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This invention relates to new and useful improvements 
in circulation port assemblies for tubing or well pipe. 

In the producing of oil, gas and the like from wells, well 
packers are frequently positioned in the well casing to'seal 
off the annulus between the tubing and the casing above 
the well formation being produced through the tubing. 
Under present day practice, ?uid such as drilling mud is 
left in the annulus above the packer during production 
through the tubing and if it is desired to obtain circulation 
from the casing to the tubing and the area below the 
packer to “kill” the well or for any other reason, the tub 
ing is perforated above the packer by lowering special per 
forating or punching tools into the tubing. Such perforat 
ing or punching procedure does permit the circulation of 
the ?uid from the casing annulus to the inside of the tub 
ing to “kill” the well or for any other reason but it is 
very costly and is therefore undesirable. In other in 
stances, instead of perforating or punching the tubing, the 
packer is released which generally requires lifting the tub 
ing with hoisting equipment while the well is under pres 
sure which is of course an extremely dangerous operation. 

It is therefore an object of this invention to provide a 
new and improved circulation port assembly for tubing or 
well pipe which has circulation ports capable of being 
easily and inexpensively opened for the circulation of ?uid 
from the casing to the annulus. 
An important object of this invention is to provide a 

new and improved circulation port assembly for tubing or 
I well pipe which has ports that are normally sealed but 
which are adapted to be opened by an open tool which is 
either dropped or lowered in the tubing when it is desired 
to establish ?uid communication between the casing an 
nulus and the tubing. 
Another object of this invention is to provide a new 

and improved circulation port assembly for tubing or well 
pipe for establishing ?uid communication between the eas 
ing annulus and the tubing, wherein said assembly has an 
open unrestricted axial bore which is substantially the 
same size as the bore of the tubing or well pipe whereby 
the movement of well swabs and similar well tools through 
the tubing does not inadvertently open the circulation port 
assembly. 
A further object of this invention is to provide a new 

and improved circulation port assembly having ports 
which are normally closed by sealing plugs held in sealing 
position by a frangible member adapted to be cracked or 
broken for permitting the release of the sealing plugs from 
their sealing position by pressure ?uid exteriorly of the 
assembly. 
The construction designed to carry out the invention 

will be hereinafter described, together with other features 
thereof. 
The invention will be more readily understood from 

a reading of the following speci?cation and by reference 
to the accompanying drawings forming a part thereof, 
wherein an example of the invention is shown, and where 
in: 
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Figure 1 is a vertical sectional view illustrating oneform ' 

of the circulation port assembly of this invention con 
nected in a tubing or well pipe. 

Figure 2 is a horizontal sectional view taken on line 
2-—2 of Figure 1. ' 

Figure 3 is a sectional view showing a portion of the as 
sembly shown in Figure 1 to illustrate the opening of the 
port or ports in said assembly. ' 

Figure 4 is a sectional view illustrating the circulation 
port assembly of Figure l with an opening tool for effect 
ing the opening of the port or ports of said assembly. 

Figure 5 is a View similar to Figure 4, but illustrating 
a modi?cation of the circulation port assembly and the 
opening tool of Figure 4. 

Figure 5A is a cross-sectional view taken on line 
5A—5A of Figure 5. 

In the drawings, the later A designates generally the 
circulation port assembly of this invention which is dis— 
posed in a tubing or well pipe T, between an upper section 
10 thereof and a lower section 11 thereof. As will be ex 
plained more in detail, the circulation port assembly A is 
adapted to be lowered into a casing or well bore C on the 
tubing or well pipe T, and ordinarily, such assembly A is 
positioned above and in the vicinity of a well packer P 
which is schematically shown and which can be of any 
conventional construction. As will be more evident here 
inafter, the circulation port assembly A is normally closed 
so that there is no communication therethrough between 
the annulus X and the bore or interior of the tubing or well 
pipe T. However, when it is desired to establish com 
munication between such annulus X and the interior of 
the tubing T for “killing” the well or for any other reason, 
an opening tool K (Figure 4) is lowered or dropped 
through the tubing T for effecting an opening of one or 
more ports 12 in the circulation port assembly A, there 
by establishing ?uid communication between the annulus 
X and the interior of the tubing or well pipe T. Under 
ordinary conditions, the annulus X above ‘the packer P is 
?lled with ?uid such as drilling mud and therefore when 
?uid communication between the annulus X and the in 
terior of the tubing T is established, the ?uid in the an 
nulus X ?ows through the open ports 12 and into 
the interior of the tubing T for circulating to the well 
formation below the packer P (not shown). Also in some 
cases, the ?uid can be pumped from the annulus into the 
interior of the tubing T for such circulation to the well 
formation (not shown), and to ?ll the tubing T to the 
well surface. 

Referring to the invention more in detail, and to Fig 
ures 1-4 in particular, the circulation port assembly A in 
cludes a tubular body 15 which has an axial bore 15a 
which is enlarged as compared to the bore of the tubing 
or well pipe T. The upper end of the body 15 is pro 
vided with internal threads 15b which are engaged with 
the usual threads 10a at the lower end of the tubing sec 
tion 10 of the tubing string T. The lower end of the 
body 15 is provided with internal threads 15c which are 
in threaded engagement with external thread 17a on an 
adapter ring 17. The adapter ring 17 has additional in 
ternal lower threads 17b which are in threaded engage 
ment with external threads 11a on the lower tubing sec 
tion 11, whereby the body 15 is connected to the lower 
tubing section 11 through the adapter 17. It will be ap 
preciated of course that the adapter 17 could be formed 
integrally or could be welded or otherwise a?ixed to the 
body 15, so that in effect, the body 15 is connected at 
each end to the upper tubing section 10 and the lower 
tubing section 11 in a tubing string or section of well pipe 
T. The adapter ring 17 does have an upper laterally 
extending annular shoulder 170, the purpose of which 
will be more evident hereinafter. ‘ 
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As previously mentioned, the circulation port assembly 
A is provided with one or more lateral or radial ports 
12, preferably three in number, which when open estab 
lish'?uid communication between the casing annulus X 
and the interior of the body 15 and the interior of the 
tubing or well pipe P. The ports 12 are formed in 
the body 15 and are provided with a reduced diameter 
portion 121: as to form an internal shoulder 12b. Each of 
.the ports 12 has a closure member or plug 20 positioned 
therein with its outer surface 20a in engagement with the 
shoulder 12b so that such plugs 20 are limited in their 
outward movement. Each of the plugs 20 is generally 
cylindrical in shape and each preferably is provided with 
a sealing means such as O-ring 21, formed'of rubber or 
other elastic resilient matcrial'which provides a seal be 
tween the external surface of the plug 20 and the inner 
wall 126 of each port 12. Thus, when the plugs 20 are 
positioned in ports 12, the rings 21 or any other suitable 
sealing means prevent the passage of ?uid around the 
plugs 20, thereby closing ?uid ?ow through the ports 12. 
For maintaining the plugs 20 in their sealing or closing 
position (Figure 1), a retainer ring 25 is provided, such 
ring having a central opening or bore 25a which is of 
substantially the same diameter as the diameter of the 
bore of the tubing or well pipe T, whereby well swabs 
or other well tools are adapted to pass through the central 
opening 25a without contact with the ring 25. The outer 
edge 25b of the ring 25 engages each of the plugs 20 at 
substantially their mid-portions to prevent any inward 
movement of such plugs 20. Therefore, so long as the 
retaining ring 25 is in position (Figure 1) the plugs 20 
remain in their closed or sealing position. 
The retainer ring 25 is held in its position with its 

outer edge 25a in contact with the plugs 20 by means of a 
support ring 30 which has a plurality of pointed longitudi 
nal projections 30a formed along its upper edge so as to 
‘support the retainer ring 25 at a plurality of points. As 
illustrated in Figure 1, each projection 30a on the support 
ring 30 is triangular in shape and has a sharp or pointed 
upper end in engagement with the lower side of the re 
tainer ring 25 for a purpose to be hereinafter explained. 
The ring 30 rests upon the shoulder 17c of the adapter 
17. To prevent the upward displacement of the retainer 
ring 25, a plurality of pins or bars 35 are attached to the 
body 15 and project inwardly at predetermined points 
above the ring 25 for engagement with its upper surface. 
Ordinarily such pins 35 are positioned directly above the 
vertical projections 30a of the support ring 30. 

In the form of invention shown in Figures 1—4, the 
ring 25 is preferably formed of a relatively brittle frangi 
ble material so that it can be cracked upon the applica 
tion of a predetermined force thereto. However, such 
ring 25 must be su?iciently strong to resist a fracture 
under normal fluid flow through the tubing string T. Pref 
erably the ‘ring 25 is formed of plastic, particularly since 
such plastic would be non-corrosive and would there 
fore be substantially unaffected over long periods of 
time. It should also be pointed out in this connection 
that the plugs 20 are preferably formed of a light non 
-corrosive metal such as aluminum because the circula 
tion port assembly A is often left in the well for con 
siderable periods of time and is subjected to corrosive 
?uids. It will be appreciated that when it is desired to 
open the ports 12 it is important for the plugs 20 to be 
freely movable inwardly and out of the ports 12 as will 
.be explained hereinafter. 
To facilitate the fracture or cracking of the ring 25 

indentations or grooves 250 are provided On the upper 
and lower surfaces of the ring 25. Such indentations or 
grooves 25 are crack initiation grooves and preferably 
one or more of the grooves 25c is positioned above one 
or more of the projections 30a because upon the appli 
cation of a downward force to the ring 25, the cracking 
of the ring 25 more readily occurs with a groove 25c 
above the projection 30a. 
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4 
Various tools can be employed for applying the neces 

sary predetermined force to the retainer ring 25 for 
fracturing or cracking same to displace it from in front 
of the plugs 20, and one form of such a tool is shown 
in Figure 4 as the opening tool K. Such tool K is formed 
with a body 50 which is relatively heavy and which 
is provided with one or more recesses or slots 50a, each 
of which is adapted to receive an arm 51. Each arm 51 
is pivotally connected to the body 50 bya pivot pin 52 
(Figure 4) so that each arm 51 is adapted to swing or 
pivot into and out of its recess 50a. A spring 53 or other 
resilient means is provided on the inner surface of each 
of the arms 51 for urging same outwardly away from 
the recess 50a to lateral extended position. Each arm 
51 is limited in its pivoting upwardly by the stop sur 
face 5%. Thus, as the opening tool K is lowered or 
dropped through the tubing or well pipe T it is in engage 
ment with the inner surface or wall of the tubing T and 
when the opening tool K reaches the enlarged bore 15a 
of the tubular body 15, the spring 53 swings or pivots 
the arm 51 outwardly to a substantially lateral extend 
ed position. When in such lateral extended position, 
the arms 51 engage the upper surface of the retainer ring 
25 and due to the downward movement of the opening 
tool K, a downward force is applied to the ring 25 to 
fracture or crack same. 
The upper end of the body 50 is ordinarily provided 

with a ?shing neck 55 of conventional construction so 
that a ?shing tool can be lowered downwardly through 
the tubing string T and connected thereto for raising the 
opening tool 55 out of the well when desired. In some 
cases, instead of merely dropping the opening tool K, 
a wire line or cable is connected to the upper end of the 
body 50 and in such case, the ?shing neck 55 would 
of course not be necessary. 

In the operation or use of the form of the invention 
shown in Figures 1-4, the circulation port assembly A 
connected in the tubing or well pipe T as indicated in 
Figure 1 is positioned in the well casing or well bore C 
above the well packer P. As previously mentioned, the 
well packer P is of conventional construction and it seals 
off the annulus between the tubing T and the casing C 
in the ordinary instance to direct ?uid which is produced 
from a well formation (not shown) through the inside 
of the tubing string T to the surface of'the well. The 
normal well operations required for such production of 
oil or gas or other ?uid from the well formation are 
carried out with the circulation port assembly A having 
its plug or plugs 20 in their sealing or closed position 
(Figure 1). It may never be necessary to open the port 
or ports 12, and as previously explained, because the 
central opening 25a of the ring 25 is of substantially the 
same size as the bore of the tubing string T, the circula 
tion port assembly A does not in any way interfere with 
the normal well operations such as the lowering of well 
swabs or other well tools in and through the tubing 
string T and the assembly A. 
However, should it be necessary or desirable to circu 

late from the casing annulus X to the interior of the 
tubing string T for any reason such as for killing the well 
by applying the weight of ?uid from the casing to the 
well formation below the packer P, the opening tool K 
is lowered into the tubing T. The opening tool K is 
either lowered on a wire line or it is simply dropped 
without having any wire line or cable connected thereto. 
As the opening tool K passes downwardly through the 
tubing T, the arm 51 or arms 51 are urged into engage 
ment with the inside of the tubing T as indicated by the 
dotted illustration of the tool K in the Figure 4. When 
the tool K reaches the tubular body 15 the springs 53 
urge the arms 51 to their laterally extended position and 
then such arms 51 engage the upper surface of the 
frangible ring 25 with a predetermined force which is 
su?‘icient to fracture or crack ‘such ring 25 as indicated 
in Figure 3. Such cracking or fracture of the ring' 25 
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causes it to be displaced from its position inside of the 
plug or plugs 20. Thereafter, pressure ?uid from the 
?uid in the casing annulus X forces the plug or plugs 
20 inwardly out of the openings 12 whereby ?uid com 
munication between the annulus X and the interior of 
the tubing T is effected. The ?uid in the annulus X can 
thus ?ow through the tubing T to the area below the 
packer P for applying sut?cient ?uid pressure to the 
formation F to prevent its ?owing, or in other words, to 
kill such well. Circulation can also be maintained for 
any other purpose as will be evident. Also ?uid can-be 
pumped through the annulus X instead of merely rely 
.ing upon the ?ow of the ?uid from the annulus X. After 
the plugs 20 are moved inwardly to open the ports 12, 
the opening t-ool K can be removed by the engagement 
of a ?shing tool with the ?shing neck 55, such ?shing 
tools being well known in the art; or the tool K can be 

> pulled from the well with the tubing. 
In Figure 5, a modi?cation of the circulation port as 

sembly A is illustrated and is identi?ed by the letter 
A’. Also, a modi?ed opening tool K’ is illustrated. 
The parts of the assembly A’ which are identical with 
the assembly A shown in Figures 1-4 have like nu 
merals. Thus, the tubular body 15 is the same in both 
forms of the invention and also the lateral ports 12. 
The plugs 120 for sealing or closing same are each modi 
?ed to provide a ?ange 120a which engages the interior 
of the body 15 so that the size or diameter of each lat 
eral port 12 may be as large as the external size or di 
ameter of each plug 120. A modi?ed retainer plate 
125 is utilized which has a central opening or bore 125a 
which is of a smaller diameter than the diameter of 
the bore of the tubing or well pipe T. 
The opening tool K’ does not employ arms 51 such 

as on the opening tool K, but instead the tool K’ is of 
substantially the same diameter as the diameter of the 
bore of the tubing T. The body 150 of the tool K’ has 
head sections 150a and 150b, each of which has lat 
eral projections or ribs 151. The projections 151 on the 
head 15% are preferably pointed at the bottom as in 
dicated by the numeral 151a to facilitate the breaking 
of the frangible ring 125 upon contact therewith. Be 
cause of the open areas between the lateral projections 
151, ?uid ?ows around the tool K’ as it is lowered in 
the pipe T so that the opening tool K’ can be dropped 
through tubing T without being retarded by any tend 
ency to ?oat in the ?uid inside of such tubing T. The 
upper end 155 of the tool K’ is formed with a ?shing 
neck ‘of conventional construction, if such tool is not 
lowered on a wire line or cable initially. It will be 
observed that the central opening 125a is of a smaller 
diameter than the maximum diameter of the projections 
or ribs 151 of the lower headv section 15% whereby the 
retainer ring 125 is adapted to be engaged or jarred by 
the contact of the lower head section 15% with the up 
per surface of the ring 125 when it is desired to open 
the port or ports 12. 

In the operation or use of the modi?ed construction 
shown in Figure 5, the assembly A’ is used with the 
tubing T in the sealing or closed position illustrated in 
Figure 5 and preferably above a packer P such as shown 
in Figure 1. When it is desired to open the port ‘or 
ports 12 to effect the circulation between the annulus 
or area exteriorly of the tubular body 15 and the area 
interiorly thereof, the opening tool K’ is dropped or 
lowered through the tubing T. It contacts the retainer 
ring 125 and imparts a sufficient force or jar thereto 
to fracture or break the ring 125 so as to move'same 
away from the position inside of the plug or plugs 20. 
The plug or plugs 20 are thereafter free to move in 
wardly by the force of the pressure ?uid in the annulus 
or area exteriorly of the tubular body 15. 

It is believed evident that the opening tool K could 
be utilized in the form of the invention shown in Fig 
ure 5 instead of the opening tool K’, if desired. 
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The foregoing disclosure and-description of the in 
vention is illustrative and explanatory thereof, and vari 
ous changes in the size, shape and materials, as well 
as in the details of the illustrated construction may be 
made, within the scope of the appended claims, with 
out departing from the spirit of the invention. 
What is claimed is: 
1. A circulation port assembly for a well pipe, com 

prising a tubular body connected in the well pipe and 
having a substantially axial bore in ?uid communication 
with the bore of the well pipe, said body having a sub 
stantially lateral port for establishing ?uid communica 
tion between the area exteriorly of said body and said 
axial bore of said body, closure means for normally clos 
ing said lateral port but being adapted to be moved out of 
said port to open same, and an annular ring formed of a 
frangible material in said body for normally preventing 
said closure means from moving out of said port, whereby 
said lateral port is maintained closed until said annular 
ring is displaced by cracking same to permit the movement 
of said closure means out of said lateral port. 

2. The structure set forth in claim 1, wherein said 
annular ring has a central opening of substantially the 
same size as the axial bore of said well pipe whereby well 
tools may be lowered therethrough without any contact 
therebetween. 

3. The structure set forth in claim 1, wherein said 
closure means is a plug positioned in said lateral opening, 
and wherein said annular ring is disposed inwardly of said 
plug. ' 

4. The structure set forth in claim 1, wherein a sup 
port ring is provided for preventing longitudinal displace 
ment of said annular ring until a predetermined longi 
tudinal force is applied thereto for moving said annular 
ring longitudinally away from said closure means by 
cracking same, whereby said closure means can ‘be moved 
inwardly to establish ?uid communication between the 
area exteriorly of said body and the interior thereof. 

5. A circulation port assembly for a well pipe, com 
prising a tubular body connected in the well pipe with 
its axial bore in ?uid communication with the bore of the 
well pipe, said body having a lateral port for establishing 
?uid communication between the area exteriorly of said 
body and said axial bore of said body, closure means for 
normally closing said lateral port, but being adapted to 
be moved inwardly of said body to open said port, an 
annular ring formed of a frangible material in said body 
for normally preventing said closure means from moving 
out of said port, and an opening tool adapted to be moved 
through the well pipe into engagement with said annular 
ring for displacing same away from said closure means by 
cracking same for thereafter‘ permitting said closure 
means to move inwardly to establish said ?uid communi 
cation between the areas exteriorly and interiorly of said 
body. 

6. The structure set forth in claim 5, wherein said body 
has an enlarged axial bore of greater size than the bore 
of said well pipe, and wherein said opening tool has an 
arm engageable with the inside wall of the well pipe as 
it moves therethrough, and means for urging said arm 
laterally outwardly as it enters the enlarged axial bore of 
said body for subsequent contact with said annular ring to 
effect the displacement thereof by cracking same. 

7. The structure set forth in claim 5, wherein said 
closure means is a cylindrical plug disposed in said port, 
and wherein said ring has its edge substantially at the 
mid-portion of said plug when holding same against in 
ward movement. 

8. The structure set forth in claim 5, wherein said 
closure means is a cylindrical plug disposed in said port, 
and wherein said port has an annular shoulder to prevent 
outward displacement of said plug from said body. ' 

9. The structure set forth in claim 5, wherein said 
closure means is a plug having a lateral ?ange thereon 
engageable with the interior of said body to prevent out 
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ward movement of "said-plug through said lateral port, 
'whereby‘said port has a size ‘at least ‘as large as the ex 
ternal size of said plug. ' 

10. The structure set forth in claim 5, wherein said 
‘annular ring has a ‘bored lesser size than the bore of 5 
said well pipe,'and wherein-said opening tool is larger than 
the bore of said annular ring, whereby said opening tool 
may contact said annular ring to effect displacement there 
of by cracking ‘same. Y Y 
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