
WO 2008/076567 PCT/US2007/084884  APPARATUS AND METHOD
FOR PROCESSING FLUIDS FROM A WELL  CROSS REFERENCE TO
RELATED APPLICATION [0001] This application claims
priority to Great Britain Provisional Patent
Application No. GB0625526.9, entitled "Apparatus and
Method", filed on  December 18, 2006, which is herein
incorporated by reference. FIELD OF THE INVENTION
[0002] The present invention relates to apparatus and
methods for  processing well fluids. Embodiments of
the invention can be used for  recovery and injection
of well fluids. Some embodiments relate especially but
not exclusively to recovery and injection, into either
the same, or a different  well. BACKGROUND  [0003]
This section is intended to introduce the reader to
various aspects  of art that may be related to various
aspects of the present invention, which  are described
and/or claimed below. This discussion is believed to
be helpful  in providing the reader with background
information to facilitate a better  understanding of
the various aspects of the present invention.
Accordingly, it  should be understood that these
statements are to be read in this light, and  not as
admissions of prior art. [0004] As will be
appreciated, oil and natural gas have a profound
effect on  modern economies and societies. In order to
meet the demand for such  natural resources, numerous
companies invest significant amounts of time  and
money in searching for and extracting oil, natural
gas, and other  subterranean resources from the earth.
Particularly, once a desired resource  is discovered
below the surface of the earth, drilling and
production systems  are employed to access and extract
the resource. These systems can be  located onshore or
offshore depending on the location of a desired
resource.  Further, such systems generally include a
wellhead assembly through which WO 2008/076567
PCT/US2007/084884  



the resource is extracted. These wellhead assemblies
generally include a  wide variety of components and/or
conduits, such as a christmas tree (tree),  various
control lines, casings, valves, and the like, that
control drilling and/or  extraction operations. [0005]
Subsea manifolds such as trees (sometimes called
christmas trees)  are well known in the art of oil and
gas wells, and generally comprise an  assembly of
pipes, valves and fittings installed in a wellhead
after completion  of drilling and installation of the
production tubing to control the flow of oil and  gas
from the well. Subsea trees typically have at least
two bores one of which  communicates with the
production tubing (the production bore), and the other
of which communicates with the annulus (the annulus
bore). [0006] Typical designs of conventional trees
may have a side outlet (a  production wing branch) to
the production bore closed by a production wing  valve
for removal of production fluids from the production
bore. The annulus  bore also typically has an annulus
wing branch with a respective annulus wing  valve. The
top of the production bore and the top of the annulus
bore are  usually capped by a tree cap which typically
seals off the various bores in the  tree, and provides
hydraulic channels for operation of the various valves
in the  tree by means of intervention equipment, or
remotely from an offshore  installation. [0007] Wells
and trees are often active for a long time, and wells
from a  decade ago may still be in use today. However,
technology has progressed a  great deal during this
time, for example, subsea processing of fluids is now
desirable. Such processing can involve adding
chemicals, separating water  and sand from the
hydrocarbons, etc. [0008] Conventional treatment
methods involve conveying the fluids over  long
distances for remote treatment, and some methods and
apparatus  include localized treatment of well fluids,
by using pumps to boost the flow  rates of the well
fluids, chemical dosing apparatus, flow meters and
other  types of treatment apparatus. [0009] One
problem with locating the treatment apparatus locally
on the  



tree is that the treatment apparatus can be bulky and
can obstruct the bore of  2 WO 2008/076567
PCT/US2007/084884  the well. Therefore, intervention
operations requiring access to the wellbore  can
require removal of the treatment apparatus before
access to the well can  be gained. SUMMARY OF THE
INVENTION [0010] According to a first aspect of the
present invention there is provided  an apparatus for
the processing of fluids from an oil or gas well, the
apparatus  comprising a processing device, and a
wellbore extension conduit. [0011] Typically the
apparatus is modular and the wellbore extension
conduit extends through the module. The wellbore
extension conduit typically  comprises sealed tubing
that optionally extends at least partially through a
central axis of the apparatus, and the processing
device is arranged around  the central axis, spaced
from the wellbore extension conduit. [0012] The
apparatus can be built in modules, with a first part
of the  module, for example, a lower surface, being
adapted to attach to an interface  of a manifold such
as a tree, and a second part, for example an upper
surface,  being adapted to attach to a further module.
The second part ( e.g. the upper  surface) can
typically be arranged in the same manner as the
manifold  interface, so that further modules can be
attached to the first module, which  typically has the
same connections and footprint of the manifold
interface.  Thus, modules adapted to connect to the
manifold interface in the same  manner as the first
module can connect instead to the first or to
subsequent  modules in the same manner, allowing
stacking of separate modules on the  manifold, each
one connecting to the module below as if it were
connecting to  the manifold interface. [0013] The
wellbore extension conduit is typically straight and
is aligned  with the wellbore, although some
embodiments of the invention incorporate  versions in
which the wellbore extension conduit is deviated from
the axis of  the wellbore itself. Embodiments with
straight extension conduits in axial  



alignment with the wellbore have the advantage that
the wellbore can be  accessed in a straight line, and
plugs or other items in the wellbore, perhaps  below
the tree, can be pulled through the modules via the
extension conduits  3 WO 2008/076567 PCT/US2007/084884
without removing or adjusting the modules. Embodiments
in which the  wellbore extension conduit is deviated
from the axis of the wellbore tend to be  more compact
and adaptable to large pieces of processing equipment.
The  wellbore can be the production bore, or a
production flowline. [0014] The upper surface of the
module will typically have fluid and/or  power conduit
connectors in the same locations as the respective
connectors  are disposed in the lower surface, but
typically, the upper surface connectors  will be
adapted to mate with the lower surface connectors, so
that the upper  surface connectors can mate with the
lower surface connectors on the lower  surface of the
module above. Therefore, where the upper surface has a
male  connector, the lower surface can typically have
a female connector, or vice  versa. [0015] Typically
the module can have support structures such as posts
that  are adapted to transfer loads across the module
to the hard points on the  manifold. In certain
embodiments, the weight of the processing modules can
be borne by the wellbore mandrel. [0016] In some
embodiments, the processing device can connect
directly  into the wellbore mandrel. For example,
conduits connecting directly to the  mandrel can route
fluids to be processed to the processing device. The
processing device can optionally connect to a branch
of the manifold, typically  to a wing branch on a
tree. The processing device can typically have an
inlet  that draws production fluids from a diverter
insert located in a choke conduit of  the branch of
the manifold, and can return the fluids to the
diverter insert via  an outlet, after processing.
[0017] The diverter insert can have a flow diverter to
divide the choke  conduit into two separate fluid
flowpaths within the choke conduit, for example  



the choke body, and the flow diverter can be arranged
to control the flow of  fluids through the choke body
so that the fluids from the well to be processed  are
diverted through one flowpath and are recovered
through another, for  transfer to a flowline, or
optionally back into the well. Optionally the flow
diverter has a separator to divide the branch bore
into two separate regions. 4 WO 2008/076567
PCT/US2007/084884  [0018] The oil or gas well is
typically a subsea well but the invention is  equally
applicable to topside wells. The manifold may be a
gathering manifold  at the junction of several flow
lines carrying production fluids from, or  conveying
injection fluids to, a number of different wells.
Alternatively, the  manifold may be dedicated to a
single well; for example, the manifold may  comprise a
christmas tree. [0019] By "branch" we mean any branch
of the manifold, other than a  production bore of a
tree. The wing branch is typically a lateral branch of
the  tree, and can be a production or an annulus wing
branch connected to a  production bore or an annulus
bore respectively. [0020] Optionally, the flow
diverter is attached to a choke body. "Choke  body"
can mean the housing which remains after the
manifold's standard  choke has been removed. The choke
may be a choke of a tree, or a choke of  any other
kind of manifold. [0021] The flow diverter could be
located in a branch of the manifold (or a  branch
extension) in series with a choke. For example, in an
embodiment  where the manifold comprises a tree, the
flow diverter could be located  between the choke and
the production wing valve or between the choke and
the branch outlet. Further alternative embodiments
could have the flow  diverter located in pipework
coupled to the manifold, instead of within the
manifold itself. Such embodiments allow the flow
diverter to be used in  addition to a choke, instead
of replacing the choke. [0022] Embodiments where the
flow diverter is adapted to connect to a  branch of a
tree means that the tree cap does not have to be
removed to fit  



the flow diverter. Embodiments of the invention can be
easily retro-fitted to  existing trees. Preferably,
the flow diverter is locatable within a bore in the
branch of the manifold. Optionally, an internal
passage of the flow diverter is  in communication with
the interior of the choke body, or other part of the
manifold branch. [0023] The invention provides the
advantage that fluids can be diverted  from their
usual path between the well bore and the outlet of the
wing branch.  The fluids may be produced fluids being
recovered and traveling from the well  5 WO
2008/076567 PCT/US2007/084884  bore to the outlet of a
tree. Alternatively, the fluids may be injection
fluids  traveling in the reverse direction into the
well bore. As the choke is standard  equipment, there
are well-known and safe techniques of removing and
replacing the choke as it wears out. The same tried
and tested techniques  can be used to remove the choke
from the choke body and to clamp the flow  diverter
onto the choke body, without the risk of leaking well
fluids into the  ocean. This enables new pipework to
be connected to the choke body and  hence enables safe
re-routing of the produced fluids, without having to
undertake the considerable risk of disconnecting and
reconnecting any of the  existing pipes (e.g. the
outlet header). [0024] Some embodiments allow fluid
communication between the well  bore and the flow
diverter. Other embodiments allow the wellbore to be
separated from a region of the flow diverter. The
choke body may be a  production choke body or an
annulus choke body. Preferably, a first end of  the
flow diverter is provided with a clamp for attachment
to a choke body or  other part of the manifold branch.
Optionally, the flow diverter has a housing  that is
cylindrical and typically the internal passage extends
axially through the  housing between opposite ends of
the housing. Alternatively, one end of the  internal
passage is in a side of the housing. [0025] Typically,
the flow diverter includes separation means to provide
two separate regions within the flow diverter.
Typically, each of these regions  



has a respective inlet and outlet so that fluid can
flow through both of these  regions independently.
Optionally, the housing includes an axial insert
portion.  [0026] Typically, the axial insert portion
is in the form of a conduit.  Typically, the end of
the conduit extends beyond the end of the housing.
Preferably, the conduit divides the internal passage
into a first region  comprising the bore of the
conduit and a second region comprising the  annulus
between the housing and the conduit. Optionally, the
conduit is  adapted to seal within the inside of the
branch (e.g. inside the choke body) to  prevent fluid
communication between the annulus and the bore of the
conduit.  [0027] Alternatively, the axial insert
portion is in the form of a stem.  Optionally, the
axial insert portion is provided with a plug adapted
to block an  6 WO 2008/076567 PCT/US2007/084884
outlet of the christmas tree, or other kind of
manifold. Preferably, the plug is  adapted to fit
within and seal inside a passage leading to an outlet
of a branch  of the manifold. Optionally, the diverter
assembly provides means for  diverting fluids from a
first portion of a first flowpath to a second
flowpath, and  means for diverting the fluids from a
second flowpath to a second portion of a  first
flowpath. Preferably, at least a part of the first
flowpath comprises a  branch of the manifold. The
first and second portions of the first flowpath  could
comprise the bore and the annulus of a conduit. [0028]
The diverter insert is optional and in certain
embodiments the  processing device can take fluids
from a bore of the well and return them to  the same
or a different bore, or to a branch, without involving
a flow diverter  having more than one flowpath. For
example, the fluids could be taken  through a plain
single bore conduit from one hub on a tree into the
processing  apparatus, and back into a second hub on
the same or a different tree,  through a plain single
bore conduit. [0029] According to a second aspect of
the present invention there is  provided a manifold
having apparatus according to the first aspect of the
invention. Typically, the processing device is chosen
from at least one of: a  



pump; a process fluid turbine; injection apparatus for
injecting gas or steam;  chemical injection apparatus;
a chemical reaction vessel; pressure regulation
apparatus; a fluid riser; measurement apparatus;
temperature measurement  apparatus; flow rate
measurement apparatus; constitution measurement
apparatus; consistency measurement apparatus; gas
separation apparatus;  water separation apparatus;
solids separation apparatus; and hydrocarbon
separation apparatus. [0030] Optionally, the flow
diverter provides a barrier to separate a branch
outlet from a branch inlet. The barrier may separate a
branch outlet from a  production bore of a tree.
Optionally, the barrier comprises a plug, which is
typically located inside the choke body (or other part
of the manifold branch)  to block the branch outlet.
Optionally, the plug is attached to the housing by a
stem which extends axially through the internal
passage of the housing. 7 WO 2008/076567
PCT/US2007/084884  [0031] Alternatively, the barrier
comprises a conduit of the diverter  assembly which is
engaged within the choke body or other part of the
branch.  Optionally, the manifold is provided with a
conduit connecting the first and  second regions.
Optionally, a first set of fluids are recovered from a
first well  via a first diverter assembly and combined
with other fluids in a communal  conduit, and the
combined fluids are then diverted into an export line
via a  second diverter assembly connected to a second
well. [0032] According to a fourth aspect of the
present invention, there is  provided a method of
processing wellbore fluids, the method comprising the
steps of: connecting a processing apparatus to a
manifold, wherein the  processing apparatus has a
processing device and a wellbore extension  conduit,
and wherein the wellbore extension conduit is
connected to the  wellbore of the manifold; diverting
the fluids from a first part of the wellbore of  the
manifold to the processing device; processing the
fluids in the processing  device; and returning the
processed fluids to a second part of the wellbore of
the manifold. 



[0033] Typically, the method is for recovering fluids
from a well, and  includes the final step of diverting
fluids to an outlet of the first flowpath for
recovery therefrom. Alternatively or additionally, the
method is for injecting  fluids into a well. The
fluids may be passed in either direction through the
diverter assembly. BRIEF DESCRIPTION OF THE DRAWINGS
[0034] Various features, aspects, and advantages of
the present invention  will become better understood
when the following detailed description is read  with
reference to the accompanying figures in which like
characters represent  like parts throughout the
figures, wherein: [0035] FIG. 1 is a plan view of a
typical horizontal production tree;  [0036] FIG. 2 is
a side view of the FIG. 1 tree; [0037] FIG. 3 is a
plan view of FIG. 1 tree with a first fluid processing
module in place; 8 WO 2008/076567 PCT/US2007/084884
[0038] FIG. 4 is a side view of the FIG. 3
arrangement; [0039] FIG. 5 is a side view of the FIG.
3 arrangement with a further fluid  processing module
in place; [0040] FIG. 6 is a plan view of a typical
vertical production tree;  [0041] FIG. 7 is a side
view of the FIG. 6 tree; [0042] FIG. 8 is a side view
of FIG. 6 tree with first and second fluid  processing
modules in place; [0043] FIG. 9 is a schematic diagram
showing the flowpaths of the FIG. 5  arrangement;
[0044] FIG. 10 is a schematic diagram showing the
flowpaths of the FIG. 8  arrangement; [0045] FIG. 11
shows a plan view of a further design of wellhead;
[0046] FIG. 12 shows a side view of the FIG. 11
wellhead, with a  processing module; and [0047] FIG.
13 shows a front facing view of the FIG. 11 wellhead.



DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS [0048]
One or more specific embodiments of the present
invention will be  described below. These described
embodiments are only exemplary of the  present
invention. Additionally, in an effort to provide a
concise description of  these exemplary embodiments,
all features of an actual implementation may  not be
described in the specification. It should be
appreciated that in the  development of any such
actual implementation, as in any engineering or
design project, numerous implementation-specific
decisions must be made to  achieve the developers'
specific goals, such as compliance with system-
related and business-related constraints, which may
vary from one  implementation to another. Moreover, it
should be appreciated that such a  development effort
might be complex and time consuming, but would
nevertheless be a routine undertaking of design,
fabrication, and manufacture  for those of ordinary
skill having the benefit of this disclosure. 9 WO
2008/076567 PCT/US2007/084884  [0049] Referring now to
the drawings, a typical production manifold on an
offshore oil or gas wellhead comprises a christmas
tree with a production bore  1 leading from production
tubing (not shown) and carrying production fluids
from a perforated region of the production casing in a
reservoir (not shown).  An annulus bore 2 (see FIG. 9)
leads to the annulus between the casing and  the
production tubing. A tree cap typically seals off the
production bore 1, and  provides a number of hydraulic
control channels by which a remote platform  or
intervention vessel can communicate with and operate
valves in the  christmas tree. The cap is removable
from the christmas tree in order to  expose the
production bore in the event that intervention is
required and tools  need to be inserted into the
wellbore. In the modern horizontal trees shown in
FIGS.1-5, a large diameter production bore 1 is
provided to feed production  fluids directly to a
production wing branch 10 from which they are
recovered.  [0050] The flow of fluids through the
production and annulus bores is  governed by various
valves shown in the schematic arrangements of FIG. 9  



and 10. The production bore 1 has a branch 10 which is
closed by a  production wing valve PWV. A production
swab valve PSV closes the  production bore 1 above the
branch 10, and a production master valve PMV  closes
the production bore 1 below the branch 10. [0051] The
annulus bore 2 is closed by an annulus master valve
AMV  below an annulus outlet controlled by an annulus
wing valve AWV. An  annulus swab valve ASV closes the
upper end of the annulus bore 2. [0052] All valves in
the tree are typically hydraulically controlled by
means  of hydraulic control channels passing through
the cap and the body of the  apparatus or via hoses as
required, in response to signals generated from the
surface or from an intervention vessel. [0053] When
production fluids are to be recovered from the
production  bore 1, PMV is opened, PSV is closed, and
PWV is opened to open the  branch 10 which leads to a
production flowline or pipeline 20. PSV and ASV  are
generally only opened if intervention is required. 10
WO 2008/076567 PCT/US2007/084884  [0054] The wing
branch 10 has a choke body 15a in which a production
choke 16 is disposed, to control the flow of fluids
through the choke body and  out through production
flowline 20. [0055] The manifold on the production
bore 1 typically comprises a first  plate 25a and a
second plate 25b spaced apart in vertical relationship
to one  another by support posts 14a, so that the
second plate 25b is supported by  the posts 14a
directly above the first plate 25a. The space between
the first  plate 25a and the second plate 25b is
occupied by the fluid conduits of the  wing branch 10,
and by the choke body 15a. The choke body 15a is
usually  mounted on the first plate 25a, and above it,
the second plate 25b will usually  have a cut-out
section to facilitate access to the choke 16 in use.
[0056] The first plate 25a and the second plate 25b
each have central  apertures that are axially aligned
with one another and with the production  bore 1 for
allowing passage of the central mandrel 5 of the
wellbore, which  



protrudes between the plates 25 and extends through
the upper surface of the  second plate to permit
access to the wellbore from above the wellhead for
intervention purposes. The upper end of the central
mandrel is optionally  capped with the tree cap or a
debris cover (removed in drawings) to seal off  the
wellbore in normal operation. [0057] Referring now to
FIGS. 3 and 4, the conventional choke 16 has  been
removed from the choke body 15a, and has been replaced
by a fluid  diverter that takes fluids from the wing
branch 10 and diverts them through an  annulus of the
choke body to a conduit 18a that feeds them to a first
processing module 35b. The second plate 25b can
optionally act as a  platform for mounting the first
processing module 35b. A second set of posts  14b are
mounted on the second plate 25b directly above the
first set of posts  14a, and the second posts 14b
support a third plate 25c above the second  plate 25b
in the same manner as the first posts 14a support the
second plate  25b above the first plate 25a.
Optionally, the first processing module 35b  disposed
on the second plate 25b has a base that rests on feet
set directly in  line with the posts 14 in order to
transfer loads efficiently to the hard points of  the
tree. Optionally, loads can be routed through the
mandrel of the wellbore,  and the posts and feet can
be omitted. 11 WO 2008/076567 PCT/US2007/084884
[0058] The first processing module contains a
processing device for  processing the production
fluids from the wing branch 10. Many different  types
of processing devices could be used here. For example,
the processing  device could comprise a pump or
process fluid turbine, for boosting the  pressure of
the production fluids. Alternatively, or additionally,
the processing  apparatus could inject gas, steam, sea
water, or other material into the fluids.  The fluids
pass from the conduit 18a into the first processing
module 35b and  after treatment or processing, they
are passed through a second choke body  15b which is
blanked off with a cap, and which returns the
processed  production fluids to the first choke body
15a via a return conduit 19a. The  



processed production fluids pass through the central
axial conduit of the fluid  diverter in the choke body
15a, and leave it via the production flowpath 20.
After the processed fluids have left the choke body
15a, they can be  recovered through a normal pipeline
back to the surface, or re-injected into a  well, or
can be handled or further processed in any other way
desirable. [0059] The injection of gas could be
advantageous, as it would give the  fluids "lift". The
addition of steam has the effect of adding energy to
the fluids.  [0060] Injecting sea water into a well
could be useful to boost the formation  pressure for
recovery of hydrocarbons from the well, and to
maintain the  pressure in the underground formation
against collapse. Also, injecting waste  gases or
drill cuttings etc into a well obviates the need to
dispose of these at  the surface, which can prove
expensive and environmentally damaging. [0061] The
processing device could also enable chemicals to be
added to  the fluids, e.g. viscosity moderators, which
thin out the fluids, making them  easier to pump, or
pipe skin friction moderators, which minimize the
friction  between the fluids and the pipes. Further
examples of chemicals which could  be injected are
surfactants, refrigerants, and well fracturing
chemicals.  Processing device could also comprise
injection water electrolysis equipment.  The
chemicals/injected materials could be added via one or
more additional  input conduits. 12 WO 2008/076567
PCT/US2007/084884  [0062] The processing device could
also comprise a fluid riser, which could  provide an
alternative route between the well bore and the
surface. This  could be very useful if, for example,
the branch 10 becomes blocked. [0063] Alternatively,
processing device could comprise separation  equipment
e.g. for separating gas, water, sand/debris and/or
hydrocarbons.  The separated component(s) could be
siphoned off via one or more additional  processes.
[0064] The processing device could alternatively or
additionally include  measurement apparatus, e.g. for
measuring the temperature/ flow rate/  



constitution/ consistency, etc. The temperature could
then be compared to  temperature readings taken from
the bottom of the well to calculate the  temperature
change in produced fluids. Furthermore, the processing
device  could include injection water electrolysis
equipment. [0065] Alternative embodiments of the
invention can be used for both  recovery of production
fluids and injection of fluids, and the type of
processing  apparatus can be selected as appropriate.
[0066] A suitable fluid diverter for use in the choke
body 15a in the FIG. 4  embodiment is described in
application WO/2005/047646, the disclosure of  which
is incorporated herein by reference. [0067] The
processing device(s) is built into the shaded areas of
the  processing module 35b as shown in the plan view
of FIG. 3, and a central  axial area is clear from
processing devices, and houses a first mandrel
extension conduit 5b. At its lower end near to the
second plate 25b, the first  mandrel extension conduit
5b has a socket to receive the male end of the
wellbore mandrel 5 that extends through the upper
surface of the second  plate 25b as shown in FIG. 2.
The socket has connection devices to seal the
extension conduit 5b to the mandrel 5, and the socket
is stepped at the inner  surface of the mandrel
extension conduit 5b, so that the inner bore of the
mandrel 5 is continuous with the inner bore of the
mandrel extension conduit  5b and is sealed thereto.
When the mandrel extension conduit 5b is  connected to
the mandrel 5, it effectively extends the bore of the
mandrel 5  13 WO 2008/076567 PCT/US2007/084884
upwards through the upper surface of the third plate
25c to the same extent  as the mandrel 5 extends
through the second plate 25b as shown in FIG. 2.
[0068] The upper surface of the third plate 25c though
which the first  mandrel extension conduit 5b
protrudes, as shown in FIG. 4, has, therefore,  the
same profile (as regards the wellbore mandrel) as the
basic tree shown in  FIG. 1. The mandrel extension
conduit 5b can be plugged. The other  features of the
upper surface of the third plate 35c are also arranged
as they  



are on the basic tree, for example, the hard points
for weight bearing are  provided by the posts 14, and
other fluid connections that may be required  (for
example hydraulic signal conduits at the upper face of
the second plate  25b that are needed to operate
instruments on the tree) can have continuous  conduits
that provide an interface between the third plate 25c
and the second  25b. [0069] The third plate 25c has a
cut out section to allow access to the  second choke
body 15b, but this can be spaced apart from the first
choke  body 15a, and does not need to be directly
above. This illustrates that while it  is advantageous
in certain circumstances for the conduit adapting to
the basic  tree to be in the same place on the upper
surface as its corresponding feature  is located on
the lower plate, it is not absolutely necessary, and
linking  conduits (such as conduits 18 and 19) can be
routed around the processing  devices as desired.
[0070] The guide posts 14 can optionally be arranged
as stab posts 14'  extending upward from the upper
surface of the plates, and mating with
downwardly-facing sockets 14" on the base of the
processing module above  them, as shown in FIG. 4. In
either event, it is advantageous (but not  essential)
that the support posts on a lower module are directly
beneath those  on an upper module, to enhance the
weight bearing characteristics of the  apparatus. A
control panel 34b can be provided for the control of
the  processing module 35b. In the example shown in
FIG. 4, the processing  module comprises a pump.
[0071] Referring now to FIG. 5, a second processing
module 35c has been  installed on the upper surface of
the third plate 25c. The blank cap in the  14 WO
2008/076567 PCT/US2007/084884  second choke body 15b
has been replaced with a fluid diverter 17b similar to
the diverter now occupying the first choke body 15a.
The diverter 17b is  provided with fluid conduits 18b
and 19b to send fluids to the second  processing
module 35c and to return them therefrom, via a further
blanked  



choke body 15c, for transfer back to the first choke
body 15a, and further  treatment, recovery or
injection as previously described. [0072] Above the
second processing module 35c is a fourth plate 25d,
which has the same footprint as the second and third
plates, with guide posts  14" and fluid connectors etc
in the same locations. The second processing  module
35c, which may incorporate a different processing
device from the first  module 35b, for example a
chemical dosing device, is also built around a  second
central mandrel extension conduit 5c, which is axially
aligned with the  mandrel bore 5 and the first
extension 5b. It has sockets and seals in order to
connect to the first mandrel extension conduit just as
the first extension  conduit 5b connects to the
mandrel 5, so the mandrel effectively extends
continuously through the two processing units 35b and
35c and has the same  top profile as the basic
wellhead, thereby facilitating intervention using
conventional equipment without having to remove the
processing units. [0073] Processing units can be
arranged in parallel or in series. FIGS. 6-8  show a
further embodiment of a vertical tree. Like parts
between the two  embodiments have been allocated the
same reference numbers, but the  second embodiment's
reference numbers have been increased by 100. [0074]
In the embodiment shown in FIGS. 6-8, the vertical
tree has a  central mandrel 100 with a production bore
101 and an annulus bore 102 (see  FIG. 6). The
production bore 101 feeds a production choke 116p in a
production choke body 115p through a production wing
branch 110, and the  annulus bore 102 feeds an annulus
choke 116a in an annulus choke body  115a through an
annulus wing branch 111. The tree has a cap 106 to
seal off  the mandrel and the production and annulus
bores, located on top of a  second plate 125b disposed
directly above a lower first plate 125a as  previously
described. The second plate 125b is supported by
tubular posts  114a, and guide posts 114' extend from
the upper surface of the second plate  15 WO
2008/076567 PCT/US2007/084884  125b. ROV controls are
provided on a control panel 134 as with the first  



embodiment. [0075] FIG. 8 shows a first processing
module 135b disposed on the top of  the second plate
125b as previously described. The first processing
module  135b has a central axial space for the first
mandrel extension conduit 105b,  with the processing
devices therein (e.g. a pump) displaced from the
central  axis as previously described. A second
processing module 135c is located on  top of the
first, in the same manner as described with reference
to the FIG. 5  embodiment. The second processing
module 135c also has a central axial  space for the
second mandrel extension conduit 105c, with the
processing  devices packed into the second processing
module 135c being displaced from  the central axis as
previously described. The second processing module
135c  can comprise a chemical injection device. The
second mandrel extension  conduit 105c connects to the
first 105b as previously described for the first
embodiment. [0076] The production fluids are routed
from the production choke body  115p by a fluid
diverter 117p as previously described through tubing
118p and  119p to the first processing module 135b,
and back to the choke body 115p  for onward
transmission through the flowline 120. Optionally the
treated fluids  can be passed through other treatment
modules arranged in series with the  first module, and
stacked on top of the second module, as previously
described. [0077] The fluids flowing up the annulus
are routed from the annulus choke  body 115a by a
fluid diverter 117a as previously described through
tubing  118a and 119a to the second processing module
135c, and back to the choke  body 115a for onward
transmission. Optionally the treated fluids can be
passed through other treatment modules arranged in
series with the second  module, and stacked on top of
the second or further modules, as previously
described. [0078] FIGS. 11-13 show an alternative
embodiment, in which the wellhead  has stacked
processing modules as previously described, but in
which the  specialized dual bore diverter 17 insert in
the choke body 15 has been  



16 WO 2008/076567 PCT/US2007/084884  replaced by a
single bore jumper system. In the modified embodiment
shown  in these figures, the same numbering has been
used, but with 200 added to  the reference numbers.
The production fluids rise up through the production
bore 201, and pass through the wing branch 211 but
instead of passing from  there to the choke body 215,
they are diverted into a single bore jumper  bypass
218 and pass from there to the process module 235.
After being  processed, the fluids flow from the
process module through a single bore  return line 219
to the choke body 215, where they pass through the
conventional choke 216 and leave through the choke
body outlet 220. This  embodiment illustrates the
application of the invention to manifolds without
dual concentric bore flow diverters in the choke
bodies. [0079] Embodiments of the invention provide
intervention access to trees  or other manifolds with
treatment modules in the same way as one would  access
trees or other manifolds that have no such treatment
modules. The  upper surfaces of the topmost module of
embodiments of the invention are  arranged to have the
same footprint as the basic tree or manifold, so that
intervention equipment can land on top of the modules,
and connect directly  to the bore of the manifold
without spending any time removing or re- arranging
the modules, thereby saving time and costs. [0080]
Modifications and improvements may be incorporated
without  departing from the scope of the invention.
For example the assembly could  be attached to an
annulus bore, instead of to a production bore. [0081]
Any of the embodiments which are shown connected to a
production wing branch could instead be connected to
an annulus wing  branch, or another branch of the
tree, or to another manifold. Certain  embodiments
could be connected to other parts of the wing branch,
and are  not necessarily attached to a choke body. For
example, these embodiments  could be located in series
with a choke, at a different point in the wing branch.
[0082] While the invention may be susceptible to
various modifications and  



alternative forms, specific embodiments have been
shown by way of example  in the drawings and have been
described in detail herein. However, it should  be
understood that the invention is not intended to be
limited to the particular  17 WO 2008/076567
PCT/US2007/084884  forms disclosed. Rather, the
invention is to cover all modifications,  equivalents,
and alternatives falling within the spirit and scope
of the invention  as defined by the following appended
claims. 18 WO 2008/076567 PCT/US2007/084884  CLAIMS 1.
A system, comprising: a first module configured to
process fluid from a well, wherein the first  module
comprises: an extension conduit having a connection
that is coupleable to a  central mandrel of a
manifold; a processing device arranged in a region
surrounding the  extension conduit; a processing
input; and  a processing output. 2. The system of
claim 1, wherein the manifold comprises a christmas
tree. 3. The system of claim 1, wherein the processing
device comprises a  pump, a process fluid turbine, an
injection apparatus for injecting gas or  steam, a
chemical injection apparatus, a chemical reaction
vessel, a pressure  regulation apparatus, a fluid
riser, a measurement apparatus, a temperature
measurement apparatus, a flow rate measurement
apparatus, a constitution  measurement apparatus, a
consistency measurement apparatus, a gas  separation
apparatus, a water separation apparatus, a solids
separation  apparatus, a hydrocarbon separation
apparatus, or a combination thereof. 4. The system of
claim 1, wherein the processing input comprises a
first  



flowpath extending between a bore of the manifold and
the processing device,  and wherein the processing
output comprises a second flowpath extending  between
an output of the processing device and a production
output. 5. The system of claim 1, wherein the first
module is configured to couple  to a second module
configured to process fluid from the well. 19 WO
2008/076567 PCT/US2007/084884  6. The system of claim
5, wherein the second module is connected in  series
with the first module. 7. The system of claim 6,
wherein the first module comprises a second
processing input and a second processing output, each
comprising a flowpath  configured to couple to the
second module. 8. The system of claim 1, comprising: a
lower interface, comprising the extension conduit; and
a rigid structure, comprising: an upper surface; and
a lower surface; wherein the processing device is
contained between the upper surface  and the lower
surface. 9. The system of claim 8, wherein the first
module is stackable with a  second module. 10. The
system of claim 9, wherein the first module comprises
an upper  interface that is coupleable to a lower
interface of the second module. 11. The system of
claim 9, wherein the first module comprises a first
diverter configured to mate with a second diverter of
the second module. 12. A diverter, comprising: a first
flow path, comprising: a first input coupleable to a
bore of a manifold; and a first output coupleable to a
processing input of a processing  module, wherein the
processing module is configured to process fluids from
a  well and is coupleable to a central mandrel of the
manifold; and 



a second flowpath, comprising: a second input
coupleable to a production output of the  processing
module; a second output coupleable to a production
output.  20 WO 2008/076567 PCT/US2007/084884  13. The
diverter of claim 12, wherein the diverter is
configured to mount in  a branch of the manifold. 14.
The diverter of claim 12, wherein the manifold
comprises a tree. 15. The diverter of claim 14,
wherein the diverter is configured to be  disposed in
a choke body of the tree. 16. The diverter of claim
15, wherein the second output is in  communication
with a production output of the choke body. 17. The
diverter of claim 12, wherein the diverter comprises a
first flow  path in communication with the first
output, and a second flowpath between  the second
input and the second output. 18. A modular well
system, comprising: a diverter comprising a first flow
path and a second flowpath; and a processing module
configured to be coupled to a central mandrel of a
manifold, wherein the processing module is in fluid
communication with the  first flow path and the second
flowpath. 19. The modular well system of claim 18,
comprising the manifold  comprising the central
mandrel having a bore in fluid communication with the
first flowpath. 20. The modular well system of claim
19, wherein fluid is configured to flow  from the bore
to the processing module via the first flow path and
the fluid is  configured to be directed to an output
via the second flow path. 21. The modular well system
of claim 19, wherein fluid is configured to flow  into
the processing module via the second flow path and is
directed into the  bore via the first flow path. 21 



WO 2008/076567 PCT/US2007/084884  22. A method of
processing well fluids, comprising: diverting fluids
from a bore of a manifold to a processing module,
wherein the processing module is coupled to a mandrel
of the manifold;  processing the fluids in the
processing module; and returning the fluids to a
flowpath for recovery. 23. The method of claim 22,
wherein processing comprises passing the  fluids into
a pump, a process fluid turbine, an injection
apparatus for injecting  gas or steam, a chemical
injection apparatus, a chemical reaction vessel, a
pressure regulation apparatus, a fluid riser, a
measurement apparatus, a  temperature measurement
apparatus, a flow rate measurement apparatus, a
constitution measurement apparatus, a consistency
measurement apparatus,  a gas separation apparatus, a
water separation apparatus, a solids separation
apparatus, a hydrocarbon separation apparatus, or a
combination thereof. 24. A well system, comprising: a
processing module configured to couple directly to a
top of a manifold  of a well, the processing module
comprising an input configured to be in fluid
communication with a bore of the manifold and an
output configured to be in  fluid communication with a
fluid output of the manifold. 25. The well system of
claim 24, wherein the processing module comprises  a
conduit extension, wherein the processing module is
configured to couple to  the top of the manifold via
the conduit extension, and wherein the conduit
extension comprises a bore that is configured to align
with a bore of the  manifold. 22 


