel 36 axially. The axial movement of the central-
izer 36 is confined by the collars 34 and 40 which are of
larger outer diameter than the outer diameter of the
mandrel 36. In the preferred embodiment, the dimen-
sion between the collars 34 and 40 is about two inches
greater than the axial length of the centralizer to permit
about two or more inches of axial relative movement.

The structure of the centralizer 48 is essentially iden-
tical to that of the centralizer 38. Thus, the centralizer
48 has an inner tubular body 102 and four equally
spaced radially outwardly extending ribs 104. Each of
the ribs has a top side 106 which mounts hardband
dressings 108. The ribs 104 also have beveled sides 110
and 112. The centralizer 48 is free to move axially along
the length of the mandrel 46. Grease sealing “O” rings
114 are placed between the mandrel 46 and the tubuiar
body 102. The axial movement of the centralizer 48 is
confined by the collar 44 and the bull plug 50.

The outer diameter of the centralizers 38, 48, as mea-
sured from the radial extension of the hardband dressing
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94, 108, plays an important role in maintaining the re-
quired standoff distance. Thus, the centralizers 38, 48
are provided in various sizes depending upon the size of
the liner. For any given liner, there is a centralizer size
available which will provide the required standoff dis-
tance of 5-10 times the diameter of the jet orifice.

Utilization of the adapters and centralizers on the
same bsaic tool permits easy changing of the carrier size
on relatively short notice. This also permits a wider
range of carrier sizes in inventory at a reduced cost
because the jet toois and mandrels are standard and only
the adapters and centralizers are needed to be changed.

Thus, the centralizers, along with the adapters, are
instrumental in providing the required standoff dis-
tances. The centralizers 38, 48 also prevent the jet noz-
zles from contacting the metal walls of the liner,
thereby eliminating closing by peening of the jet orifice.
Moreover, the pair of centralizers ensures the concen-
tric rotation of the jet carrier 32.

The old design provided a tri-blade pilot bit which, to
some extent, regulated standoff distance. However, the
bit was only used at the lowermost position on the jet
carrier assembly. Thus, the tubing string could deviate
from concentric rotation resulting in jet nozzle peening
and also violations of the required standoff distance.
The placement of centralizers above and below the jet
tool eliminates these problems and, in addition, these
centralizers are available in more sizes so that the stand-
off distances can be even more uniformly controlled.

The floating nature of the centralizers tends to reduce
and, in many cases, eliminates any back-torque which
can be caused because of contact between the centraliz-
ers and the well liner. In addition, the beveled ends 96,
98, and 110, 112 help prevent any catching of the jet
tool assembly within the well liner. The fact that the
centralizers 38, 48 are capable of axial movement, is also
an important feature. If the centralizers should become
jammed within the well liner, the tubing string 24 may
be reciprocated up and down within the well bore. This
produces a hammering or jarring action which tends to
help free the jet tool assembly. This would not be possi-
ble if the centralizers were not free to move axially with
respect to the tubing string.
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Referring to FIGS. 3 and 3a, the collars 34, 40 and 44
are cylindrical structures which have central threaded
bores. Thus, the tubing string 24 is threaded into the
collar 34 as is one end of the mandrel 36. The other end
of the mandrel 36 is threaded into the collar 40, which
also receives the threaded end 58 of the jet tool 42. The
lower end 60 is threaded into the collar 44 as is one end
of the mandrel 46. Such connections will be well under-
stood by those of ordinary skill in the art.
What is claimed:
1. A device for washing well liners comprising:
an elongate member having jet nozzles spaced along
its length;
tubing connected to [each] one end of said member;
a centralizer located proximate to one end of said
member, said centralizer being rigid and having a
central bore for slidably engaging said tubing to
permit substantial axial movement along said tub-
ing; and
means to confine said axial movement of said central-
izer, said axial movement being sufficient to permit
reciprocation of said tubing with respect to said
centralizer, said reciprocation providing a jarring
action to help free said centralizer when jammed
within said liner.
2. A method for washing well liners comprising:
providing an elongate member having a plurality of
jet nozzles spaced along its length, said member
being of a standard size;
providing a plurality of sizes of adapters for receiving
said nozzles on said member;
determining the size of said well liner; and
selecting an adapter sized to provide a jet nozzle to
liner standoff distance of about 5-10 times the di-
ameter of the nozzle orifice.
3. The method of claim 2 further comprising:
providing a plurality of sizes of centralizers adapted
to slidably engage tubing adjacent said member;
and
selecting a centralizer sized to insure concentric rota-
tion of the member and to prevent the jet nozzles

from contacting the liner.
* % L * *
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