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(57) Abstract: A remote seal assembly (18, 20) for subsea applications is
provided. The assembly (18, 20) includes an upper housing (34, 102) hav-
ing a fluid coupling (110) for coupling the remote seal to a process fluid
pressure measurement device. A lower housing (36, 104) is coupled to the
upper housing (34, 102) and has an interface that is configured to mount to
a pressure vessel (12). The lower housing (36, 104) also has a process tluid
inlet (32). An isolation diaphragm (41, 154) is disposed between the upper
and lower housings. At least one of the upper housing (34, 102), lower
housing (36, 104) and isolation diaphragm (41, 154) are constructed from a
material suitable for immersion in saltwater. In some embodiments, the
lower housing (36, 104) has a shoulder (140) disposed about the process
fluid inlet (32) and a plurality of self-energizing seals (40, 42) configured to
couple the assembly to a venturi flow meter body (12). A subsea process
fluid flow measurement system is also provided that includes a pressure
transmitter and at least one subsea remote seal assembly.
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REMOTE SEAL PRESSURE MEASUREMENT SYSTEM FOR SUBSEA USE

BACKGROUND

[0001] Industrial process control systems are used to monitor and control industrial processes
used to produce or transfer fluids or the like. In such systems, it is typically important to measure
“process variables” such as temperatures, pressures, flow rates, and others. Process control
transmitters are used to measure such process variables and transmit information related to the
measured process variable back to a central location such as a central control room.

[0002] One type of process variable transmitter is a pressure transmitter which measures
process fluid pressure and provides an output related to the measured pressure. This output may
be a pressure, a flow rate, a level of a process fluid, or other process variable that can be derived
from the measured pressure. The pressure transmitter is configured to transmit information
related to the measured pressure back to a central control room. The transmission is typically
over a two wire process control loop, however, other communication techniques are sometimes
used, including wireless techniques.

[0003] The pressure must be coupled to a process variable transmitter through some type of
process coupling. In certain process pressure measurement applications, the pressure transmitter
is located remotely relative to a pressurized process fluid, and pressure is physically conveyed
from the process fluid to the pressure transmitter through a fluid link using a device called a
remote seal. A remote seal is a secondary system that is filled with a substantially incompressible
fluid that transmits pressure from the process fluid to the pressure transmitter. Remote seals are
typically used in applications where the process fluid has a high temperature, is corrosive, or has
some other extreme application or characteristic that could damage or disrupt the pressure

transmitter if the pressure transmitter were located too close to the process fluid.

SUMMARY
[0004] A remote seal assembly for subsea applications is provided. The assembly includes an
upper housing having a fluid coupling for coupling the remote seal to a process fluid pressure
measurement device. A lower housing is coupled to the upper housing and has an interface that is

configured to mount to a pressure vessel. The lower housing also has a process fluid inlet. An
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isolation diaphragm is disposed between the upper and lower housings. At least one of the upper
housing, lower housing and isolation diaphragm are constructed from a material suitable for
immersion in saltwater. In some embodiments, the lower housing has a shoulder disposed about the
process fluid inlet and a plurality of self-energizing seals configured to couple the assembly to a
venturi flow meter body. A subsea process fluid flow measurement system is also provided that

includes a pressure transmitter and at least one subsea remote seal assembly.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1 is a diagrammatic view of a subsea process fluid measurement system in
accordance with embodiments of the present invention.
[0006] FIG. 2 is a diagrammatic cross-sectional view showing a remote seal mounted to a
venturi flow meter body in accordance with an embodiment of the present invention.
[0007] FIG. 3 is an enlarged view of a remote seal mounted to a venturi flow meter body in
accordance with an embodiment of the present invention.
[0008] FIG. 4 is a diagrammatic perspective view of a remote seal in accordance with an
embodiment of the present invention.
[0009] FIG. 5 is a diagrammatic cross-sectional view of a remote seal in accordance with an

embodiment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0010] One particularly challenging environment for pressure measurement is subsea
applications. In such applications, the static pressure to which the process equipment is exposed
can be quite high. Moreover, the salt water is corrosive to many metals. Providing a remote seal
system that is able to withstand the challenges of subsea use while reducing or minimizing costs
associated with subsea adaptations of the process equipment would benefit subsea process
control applications.

[0011] FIG. 1 is a diagrammatic view of a subsea process fluid measurement system in
accordance with embodiments of the present invention. System 10 includes a venturi-type flow
conduit 12 having a pair of openings 14, 16 which couple to a pipe in a process system. Venturi

flow meter body 12 has a constricted throat region therein (See FIG. 2). Pressures measured
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along the flow path in the throat region of venturi flow meter body 12 can provide an indication
of process fluid flow. In order to measure pressure at multiple points along the flow stream
within flow meter body 12, a pair of remote seals 18, 20 is employed. Each remote seal 18, 20
conveys the pressure of the process fluid at each remote seal's respective point in or along the
flow path to a pressure measurement device, such as differential pressure transmitter 22. The
pressure is passed from remote seals 18, 20 to differential pressure transmitter 22 through lines
24, 26 respectively. Differential pressure transmitter 22 can be a known differential pressure
transmitter that provides an indication of the difference in the two pressures provided or
otherwise conveyed by remote seals 18, 20 in accordance with known techniques. As can be
appreciated from FIG. 1, if remote seals 18, 20 are required to be of a certain size in order to
withstand the pressures of subsea applications, their size must generally be accommodated by
venturi flow meter body 12, to which they mount. Accordingly, it is desirable to minimize the
size of remote seals 18, 20 such that smaller assembly is provided. Moreover, as the size of the
remote seals grows, the necessity of using more and more bolts to robustly mount the remote seal
to the venturi flow meter body is required. As shown in FIG. 1, some embodiments of the present
invention allow the remote seals 18, 20 to be mounted to venturi flow meter body 12 by as little
as 4 bolts.

[0012] FIG. 2 is a diagrammatic cross-sectional view showing remote seal 18 mounted to
venturi flow meter body 12 in accordance with an embodiment of the present invention. Venturi
flow meter body 12 has a throat 30 having a diameter that is constricted relative to the diameters
of openings 14, 16. Additionally, venturi flow meter body 12 has a plurality of pressure taps 32
disposed along the fluid flow path within throat 30. Remote seal 18 is mounted proximate one of
fluid taps 32 and has a deflectable isolation diaphragm that contacts process fluid contained in
tap 32. The deflection of the isolation diaphragm in response to pressure of process fluid in tap
32 passes pressure into a secondary fluid filled system that conveys the pressure through line 24
through a differential pressure sensor or other suitable pressure sensor. In this way, the pressure
at the tap 32, to which remote seal 18 is mounted, can be safely measured even though the
temperature and/or pressure may be too high for pressure transmitter 22 to be mounted to or

proximate tap 32.
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[0013] In accordance with embodiments of the present invention, remote seals 18, 20 are
designed such that they are able to withstand over 15,000 psi line pressure in subsea conditions
while minimizing the size of seals 18, 20 and the footprint of the subsea venturi meter body used
to measure flow. As will be set forth in greater detail below, remote seals 18, 20 preferably use
special attachment mechanisms to minimize the diameter to which the over 15,000 psi line
pressure is applied. Further, remote seals in accordance with embodiments of the present
invention are preferably made entirely of alloy C276 and feature a welded design to meet the
challenge of the 15,000 psi line pressure.

[0014] Alloy C276 is an example of a material suitable for immersion in saltwater. Alloy
C276 is available from Haynes International Inc. of Kokomo, Indiana under the trade designation
Hastelloy C276. Alloy C276 has the following chemical composition (by percent weight):
Molybdenum 15.0-17.0; Chromium 14.5-16.5; Iron 4.0-7.0; Tungsten 3.0-4.5; Cobalt 2.5
maximum; Manganese 1.0 maximum; Vanadium 0.35 maximum; Carbon 0.01 maximum;
Phosphorus 0.04 maximum; Sulfur 0.03 maximum; Silicon 0.08 maximum and Balance Nickel.
Alloy C276 provides excellent corrosion resistance in salt water applications, and very high
strength.

[0015] FIG. 3 is an enlarged view of remote seal 18 mounted to venturi flow meter body 12
in accordance with embodiments of the present invention. Remote seal 18 is comprised of upper
housing 34, and lower housing 36 that are welded together during the manufacturer of remote
seal 18. The weld between upper housing 34 and lower housing 36 is preferably accomplished
via an E-beam weld. Additionally, a deflectable diaphragm (shown in FIG. 5) is positioned
between upper housing 34 and lower housing 36. The diaphragm is preferably welded to upper
housing 34 via a TIG weld. In order to robustly seal remote seal 18 to body 12, a plurality of c-
rings are preferably used. A first c-ring is disposed about shoulder 38 as indicated at reference
numeral 40. A second c-ring is sandwiched between an end surface of shoulder 38 and an
opposing surface of flow meter body 12 as indicated as reference numeral 42. A c-ring is often
interchangeable with an O-ring but are self-energizing under pressure. Accordingly, the
utilization of a pair of c-rings for sealing remote seal 18 to body 12 provides a redundant self-

energizing seal under pressure.
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[0016] As shown in FIG. 3, pressure taps 32 generally contain a slope with respect to the
fluid flow path. This slope is arranged such that when the venturi flow meter body is placed
vertically, the slope is in a downward direction. In accordance with an embodiment of the
present invention, lower housing 36 has a pressure inlet 38 that couples to pressure tap 32, where
the pressure inlet also contains a slope. In this manner, if any hydrates or other undesirable
substances form in pressure inlet 38 of lower housing 36, they will simply drain with the
assistance of gravity into and through venturi flow meter body 12. This angled feature is
preferably machined to extend from venturi flow meter body 12 to diaphragm 41 at an angle that
ensures that all potential hydrates are drained, in the case of a flow shutdown or other hydrate-
forming scenario. This is important because when hydrates form, cavities and tubes can become
blocked or they could create a localized pressure build up leading to potential catastrophic
damage to the remote seal system.

[0017] FIG. 4 is a diagrammatic perspective view of a remote seal 100 in accordance with an
embodiment of the present invention. Remote seal 100 includes upper housing 102 and lower
housing 104 which are welded together, preferably using an electron beam (E-beam) weld at
interface 106. An E-beam weld is a fusion welding process in which a beam of high-velocity
electrons is applied to the materials being joined. As indicated in FIG. 4, upper housing 102
includes a plurality (preferably 4) of bolt holes 108 which facilitate mounting remote seal 100 to
a pressure vessel, such as venturi flow meter body 12 (shown in FIG. 1). Upper housing 102
also includes fluid connection port 110 that couples to hydraulic lines, such as lines 24, 26 shown
in FIG. 1. Preferably connection port 110 is a common welded 13 millimeter connection. The 13
millimeter connection in port 110 of upper housing 102 allows a standard connection using a
known fitting, capillary and fill tube for oil fill and connection to a differential pressure
transmitter.

[0018] Lower housing 104 preferably includes a plurality of alignment features 112, 114
that protrude from surface 116 of lower housing 104 such that they are received in cooperative
features in the pressure vessel such as a venturi flow meter body. In this way, precise alignment
of lower housing 104 to the pressure vessel can be achieved while the remote process seal is
being mounted in place. This is important to ensure that the c-rings are compressed with

substantially pure axial movement since rotation of the process seal during compression could
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damage the c-rings. Alignment features 112, 114 are preferably comprised of press-fit pins that
are engaged into surface 116 of lower housing 104. Features 112, 114 allow proper installation
with venturi flow meter body 12. While it is preferred that features 112, 114 be press-fit, they
may be formed in any suitable manner in accordance with embodiments of the present invention.
[0019] Lower housing 104 also includes a protruding shoulder 140 that is received in a
corresponding port proximate a pressure tap of the venturi flow meter body. Shoulder 140 has an
outer circumference about which a first c-ring is positioned. In one embodiment, the first c-ring
that is disposed about shoulder 140 has a diameter that is approximately 0.854 inches.
Additionally, shoulder 140 also has an end face 142 which compresses a smaller, second c-ring
between end face 142 and an opposing surface of venturi flow meter body 12. In one
embodiment, the diameter of the second c-ring is about 0.578 inches.

[0020] The utilization of a pair of c-rings at the interface between lower housing 104 and the
venturi flow meter body provides a robust, self-energizing seal of very high integrity. This
allows as little as 4 bolts to be used for adequate force retention to mount remote seal 100 to a
venturi flow meter, or other suitable pressure vessel. For comparison, a typical remote seal
design to reach 15,000 psi pressures generally has a diameter of approximately 7 inches,
thickness of 2 Y2 inches, and requires 12 to 16 bolts to mount to a pressure vessel. Remote seals
in accordance with embodiments of the present invention may be as small as 5 inches in
diameter, 1.125 inches thick, and can bolt to the meter body with as little as 4 bolts. Further still,
the foot print of the seal on the meter body is also significantly decreased, enabling a smaller,
lower-cost meter body to be used.

[0021] FIG. 5 is a diagrammatic cross-sectional view of remote seal 100 in accordance with
an embodiment of the present invention. FIG. 5 shows many of the same components illustrated
in FIG. 4, but by virtue of the cross section, shows many internal components. Specifically,
shoulder 140 is part of pressure inlet 150 that receives process fluid from the pressure vessel.
The process fluid passes through sloped portion 152 and bears against deflectable diaphragm
154. As diaphragm 154 deflects, fluid within conduit 156 moves slightly and conveys the
pressure through port 110 to a suitable pressure measurement device, such as differential
pressure transmitter 22 (shown in FIG. 1). Deflectable diaphragm 154 is preferably welded to
upper housing 102. This weld is preferably accomplished via a known TIG weld. Additionally,
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lower housing 104 is then mounted to upper housing 102 via a weld. The weld between upper
housing 102 and lower housing 104 occurs at interface 158 and is preferably an E-beam weld. It
is also preferred that deflectable diaphragm 154 be constructed of the same materials as upper
housing 102 and lower housing 104. More preferably, all of upper housing 102, lower housing
104, and diaphragm 154 are constructed from alloy C276. When so constructed, it is further
preferred that diaphragm 154 have a thickness of .003 inches. This diaphragm meets pressure
requirements in both process and failure conditions. Further, it is also preferred that diaphragm
154 have a diameter of approximately 1.9 inches. When so configured, diaphragm 154 maintains
acceptable performance at all temperature ranges, with proper fill fluid, such as silicone oil, or
other suitable fill fluids. While Alloy C276 may be a higher-cost alloy than other corrosion-
resistant alloys, the reduction in the physical size of the process seal using various features and
embodiments of the present invention allows the entire remote seal to be able to be manufactured
from Alloy C276 cost effectively. However, embodiments of the present invention can be
practiced with other alloys, if suitable qualification steps are taken. Other possible materials
include duplex stainless steel and Alloy 625 or other suitable nickel-based alloys. Additionally,
while embodiments of the present invention generally employ a remote seal that is bolted to a
venturi flow meter body, embodiments of the present invention can be practiced where the
remote seal is welded directly to the venturi flow meter body. In such embodiments, an E-beam
weld to the meter body is preferred.

[0022] Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form and

detail without departing from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. A remote seal assembly for subsea applications, the assembly comprising:

an upper housing having a fluid coupling for coupling the remote seal to a process fluid
pressure measurement device;

a lower housing coupled to the upper housing and having an interface that is configured
to mount to a pressure vessel, the lower housing also having a process fluid
inlet;

an isolation diaphragm disposed between the upper and lower housings; and

wherein at least one of the upper housing, lower housing and isolation diaphragm are
constructed from a material suitable for immersion in saltwater.

2. The remote seal assembly of claim 1, wherein at least the upper and lower housings are
formed of Alloy C-276.

3. The remote seal assembly of claim 1, wherein the upper housing and lower housing are
coupled together by a weld.

4. The remote seal assembly of claim 3, wherein the weld is an electron beam weld.

5. The remote seal assembly of claim 1, wherein the lower housing includes a hydrate
draining feature.

6. The remote seal assembly of claim 1, wherein the isolation diaphragm is welded to the
upper housing.

7. The remote seal assembly of claim 6, wherein the isolation diaphragm is TIG welded to
the upper housing.

8. The remote seal assembly of claim 1, wherein the entire remote seal assembly is formed
of Alloy C-276.

9. The remote seal assembly of claim 1, wherein the lower housing has a shoulder disposed
about the process fluid inlet.

10. The remote seal assembly of claim 9, wherein the upper housing includes no more than
four mounting holes configured to pass mounting bolts therethrough.

11. The remote seal assembly of claim 9, and further comprising a plurality of self-

energizing seals configured to couple the remote seal assembly to the pressure vessel.
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12. The remote seal assembly of claim 11, wherein the self-energizing seals are c-rings.
13. The remote seal assembly of claim 12, wherein a first c-ring is disposed about the
shoulder and a second c-ring is disposed between an axial face of the shoulder and the
pressure vessel.

14. The remote seal assembly of claim 1, and further comprising at least one alignment

feature configured to engage a cooperative feature of the pressure vessel to inhibit rotation of

the lower housing with respect to the pressure vessel.

15.

A subsea process fluid flow measurement system comprising:

a venturi flow meter body configured to receive a fluid flow therethrough, the venturi
flow meter body having a constricted throat region and a plurality of pressure taps
disposed therein;

at least one remote seal assemblies mounted to a respective pressure tap on the venturi
flow meter bodys;

a pressure transmitter fluidically coupled to each at least one remote seal assembly; and

wherein each remote seal assembly is mounted to the venturi flow meter body by no

more than four bolts.

16. The subsea process fluid flow measurement system of claim 15, wherein the at least
one remote seal assembly includes a plurality of remote seal assemblies.

17. The subsea process fluid flow measurement system of claim 15, wherein each remote
seal assembly is formed of Alloy C-276.

18. The subsea process fluid flow measurement system of claim 15, wherein each remote
seal assembly includes a process fluid inlet that is coupled to the venturi flow meter
body through a shoulder and a plurality of self-energizing seals.

19. The subsea process fluid flow measurement system of claim 18, wherein the self-
energizing seals are c-rings.

20. The subsea process fluid flow measurement system of claim 19, wherein a first c-ring

is disposed about the shoulder and a second c-ring is disposed between an axial face

of the shoulder and the venturi flow meter body.
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21. The subsea process fluid flow measurement system of claim 15, wherein each
remote seal assembly further comprises at least one alignment feature engaged with a
cooperative feature of the venturi flow meter.

22. The subsea process fluid flow measurement system of claim 15, wherein each

remote seal assembly includes a draining feature.
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