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086 787B SPECIFICATION                                  Most of the
deflectors which are thus attached to the receptacle body tend to result in
a Method of joining tubular members             longer window in which it
is welded by a longer seam, this extra length being added to 5 DESCRIPTION
70 the longitudinal dimension of the seam. The invention relates to the
joining of tubular  Over the many years that such mandrels members. The
invention particularly relates to  have been in use, many failures have oc-
the joining of a pair of tubular members in   curred. Most of these
failures occurred at coaxial relationship by a circumferential weld
longitudinal structural welds. Most of the weld 10 and has application to
side pocket. mandrels  75 failures occurred in the longitudinal portion of
for use in wells produced by gas lift tech-   the seam. The term
"structural weld," as niques and to methods of constructing side    used
herein, denotes weld seams which form pocket mandrels.
a structural part of the side pocket mandrels. Generally, side pocket
mandrels have been   These structural welds are subject to stresses 15
constructed with elongate tubular bodies hav-    80 created in the mandrels
as a result of forces ing a window in the side thereof and a side   applied
thereto as a result of tensile, colum- pocket receptacle body welded in the
window   nal, or torsional loads, and are subject to so that the receptacle
bore is positioned inside  pressures inside and outside the mandrels. the
mandrel for receiving flow control devices  Failure of such weld will at
least cause a leak 20 while a portion of the receptacle body is   85 in the
mandrel. Thus, the term "structural exposed through the window and is
provided    weld" as used herein also includes plug with lateral
communication ports for conduct-  welds. ing fluid flow between the
receptacle bore and  Failure in such welds is more readily under- the
exterior of the mandrel. Such construction  stood in mandrels which are
non-circular in 25 requires welds in which at least a portion  90 cross
section. Non-circular mandrels, which thereof extends longitudinally of the
mandrel.  include the oval shaped and the flattened, Examples of such
construction are illustrated  appeared long ago, and for the last 10-1 5 in
U.S. Patents                               years a very high percentage of
the mandrels in use are non-circular. These are desired over 30 2,824,525
2,948,341                      95 the circular ones because two such
mandrels 2,942,671    3,040,814                        will fit side by
side or can pass each other in a 3,741,299    3,827,489
smaller well casing, other things being equal. 3,802,503    3,827,490
Or, alternatively, larger non-circular mandrels 3,807,498    Re.29,870
can be used in dual wells for some given 35 3,807,499    3,874,445
100 casing sizes. 3,412,806    3,666,012                          When side
pocket mandrels, and especially 3,606,393    3,727,684
non-circular ones, having longitudinal structu- 3,994,339    4,106,563
ral weld seams in the wall thereof, are sub- 4,030,543    4,106,564
jected to high internal or external pressures, 40 4,031,954    4,135,576
105 the lateral walls tend to expand or collapse, as 4,034,806    4,146,091
the case may be. This expansion or collapsing movement of the mandrel wall
results in very Some side pocket mandrels have utilized     high stress
concentrations at the longitudinal circumferential butt welds in their
construction  welds. It is extremely difficult, if not impossi- 45 to join
adjacent tubular members together.  110 ble, to obtain welds in such places
that (1) do Examples of such welds are seen in U.S.       not have a notch
at the inner side where the Patents
inner wall of the mandrel meets the outer wall of the receptacle body, and
(2) do have full 3,788,397    3,827,490                        weld
penetration. 50 4,135,576    4,146,091                     115  Therefore,
longitudinal structural welds pro- vide weak places in such mandrels and
are a But such circumferential welds are simply butt  source of early
failure under severe or even welds which join adjacent tubular members in
ordinary conditions. end-to-end relationship.                       Also,
many side pocket mandrels have been 55   Some side pocket mandrels are
provided   120 equipped with deflectors which have been with deflector
means extending above the      joined to the mandrel through use of plug
receptacle bore for deflecting ordinary well  welds. In a similar manner,
many mandrels tools moving through the mandrel back into    have been
equipped with orienting sleeves for the main flow passage to avoid
possibility of  orienting kickover tools, which sleeves have 60 lodging on
or in the side pocket, receptacle  125 often been attached inside the
mandrel by and yet permitting and even guiding a flow    plug welds. Plug
welds, while often used in control device into the receptacle, thus facili-
the manufacture of side pocket mandrels, sel- tating its installation. Some
of these deflectors  dom appear in patents. What appear to be are integral
with the receptacle body, and   plug welds appear in U.S. Patent 3,827,490.
65 some are welded to the upper end thereof.  130  Plug welds have also
caused many failures.    2
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Since such welds are accomplished by weld-    34380, Dallas, Texas 75234,
shows a check ing a part such as a deflector or orienting   valve disposed
in a flow passage which is in sleeve to the inner wall through a hole in
the  direct communication with the extreme lower mandrel wall, such hole
resembles a window   end of the offset receptacle of a side pocket 5 and at
least a portion of the seam around the    70 mandrel. This check valve is
not removable window will be longitudinal in direction rela-  and,
therefore, remains effective at all times, tive to the mandrel. Thus, it is
believed that  even when the receptacle bore is vacant, but failure occurs
at a plug weld for the same    this type of side pocket mandrel has very
reasons that failure occurs at a window. While  limited application because
it is not compat- 10 the hole for the plug weld is smaller than the    75
ible with conventional gas lift valves. In this window in the window weld,
the notch effect   type of mandrel, the lower end of the recepta- at the
weld is somewhat similar.              cle bore communicates with the
exterior of the U.S. Patent 3,606,393 shows a receptacle    mandrel; in
conventional mandrels, the lower body which has been made especially heavy
end of the receptacle bore communicates with 15 in an effort to strengthen
the window area  80 the main bore of the mandrel. In conventional and
reduce weld failure, the increased mass of  gas lift valves for side pocket
mandrels, lift the material in the receptacle body being      gas enters
the side of the valve and exits intended to prevent warping as a result of
the  through its lower end into the lower portion of welding, but the notch
effect is still attendant,  the receptacle bore. In the conventional side
20 together with wall flexure under pressure in  85 pocket mandrel, the
receptacle bore is always burst or collapse, and failures still occur.
drained and gas lift valves can be installed Warpage of the mandrel as a
result of       therein without difficulty. In mandrels where welding has
also been a problem in the manu-  the lower end of the receptacle bore
commu- facture of side pocket mandrels. This occurs,  nicates with the
exterior of the mandrel and a 25 of course, because the hot weld metal
shrinks    90 check valve is disposed in such communica- upon cooling.
Shrinkage is largely dependent  tion passage, as in Otis Engineering
Drawing upon the quantity of weld metal deposited.    No. 2l1l34 mentioned
above, liquids can Thus, long axially extending seams warp more  collect in
the receptacle bore and the check than short ones. When these seams are not
valve wil1 prevent their being drained, and 30 opposite one another but are
closer to one  95 installation of gas lift valves or other devices side of
the mandrel, as they generally are in  may be difficult or impossible
because of such the case of a lateral window, especially a long  trapped
liquids. narrow window, warpage can be considerable.     The present
invention is concerned with a The stresses induced into the mandrel both
method of joining tubular members which has 35 by shrinking weld seams can
literally destroy    100 particular but not exclusive application to the
the mandrel, but these stresses can be re-    construction of side pocket
mandrels. lieved by heating the entire mandrel in a       According to one
aspect of the present process known as normalizing. This process
invention there is provided a method of join- does not, however, remove the
warpage, and    ing a pair of tubular members in coaxial 40 the mandrel
must be straightened by bending   105 relationship by a circumferential
weld, com- in a direction opposite that of the warp. This  prising facing
one end of the first of said pair straightening process leaves the mandrel,
of tubular members to provide a planar end then, with certain residual
stresses therein,  surface normal to its longitudinal axis; coun- but,
comparitively speaking, it is operable and  terboring the faced end of said
first member 45 is far more acceptable than before.         110 to provide
an internal recess terminating with It should be understood that while a
certain  a sloping surface spaced from said faced end amount of stresses
may be acceptable in a     and converging in the opposite direction ther-
mandrel, it would be ideal to eliminate them  efrom; chamfering the faced
end of said first entirely since they tend to facilitate certain  member
externally, said chamfer leaving a 50 corrosion processes.
11 5 narrow portion of said planar end surface to U.S. Patent 3,086,593 to
Chitwood shows     be abutted by a corresponding planar surface a check
valve disposed in the flow passage    of the second of said pair of tubular
members extending through a gas lift valve which is   when mated therewith
for welding, facing the installed in the offset receptacle of a side  end
of the second of said pair of tubular 55 pocket mandrel to prevent back
flow there-  120 members to provide a first planar surface, through. Such
check valves have been in        reducing the outside dimension of said
first common use. Similar check valves have been  planar surface to form a
short extension on incorporated in such devices which are check  the end of
said second tubular member and a valves per se and are not gas lift valves.
second planar surface surrounding said exten- 60 These valves, when removed
from the recep-   125 sion and being parallel to said first planar tacle,
leave the lateral ports thereof open for  surface, said extension being
dimensioned to free movement of fluids therethrough in either  fit
relatively closely in said counterbore of said direction.
first tubular member; counterboring the faced Prior art drawing, Drawing
No. 211134 of    end of said second member to form an inter- 65 Otis
Engineering Corporation, Post Office Box   130 nal recess terminating with
a sloping surface    3
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spaced from said faced end and converging in  form a longitudinal sectional
view of another the opposite direction therefrom; chamfering   preferred
embodiment of this invention; the end of said second member externally
Figure 11 is a cross-sectional view taken reducing the width of said second
planar       along line 11--11 of Fig. 10-B; 5 surface, the dimensions of
said second planar    70   Figures 12-A and 12-B, taken together, surface
substantially equaling those of said  form a longitudinal sectional view of
yet planar surface remaining on said first tubular  another preferred
embodiment of this inven- member, mating said pair of tubular members
tion; with their planar surfaces fully abutting one    Figure 13 is a side
elevational view of the 10 another, the chamfers of said pair of tubular
75 orienting sleeve used in the side pocket man- members together forming
an external recess    drel of Figs. 12-A and 12-B; with inwardly convergent
walls extending         Figure 14 is a cross-sectional view taken about
said pair of members, tack welding the   along line 14-14 of Fig,. 12-B;
mated tubular members together at spaced         Figure 15 is a
cross-sectional view taken 15 intervals thereabout, welding said pair of
tu-  80 along line 15--15 of Fig. 12-B; bular members together by making a
series of     Figure 16 is a schematical view along a welding passes
thereabout starting in the bot-  dual gas lift well installation utilizing
side tom of the external recess and continuing until  pocket mandrels of
this invention with check the recess is more than filled with weld metal,
valves; 20 said projection on said second tubular mem-  85   Figure 17 is
an elevational view partly in ber being substantially melted during the
longitudinal section showing a side pocket welding operation, said weld
leaving the bore  mandrel similar to the side pocket mandrel of of the said
pair of tubular members unrestric-  Figs. 12-A and 12-B but equipped with
ted thereby.                                   check valves; 25   The
method can be used to join a pair of  90  Figure 18 is a cross-sectional
view taken tubular members such as side pocket mandrel    along line 18-18
of Fig. 17; body sections in end-to-end relationship by a    Figure 19 is
magnified view of a portion of circumferential weld which provides full
pene-  Fig. 18 showing one of the check valves tration, superior strength,
and which does not  controlling one of the lateral ports of side 30
obstruct or restrict the bore of such pair of  95 pocket mandrel; tubular
members as a result of such welding.     Figure 20 is a fragmentary side
view show- The invention will be described now by way  ing a check valve in
one of the lateral ports of of example only with particular reference to
the side pocket mandrel of Fig. 17; the accompanying drawings. In the
drawings:      Figure 21 is an exploded view of the check 35   Figures 1-A
and 1-B, taken together, form a  100 valve assembly of Fig. 19;
longitudinal sectional view of one of the pre-   Figure 22 is a schematical
view showing an ferred embodiments of this invention;         injection
well installation utilizing gas lift man- Figure 2 is a cross-sectional
view taken     drels of this invention equipped with check along line 2-2
of Fig. 1 -B;                  valves; 40   Figure 3 is a cross-sectional
view taken  105  Figures 23-A and 23-B together constitute along line 3-3
of Fig. 1-B;                    an elevational view partly in longitudinal
sec- Figure 4 is a side elevational view of the  tion showing a side pocket
mandrel similar to orienting sleeve used in the side pocket man-  the side
pocket mandrel of Figs. 9-A and drel of Figs. 1-A and 1-B;
9-B but equipped with check valves; 45   Figure 5 is a cross-sectional view
taken  110  Figure 24 is a cross-sectional view taken. along line 5-5 of
Fig. 1-B;                   along the 24-24 of Fig. 23-B; Figure 6 is
fragmentary longitudinal sec-      Figure 25 is a magnified view of a
portion tional view showing an alignment ring in       of Fig. 24 showing
an alternate form of check place between faying surfaces formed on the
valve assembly shown in position to block 50 ends of adjacent body sections
which are   11 5 inflow into the receptacle bore from exterior of ready to
be welded together;                   the side pocket mandrel; Figure 7 is
a fragmentary view similar to      Figure 26 is a view similar to Fig. 25
Fig. 6 showing the body sections of Fig. 6     showing the check valve
assembly and bac- after having been welded together, the weld    kup disk
inverted so that outflow from the 55 haying been ground flush on its
exterior sur-   120 receptacle bore of the side pocket mandrel is face, and
showing that the aligning ring was    blocked; melted during the welding
process;               Figure 27 is a fragmentary longitudinal Figure 8 is
a fragmentary view similar to    view similar to Fig. 8 showing an
alternate Fig. 6 showing faying surfaces formed on the   shape for the
external weld recess; 60 ends of adjacent body sections mated and   125
Figure 28 is a fragmentary longitudinal sec- ready to be welded together;
tional view similar to Fig. 7 showing approxi- Figures 9-A and 9-B, taken
together, form    mately the way the joint of Fig. 8 or of Fig. a
longitudinal sectional view of another pre-  27 would appear after the
tubular body sec- ferred embodiment of this invention;          tions are
welded together and the weld subse- 65   Figures 10-A and 10-B, taken
together,   130 quently ground flush;    4
GB 2 086 787B     4 Figure. 29 is a fragmentary longitudinal sec-  oval in
cross section, having opposing flat    



tional view showing a portion of a tubular   sides 37 and 37a connecting
spaced apart member having faying surfaces formed ther-   opposing
semi-circular sides 38 and 39, as eon preparatory to welding to a mating
tubu-  clearly shown in Fig. 2. The mandrel could, 5 lar member;
70 however, be of circular or other cross section, Figure 30 is a
fragmentary view similar to  as desired, but the oval shape permits such
Fig. 29 showing a portion of a tubular mem-  mandrels to be used in dual
wells where the ber having modified faying surfaces formed   mandrels may
be disposed in side-by-side thereon; and
relationship or may be moved past one 10   Figure 31 is a fragmentary view
similar to  75 another in casing of reasonable size. Thus the Fig. 29
showing a portion of a tubular mem-  flattened, or oval, shape permits use
of smal- ber having further modified faying surfaces  ler diameter casing
or larger diameter tubing, formed thereon.
other things being equal. Referring now to Figs. 1-A through 5, it     The
main body section 20a of mandrel 20 15 will be seen that the side pocket
mandrel of  80 is machined from an elongate solid one-piece this invention
is indicated generally by the  main body blank preferably of the desired
numeral 20.                                  cross-sectional shaped and
preferably oval, as The mandrel 20 comprises a machined        shown, but
which could be circular or some main body section 20a and an upper body
other non-circular shape. The body blank 20 section 20b permanently joined
together by a    85 could be a forging, a casting, or the like. The
circumferential weld 21.                     full opening main bore 41 is
machined the Threads 22 and 23 are provided on the      full length of the
blank, as shown, and the upper and lower ends of mandrel 20 for
receptacle bore 27 is machined in the blank attachment to a string of well
tubing.       and extends downwardly alongside main bore 25   Mandrel 20 is
shown to have features     90 41. The lower portion of receptacle bore 27
which are well known such as a full opening  may be reduced as at 27a, as
shown, or it main passage 25 extending throughout its full  could be of the
same diameter as that of its length, through which well tools may pass, a
upper portion. Lateral ports 29 are drilled side pocket or belly 26 offset
from the main  from the exterior surface of the blank into the 30 passage
25 providing space for operation of a    95 receptacle bore as shown in
Figs. 1-B and 2 kickover tool (not shown), a receptacle bore  to
interconnect the receptacle bore 27 with 27 extending alongside the main
bore 25 and   the region exterior of the blank. If both the opening
upwardly into the belly 26 for receiv-  upper and lower portions of
receptacle bore ing a flow control device (not shown), the  27 are of equal
diameter, the bore should be 35 receptacle bore 27 communicating at its
lower  100 enlarged slightly in the region of lateral ports end with the
main bore 25 through cross      29 to provide relief therefor to provide
proper passage 28 and, intermediate its ends, com-  flow passage from said
ports 29 to the ports municating with the exterior of the mandrel  of a
flow control device (not shown) which through lateral ports 29.
may be disposed in the receptacle bore to 40   Mandrel 20, as shown, is
further provided    105 control flow through the ports 29 and cross with
well-known orienting means such as ori-  passage 28. Providing the stepped
receptacle enting sleeve 31 having the usual orienting  bore as shown is
generally to be desired slot 32, with a stop shoulder 33 at the upper
because it is easier and less costly to ma- end thereof, and guide surface
34 therebelow  chine. 45 for orienting a conventional orienting type  110
An internal annular recess 44 is formed in kickover tool (not shown) which
is normally  receptacle bore 27 near its upper end provid- activated by
means thereon engaging down-    ing a downwardly facing shoulder 45 which
is wardly facing shoulder 33 provided at or near  engageable by lock means
on a flow control the upper end of slot 22. The passage      device (not
shown) for anchoring such device 50 through the orienting sleeve is full
opening.    115 securely in the receptacle. Thus the guide surface 34 is
outside the full  A milling tool (not. shown) of a diameter open bore.
slightly smaller than the diameter of the main The mandrel is also provided
with deflector  bore 41 is moved into the lower end of bore means such as
deflectors 35 and 36 which     41 to a location opposite the lower portion
of 55 guide flow control devices (not shown), low-    120 the receptacle
bore 27 and is moved laterally ered into the mandrel through the well
tubing  toward the receptacle bore to form the cross (not shown) on a
kickover tool (not shown),  passge 28, thus, providing fluid communica-
into the receptacle bore 27 but which will        tion between the
receptacle bore 27 and main deflect other well tools, passing through the
bore 41, as shown. It can readily be seen that 60 mandrel, into the main
flow passage 25 in a    125 main bore 41 can communicate with the
well-known manner.                        region exterior of the main body
through cross The receptacle, the orienting sleeve and the   passage 28,
receptacle bore 27 and lateral deflectors, generally speaking, are well
known  ports 29. in the industry.                               Thread 23
is machined in the lower end of 65   As shown, the mandrel 20 is
substantially    130 main bore 25 for connection to a string of    5
GB 2 086 787B     5 well tubing (not shown).                     which is a
cross-sectional view taken along The lower end of the main body is prefera-
line 35-35 of Fig. 12. It will be noted that, in 



bly reduced in external dimension as at 47   Fig. 12, the weld is not
purely circumferential concentric with thread 23 to facilitate use of  but
contains portions which are longitudinal, 5 handling tools, wrenches, or
tongs which may   70 appearing to comprise four longitudinal por- be used
in connecting the mandrel to the     tions connected together by four
arc-shaped tubing. At the same time that the blank is   portions. reduced
in size as at 47, a guide surface 48   If the one-piece main body blank,
from preferably is also formed as shown to guide  which the main body
section 20a is formed, is 10 the mandrel past obstructions in the well on
75 produced by casting, forging, or similar pro- its downward trip
thereinto.                 cess, it need not be solid since one or both of
The upper end of the main body section     the main and receptacle bores
may be pro- 20a is prepared for welding to the upper body  vided therein by
such process. If so, such section 20b by providing suitable faying sur-
bores may need only minimal machining. The 15 faces thereon as shown in
Fig. 6. The upper  80 receptacle bore will surely require finish ma- end of
the body section 20a is carefully faced  chining, and the main bore may
need finish as at 51, generously chamfered exteriorly as  machining also.
If the casting or forging is at 52, and shallowly bored providing an inter-
carefully done, the main bore may be accept- nal annular recess 53 having a
lower side    able as cast or forged without such finishing 20 surface 54
which is inclined inwardly and  85 machining, thus affecting a saving in
the cost downwardly.                                  of machining. This
saving in the cost of The term "full opening" as used herein to  machining
may possibly be more than offset describe the main passage through a side
by the higher cost of more accurate castings pocket mandrel denotes that
such main pas-   or forgings. 25 sage is approximately as large as the flow
90  The upper body section 20b is constructed passage through the tubing
for which the     from a length of tubular material preferably of mandrel
is fitted and will pass all ordinary well  the same cross-sectional shape
as the main tools normally run through that size tubing.  body section 20a.
The mandrels illustrated in For instance, in 2-3/8" nominal tubing the
this application are shown to be constructed 30 internal diameter is 1.995
inches and the drift   95 of material whose cross section is oval with a
diameter is 1.901 inches, while the full open-  pair of opposing flat sides
such as flat sides ing dimension used in the industry is 1.875  37 and 37a
(see Figs. 2 and 5), but is should inches or larger since a bore of 1.875
inches  be understood that other shapes are also or larger in landing
nipples, and the like, will  practical, especially round. 35 pass all
ordinary tools designed for use in  100  In forming the upper body section
20b, a such well tubing. The main bores and main    length of oval tubing
having the shape shown passage of the side pocket mandrels de-     in Fig.
5 is heated at its upper end for a scribed herein, such as main bore 41 ma-
distance of several inches and is reduced in chined in main body section
20a, are de-     size as by forging or other suitable process to 40 scribed
as full opening and have an inside  105 provide an end portion 61 which is
eccentric diameter greater than the established mini-  and cylindrical and
has a main passage 62 mum diameter for "full opening" and in fact
therethrough which is coextensive with and are larger than drift diameter
and will pass  forms a part of main passage 25 which tools as large as
drift diameter. Such bore  passes through the full length of the mandrel.
45 may also be termed non-restricting.       110  The reduced upper end
portion 61 of the Here it should be noted that U.S. Patent   upper body
section 20b is turned down to 4,135,576 shows what appears to be a one-
suitable outside diameter, preferably equal to piece machined main body
welded by circum-   the size of a tubing coupling, the bore 62 is ferential
welds to an upper body section. It is  cleaned up to predetermine the
inside dia- 50 made very plain in the specification and clear   115 meter,
and the thread 22 formed in the upper in the drawing that the main bore in
the main  end thereof. body is so restricted (that is, so much smaller  The
lower end of the upper body section than drift diameter of the tubing bore)
that  20b is prepared for welding in the same additional bypass passages
are provided to   manner that the upper end of the main body 55 permit
larger flow rates otherwise made pos-   120 section 20a was prepared. Its
lower end is sible by the multiple flow control devices   carefully faced
as at 71 (seen in Fig. 6), disposed in the multiple receptacle bores.
generously chamfered exteriorly as at 72; and Further, it should be noted
that U.S. Patent  shallowly bored, providing internal annular 3,040,814
shows a machined main body         recess 73 having an upper side surface
74 60 section which is obviously made in two halves  125 which is inclined
upwardly and inwardly. which are subsequently welded together by
Before welding the two body sections to- longitudinal structural welds
although this is  gether, the deflectors 35 and 36 are welded not discussed
in the specification.          in place as shown. The deflector 35 is in-
In U.S. Patent 3,412,806, what appears to  serted in the lower end of the
upper body 65 be a circumferential weld is shown in Fig. 35   130 section
20b and located a predetermined dis-    6
GB 2 086 787B     6 tance from the lower end thereof and in      as
desired, according to the kickover tool to as proper alignment with the
receptacle bore and  be used with the mandrel. then welded in such position
by applying a      In joining the upper and main body sections 



nonstructural weld bead 74 along two edges    together, their faying
surfaces are brought 5 as shown or preferably along three edges.  70
together and an alignment ring or weld ring This weld has little
penetration and its volume  84 is positioned so that the upper and lower is
small. therefore, it will result in negligible  sides of its external
flange 85 are in contact distortion.                                   wth
the end faces 51 and 71 of the adjacent It will be noticed that deflector
35 has an  body sections 20a and 20b. The inner side 10 outwardly facing
vertical side wall comprising    75 84a of the alignment ring 84 is
preferably both flat and curved surfaces, 76 and 77,    semi-circular as
shown. This ring is generally respectively, which conform to the inner
formed from a wire of the desired cross sec- of the mandrel in the location
where it is to be  tion. This wire is then would or bent to welded and,
thus, not only fits well but is  conform to the shape of the end faces of
the 1 5 easy to align with the receptacle bore for  80 mandrel body
sections, that is, circular, oval, welding. The deflector's inner wall is
concave  or the like, shape. A slight gap (not shown) is at 78 and has a
vertical rib at 79 to provide a  left between the ends of the alignment
ring, guideway for guiding well flow control devices  enabling the ring to
be compressed slightly into the receptacle bore 41. The deflector is  for
easy insertion into the shallow bore at the 20 beveled downwardly and
inwardly as at 80,    85 end of one of the body sections. Alignment
relative to the receptacle bore, to further aid  rings are well known to
steel fabricators. in guiding devices into the receptacle. In      With the
body sections assembled as shown addition, the deflector 35 is beveled
down-  in Fig. 6, and with the main passage 25 wardly and inwardly as at
81, relative to the  through them aligned axially, the two body 25 main
passge 25, to deflect regular well tools    90 sections, together with the
aligning ring there- away from the receptacle bore 27 and toward   between,
are tack welded at spaced intervals main bore 41, such regular well tools
being  about their periphery to hold them fast for generally too large in
diameter to pass be-  further welding. Welding is then performed in tween
the deflectors 35 and 36.              the well-known manner beginning at
the 30   The other deflector 36, seen in Fig. 5, is a    95 aligning ring
and continuing around the man- mirror image of deflector 35 and is
installed  drel in successive passes until the external in the same manner
and functions in exactly  recess formed between the upper and lower the
same way as does deflector 35, the pair   chamfers 72 and 52 of the body
sections is of them cooperating to perform their functions  more than
filled by the weld metal. In this 35 as outlined hereinabove.
100 welding process, the aligning ring 84 is pre- Orienting means is
provided in the mandrel  ferably melted, thus providing complete pene- in
the form of an orienting sleeve 31, better  tration of the weld and
providing a joint with seen in Fig. 4. The orienting sleeve 31 is
maximum strength. The inner portion of the cylindrical and is provided with
an orienting  aligning ring 84, although having been 40 slot 32 providing a
downwardly facing shoul-  105 melted in the welding process, should retain
der 33 at its upper end. The shoulder 33 may  its shape to some extent and
form an internal entirely block the top of slot 32, or block it  ridge or
bead approximately as shown in Fig. only partially, as shown. The orienting
sleeve   7, which bead should remain entirely within has a guide surface 34
below the slot 32      the recess defined by the annular inclined 45 which
is directed upwardly toward the bottom   110  surfaces 54 and 74 so that it
will not protrude of the slot, as shown.                        into the
main passage 25 where it might The orienting sleeve 31 may be welded in
interfere with the passage or operation of well place either before or
after the upper and   tools, and the like. main body sections are welded
together. The     It will be noticed that the weld 21 is purely 50
orienting sleeve 31 is inserted in the upper  115 circumferential,
encompassing the mandrel in end of the upper body section and positioned  a
plane normal to its longitudinal axis, and therein above the belly 26 with
its orienting  that it is located at the end of the one-piece slot 32
facing in the opposite direction from  main body section 20a so that this
main body the receptacle bore and with its downwardly   section lends very
significant support to the 55 facing shoulder 33 a predetermined distance
120 mandrel, enabling it to withstand greater dif- above the deflectors
and/or receptacle bore.  ferential pressures both from within and with- It
is well known in the industry that the   out. The web 90 left between and
separating location and orientation of orienting sleeves  the main bore 41
and the receptacle bore 27 are dictated primarily by the particular kicko-
is extremely effective in strengthening the 60 ver tools used in the
particular side pocket  125 mandrel, especially so in the direction in
mandrels and in accordance with the type of    which such strength is most
needed, that is, selectivity employed in the system. The orient-  in a
direction normal to the major axis of the ing sleeve 31 in mandrel 20 can
be oriented  oval tubing and normal to a plane passing as desired and
placed at the desired distance  thorugh the centers of the main and
recepta- 65 above the deflectors and/or receptacle bore    130 cle bores.
Of course, this web adds much    7
GB 2 086 787B     7     strength to the mandrel as just mentioned   section
20a' is rounded as at 98 to resemble above whether the mandrel is oval,
round, or  the shape of the inner portion of the aligning otherwise, since
whatever the shape, there   ring 84 seen in Fig. 6. It is desirable, but
not would exist a web between the main and       necessary, to provide an
internal annular re- 



5 receptacle bores.                         70 cess 99 in the main body
section adjacent the It is readily understood that, since distortion
rounded corner 98 to provide a internal ridge is caused by shrinkage of the
weld metal    100 to more perfectly provide a shape re- upon cooling, the
circumferential weld at the  sembling that of an aligning ring formed inte-
juncture of the two body sections will have  grally with the main body
section. If the 10 little distortion effect since the stresses in-  75
recess 99 is not provided, the main body duced by such weld are evenly
distributed    section should be at least bored for a short about the
mandrel and tend to balance out.   distance to provide a recess similar to
recess These stresses can be relieved by a post-heat  53, 54 of Fig. 6 to
contain the innermost or normalizing operation, and there should be
portion of the weld so that this weld will not 15 little or no need for
subsequent straightening  80 obstruct the main passage 25 through the of
the mandrel.                              mandrel 20. It is understood that
other types of faying  During the welding process, the ridge 98 is surfaces
could be formed on the ends of      melted to become a part of the weld as
shown adjacent body sections preparatory to circum-  in Fig. 28 and provide
full penetration in the 20 ferentially butt welding them together. The  85
same manner that the aligning ring 84 was form illustrated in Fig. 6 and 7
may be      melted to become a part of the weld as preferred by some
fabricators while others   explained in connection with Figs. 6 and 7. may
prefer another form such as that illus-    The weld is completed as before
by tack trated in Fig. 8. For high quality mandrels  welding at spaced
intervals about the mandrel 25 which will be subjected to considerable
pres-    90 and then making successive welding passes sures and loads, it
is highly desirable to   around the mandrel until the recess defined obtain
full penetration of the weld.         by the chamfers 72a and 97 on the
upper While many forms of faying surfaces may    and main body sections is
more than filled be found suitable, the form illustrated in Fig.  with weld
metal. The excess weld metal is 30 8 should be very desirable because it is
very  95 then ground off to provide a surface which is similar to the form
shown in Fig. 6 and      flush with the exterior of the mandrel body as
completely eliminates the aligning ring, and  is clearly shown in Fig. 28.
its attendant difficulty in assembling, while  A similar welded joint can
be produced by permitting full penetration welding. However,  preparing the
ends of the tubular members to 35 satisfactory welds may be accomplished
using   100 be connected approximately as shown in Fig. faying surfaces
such as those seen in Figs.  27. This joint resembles the joints shown both
27, 29, 30, and 31.                          in Fig. 6 and Fig. 8. Its
internal recesses 73a' Referring to Fig. 8 it will be seen that upper  and
99' plus the rounded internal bead or body section 20b' is prepared for
welding    ridge 98' are substantially like those shown in 40 very much as
shown for upper body section    105 Fig. 8 while the external chambers 72a'
and 20b in Fig. 6. Its lower end is faced at 71a,  52' are substantially
like chamfers 72 and 52 externally chamfered at 72a, and shallowly   of
Fig. 6 and form an external circumferential bored providing internal
annular recess 73a  V-groove. This welded joint is completed as having a
side surface 74a which converges    outlined hereinabove by assembling,
tack 45 upwardly and inwardly. The upper end of   110 welding, depositing
continuous welds during main body section 20a' is prepared to appear  which
full penetration is accomplished, over- much like main body section 20a
shown in     filling the external V-groove with successive Fig. 6 but with
the aligning ring, as it were,  weld passes, and then, if desired, grinding
the made integral with the body. The upper end   weld flush with the
exterior of the tubular 50 of the main body 20a' is reduced in outside
115 members. The completed welded joint would dimensions as at 95 so that
this reduced     appear approximately like that shown in Fig. 7 portion is
received in the shallow bore or   or in Fig. 28. recess 73a of the upper
body section and also  Alternatively, good full-penetration welds providing
an upwardly facing shoulder 96     can be accomplished with the end of one
of 55 which abuts the lower end face 71 a of the  120 the tubular members,
such as member 20a of upper body section, as shown in Fig. 8. The  Figs. 6
and 7 or member 20a' of Fig. 8, reduced portion 95 on the upper end of the
prepared even as shown in Figs. 29, 30, or main body section 20a' fits
rather closely in  31. the bore 73a of the upper body section 20b    In
Fig. 29 such tubular member is indicated 60 and maintains the thus engaged
ends of these  125 by the letter M. It has been prepared by two body
sections against lateral displacement  counterboring as at CB and further
prepared to facilitate the tack welding operation. The  by facing the end
of the member to provide a upper end of the main body section is also   rst
planar surface P1 and reducing the outside generously chamfered at 97, as
shown. The    dimension as at D to provide a projection 65 inner edge of
the upper end of the main body   130 which would fit closely but telescope
readily    8
GB 2 086 787B   8 into the counterbore of the mating tubular   and the
orienting sleeve are welded internally member such as counterbore 73a of
tubular    of the mandrel with light low-penetration and body member 20b'
of Fig. 8. The short       low-volume welds which have negligible dis-
projection P is surrounded by a second planar  tortional effect on the
mandrel. (The deflectors 5 surface P2. The member M has been cham    70
could be secured in place by brazing, if de- 



fered generously at C, but preferably would  sired.) be chamfered as shown
in dotted lines as at    It will further be seen that plug welds and Ca.
longitudinally extending welds, which would In similar manner the tubular
member Ma    tend to weaken the mandrel, are not used in 10 seen in Fig. 30
has been prepared in the   75 the construction of the side pocket mandrel
same manner as was the tubular member M      hereinabove described; that
the only weld of of Fig. 29, but additionally has been beveled  consequence
so far as the structural and phy- at B as shown, this bevel B substantially
sical strength, and competence of the mandrel removing the remaining
portion of the first  are concerned is the circumferential weld join- 15
planar surface P1 (seer in Fig. 29).       80 ing adjacent body sections
and that it is both The tubular member Mb has been prepared    strong and
well supported; and that it is non- in a manner similar to that of member
Ma of  longitudinal, and of full penetration, and rela- Fig. 30, but
instead of being provided with  tively non-distorting (due to the stresses
in- the bevel B, the inner corner of the projection  duced thereby being
balanced), as before ex- 20 P (seen in Fig. 29) has been rounded as at R,
85 plained. this rounded surface substantially removing    Side pocket
mandrel 20, having an orient- the remaining portion of the first planar
sur-  ing sleeve in its upper end, as well as such face P1 (seen in Fig.
29). The member Mb of  mandrel without an orienting sleeve, would Fig. 31
has been prepared much like member   find greatest utility in well
installations where 25 20a' of Fig. 8, but it has not been provided  90
flow control devices used in their receptacle with the recess 99.
bores are installed and removed through use Either of the members Ma or Mb
can be      of kickover tools run into the wells and with- chamfered as was
member M at C (Fig. 29),    drawn therefrom on a conventional wireline. but
is preferably chamfered as at Ca (Fig. 29).  Side pocket mandrels having
orienting means 30   When member M, Ma, or Mb is mated with   95 below the
upper end of the receptacle bore a tubular member such as body member 20b
are generally for use in underwater well instal- of Figs. 6-7 or member
20b' of Fig. 8, and   lations where kickover tools are run into and welded
as described hereinabove, the full-   out of the wells through use of
pumpdown or penetration weld would be similar to that    through flow line
(TFL) techniques. In pump- 35 shown in section in Fig. 28.              100
down operations, tool strings are moved In either case, whether the faying
surfaces  through tubing strings and flow lines by are formed as shown in
Fig. 6 (which requires  pumping fluid whose pressure is applied to an
alignment ring), or as shown in Fig. 8, 27,  piston elements forming a part
of each tool 29, 30, or 31, which needs no alignment      string. One such
mandrel for use in pump- 40 ring, full-penetration homogenous welds can
105 down wells is illustrated in Figs. 9-A and be more readily achieved
under oxygen-free   9-B. conditions. Tests have shown that the pair of
Referring now to Figs. 9-A and 9-B, a tubular members should be filled with
an inert  second embodiment of this invention will be gas at least during
the root welding pass or  seen to be indicated by the numeral 120. The 45
passes. This inert gas displaces the oxygen-    110 side pocket mandrel 120
is similar to mandrel laden air from the bores of these assembled  20 in
that it comprises a machined main body members and prevents formation of
scale on   section 120a and an upper body section the inner surface of the
weld, thus permitting  120b joined together by a circumferential the molten
weld metal to form a scale-free,  weld. 50 homogeneous weld which forms a
well-      115  The main body section 120a is machined shaped relatively
flat bead, somewhat as     from an elongate one-piece body blank of  shown
in Fig. 7 or 28, which does not        desired cross-sectional shape as was
the main protrude into the normal bore of the tubular  body section 20a of
Fig. 1-B. A full opening members.                                     main
bore 141 is machined longitudinally 55   While several inert gases may be
suitable    120 through the blank, and receptacle bore 127 for use as a
backing gas in such welding    having a reduced lower portion 127a is ma-
operations as just described, Argon gas has  chined alongside main bore
141, as shown. been found to be excellent.                  Lateral ports
129 communicate the exterior of Welded joints such as those typified by the
the mandrel with the receptacle bore 127 at a 60 welding joints shown in
Figs. 6-8 and 27-31  125 point immediately above reduced bore portion have
been constructed, tested, sectioned and  127a, and cross passage 128
interconnects inspected and found to have full penetration,  the lower end
of the receptacle bore with the excellent physical characteristics, and to
be  main bore 141. substantially distortion free and homogenous.  Recess
144 formed near the upper end of 65  It will further be seen that the
deflectors  130 receptacle bore 127 provides a downwardly    9
GB2086787B     9    facing shoulder 145 engageable by lock       passage
through the ring 191 is full opening means on a flow control device (not
shown) to  and the shoulder 190 thereon is outside the secure such device
in the receptacle bore    full opening bore. where it will control flow
through lateral ports  It should be noted here that U.S. Patents 5 129.
70 4,106,563 and 4,106,564 disclose orienting The upper body section 120b
is formed     means forged integrally with an upper sub 



much like the upper body section 20b of the  which forms the upper most
portion of the side pocket mandrel 20, previously described.  mandrel,
being welded to the mandrel by a It is formed of tubular material, reduced
at its  circumferential weld. The orienting means of 10 upper end as at 161
and threaded as at 122.    75 mandrel 120 herein described is formed int-
It is provided near its upper end with stop    egral with the main body
section, is located at shoulder means which will be later described.  the
lower end of the mandrel 120 and has no The mandrel 120 has a full opening
main      stop shoulder at the upper end of the orient- passage 125
extending therethrough threaded  ing slot. 15 at both ends as at 122 and
123 for connec-  80  Side pocket mandrel 120 performs the tion to a string
of well tubing, the main    same functions as does mandrel 20 but is
passage being continuous with the bore of the  constructed slightly
differently since it is for tubing when the mandrel is connected therein
use in underwater wells and requires use of a and is a part thereof.
pump-down kickover tool. This type of man- 20   Deflectors 135 are welded
to the inner wall   85 drel is very useful in pumpdown operations in
surface of the upper body section 120b in the  underwater wells. proper
position, as shown, to function exactly  Rather than forming the orienting
guide as in the preceding embodiment 20.           surface 134 and slot 132
integrally with the The upper body section 120b is welded to  main body
section as shown, an orienting 25 the lower body section 120a in exactly
the  90 sleeve could be welded or brazed in place same manner that the
upper and lower body    therein to orient a kickover tool. To accom-
sections 20b and 20a were welded together    plish this, the main bore 141
is enlarged at its to provide mandrel 20, as before explained.  lower end
as at 141a for a sufficient distance Main body section 120a has reduced
por-   to accommodate an orienting sleeve similar to 30 tion 147 at its
lower end which is substan-  95 the orienting sleeve 31 of Fig. 4. It is
prefer- tially the size of a tubing coupling and is  able in this case to
bevel the upper end of the provided with an internal thread 123 for at-
counterbore 141a, and the upper outer corner tachment to a tubing string.
Thread 123 is   of the orienting sleeve would likewise be formed in the
lower end of main bore 141.    suitably chamfered so that a cam surface 35
Orienting means is provided in the main  100 rather than a stop shoulder
would be present body section. Although such orienting means  at the upper
end of the orienting slot. This could be provided by an orienting sleeve
orienting sleeve preferably would have holes welded or brazed in place in
main bore 141   of suitable size formed in its wall for non- somewhere
below the upper end of the recep-  structural plug welding of the sleeve in
place 40 tacle bore, the lower body section as shown    105 in counterbore
141a. Such welding, carefully has orienting means formed integrally with
done, would not interfere with the passage of the body 120a as shown. To
provide the      well tools through the orienting sleeve and orienting
means shown in Fig. 9-B, the lower  would leave the guide surface unmarred
by end of main bore 141 is enlarged as at 141a  welding. 45 to provide a
downwardly facing guide surface   110  The side pocket mandrel illustrated
in Figs. 134 shaped like the guide surface 34 of the  1O-A, 10-B, and 11
represents another em- orienting sleeve 31 previously described. This
bodiment of this invention. This mandrel is guide surface 134 is below
orienting slot 132  indicated generally by the numeral 220 and and is
directed upwardly toward the lower end  comprises a main body section 220a,
upper 50 of the slot. The guide surface is outside the  115 body section
220b, and lower body section full open bore. The upper end of the slot 132
220c which are circumferentially welded to- runs out into the main bore 141
and does not  gether as shown. provide a downwardly facing shoulder since
The side pocket mandrel 220 has a full such shoulder is not required in
order to    opening main passage 225 extending there- 55 operate pumpdown
kickover tools used in this  120 through threaded at its opposite ends as
at mandrel. However, such a shoulder could be   222 and 223 for attachment
to a string of provided if desired. Instead, a downwardly   well tubing,
the main passage 225 being facing shoulder 190 for activating a pump-
continuous with the bore of the well tubing down kickover tool is provided
by ring 191   when the mandrel is connected thereto and is 60 disposed in
the upper end of the mandrel 120  125 a part thereof. where it rests upon
upwardly facing shoulder   The main body section 220a is machined 192
formed in the upper body section 120b    from an elongate one-piece blank
in much the and is welded in place by a weld 193, as     same manner that
the main body sections 20a shown, such weld being applied through the   and
120a were machined. A full opening 65 open end of the upper body section.
The   130 main bore 241 is machined longitudinally    10
GB 2 086 787B    10 through the blank and a receptacle bore 227  extends
throughout the full length of the  At is machined alongside the main bore,
as      mandrel. shown. This bore could, if desired, extend     The upper
end of the lower body section only part of the way through the blank, in
220c is prepared as desired for welding as 5 which case the bore would
likely be smaller in   70 before explained. diameter in its lower portion
(below the lateral  Mandrel 220 is assembled so that faying ports, in which
case a cross passage such as  surfaces on the upper and lower ends of main 



cross passage 28 of mandrel 20 would be      body section 220a are properly
abutted with required), or it could extend through the blank  the faying
surfaces on the ends of the upper 10 from end to end. It is preferable to
have the  75 and lower body sections 220b and 220c, receptacle bore pass
completely through the  respectively. Thus assembled and with the blank, as
shown in Fig. 10-B. Receptacle     main passage 225 through the three body
bore 227, as shown, is not reduced in size in  sections aligned axially,
the adjacent body its lower portion as was the receptacle bores   sections
are circumferentially welded together 15 27 and 127 of mandrels 20 and 120.
Recep-   80 in the aforedescribed manner to complete the tacle bore 227 is
enlarged as at 227a from a  mandrel 220. If desired, one of the end body
point above lateral port 229 to a point there-  sections (upper or lower)
can be assembled below to provide adequate flow area in that  and welded to
the main body section before region to permit unhampered flow between
the other section is assembled and welded 20 lateral ports 229 and a flow
control device  85 thereto. (not shown) which may be disposed in the
It was shown that the upper and lower receptacle bore. An internal annular
recess  body sections 220b and 220c were made of 244 is machined in bore
227, near its upper  identical tubular material. For ease of manu- end as
shown, to provide a downwardly fac-   facture and to avoid wastage, these
upper and 25 ing lock shoulder 245 which is engageable by   90 lower body
sections can be formed from a lock means on a flow control device (not
single piece of tubular material by forging the shown) to secure such
device in position to  upper reduced portion 261 on one end of the control
flow through lateral ports 229 which  tubular piece and forging the lower
reduced communicate the receptacle bore with the     portion 247 on the
other end of the same 30 exterior of the mandrel. The receptacle bore  95
tubular piece and in axial alignment therewith. 227 and the main bore 241
through the        These reduced portions are then cleaned up blank
communicate by way of their open       by facing their ends, turning the
reduced lower ends which are in direct communication  portions to proper
size and boring them to with the space inside the lower body section
desired internal diameter to make certain that 35 220c immediately
therebelow. The main body  100 a full-size main passage extends the full
section has both of its ends prepared, as    length of the tubular piece.
This piece is then desired, for later welding to the other body  cut into
two pieces, one of them being the sections.
upper body section and the other piece being The upper body section 220b is
formed in   the lower body section. In the same manner, 40 the same manner
as was the upper body     105 two upper or two lower sections could be
section 20b of the first embodiment and      made and then cut apart.
Making two such would be interchangeable therewith except for  pieces
together is especially expedient and the fact that they are welded to their
respec-   economical where the die forging equipment tive main body
sections. Their structure, func-.  cannot perform the required forging
opera- 45 tions, and characteristics are identical   1 10 tion on short
pieces because considerable The upper body section is reduced at its
length may be required for gripping purposes. upper end as at 261 above the
belly 226 to  The shorter lower body section may be too the same diameter
as a tubing coupling, and  short to forge on some equipment, so tubular
this reduced portion has a bore 262 in which  material can be saved by
forging the sections 50 a conventional orienting sleeve 231 is welded   115
in pairs and cutting them apart later. about its upper end, as before.
Deflectors 235     The side pocket mandrel 220 of Figs. 10-A are welded to
the inner wall of the upper body  and 10-B, when furnished with or without
section before this section is welded to the   the orienting sleeve 31,
finds greatest utility main body section 220a as before explained.   in
wells where flow control devices are to be 55   The lower body section 220c
of side pocket    20  inserted in or removed from the receptacle mandrel
220 is formed in the same manner in     bore 227 through use of suitable
kickover which the upper body section 220b is       tools lowered into the
well and manipulated formed. It is formed of the same tubular     by
conventional wireline techniques. material used to form the upper body
section.   The side pocket mandrel illustrated in Figs. 60 The lower end of
the lower body section 220c 125  12-A and 12-B represents another preferred
is reduced as at 247, is finish to the same  embodiment of this invention
and is seen to diameter as a tubing coupling, and bored and  be indicated
generally by the numeral 320. It internally threaded as at 223 for
attachment  is very similar to the side pocket mandrel of to a tubing
string. This thread is concentric  Figs. 10-A and 10-B, except that it has
its 65 about the axis of the main bore 225 which    130 orienting sleeve in
its lower end and a tripping    11
GB2086787B    11 ring in its upper end and is, therefore, for use  320e of
orienting sleeve 331 disposed as primarily in wells such as underwater
wells  shown in Fig. 12-B. where flow control devices are inserted in and
Orienting sleeve 331 is formed as shown in removed from the side pocket
mandrel         Fig. 13. It is cylindrical with an orienting slot 5 through
use of a pumpdown kickover tool    70 332 open at both ends. It has an
orienting pumped into the well as a part of a pump-    guide surface 334
below slot 332 and di- down tool string.                           rected
upwardly toward the slot in the usual Side pocket mandrel 320 comprises a
main   manner. The sleeve is placed in the lower 



body section 320a which may be identical to    body section in position
surrounding the main 10 the main body section 220a of the mandrel  75
passage through the mandrel and is welded in 220, and an upper body section
320b which     place as at 333 as clearly seen in Fig. 14. A may be
identical to the upper body section   series of holes 335 is provided in
the sleeve 120b of mandrel 120, and a lower body       on the side opposite
the orienting slot to section 320c which is much like the lower
facilitate flow between the main bore and the 15 body section 220c with the
exception of the  80 lower end of the receptacle bore. addition of an
orienting sleeve.               The side pocket mandrel 320 is of circum-
The main body section 320a is machined     ferentially welded construction
the same as from an elongate one-piece body blank as was  the mandrels
described hereinabove. It serves main body section 220a described earlier.
It  the same functions as does the mandrel 120, 20 has a full opening main
bore 341 and a     85 both of them finding principal utility in under-
receptacle bore 327 extending alongside      water wells in which
operations are performed thereof. Main bore 341 forms a part of and is
through use of well-known pumpdown tech- continuous with main passage 325
which       niques. extends throughout the full length of the      In some
gas lift installations having side 25 mandrel. Receptacle bore 327 is
enlarged at    90 pocket mandrels services by means of pump- 327a in the
region of the lateral ports 327  down tools which must be moved through the
which communicate the receptacle bore 327    well tubing by circulation of
liquids such as with the exterior of the mandrel. Near its   water, salt
water, or oil, problems arise when upper end, receptacle bore 327 is
enlarged as  the circulation path becomes short circuited 30 at 344 to
provide a downwardly facing shoul-   95 because of one or more vacant side
pocket der 345 engageable by lock means on a flow  receptacles. This can,
for instance, happen control device (not shown) to lock such device  very
readily in dual wells such as illustrated in in the receptacle bore in
position to control  Fig. 16. flow through the lateral ports 329.
In Fig. 16, the well installation 400 is 35   Both the upper and lower ends
of main  100 equipped with casing 401 penetrating upper body section 320a
are prepared in the desired  and lower producing formations 402 ad 403,
manner for circumferentially welding to the  respectively, which
communicate with the cas- other body sections.                        ing
bore 404 through perforations 405 and The upper body section 320b is the
same   406, respectively. 40 as upper body section 120b of mandrel 120
105  Long and short tubing strings 411 and and performs exactly the same
functions. It is  412, respectively, are disposed within the provided with
shoulder means in its reduced  casing, the long string 411 terminating
adja- upper end portion 361 for activating a pump-  cent the lower zone 403
and its bore 414 down kickover tool. A cylindrical ring 391   communicating
therewith through perforations 45 having a full opening bore therethrough
and a  110 406 while the short string 412 has its lower downwardly facing
internal annular shoulder  end disposed adjacent the upper zone and its 390
thereon is disposed on top of upwardly   bore 415 communicating therewith
through facing shoulder 392 formed in the reduced    perforations 405.
portion 361. The ring is welded or brazed in   The upper ends of the long
and short 50 place as shown by weld 393 which is applied   115 tubing
strings 411 and 412 are provided with through the open end of the upper
body       valves 417 and 418, respectively, at their section. This ring
may be installed either   upper ends which are connected to flow lines
before or after the section is circumferentially  419 and 420,
respectively. welded to the main body section.               A single well
packer 422 is disposed be- 55   The lower body section 320c is similar to
120 tween the upper and lower zones 402 and lower body section 220c of
mandrel 220, but  403 and seals the annulus between the tub- is modified by
providing an orienting sleeve  ing 411 and the casing 401. A dual well
therein for orienting a pumpdown type kicko-  packer is disposed a short
distance above the ver tool generally used in pumpdown or       upper zone
402 and seals the annulus be- 60 underwater wells.
125 tween the two tubing strings (41 and 412) The main bore of the lower
body section is  and the casing 401. The thus isolated upper bored out a
little deeper than was the main  and lower zones 402 and 403 communicate
bore of lower body 220c and provides an      with the short and long tubing
strings 412 inclined downwardly facing shoulder 320d     and 411,
respectively, and the flow streams 65 which is engaged by the chamfered
upper end  130 from the two formations cannot commingle.    12
GB2086787B    12 The long tubing string 411 and the short    means more
clearly shown in Fig. 18. It is tubing string 412 are fluidly connected
readily seen that lift gas from exterior of the    through the lateral
tubular connecting mem-   side pocket mandrel must pass through the ber 424
so that liquids can be circulated     lateral port means to enter the
receptacle bore 5 down one tubing string, through the lateral  70 427. It
is preferable that the total flow capa- connection 424, and up the other
tubing       city of the plurality of lateral flow port means, string to
the surface in U-tube fashion. Of   with check valves therein, equal to
exceed the course, during such circulation operation,    flow capacity
through the gas lift valve or standing valves 425 and 426 are disposed in
other flow control device disposed within the 



10 the long and short tubing strings 411 and   75 receptacle bore of the
side pocket mandrel, 412, respectively, at a level below the lateral  this
in keeping with good design practices. connection 424 to prevent pumping of
liquids    The body 430a of mandrel 430 is provided into either of the
formations 402 and 403.   with a plurality of lateral passages 429 which
The long tubing string 411 is provided with  communicate the exterior of
the mandrel with 15 one or more side pocket mandrels such as   80 the
receptacle bore 427. Passage 429 is upper, intermediate, and lower side
pocket    enlarged as at 460 and further enlarged at mandrels 430, 431, and
432, respectively,     461 as shown to receive the check valve while the
short tubing string 412 is similarly  assembly. provided with upper and
lower side pocket       The check valve assembly 462 includes a 20 mandrels
433 and 434, respectively.         85 check valve cage 464, a ball 465, and
a Using pumpdown tools and techniques,        check valve seat member 466
assembled as flow control devices in the side pocket man-  shown. Referring
to Fig. 21, it will be seen drels 430-434 can be serviced in the usual
that the check valve cage 464 has a flow manner. However, since the
location of pump-  passage 467 therein which is about equal in 25 down
tools is determined principally by volu-    90 size to that of passage 429
in the mandrel metric measurements of the liquids pumped,    body and which
is enlarged at 468 providing and since a vacant receptacle in a side pocket
an inclined shoulder 469. The cage is pro- mandrel in either of the tubing
strings could  vided with crossed slots 470a and 470b and allow some of the
pumped liquid to pass       these slots extend upwardly in Fig. 21 for 30
outwardly from the well tubing through the  95 some distance above shoulder
469. Thus, the lateral port(s) into the annulus, or permit lift  crossed
slots provide a plurality of dependent gas from the annulus to enter
through such    fingers 471 having inwardly projecting. bosses port into
the tubing, volumetric measurements   471a. Enlarged bore 468 is only
slightly of pumped liquids can be very inaccurate.     larger than the
diameter of ball but normally 35 Such inaccuracy can result in performing
oe-   100 the ball is in engagement with the bosses prations at the wrong
location in the well such  471a and the crossed slots provide ample as in
the wrong side pocket mandrel or the    flow passage past the ball. like,
and this can be both costly and time      The check valve seat member 466
has a consuming.                                    passage 466a
therethrough approximately 40   In gas lifting of such dual wells where at
105 equal in diameter to passage 429 in the least one string of well tubing
therein is    mandrel and providing a seat at 466d en- equipped with side
pocket mandrels of the      gageable by ball 465. Passage 466a is en- type
discussed above, check valves are          arged as at 466b to provide an
abrupt shoul- needed to prevent back flow, that is, out flow  der 466c.
Enlarged bore 466b is sized to 45 through the lateral port. Check valves
will  110 receive the upper end of the cage 464 which thus permit
maintaining a fluid presure in the  is telescoped thereinto as shown in
Fig. 19. circulating system at a valve-exceeding the     The cage 464 may
be bonded to the seat pressure in the annulus and thus maintain the  member
466 with the ball 465 inside, if check valves closed and preclude any flow
desired. The check valve parts may be formed 50 through the lateral ports.
115 of any suitable materials. The ball is prefera- The side pocket
mandrels 430-434 are       bly formed of stainless steel. The cage and each
provided with a plurality o ateral ports  seat member may be made of steel,
stainless 430d, 431d, 432d, 433d, and 434d, respec-     steel, brass, or
the like metallic materials, but tively, and each of these ports contains
check  may preferably be formed of plastic material. 55  valve means to
prevent back flow or outflow  120 Thermoset plastics such as Phillips'
RYTON therethrough.                               (Polyphenylene Sulfide)
or DuPont's VESPEL Fig. 17 shows a side pocket mandrel 430    "SP-1"
Polyimide Resin, for instance, are which, except for the lateral port
means, is   very suitable materials from which to mold the shown to be
exactly like side pocket mandrel  cage and seat member, and especially the
60 320 of Figs. 12-A and 12-B, but could be   125 seat member. These
materials are suitable for similar to any of the side pocket mandrels
injection molding, have adequate strength, shown in Figs. 1-15.
and the seat will conform to the ball to make The side pocket mandrel 430
of Fig. 17 is   a good seal (There is a second form of provided with a
plurality of lateral port means   Polyphenylene Sulfide which is a
thermoplas- 65 430d each of which includes check valve    130 tic suitable
for compression molding. This    3
GB 2086787B    13 material may be suitable for making check      minations
of the location of the pumpdown valve seats such as seat 466 but would not
tool string at any given time. be as suitable in production since injection
It is possible to provide check valves similar molding has advantages over
compression        to the check valve assembly 462 just de- 5 molding).
70 scribed but which checks flow in the opposite The checkvalve assembly
462 (composed of     direction. Such a check valve, prevents flow cage 464,
ball 465, and seat 466) is dis-     from exterior of the side pocket
mandrel into posed in the lateral passage of the mandrel as  its receptacle
bore. shown in Fig. 19 after a suitable seal ring     Fig. 22 illustrates a
system wherein such 10 such as o-ring 473 has been placed about the    75
side pocket mandrels find utility. In Fig. 22 a 



cage. The check valve cage and seat are        well casing 500 is shown to
penetrate three telescopingly assembled to one another and     underground
formations which are indicated form a handy cartridge. If the cage and seat
by numerals 501, 502, and 503, represent- are formed of plastic material as
mentioned    ing the upper, intermediate, and lower forma- 15 above,
bonding them together may be desir-  80 tions, respectively. These
formations commu- able.                                         nicate with
the bore 504 of the casing The cage portion of the check valve assem-
through perforations 505, 506, and 507, bly 462 is disposed in enlarged
bore portion   respectively. A tubing string 508 is disposed 460 while the
seat member 466 is disposed      in the casing 500 with its lower end
adjacent 20 in further enlarged bore portion 461, the o-  85 lower
formation 503. A first well packer 509 ring 473 being confined between the
shoul-   seals between the tubing and casing and der formed by the abrupt
transition from bore  separates the lower formation from the inter- 460 to
bore 461 and the end of the seat        mediate formation. A second well
packer member; and it is als confined between the     509a seals the
annulus between the tubing 25 exterior surface of the cage and the wall of
90 and casing and separates the intermediate bore 461, thus to prevent flow
of fluids       from the upper formation. around the cage.
The tubing string 508 includes a first side A washer-like back-up member
475 having      pocket mandrel 510 disposed opposite the a passage 475a
therethrough equal in size to   upper formation and a second such mandrel
30 lateral passage 429 is installed after the check   95 511 disposed
opposite the intermediate for- valve assembly 462, as shown, and supports
mation while a suitable landing nipple 512 is the seat member, which may be
formed of a      disposed adjacent the lower formation. relatively
yieldable, non-metallic material,     Well tools (not shown) such as
injection against high internal pressures pressing the   regulators or the
like are disposed in the 35 ball 465 against the seat with considerable
100 receptacle bores of both mandrels 510 and force.
511 and also in the landing nipple 512. A retaining ring such as snap ring
476 is      Fluids injected into the well from the sur- disposed in annular
recess 477 to retain the   face move downwardly through the tubing check
valve mechanism in place as shown in     and are injected into the separate
formations 40 Fig. 19. When the ball 465 is "on seat" as    105 501, 502,
and/or 503 under control of the shown, outflow cannot take place from
recep-  injection regulators or the like (not shown). tacle bore 427 to the
exterior of the mandrel  Such fluids may be injected into the forma- since
the ball closes passage 466a of the     tions for the purpose of
maintaining their seat. Flow from exterior of the mandrel to the  pressures
as in water drive or recycling pro- 45 receptacle bore 427 may take place
readily  110 jects or they may be injected merely to dis- since such inflow
will move the ball 465 to an  pose of such liquids. In either case the
forma- "off seat" position permitting flow to take    tion pressures may be
considerable. place through the seat passage 466a. Even if     When one of
the injection regulators (not the ball is in engagement with the internal
shown) is removed from one of the side 50 bosses 471 a of cage fingers 471,
fluids may   11 5 pocket mandrels 510, or 511, fluids from the flow freely
around the ball, pass through slots  corresponding formation may tend to
flow into 470a and 470b and flow back into lateral      the tubing and
perhaps from there into one of passage 429 and thereafter enter the
recepta-  the other formations. The reverse check valves cle bore.
in the lateral ports of the mandrels, however, 55   Provision of check
valves in side pocket  120 will prevent such occurence. mandrels as just
described makes it possible     A side pocket mandrel having such reverse
in a system such as that illustrated in Fig. 16  check valves is shown in
Fig. 23 and is to maintain fluid pressures in the tubing      indicated by
the numeral 600. Mandrel 600 strings in excess of the pressures in the
annu-  is very similar to the mandrel 20 of Figs. 9-A 60 lus exterior
thereof to maintain the check  125 and 9-B except for its lateral porting
which valves in all of the mandrels closed and thus  includes check valves
mounted therein and prevent transfer of fluids between the tubing  seen in
the cross-sectional view, Fig. 24. and casing. In this way, accurate
volumetric   Mandrel 600 could be constructed like that of measurements can
be made of the liquids        mandrel 430 of Fig. 17, if desired, or like
any 65 pumped, thus permitting more accurate deter-  130 of the others
described hereinabove, since this    14
GB 2 086 787B     14 mandrel can be used with wireline as well as  valve
assembly 662 cap be easily changed with pumpdown equipment.
from the Fig. 25 position to the Fig. 26 Fig. 25 is a magnified view
showing one of  position as required. This, then, has the ad- the check
valves of Fig. 24. In this view the  vantage of stocking mandrels having
lateral 5: check valve assembly 662 is shown in posi-    70 ports
counterbored and recessed as shown in tion for preventing fluid flow from
the exterior  Figs. 25 and 26 and stocking check valve of the mandrel 600
into its receptacle bore  assemblies such as the assembly 662. Man- 627.
Mandrel body 600a is formed with a      drels can then be supplied with or
without main bore 641 and a recepatacle bore 627. A  check valves, and with
the check valves in the 10 lateral passage 629 communicates the recep-
75 regular or reversed position. Further, mandrels tacle bore 627 with the
region exterior of the  used for one type of installation can be readily 



mandrel.                                   converted for another type of
installation. Fur- Lateral passage 629 is enlarged at 630 to  ther,
replacement or inversion of the check receive the check valve assembly 662,
and    valves can be readily and easily accomplished 15 this bore is
provided with a suitable internal  80 in the field without necessity of
sending the annular recess 677 in which a retainer ring  mandrels to a shop
or to the factory. such as snap ring 676 is disposed to hold the  Either of
the check valve assemblies 462 or check valve assembly in place. A suitable
662 is readily and inexpensively producible in back-up in the form of a
washer-like disk 6765  the cartridge-like form which may be termed a 20
having a central aperture 675a which is sub-    85 cartridge-type check
valve. This is especially stantially equal in size to passage 629 is   true
where the cage and seat are injection disposed between the check valve and
the     molded of RYTON or VESPEL "SP-1" and snap ring to lend support to
the check valve  then telescoped together (and even bonded) cage 664 which
may be formed of plastic      with the stainless steel ball enclosed
therein. 25 material.                                 90  Thus, it has been
shown that side pocket Check valve assembly 662 is very similar to
mandrels embodying this invention comprise check valve assembly 462
previously de-      a one-piece main body section having a side scribed.
Check valve cage 664 is provided    pocket receptacle bore machined therein
with a bore 668 which is enlarged as at 669  alongside the main bore and
that an upper 30 and further enlarged at 669a to receive the  95 body
section is welded to the upper end of seat member 666 and provides a
shoulder      the main body section by a circumferential 669b which stops
the seat member 666 in     weld, this upper body section having a belly the
proper position in the cage as shown. The  therein offset from the full
opening main cage is provided with fingers 670b having    passage which
extends straight through the 35 internal bosses 671 a like those of the
check    100 mandrel from end to end and of which the valve cage 464
previously described.         main bore of the main body forms a part. It A
ball 665 which may be exactly like ball  has been shown that the lower end
of the 465, previously described, is disposed inside  main body section can
be formed with means the cage 664 before the seat member 666 is   thereon
for connection to a well tubing string 40 inserted in bore 669a of the cage
and is  105 and that it can alternatively be provided with preferably a
close fit therein. It is shouldered  a lower body section which is welded
to the against shoulder 669b. If desired, the seat   lower end thereof,
adapting the main body for 666 can be more securely attached to the
attachment to a well tubing string. Thus, the cage 664. This is
particularly desirable if the  mandrels may comprise two or three body 45
cage and seat are to be made of a non-     110 sections. metallic material
such as molded RYTON or      Additionally, it has been shown that these
VESPEL "SP-1" as mentioned hereinabove      mandrels utilize only
circumferential welds in with respect to check valve assembly 462, in
their structural design and that these welds whch case they are preferably
bonded. In     are strong, being able to withstand high dif- 50 either
case, the assembly forms a cartridge-    115 ferential pressures, internal
or external, and like check valve device which is easily     further
strengthened by the one-piece body handled.
section which is massive and which has a web A seal ring such as o-ring 663
is placed   between the main and receptacle bores. Also, about the seat 666
as shown to seal between  the circumferential welds used in these man- 55
it and the mandrel body 600a.            120 drels cause little distortion
since the stresses It is clear that the check valve assembly  resulting
therefrom care distributed equally 662 will permit outflow from the
receptacle  about the mandrel so that they are balanced bore but will
prevent inflow.              and so that little or no straightening of the
It is now obvious that the check valve     mandrel is subsequently
required. The circum- 60 assembly 662, shown in reverse check posi-   125
ferential welds are full-penetration welds, and tion in Fig. 25, can be
inverted or flopped    they do not restrict or interfere with the flow end
for end relative to the position shown in  passage through the mandrel. It
should also Fig. 26, in which position it serves as a  be noted that these
mandrels, while being regular check valve like that illustrated in Fig.
stronger, are also economical to manufacture. 65 19 and will prevent
outflow. Thus, the check   130  It has been shown that these mandrels may
15
GB2086 787B    15 be provided with orienting means and/or de-   ture,
stocking, and inventory operations. flector means, as desired, and that
such         Further; it has been shown that full-penetra- means are welded
inside the mandrel without   tion, homogenous welds of superior quality
using plug welds which require that a hole be  and strength for
high-pressure service can be 5 made through the mandrel wall preparatory to
70 achieved by permanently joining together a such plug welding. Instead,
the orienting      pair of tubular members using the methods means and
deflector means are welded inside    set forth hereinabove; and that
superior side the mandrel by access through the end of the   pocket
mandrels can be provided through use mandrel body, some such welding being
done     of the structures and methods of construction 10 before the
mandrel body sections are joined  75 and methods of welding set forth
herinabove. by circumferential welding, but some of which   It also has
been shown that the orienting can be accomplished after assembly although
sleeves and trip rings can be welded in place 



this is not preferable. The light welds used for  as described or secured
in place by brazing attaching the orienting means and the deflec-  such as
is commonly done in a furnace, an 1 5 tor means are shallow penetration
welds and  80 induction furnace, or the like, which brazing have little
affect on the mandrel so far as    operations are well-known. It is even
antici- distortion, stresses, and competence are con-  pated that the
deflectors might be secured in cerned.
place by brazing if desired. It has also been shown that these mandrels
In either case, the term welding as applied 20 may be provided with the
orienting means in    85 to such orienting sleeves, trip rings, and their
upper or lower ends depending upon the   deflectors includes brazing.
techniques to be used in installing and remov-   Reference is made to our
copending appli- ing flow control devices used therein. If wirel-  cation
No. 8027358 from which the present ine techniques are to be employed, the
orient-  application has been divided. Application No. 25 ing sleeve will
generally be placed in the  90 8027358 describes and claims a Side Pocket
upper end of the mandrel. If pumpdown (TFL)    Mandrel and Method of
Construction. techniques are to be used, the orienting means will be
located below the upper end of   CLAIMS the receptacle bore.
1. A method of joining a pair of tubular 30   It should be understood that
the main body    95 members in coaxial relationship by a circum- section
120a, 220a, or 320a of side pocket    ferential weld, comprising facing one
end of mandrel 120, 220, or 320, respectively, like   the first of said
pair of tubular members to main body section 20a of side pocket mandrel
provide a planar end surface normal to its 20, may be formed from a
one-piece main       longitudinal axis, counterboring the faced end 35 body
blank which has been produced by      100 of said first member to provide
an internal casting, forging, or similar process. Main     recess
terminating with a sloping surface body blanks produced by such processes
may    spaced from said faced end and converging in be cast or forged with
the main bore therein.  the opposite direction therefrom, chamfering This
main bore may or may not require finish   the faced end of said first
member externally, 40 machining, depending on the quality of the  105 said
chamber leaving a narrow portion of said casting or forging. In either case
the claims  planar end surface to be abutted by a corre- appended hereto
anticipate such side pocket    sponding planar surface of the second of
said mandrels and their method of construction,     pair of tubular members
when mated there- and such mandrels and method for their con-    with for
welding, facing the end of the second 45 struction are understood to fall
within the  110 of said pair of tubular members to provide a scope of the
appended claims.                 first planar surface, reducing the outside
di- It has been shown, too, that check valves    mension of said first
planar surface to form a can be provided in the lateral ports or pas-
short extension on the end of said second sages of the side pocket mandrels
discussed    tubular member and a second planar surface 50 hereinabove for
controlling fluid flow through   115 surrounding said extension and being
parallel the lateral ports; that the check valves can be  to said first
planar surface, said extension installed to check outflow or inverted, that
is  being dimensioned to fit relatively closely in turned end-for-end, to
check inflow; that the  said counterbore of said first tubular member,
check valve assemblies are readily installed or  counterboring the faced
end of said second 55 removed in the field without expert or factory   120
member to form an internal recess terminating help and, therefore, are
readily changeable    with a sloping surface spaced from said faced from
inflow to outflow mode, or vice versa;    end and converging in the
opposite direction that the check valves are readily and economi-
therefrom, chamfering the end of said second cally producible in cartridge
form by attaching  member externally reducing the width of said 60 the seat
to the cage with the ball trapped  125 second planar surface, the
dimensions of said therebetween; that the seat and cage are       second
planar surface substantially equaling ideally injection molded of suitable
plastic  those of said planar surface remaining on said material and
assembled together to provide a   first tubular member, mating said pair of
cartridge-type check valve; and that the inver-  tubular members with their
planar surfaces 65 tible check valve assembly simplifies manufac-  130
fully abutting one another, the chamfers of    15
GB 2086 787B    15 be provided with orienting means and/or de-  ture,
stocking, and inventory operations. flector means, as desired, and that
such     Further, it has been shown that full-penetra- means are welded
inside the mandrel without  tion, homogenous welds of superior quality
using plug welds which require that a hole be  and strength for
high-pressure service can be 5 made through the mandrel wall preparatory to
70 achieved by permanently joining together a such plug welding. Instead,
the orienting    pair of tubular members using the methods means and
deflector means are welded inside  set forth hereinabove; and that superior
side the mandrel by access through the end of the  pocket mandrels can be
provided through use mandrel body, some such welding being done   of the
structures and methods of construction 10 before the mandrel body sections
are joined  75 and methods of welding set forth herinabove. by
circumferential welding, but some of which  It also has been shown that the
orienting can be accomplished after assembly although  sleeves and trip
rings can be welded in place this is not preferable. The light welds used
for  as described or secured in place by brazing 



attaching the orienting means and the deflec-  such as is commonly done in
a furnace, an 15 tor means are shallow penetration welds and  80 induction
furnace, or the like, which brazing have little affect on the mandrel so
far as  operations are well-known. It is even antici- distortion, stresses,
and competence are con-  pated that the deflectors might be secured in
cerned.                                      place by brazing if desired.
It has also been shown that these mandrels   In either case, the term
welding as applied 20 may be provided with the orienting means in    85 to
such orienting sleeves, trip rings, and their upper or lower ends depending
upon the  deflectors includes brazing. techniques to be used in installing
and remov-  Reference is made to our copending appli- ing flow control
devices used therein. If wirel-  cation No. 8027358 from which the present
ine techniques are to be employed, the orient-  application has been
divided. Application No. 25 ing sleeve will generally be placed in the  90
8027358 describes and claims a Side Pocket upper end of the mandrel. If
pumpdown (TFL)  Mandrel and Method of Construction. techniques are to be
used, the orienting means will be located below the upper end of  CLAIMS
the receptacle bore.                           1. A method of joining a
pair of tubular 30   It should be understood that the main body    95
members in coaxial relationship by a circum- section 120a, 220a, or 320a of
side pocket   ferential weld, comprising facing one end of mandrel 120,
220, or 320, respectively, like  the first of said pair of tubular members
to main body section 20a of side pocket mandrel  provide a planar end
surface normal to its 20, may be formed from a one-piece main
longitudinal axis, counterboring the faced end 35 body blank which has been
produced by     100 of said first member to provide an internal casting,
forging, or similar process. Main   recess terminating with a sloping
surface body blanks produced by such processes may     spaced from said
faced end and converging in be cast or forged with the main bore therein.
the opposite direction therefrom, chamfering This main bore may or may not
require finish  the facead end of said first member externally, 40
machining, depending on the quality of the  105 said chamber leaving a
narrow portion of said casting or forging. In either case the claims
planar end surface to be abutted by a corre- appended hereto anticipate
such side pocket  sponding planar surface of the second of said mandrels
and their method of construction,   pair of tubular members when mated
there- and such mandrels and method for their con-  with for welding,
facing the end of the second 45 struction are understood to fall within the
110 of said pair of tubular members to provide a scope of the appended
claims.                first planar surface, reducing the outside di- It
has been shown, too, that check valves  mension of said first planar
surface to form a can be provided in the lateral ports or pas-  short
extension on the end of said second sages of the side pocket mandrels
discussed  tubular member and a second planar surface 50 hereinabove for
controlling fluid flow through   115 surrounding said extension and being
parallel the lateral ports; that the check valves can be  to said first
planar surface, said extension installed to check outflow or inverted, that
is  being dimensioned to fit relatively closely in turned end-for-end, to
check inflow; that the  said counterbore of said first tubular member,
check valve assemblies are readily installed or  counterboring the faced
end of said second 55 removed in the field without expert or factory   120
member to form an internal recess terminating help and, therefore, are
readily changeable  with a sloping surface spaced from said faced from
inflow to outflow mode, or vice versa;  end and converging in the opposite
direction that the check valves are readily and economi-  therefrom,
chamfering the end of said second cally producible in cartridge form by
attaching  member externally reducing the width of said 60 the seat to the
cage with the ball trapped  125 second planar surface, the dimensions of
said therebetween; that the seat and cage are     second planar surface
substantially equaling ideally injection molded of suitable plastic  those
of said planar surface remaining on said material and assembled together to
provide a-  first tubular member, mating said pair of cartridge-type check
valve; and that the inver-  tubular members with their planar surfaces 65
tible check valve assembly simplifies manufac-  130 fully abutting one
another, the chamfers of    16
GB2086787B            16 said pair of tubular members together forming
gether by one or more circumferential welds an external recess with
inwardly convergent   made in accordance with the method of claim walls
extending about said pair of members;    6, one of said tubular body
sections being an tack welding the mated tubular members to-     elongate
one-piece section having a main bore 5 gether at spaced intervals
thereabout; welding    70 extending therethrough and a receptacle bore said
pair of tubular members together by       extending alongside said main
bore. making a series of welding passes thereabout     11.  A method of
joining tubular members starting in the bottom of the external recess  as
claimed in claim 1 and substantially as and continuing until the recess is
more than  hereinbefore described. 10 filled with weld metal, said
projection on said    75   12. A side pocket mandrel as claimed in second
tubular member being substantially      any one of claims 7 to 10 and
substantially as  melted during the welding operation, said
hereinbefore described with reference to and  weld leaving the bore of said
pair of tubular  as shown in  the accompanying drawings. members
unrestricted thereby.
________________________________________________________ 



15   2. The method of claim 1 including the        Printed for Her
Majesty's Stationery Office additional step of chamfering the inner edge
by Burgess & Son (Abington)(Ltd.--1983.                        of said
second tubular member, substantially   Published at The Patent office, 25
Southampton Buildings, removing the remaining portion of said first
London, WC2A 1ay, from which copies may be obtained. planar surface. 20
3. The method of claim 1 including the additional step of rounding the
inner edge of said second tubular member, substantially re- moving the
remaining portion of said first planar surface. 25   4. The method of claim
1, 2 or 3 includ- ing the further step of removing the excess weld metal to
a level flush with the exterior of said pair of tubular members. 5. The
method of claim 1, 2, or 3 wherein 30 said chamfers on said pair of tubular
members are so shaped that said external recess formed thereby when said
tubular members are as- sembled has a profile comprising convergent side
walls connected to a substantially flat 35 bottom by arcuare lines. 6. The
method of claim 5, including the further step of removing the excess weld
metal to a level flush with the exterior of said pair of tubular members.
40   7. A side pocket mandrel comprising a plurality of tubular body
sections joined to- gether by one or more circumferential welds made in
accordance with the method of claim 1, 2, or 3, of said tubular body
sections being 45 an elongate one-piece section having a main, bore
extending therethrough and a receptacle  bore extending alongside said main
bore. 8. A side pocket mandrel comprising a plurality of tubular body
sections joined to- 50 gether by one or more circumferential welds made in
accordance with the method of claim
4, one of said tubular body sections being an
elongate one-piece section having a main bore extending therethrough and a
receptacle bore 55 extending alongside said main bore. 9.  A side pocket
mandrel comprising a plurality of tubular body sections joined to- gether
by one or more circumferential welds made in accordance with the method of
claim 60 5, one of said tubular body sections being an elongate one-piece
section having a main bore extending therethrough and a receptacle bore
extending alongside said main bore.  10. A side pocket mandrel comprising a
65. plurality of tubular body sections joined to-    


