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1

The present invention relates to apparatus for
towering in the casing of oil wells -with the object
of cleaning and washing the perforations of liners
and perforated sections of casing in the interest
of full production from the -producing zones or
areas, and its primary object is the provision of a
tool or apparatus of this nature which will meet
all practical requirements -of this character of
work and -enable the operator to fulfill such re-
quirements as they arise in the field.

Among cthers, it is an object to provide a per-
foration washer having provision for circulation
therefrom between pack off members, as well as
from points above and below the pack off area,
under full control of the -operator from the
surface.

Another object is the provision of a togl of this
character which may be run info and out of the
easing without swabhing action, and may thus be
employed for spofting slurry and chemicals in
the hole.

Still another .object is the proyision of a tool
having an aufomatically acting pressure booster
functioning where circulation requirements are
greater than available surface pressure supply.

A further object is the provision of a ool of this
character, the several active sections.of which are
interchangeably connected for shifting their rela-

tive positions and varying the work -capacity of
the tool as a-whole to suit the known conditions *

under which it is-used.

Other and further objects of the invention, as
well as its details of construction, arrangement
and operation, and its resulting advantages, may
be better undersiood and more thoroughly appre-
ciated in the course of the following description
and explanation, and by reference to the accom-
panying drawings, forming a part of this specifi~
cation, and wherein:

Figures 1, 2 and 3 are continuing portions of a
vertical longitudinal sectional view through the
cleaning and washing tool with a full set-up for
cement incrusted perforations.

Pigure 4 s a detail cross section taken there-
through substantially on line 4—4 of Figure 2.

Figures 5, 6 and 7 are continuing vertical longi-
tudinal sectional views through the tool showing
a set-up including the pressure boosting device.

Pigure 8 is a vertical longitudinal section
through the bull plug normally clesing the lower
end of the set-up of Figures 5 and 6.

Figure 8 is a detail vertical sectional view
through a lower circylation member for the fool,
and
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Pigures 10 and 11 are detail transverse sec-
tional views taken respectively on lines 10—1{0 of
Figure 5 and {{—i1 of Figure 6.

Referring now to these figures, the lower end

portion 15 of a tubing string, upon which the tool
of the present invention is lowered into an oil
well casing whose perforate section -or liner is to
be washed, is shown in Figures 1 and 5 as in
threaded connection-at its lower end with the up-
per end of the barrel 16 of -an upper circulating
and washing section of the complete tool. This
barrel 16 slidably and rotatably telescopes a cir-
culating valve mandrel 1T and has diametrically
opposite radially inwardly projecting pins 18
threaded and locked in connection therewith and
positioned in the correspondingly arranged Z-
slots 19 of the mandrel. This arrangement is
such that by turning the barrel 16 a quarter turn
counterclockwise while in its lower position shown
(in Fig. 1), the barrel 16 may be raised to its up-

. per posit_ion so that its lower end uncovers the cir-
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culation ports 26 of the mandrel to thus permif of
direct upper circulation into the casing of the
well. While in its upper position, a further gquar-
ter turn of barrel I8 counterclockwise moves the
pins I8 into the upper transverse portions of the
slots 19 and locks the barrel in elevated position.
While the barrel is in its upper position it is nec-
essary toturn the barrel first clockwise, then drop
the same and again turn it clockwise, to lock the
barrel in its normal closed position wherein its
lower portion covers and closes the circulation
ports 20. Preferably this lower end of the barrel
i6 carries internal packing 21 around the man-
drel {1, with a packing nut 22 which engages an
external annular shoulder 23 of the mandrel in
the closed position to take strain from the Z-slot
pins 18.

The lower projecting end of mandrel 17 is pref-
erably threaded and provided with a reduced
threaded extension 24, and may be coupled by its
said threads either to the upper end of a short
tubular section 25 as seen in Figure 1 which serves
as a housing for a back pressure valve 2§, or to a
coupling collar 27 as in Figure 5 where it is de-
sired to supplant the back pressure valve 26 and
its housing with the pressure booster shown in
the latter figure and described hereinafter.

‘Where valve 26 and its housing 23 are used,
the cage 28 of said valve is threadedly connected
to the reduced extension 24 of the mandrel 17,
and the lower end of its housing 25 is threadedly
connected- to the upper end of a bow .spring
arrangement including a tubular bow spring sup-
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port or holder 28 having external casing gripping
bow springs 30, the ends of which are carried by
heads 3! splined on holder 29 and engaged by
springs 32 which serve to take up shocks in action
and relieve the bow springs 30 of breaking strains.
This bow spring and its holder serve to hold the
mandrel 17 against rotation in the well casing to
a sufficient extent that the barrel 6 may be
turned relative thereto, and is shown in Figures
5 and 6 in connection at its upper end by a cou-
pling collar 33 with the lower end of the pressure
booster.

On both Figures 2 and 6, the lower end of the
bow spring holder 29 is shown as connected at
its lJower end by a coupling collar 34 with the
upper end of the tubular main circulating and
washing mandrel 35 which supports packing rub-
bers 36 and 37 externally on its upper and lower
portions in selectively spaced and opposed rela-
tion above and below the intermediate circulation
ports 38 of said mandrel. Through these ports 38,
washing fluid under pressure in the tubing string
is forced to pass laterally through the perfora-
tions of a liner or perforate section of the casing
in which the washing tool is used, the high pres-
sure area being defined between the packers 36
and 37, although the relation and spacing of the
latter may be varied and nothing said here is to
be taken as preventing the use of additional pack-
ers of this or similar nature at other points on
the tool, arranged to provide for a similar func-
tion, -

Within the washing mandrel 35, it will be noted
a by-pass pipe 29 extends beyond the two packers
26 and 37 above mentioned, with its curved ends
opening laterally through the wall of the mandrel,
as at 40, respectively above and below the said
packers to provide for displacement of well fluids
around. the packers and the high pressure cir-
culating area thercbetween, when going into
and/or coming out of the hole, with the object
of preventing swabbing action in the casing.
Also within the mandrel 35, and having a sliding
fit therein, is a valve sleeve 41. This sleeve nor-
mally rests in a position substantially below the
circulating ports 38 but may be shifted in a man-
ner presently described, to an upper position in
which it covers the said ports and prevents cir-
culation out through the same when it is desired
that circulation be effected from the tool at a
lower point for a purpose which will presently
appear. The valve sleeve 41 preferably has a
depending axial stem 42 threaded at its lower end
which is shown as terminating approximately at
the lower end of mandrel 35 when the valve sleeve
is in lower, inactive position.

The lower end of mandrel 35 is shown in Fig-
ure 2 as connected by a coupling collar 43 with
the upper end of a tubular brush holder 44 on
which a brush cylinder 45 with outstanding wire
or other bristles 48, is splined and confined be-
tween end springs 471 and 48 tensioning its end-
wise movements on the holder and absorbing any
shocks incidental to such movements.

Figure 2 also shows the lower end of the brush
holder 44 as connected by a coupling collar 49
to the upper end of a scraper or abrader holding
eylinder 508 on which helically curved springs 51,
equipped with abrading pieces 52, extend between
heads 53 which are splined on said cylinder and
confined between shock absorbing controlling
springs 54 and 55. Thisscraper or abrader is used
where a prior cementing operation in a well is
known as probably setting up an incrustation of
cement within the liner or perforate section of
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the casing. Such an incrustation must be re-
moved to free the perforations for thorough wash-
ing, and this is provided for in using the scraper
or abrader for removing the incrustation, fol-
lowed in the downward movement of the tool by
the brush cylinder whose bristles enter the per-
forations and serve to clean the same in a pre-
paratory manner for the subsequent operation of
the washing mandrel, . .

In the use of the scraper and brush which are
optional features of the tool as a whole, the lower
end of scraper cylinder 53 is preferably connected
by a coupling collar 58 to a hollow bit head 57

“having its lower end longitudinally slotted at

diametrically opposed points at 88 to receive, in
rotatable driving relation, the upper edge of a
blade bit 59. -This bit is normally suspended sub-
stantially below and free of the head, on an axial
stem 60 which rises therefrom within the head 51
and is coupled at its upper end to a connecting stem
8t passing upwardly through the scraper cylinder
50 and brush holder 44, and coupled to the lower
end of the valve sleeve stem 42, Thus if the bit
59 encounters a sand bridge or cement lining in
the casing, downward pressure of the tool on the
arrested bit forces the head 57 downwardly into
engagement with the bit so that its upper edge is
within the heads slots 88 and a driving connec-
tion is affected whereby rotation of the tubing
string will rotate the bit for cutting away the
bridge or lining. At the same time the stem 60,
81 is shifted upwardly in the tool bore and by
reason thereof, the valve sleeve 41 is thrust up-
wardly in the washing mandrel 3% to a position
wherein it covers and closes the circulation ports
38 and thus forces circulation downwardly
through the bit head 57 and outwardly around
the working bit 59.

This arrangement provides for a controlled
bottom circulation whereby in any case the bit
59 encounters an obstacle, the sleeve valve 41 will
be raised to force circulation from the lower end
of the tool and should it so happen that the lower
end of the tool is, at this time, within an imper-
forate section of the casing, the return circula-
tion will go around the lower section of the tool
and through the by-pass 39. In the arrange-
ment of Figures 5, 6 and 7, the bottom circulating
features are shown as connected directly to the
lower end of the washing mandrel 35, the bit head
57 being connected to coupling collaxr 43 and the
bit stem 89 being connected directly to the sleeve
valve stem 42.

In order to normally close off the lower circu-
lation the bit head preferably has an internal
valve seat 572 and the bit stem 60 has a
conical valve member 682 which is seated on
said seat when the tool is in normal run in posi-
tion with the sleeve valve 41 in lower open posi-
tion. Valve member §82 is thus raised when the
bit encounters an obstacle, and the lower circu-
lation is opened as the normal intermediate or
washing circulation between the packers is closed
by sleeve valve 41.

However, since the brush holder, scraper cylin-
der and bit head and bit are optional features of
the tool which are used when it is known that
obstacles may be expected in entering the perfo-
rated section of the well casing, by reason of pre-
vious cementing operations therein, these features
may be eliminated in other instances, and the
coupling collar 43 at the lower end of the wash-
ing mandrel used as in Figure 8 to attach thereto
an ordinary bull plug §2 for closing the lower
end of the tool as it is used in a washing opera-
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tion -or ifor sspotting Qement cor -chemigals .in the
well.

When hull plug 62, shown.in Figure 8, is used,
the stem 6il-is-disconnegted:from stem A2:on:sieeve
walve 41, :and ‘the sleeve walve .remains -in- the
lower or.epen ,ppsxtlon JAlso when the:bull plug
and Jower :cireulating walve :assembly shown :in
Figyre 9:is-used, the:stem 61 .is-omitted. and ,valve
41 xemains open.

St -will the -understood shat the upper -cipcula~
tlonﬂfeamres including -harrel 46 :and -the jported
mandrel 11, as well -as -the washing xmandrel 55
and its:deseribed. equipment, arethe;same in Flig-
ures 5:and 6 -as they are in Figures 1 and 2 al-
though in Fighresd and-6-a pressiite boosi;er pre-
viously referred .to, -is utilized between mandl els
17 and 85 for use in -any mstance ‘where it s
necessary to. clmulate from the washing smandrel
ports 38 .under :a pressure above that ; ;availabie at
the surface.

The pressure hooster includes a. cylindrical.cas~
ing -63-connected atb its upper end «dizectly o .the
lowenend:of the upper walve mandrel 41 by means
of -the Dbefore referrved to couphng collar 21, and

upan remeval of the before; descmbed back .pres- .

sure valve 28 iand Its housing 25. Within :the
lower portion .of .casing 83, lwhose Jower .end may

.dlrectly connected ,w1th the u -end.of how
sprmg ‘holder 29 by coupling -collar 33, is a liner
64 whose reduced hare forms a piston cylinder
su’ostantla,l}y smailer than the intgrnal diameter
of casing 63. In this zeduced pisten cylinder .
tubular q:uston 65 iis cqnnected to the dower end
of-a hollow miston rod 886, the pistan 65 ingluding
a ball valve 67 spring seated upwardly at the
lower end of hollow rod 66. 'I.'he Upper end of
hellow rod 86 is fixed o, and .opens upwardly
through, a pxston 88 -of 2 size to slidably interfit
the easing 63.above liner 84 so thaf under normal
cendltmns washing fuid is forced downwardly
through pisten 68, hollew zad. 66 and past the
dewnwardly gpening ball yalve 87 without affect-
ing the booster whase parts are ‘held-in 2 normal
upper position by a coiled spring 89 under com-

pression between the larger, ugper plshon $8 and ..

the liner 64.

When, hewever, resistance fo normal ouiflow
of washing fluid outwardly from hhe mrculatmn
ports of the washing mandrel, cwused by clogged
casing perforations, is such that it cannot rbe
overcome by the fluid pressure a,va,l,laxble at the
surfaee, pressure builds up -above and helow the
booster piston, and pressure ahove the larger
piston 68 forees the same downwardly so as. te
subject the fluid kelow the downway
small piston, already at h’lgh presaure bo 2 pres—
sure -increased above that -acting a:gamst piston
68 by the .d;fferentlal between the areas of the
booster pistons. The agtion, it will be observed,
is entirely a;ut@matm ard by bleeding pressune
;from the tulmncr string above the boo&ter after an
action theresf, its parts may return te the upper
or normal position for a second action should
bresk through be only partially affected during
a first action thereof.

Moreover, though equipped with a top cirey-
lating means ingluding barrel 18 and. mandrel 17,
and washing mandrel 35 with ifs circulating ports
and by-pass 89 around the ‘packing rubbers, there

may be instances of Use where if is addxtmnal;y 7

impertant not to disturb flyid in the well in any
man,ner while commg out of the hole, as for in-
_ sbang emicals incidental
to wa,shmg opera.tmn. In suph fances, the bull
plug 62 gdescribed as g closure for the lower end of
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may.be remeved andits: coupling. .collar
ed {0~ couple a-lower: circulating .section
Qwer—end of the. Washlng mandrel. .This

thetool,
43+t
t@ thEx

-seebion is:shownai Figure.9 and includes:an upper
.barrel 70 -having. circulation: ports . Tl:in its -wall

normally covered and closed by.the upper end por-
tien. 'a, valve mandrel .12 which is.disposed in
the bal
The. barrel .19.and mandrel T2.have .engaging
coarse,-left . hand.threads as at 13 .and.by.turning
theteoLtothe right:a.few turns, with the.mandrel
held against .rotation .in the .casing, -the .latter
‘may -he .dropped to.a.limited.extent.relative.to
the barrel .sufficient .to uncover .and open the
lower. cnculatmg ports.Ti. .For holding the valve
mandrel .12 .while rotating barrél 10 .relative
thereto. it.is.provided: below ‘the barrel with cas-
ing.engaging bow.springs .74 in_an arrangement
Similar .to ‘the .before described bow springs.30.
The lower end of valve mandrel T2 may be ¢losed
by a.bull plug 15, and it.is thus obvious.that.by
reason.of this provision for circulating out bélow
4he washing mandrel 35 as well as.above. the.same,
with’both lower and upper circulations controlled
hy valves under manipulation from the surface,
2 washing and cleaning ‘operation may be .com-

pleted and cheniicals and cement spotted where
needed with ‘full safety against danger of sand-
ing up and stiéking of the tool as well.as elimi-
nation df.any undesirable swabbing action or dis-
tuthbance of well fhiids:in coming out.after ‘the
washing operation has been completed.

‘During washing operations, where circulating
out through the washing mandrél ports’ 38 be-
tween the packers 36.and 87,.it is to be under-
stood .the tool is. raised .and lowered:in the per-
forate section .of the .casing to circulate .out
through variolis .portions thereof .until the per-
[forations .are clear and .open .and circulating
pressure ‘is normsl to theréby .insure subsequent
free flow of fluid into the casing from the pro-
ducing areas. .Since, under. some circumstances,
when the tool is shifted and circulation pressure
is.cut off, fluid .in ‘the ‘tubing string might drain
into the well, the seating springs of back pres-
sure valve 26 and vdlve 671 of the Jbooster -are
preferably . made of .sufficient strength to hold the
column of fluid dn the tubing string thereabove
and fhus avdid delays and waste of washing fluid.

‘Having thus fully described the invention, what
is \claimed is:

1. A perforation ¢leaning and washing tool for
run ‘into .a well.on fluid pressure supply fubing,
said tool including ‘means forming a tubular cas-

5 ing in communication at.its upper end with the

tubing, said.casing having external packing mem-
bers in vertically spaced relation and laterally
opening circulation ports between said packing
members, means forming upper and lower cir-
culation ports_ in the casing above and below said
packing members, upper and lower valves inde-
penden,tly controlling said upper and lower circu-
lation ports, means controllable by manipulation
of the tool in g well for independently-opening .and
closing each of said valves, and means forming a
fluid By-pass through the casing having its upper
and lower ends.opening laterally through the wall
of the casing respectively above and below said
nacking members and between the latter and the
upper and lower circulation ports.

2, A perforation washer for run into .a well on
ﬂuJ.d pressure supply tubing, said washer includ-
ing a washing mandrel haying laterally opening
clrcu]atlon ports, packing members fixed on said
mandrel above and below sald ports 2 tubular
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member connected to the tubing and the mandrel
and forming a fluid pressure supply connection
therebetween, said member having therein an
upper cylinder and a lower cylinder of substan-
tially less diameter than the upper cylinder, and
a pressure boosting member in said tubular mem-
ber including an upper piston slidably interfit-
ting the upper cylinder, and a lower smaller pis-
ton slidably interfitting the ‘lower cylinder, a
hollow stem connecting said pistons and opening
atb its upper and lower ends through the pistons
to form with the pistons a vertically slidable pis-
ton assembly having a channel therethrough for
the normal passage of fluid pressure from the
supply tubing to the mandrel, yieldable means
normally urging the piston assembly upwardly in
said cylinders, and a check valve in said chan-
nel of the piston assembly preventing back flow
of fluid pressure from the mandrel to the supply
tubing.

3. A perforation cleaning and washing tool, in-
cluding a hollow mandrel for run in a well on
well tubing, said mandrel having vertically spaced
external packing members and laterally opening
circulation ports between said packing members,
a valve for controlling said circulation ports, a
tubular member below, and. carried by, the said
mandrel and open at its lower end, forming g
bottom circulation port, a valve normally closing
said bottom circulation port, and means within
the mandrel and said tubular member including
a shiftable stem for simultaneously opening the
valve normally closing said bottom circulation
port and closing the valve controlling the lateral
circulation ports in the mandrel.

4, A perforation cleaning and washing tool,
including a hollow mandrel for run in a well on
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well tubing, said mandrel having vertically spaced

external packing members and laterally opening
circulation ports between said members, a valve
sleeve slidable in said mandrel and normally un-
covering said ports, and means connected to said
valve sleeve and depending below the mandrel
for engagement with a well obstruction for shift-
ing said valve sleeve to cover said ports.

5. A perforation cleaning and washing tool,
including a hollow mandrel for run into a well
on well tubing, said mandrel having vertically
spaced external packing members and laterally
opening circulation ports between said members,
a valve member slidable relative to the mandrel
for covering and uncovering said ports, a tubular
member below and carried by the mandrel and
in open communication with the mandrel, and the
lower end of which tubular member forms a bot-
tom downwardly opening circulation port, a valve
member for closing and opening said bottom cir-
culation port, and control means depending
through said last named valve and below said
tubular member and connected to both of said
valve members and operable by engagement there-
of with an obstruction when said tool is lowered
into the well to simultaneously open one valve
member and close the other.

6. A perforation cleaning and washing tool for
run into a well on fluid pressure supply tubing,
said tool including means forming a tubular cas-
ing in communication at its upper end with the
tubing, said casing having external packing mem-
hers in verticaly spaced relation and:laterally
opening circulation ports between said packing
members, means forming upper and lower circu-
lation ports in the casing above and below said
packing members, upper and lower valves inde-
pendently controlling said upper and lower cir-
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culation ports, means controllable by manipula-
tion of the tool in a well for independently open-
ing and closing each of said valves, means forming
a fluid by-pass through the casing having its up-
per and lower ends opening laterally through the
wall of the casing respectively above and below
said packing members and between the latter and
the upper and lower circulation ports, and a
valved boosting member arranged in said casing
and including a piston, said piston being operated
by tubing pressure to force circulation outwardly
through said circulation ports.

7. A perforation cleaning and washing tool
for run into a well on fiuid pressure supply tubing,
said tool comprising means forming a tubular
casing in communication with the well tubing and
having vertically spaced external packing meme-
bers and laterally opening circulation ports be-
tween said members, said casing being also pro-
vided with a lower circulation port below said
packing members, a stem, valve means on said
stem, sald stem being operable by engagement
with an obstruction when the tool is lowered into
the well tc move the valve means thereon relative
to the tool to open said lower circulation port and
said stem being movable downwardly relative to
the tool as it is lifted to cause said valve means
thereon to close said lower circulation port, upper
valve means arranged tc open and close said lat-
erally opening circulation ports, and means for
connecting the upper and lower valve means for
closing the laterally opening circulation ports
when the lower circulation port is opened and for
opening the laterally opening circulation ports
when the lower circulation port is closed.

8. A perforation cleaning and washing tool
for run into a well on fluid pressure supply tub-
ing, said tool comprising means forming a tubular
casing in communication with the well tubing and
having vertically spaced external packing mem-
bers and laterally opening circulation ports be-
tween said members, said casing being also pro-
vided with a lower circulation port below said
packing members, a stem, valve means on said
stem, said stem being operable by engagement
with an obstruction when the tool is lowered into
the well to move the valve means thereon rela-
tive fo the tool to open said lower circulation port
and said stem being movable downwardly rela-
tive to the tool as it is lifted to cause said valve
means thereon to close said lower circulation
port, upper valve means arranged to cpen and
close said laterally opening circulation ports,
means for connecting the upper and lower valve
means for closing the laterally opening circula-
tion ports when the lower circulation port is
opened and for opening the laterally cpening cir-
culation ports when the lower circulation port
is closed, and means forming g fluid by-pass
through the casing independent of said lower cir-
culation port and having upper and lower ends
opening laterally through the wall of the casing
respectively above and below the upper and lower
packing members, the lower end of said fluid by-
pass being located above said lower circulation
port.

9. A perforation cleaning and washing tool for
run into a well on fluid pressure supply tubing,
said tool comprising means forming a tubular cas-
ing in communication with the well tubing and
having vertically spaced external packing mem-
bers and laterally opening circulation ports be-
tween said members, said casing also having a
Jower circulation port below said packing mem-
bers, a stem, valve means on said stem, said stem
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operable by engagement with an obstruction when
the tool is lowered into the well to move the valve
means thereon relative tc the tool to open said
lower circulation. port and said stem movable
downwardly relative to the tool as it is lifted to
cause said valve means thereof to close said lower
circulation port, and means forming a fluid by-
pass through the casing independent of said
lower circulation port and having upper and lower
ends opening laterally through the wall of the
casing respectively above and below the upper and
lower packing members, the lower end of said by-
pass opening above the said lower circulation port.

10. A perforation cleaning and washing tool
including a hollow mandrel to run in a well on
well tubing, said mandrel having upper and lower
spaced packing members thereon, and a tubular
by-pass in said mandrel having its upper and
lower ends opening laterally through the wall of
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the mandrel respectively above and below said
packing members, said by-pass providing for re-
turn circulation therethrough from the bottom.
LLOYD H. CASSELL.
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