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(57) ABSTRACT 
An injection mandrel and method for introducing treat 
ing fluids into a well comprise a center pocket mandrel 
having a check valve in fluid communication with treat 
ing fluid in the annulus of the well and with a chemical 
injection valve in the mandrel. Treating fluid is pumped 
through the check valve and the chemical injection 
valve into the produced fluids in the mandrel, while 
reverse flow is prevented. In another embodiment a dip 
tube communicating with the injection valve pocket 
places treating fluid at a preselected location in the well. 

1 Claim, 4 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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1. 

NJECTION MANDREL 

BACKGROUND OF THE INVENTION 

The invention relates generally to subsurface well 
treating apparatus and operations. In particular, the 
invention relates to an injection mandrel and method 
for circulating well treating fluids into subsurface wells 
to treat produced fluids from subsurface earth forma 
t1O.S. 

In order to complete oil and gas wells, subsurface 
earth formations are perforated to bring the wells into 
production. The fluids produced may subject the sub 
surface and surface equipment to corrosion from a vari 
ety of chemical agents present in the fluids. To combat 
this corrosion, a number of well-known corrosion inhib 
itors may be circulated through the wellbore to reduce 
or prevent the undesirable effects of the corrosive 
agents. 

Produced fluids also may contain salts and other 
dissolved and undissolved solids which can precipitate 
and deposit on the surface of the production tubing or in 
the perforations in the subsurface earth formation. As 
deposits build, production flow becomes restricted. To 
combat this problem, one or more of a number of well 
known solvents may be circulated through the well to 
dissolve any flow restricting deposits and to prevent 
deposits from recurring. 

Apparatus and methods are known to circulate such 
treating fluids through wells at various depths in the 
wells. Side-pocket mandrels may be utilized for this 
purpose. A treating fluid is injected into the annulus of 
a well above a packer assembly, through ports in the 
side-pocket of the mandrel, through a chemical injec 
tion valve set in the side-pocket, and into contact with 
the produced fluids flowing out of the well. Once the 
fluids have been treated, they flow through the mandrel 
and production tubing to the surface for recovery. 

Side-pocket mandrels suffer from several shortcom 
ings when used for the above purpose. First, side 
pocket mandrels require complicated kickover tools to 
set and retrieve chemibal injection valves in their side 
valve pocket. Current kickover tools require involved 
wireline operations which are typically not practical at 
depths below about 15,000 feet. Second, the construc 
tion of a side-pocket mandrel does not permit circula 
tion of the treating fluid below the packer assembly 
because the mandrel does not extend below the packer. 
Third, side-pocket mandrels allow untreated, often cor 
rosive, produced fluids into the upper annulus of the 
well above the packer assembly when the chemical 
injection valve is not in place. In the annulus, such 
produced fluids could damage the tubing, casing and 
other equipment, such as a subsurface safety valve. 
Other designs have also been proposed, but these 

designs suffer from the same or other shortcomings. 
The other shortcomings include limitations on the abil 
ity to circulate treating fluids at any desired depth in a 
well, limitations on conducting perforating, logging or 
other operations without having to pull the mandrel 
from the well, and limitations on flow through the man 
drel, which may cause pressure losses and erosion prob 
lems. 

Ideally, an apparatus for treating produced fluids in a 
wellbore will have the following characteristics. The 
annulus, the space between the production tubing and 
the casing, above the packer should be effectively iso 
lated from produced fluids. The apparatus should be 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

2 
capable of circulating treating fluids across the perfora 
tions or at any other preselected depth. The apparatus 
should be capable of being routinely set and operated at 
total depths in excess of 15,0090 ft. There should be a 
capability for conducting workover operations through 
the apparatus. Restrictions to flow should be minimized. 

SUMMARY OF THE INVENTION 

The present invention is a mandrel and method for 
circulating a treating fluid in a well. Preferably, the 
mandrel is a center-pocket mandrel. 
The injection mandrel preferably comprises a body 

having a longitudinal flow conduit therethrough, a 
valve pocket in the body substantially axially aligned 
with the bore of the well and the production tubing and 
adapted to receive a removable chemical injection 
valve, a check valve mounted on the body, and a con 
duit for permitting fluid communication between the 
check valve and the chemical injection valve. The body 
is adapted to be attached to a production tubing string. 
It may be put in the well through and engaging a packer 
assembly. 
With a chemical injection valve set in the valve 

pocket, treating fluid is injected into the annulus of the 
well above the packer assembly. This treating fluid 
flows from the annulus, through the check valve into 
the valve pocket, through the chemical injection valve 
and into contact with the formation fluid from the 
lower interval of the well. The treated formation fluid 
flows upwardly through the mandrel and the tubing 
string to the surface for recovery. The check valve 
prevents formation fluids from entering the annulus. 
The chemical injection valve may be removed using 

standard wireline tools and workover operations can be 
conducted through the valve pocket, since it is substan 
tially aligned with the well tubing bore. 

In order to inject treating fluids at any preselected 
depth below the mandrel, a dip tube may be connected 
to the lower end of the injection valve housing. Treat 
ing fluids from the annulus may then be pumped 
through the dip tube to the desired depth for injection 
into the formation fluids. 
The present invention allows chemical injection 

valves to be routinely set and retrieved at depths much 
greater than 15,000 feet and precludes entry of the un 
treated producing fluids into the upper annulus above 
the packer assembly. Treating fluids may be circulated 
in the well at any desired depth, and allows a variety of 
workover and logging tools to be run through the appa 
ratus when the chemical injection valve is removed, so 
that other downhole operations may be conducted 
without removing the tubing from the well. 
These and other features and advantages of the pres 

ent invention will be more readily understood by those 
skilled in the art from a reading of the following de 
tailed description with reference to the accompanying 
drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1, A and 1B are schematic elevational views 
of a first embodiment of an injection mandrel in accor 
dance with the present invention. 

FIG. 2 is a longitudinal section of the first embodi 
ment of the injection mandrel in accordance with the 
present invention. 
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FIG. 3 is a longitudinal section of the first embodi 
ment of the injection mandrel in accordance with the 
present invention, including a dip tube. 
FIGS. 4, 4A and 4B are detailed longitudinal sections 

of a second embodiment of an injection mandrel in 5 
accordance with the present invention. 

FIG. 5 is a horizontal section of the second embodi 
ment of the injection mandrel taken along line 5-5 of 
FIG. 4B. 
FIG. 6 is a horizontal sectional view of the first em- 10 

bodiment of the injection mandrel taken along line 6-6 
of FIGS. 2 and 3. 

FIG. 7 is a horizontal sectional view of the first em 
bodiment of the injection mandrel taken along line 7-7 
of FIG. 2. 15 

DETAILED DESCRIPTION 

Referring now to the drawings in more detail, Partic 
ularly to FIGS. 1, 1A and 1B, there is illustrated a sche 
matic elevational view of an injection mandrel in accor- 20 
dance with the present invention. Preferably, the man 
drel is a center pocket mandrel. A well 10 is shown in 
which a casing 11 has been cemented, indicated at 12, 
and perforated in a producing zone 13. At the surface a 
Christmas tree 14 is mounted on a wellhead 15 on top of 25 
the casing 11. A tubing string 20 is suspended from the 
wellhead 15. A valved conduit 21 is connected to the 
upper end of the tubing string 20 and a second valved 
conduit 22 is connectad into the wellhead 15 to commu 
nicate with the annulus between the inside of the casing 30 
and the outside of the tubing string. A center pocket 
mandrel, 24a in FIG. 1A and 24b in FIG. 1B, is con 
nected to the tubing string 20. A packer assembly 26 
seals off and divides the well 10 into an annulus 14 
between the casing 11 and the tubing string 20 (and 35 
between the casing 11 and center pocket mandrels 24a 
and 24b) and a lower interval 23 below the packer as 
sembly 26. 

Fluids from the producing zone 13 may contain cor 
rosive agents such as hydrogen sulfide, carbon dioxide 40 
or water which can damage the casing string 11, tubing 
20 and other subsurface and surface equipment. To 
combat this corrosion problem, a suitable corrosion 
inhibitor may be injected into the well. Suitable corro 
sion inhibitors are well known in the art. 4S 
The fluids from the producing zone 13 may also con 

tain salts or other dissolved and undissolved solids 
which can precipitate and deposit in the perforations or 
tubing string 20, reducing production. To combat this 
problem, a suitable solvent may be injected into the well 50 
to dissolve, the deposits. Such solvents are also well 
known in the art. 
As illustrated in FIGS. 1A and 1B, the center pocket 

mandrels 24a and 24b are provided for these and for 
other operations in which it is desired to circulate a 55 
treating fluid from the annulus 14 of the well 10 into 
contact with the formation fluid in the lower interval 
23. The present invention is, therefore, not limited in 
scope solely to the use of corrosion inhibitors or sol 
Vetts. 60 

Referring to FIGS. 1 and 1A, a suitable treating fluid 
is pumped through the valved conduit 22 and injected 
into the annulus 14. From the annulus 14, the treating 
fluid enters the center pocket mandrel 24a through a 
check valve, described hereinafter, flows into the valve 65 
pocket in the valve housing of the center pocket man 
drel 24a and into the bore of the mandrel to contact the 
formation fluids from lower interval 23. The treated 

4. 
formation fluid is circulated upward through the flow 
conduit 25 and to the tubing string 20 and the surface 
for recovery through the valved conduit 21. 

If it is desired to treat formation fluids at a depth 
below the packer assembly 26, for example at the depth 
of producing zone 13, the modified center pocket man 
drel 24b of FIG. 1B may be utilized. The flow of treat 
ing fluid is the same as described above, with the fol 
lowing exception. A dip tube 25 is connected to the 
valve pocket. The dip tube extends below the mandrel 
into the producing zone 13. 

Specific embodiments of injection mandrels in accor 
dance with the present invention are shown in greater 
detail in FIGS. 2-7. It should be noted that the embodi 
ments comprise many common elements, some identical 
in construction and others similar but modified for the 
specific embodiment. The identical elements of the vari 
ous specific embodiments have common numbering 
throughout this detailed discussion. The similar but 
non-identical elements will also have common number 
ing including a letter identifier for the particular em 
bodiment. 

Referring to FIG. 2, there is illustrated in detail a 
center pocket mandrel in accordance with the invention 
and corresponding to the embodiment depicted in FIG. 
1A. The center pocket mandrel 30 comprises a tubular 
body 32, an exterior check valve 34, a conduit 36 for 
fluid communication between the check valve 34 and a 
valve housing 33 defining a valve pocket 38 in the body 
32. A removable chemical injection valve 40 is set in the 
valve pocket 38 for permitting fluid communication 
from the valve pocket 38 into the formation fluid. The 
lower end of the chemical injection valve is preferably 
recessed in, or enclosed by, the valve housing to create 
a dead space to thereby reduce wear and corrosion of 
the injection valve by the produced fluids flowing up 
wardly through the mandrel. A longitudinal flow con 
duit 42 through the mandrel body 32 transmits treated 
formation fluid through the mandrel 30 and tubing 
string 20 FIG. 1A) for collection at the surface. The 
flow conduit 42 is defined by the inner surface of the 
body 32 and the outer surface of the valve housing 33 
that is attached to the inner surface of the mandrel body 
32. 
The body 32 has threaded ends 44, 94 for connection 

to the tubing string 20, a lower section 46 for the chemi 
cal injection valve 40, and a tapered upper section 48 
between the lower section 46 of the body and the upper 
threaded end 44. The tapered upper section of the body 
reduces turbulence in the produced fluid flow to mini 
mize wear on the mandrel at this point. 
A mounting lug 58 having a slanted upper surface 60 

is connected to the inside surface of the body 32 and the 
exterior of the valve housing 33, with the slanted upper 
surface 60 above the top of the valve housing 33. The 
lug 58 provides additional support for the valve housing 
33 and the slanted upper surface 60 directs chemical 
injection valves 40 (or downhole tools) into or through 
the valve pocket 38. The valve housing 33 has an in 
wardly beveled upper edge 62 for the same purpose. 
The treating fluid conduit 36 is mounted to the exte 

rior wall of the lower body section 46. The conduit 36 
comprises a flow passage from the check valve 
34, through a fluid port 66 through the mandrel body, 
and into the valve pocket 38. Referring to FIGS. 2 and 
7, it can be seen that the conduit 36 may comprise a tube 
welded or otherwise mounted to the exterior wall of the 
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lower body section 46 on the side adjacent the valve 
housing 33. 
The check valve 34 allows fluid to flow from the 

annulus 14 of the well 10 through the conduit 36 and 
into the valve pocket 38, but precludes fluid flow in the 
opposite direction. The check valve 34 may be any of 
the well known one-way or check valves commonly 
used in injection operations. The preferred choice is a 
unit consisting of two ball and seat check valves in 
series. Ball and seat valves will allow fluid flow when 
the pressure in annulus 14 rises to a preselected value in 
excess of the fluid pressure in the valve pocket 38. 
Spring loaded check valves may also be used. Such 
one-way valves and valve arrangements are well 
known to those skilled in the art. The set point of the 
check valve will need to be selected so that the check 
valve will permit flow into the mandrel when there is a 
preselected differential pressure between the fluid in the 
annulus and the fluid in the mandrel. 
The check valve 34 is connected to one end of the 

conduit on the exterior wall of the lower body section 
46 at a point below the fluid port 66. Alternatively, at 
least a part of the conduit should be below the port 66. 
These arrangements will form a gas trap in the conduit 
36, preventing produced fluids, such as corrosive gases, 
from entering the conduit and minimizing the chances 
of damage to the check valve 34. 
Once the treating fluid has entered the valve pocket 

38, it flows through ports 70 into a longitudinal bore 68 
in the chemical injection valve 40. The longitudinal 
bore 68 houses one or more one-way or check valves 72 
which allow the treating fluid to flow through an open 
ing 73 in the end of the chemical injection valve 40 and 
into contact with the formation fluids. The check valves 
72 may be of any of the types commonly used in injec 
tion operations and familiar to those skilled in the art. 
The preferred choice is again a ball and seat arrange 
ment which may be used singly or in series plurality. 
The injection valve 40 is inserted and removed from 

the valve housing 33 by standard wireline operations. 
The injection valve 40 is provided with a fishing neck 
74 for attachment to a wireline and a locking assembly 
76 which is used to secure chemical injection valve 40 in 
place in the valve housing 33. The fishing neck 74 and 
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locking assembly 76 may be any one of the number of 45 
well known arrangements familiar to those skilled in the 
art. The locking assembly 76 is provided with dogs 78 
which, when inserted into inner tube 52, rest on shoul 
ders 80 thereof to secure the valve 40 in place in the 
valve housing 33. 
Above and below ports 70, the chemical injection 

valve 40 is provided with fluid seals 82, which may 
comprise any of the number of well known fluid seals 
such as, for example, chevron seals or O-rings. As the 
chemical injection valve 40 is inserted into the valve 
pocket 38, fluid seals 82 contact shoulders 84 on the 
interior wall of the valve housing to form a fluid seal. 
This seal insures treating fluid will flow through the 
ports 70 and out of the chemical injection valve 40. 

Deflector lugs 92 are provided on the exterior wall of 
lower body section 46 aligned with the check valve 34 
to prevent the valve from contacting the casing 11 or 
any obstructions in the well 10 when the injection man 
drel is run into the well. Similar deflector surfaces 93 
are provided adjacent the upper and lower ends of the 
conduit. 
The end of the lower body 46 has threads 94 for 

engaging a packer assembly 26 or for connection to 
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6 
tubing or other downhole tools (not shown) which may 
be attached to the center pocket mandrel 30. 

Referring now to FIG. 1, 1A and 2, in the operation 
of the apparatus of FIG. 2, the center pocket mandrel 30 
is inserted into a well 10 connected to the end of tubing 
string 20 and engaging the packer assembly 26. The 
check valve 34 is positioned above the packer assembly 
26. 
The chemical injection valve 40 may be in place 

when the mandrel is run into the well 10. Alternatively 
a wireline (not shown) may be attached to the fishing 
neck 74 and the chemical injection valve 40 lowered 
into the well through the tubing string 20. 
The chemical injection valve 40 is then set in the 

valve housing using standard wireline methods. The 
chemical injection valve 40 is preferably constructed so 
that when dogs 78 are seated, the injection valve ports 
70 will be adjacent the treating fluid port 66. Once the 
chemical injection valve 40 is in place and secured 
within the valve pocket 38, the wireline is removed in 
the usual manner. 
The desired treating fluid is then introduced into the 

annulus 14 of the well. The fluid pressure in the annulus 
may then be increased until it is at the preselected value 
in excess of the fluid pressure in the valve pocket 38. 
The treating fluid from the annulus then flows through 
the check valve 34, the conduit 36 and the fluid port 66 
into the valve pocket 38. 
As the fluid pressure rises above the fluid pressure in 

the lower interval 23, the treating fluid in the valve 
pocket flows through the ports 70, the longitudinal bore 
68 and the check valves 72 of the chemical injection 
valve 40 and into contact with the formation fluid. The 
check valves 72 in the chemical injection valve 40 pre 
vent flow in the opposite direction. 

Formation fluid from lower interval enters the center 
pocket mandrel 30 through the end 96 of the lower 
body 46 and contacts the treating fluid exiting the 
chemical injection valve 40. The treated formation fluid 
then flows upwardly through flow conduit 42 and the 
tubing string 20 to the surface for recovery. 
A modification of the center pocket mandrel de 

scribed above is illustrated in FIG.3 and corresponds to 
the embodiment depicted in FIG. 1B. The center 
pocket mandrel 30a illustrated in FIG.3 and the center 
pocket mandrel 30 illustrated in FIG. 2 are nearly iden 
tical in construction. The difference is the construction 
of the valve housings 38a. The operation of...the center 
pocket mandrels 30a and 30 is also nearly identical. The 
following discussion will cover the differences between 
the two embodiments, and reference may be had to the 
prior discussion of the center pocket mandrel for other 
details. 

Referring to FIG. 3, the valve housing 33a is con 
nected to dip tube 98 by threads, welding or any suit 
able means. The dip tube 98 is threaded 100 for connec 
tion to additional joints of dip tubing to extend the dip 
tube 98 to any preselected depth. This allows treating 
fluid to be injected directly into the lower interval 14 at 
any point below the packer assembly 26 (FIG. 1B) such 
as at the depth of the perforations in the producing zone 
13. 
The treated formation fluid enters the flow conduit 

42a of center pocket mandrel 30a through the opening 
96 at the base of the lower body 46. Upon entering 
center pocket mandrel 30a, this fluid flows upwardly 
through flow conduit 42 and tubing string 20 to the 
surface for recovery. 
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A second embodiment of a center pocket mandrel in 
accordance with the present invention is illustrated in 
FIG. 4. This embodiment is useful in operations where 
the diameter of the casing 11 (FIG. 1A) is such that a 
center pocket mandrel with a smaller outside diameter 
should be used. 
The center pocket mandrel 30b in FIG. 4 and 7, and 

the center pocket mandrel in FIGS. 2 and 6 are nearly 
identical in construction except for the placement of 
their conduits 36 and 36b. The operation of the center 
pocket mandrels 30b and 30 is also essentially identical. 
The discussion below will therefore relate only the 
differences between the two embodiments, and refer 
ence may be had to the prior discussion for other con 
struction and operation details. 
The mandrel of this embodiment requires a special 

lower body section 46b. The lower body section is pref 
erably attached to the mandrel housing 46 by welding 
47. A port 49 is machined through the lower body to 
connect the conduit 36 and a check valve manifold 51. 
The manifold is threaded or otherwise adapted to ac 
cept a check valve 34. 

Referring to FIG. 4, conduit 36b is mounted inside 
the lower body section 46 between the outer surface of 
the valve housing 33 of the inside surface of the body 
46. The check valve 34 is in fluid communication with 
the conduit and is mounted on the outer surface of the 
mandrel body 46. Referring to FIGS. 4 and 5, the con 
duit 36b extends through the flow conduit 42b and into 
the valve pocket 38 through the fluid port 66b. The rest 
of the details of this embodiment are the same as in the 
embodiment described above. By routing the treating 
fluid conduit through the inside of the mandrel, a 
smaller diameter mandrel is possible. 
The mandrels of the present invention provide effec 

tive tools for injecting treating fluids into wells to treat 
fluids from producing formations. The ability to insert 
and remove chemical injection valves by standard wire 
line procedures allows the center pocket mandrel to be 
set at depths where side-pocket and other mandrels 
could not practically be used. Use of a dip tube allows 
the center pocket mandrel to be set at a selected depth 
while permitting injection of treating fluid into the well 
at any depth below the center pocket mandrel. 
The exterior check valve (and the chemical injection 

valve) prevent formation fluid from entering the annu 
lus of the well above the packer assembly. This is im 
portant to maintain the integrity of any subsurface 
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8 
safety valves in the tubing string and to minimize poten 
tial problems due to pressure leakage. 
The center pocket mandrels of the present invention 

permit other downhole operations to be conducted 
below the mandrel by removing the chemical injection 
valve from the valve housing. A number of downhole 
tools such as well logging or perforating guns can be 
lowered through the valve pocket to conduct opera 
tions below the mandrel. 
Many modifications and variations may be made in 

the techniques and structures described herein and de 
picted in the accompanying drawings without depart 
ing substantially from the concept of the present inven 
tion. In particular, it is recognized it is possible to mod 
ify a side pocket mandrel to include the check valve and 
certain other features of the invention and thereby prac 
tice the invention. Accordingly, it should be understood 
that the form of the invention described and illustrated 
herein is exemplary only, and is not intended as a limita 
tion on the scope thereof. 
We claim: 
1. A center pocket injection mandrel for circulating 

treating fluid from a supply of such fluid in the annulus 
of a well through a separate chemical injection valve 
having a lower end and into a fluid produced from said 
well, comprising: 

a body having a longitudinal flow conduit there 
through for the produced fluid and a port through 
the body communicating with the annulus of the 
well, and adapted to be attached to a tubing string; 

a valve housing in the body in fluid communication 
with the flow conduit in the body and the port 
through the body, defining a valve pocket in the 
body adapted to receive a separate chemical injec 
tion valve; and 

a check valve connected to the body for permitting 
flow of the treating fluid from the annulus to the 
valve pocket through the port in the body and for 
preventing reverse flow, whereby when a chemical 
injection valve is in the valve pocket, treating fluid 
may be flowed through the check valve and the 
chemical injection valve into contact with the pro 
duced fluid and when there is no chemical injection 
valve in the pocket, the check valve prevents flow 
of produced fluids through the check valve into the 
annulus of the well. 

k 


