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Description
Real-time measurement of reservoir fluid properties
Technical field

[0001] This invention relates to a system and method for real-time, fluid analysis
of reservoir fluids during testing and/or production. In particular the present

invention relates to analysing reservoir fluids at surface or subsea.
Background art

[0002] To evaluate and test underground formations surrounding a borehole it is
often desirable to obtain samples of formation fluids for the purpose of
characterizing the fluids.

[0003] Traditionally in most oilfield applications the hydrocarbon composition,
trace elements and physical properties of reservoir fluids are measured at
the surface adjacent the well using laboratory style instruments, analysers
and equipment which may not necessarily be adapted to field
measurements. Samples are also captured in sample receptacles and
shipped to remote laboratories for further or more detailed analysis. Tools
have been developed that allow samples to be taken from a formation in a
logging run, during drilling, or well testing.

[0004] Though a fluid analysis on-site and in a continuous mode would offer
many advantages generally it has not been possible to perform such
analysis in a satisfactory manner before the present invention.

[0005] According to existing methods, samples for analysis are typically taken
remotely in a sample receptacle, transported to the location where the
analysis instrument lies and then the samples are introduced into an
analyzer for analysis. A sample receptacle can be: a pressurized vessel
such as a sample bottle, or a bladder or a balloon; and many other types
well known in the art. Due to the time taken for manual sampling of fluid
phases, and the time taken for analysis of these phases, the number of
samples captured and the frequency, i.e. time between samples, the
analysis of the fluid is limited.

[0006] Typically, pressure, temperature and flow rates are reported every 15
minutes during well clean-up and evaluation/production well testing
operations. However samples and analysis are typically taken every 3 or

more hours. This process is labor intensive and time consuming.
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[0007]

[0008]

[0009]

[0010]

[0011]

Furthermore during the clean-up and flowing of a well, the composition for
the reservoir fluid changes with time. Initially the reservoir fluid will be
contaminated with drilling and cushion fluids, perforation and formation
debris, and injected chemicals. When the well is clean, hydrocarbon gas,
oil and formation water will flow to surface. The quantity of each phase can
change as the flow rate is altered and formation pressure is reduced.

It is common practice today during a well test, to take spot samples for
analysis at the wellsite. The sampling frequency can vary between 1to 5
hours. Sampling alone can take 1 hour and 3-4 hours for analysis. These
results often do not show the true trend, whereby slugging or other well
bore effects often give erratic results. With current methods it is not
possible to measure frequently enough to plot the true trend.

In addition, bringing samples to the surface, transporting them to a
laboratory, and separating the phase mixtures is time consuming, cost
inefficient and provides only post factum-information. In addition fluid
samples collected downhole can undergo various reversible and
irreversible phase transitions between the point of collection and the point
of laboratory analysis as pressure and temperatures change. Furthermore,
from the time a sample is collected until it is analysed, there is potential for
the sample to be contaminated from air or other external fluids, for the
sample to react with the sample receptacle, for components in the sample
to react among themselves, for the sample to degrade with time, or for
loss of the sample due to leaks.

By directly measuring the properties of the fluid in the flow stream this will
reduce impurities mixing with the sample, and the quality of results will be
greatly improved as well as removing errors from contamination. In
addition there is the Health, Safety and Environmental (HSE) benefit from
reducing the exposure of personnel to reservoir fluids and high pressure.
One of the properties of the fluid which may be readily measured in the
flow stream is the water liquid ratio (WLR) in a multiphase flow line (oil,
water, gas) for a large range of flowing conditions. In particular, this is
useful for high gas volume fraction (GVF), where GVF is greater than
95%. Particularly in these conditions, many existing methods for
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[0012]

measuring the WLR which work on the flow rate are not successful due to
the tiny volume of liquid to be split between the oil and water. Examples of
known methods and apparatus for sampling a small sample of
representative liquid before measuring the WLT and returning the sample
to the line can be found in European patent application number
EP1645863 entitled “A sampling apparatus” and PCT International
publication number WO2006037565 entitled “A sampling apparatus.”
Further examples of known methods and apparatus for in-line multiphase
flow meters which include gas-liquid separation technology and handle
very high GVF multiphase flows can be found in United Kingdom patent
number GB2447908 and PCT International publication number
W02005031311. In these further examples, however, the samples are
taken in isokinetic conditions and this requires a complex control system
which is not required in the current example.

The application of the present invention to measure WLR fluid property
has the advantage of a small sample of representative liquid from the flow
line being used and then being returned to the flow line. This application
further overcomes the difficulty in making the WLR measurement itself
because of the differences in physical properties of the oil and water in
standard flow lines by the measurement made in a very small or mini-
channel where the superficial tension maintains both phases at the same

speed.

Disclosure of the invention

[0013]

[0014]

Accordingly a first aspect of the present invention relates to a system for
the real time analysis of a fluid stream from a flow line comprising: means
for directing a fluid stream from a flow line to a fluid analysis module
located outside the flow line; a fluid analysis module comprising a sensor
for measuring at least one property of the fluid; a processor for processing
the measurement data from the sensor; and communication means for
communicating the processed data to an acquisition unit or a computer.
The system may contain a separation module for separating the phases of
the multiphase fluid stream. In an alternative embodiment the fluid stream

may be taken downstream of an existing separator device in which case
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[0015]

[0016]

[0017]

[0018]

there will be no need for a separation module. The system may also
include a pretreatment module for removing contaminants from the fluid
stream. The fluid analysis module can comprise an array of sensors for
measuring at least one property of the fluid. The sensor of the fluid
analysis module can be configured for measuring properties of separated
water, oil and/or gas phases of a multiphase fluid.

Each sensor comprises a sensing means for analyzing at least one fluid
property. The processor can be part of the fluid analysis module or
alternatively the processor can be part of the data acquisition module. In
one embodiment the sensors comprises the processor for processing the
data collected from the sensor and communication means for
communicating the processed data to a central acquisition unit or
computer for further processing.

Alternatively, each sensor comprises the sensing means, while the
processor can process the data from a plurality of sensors and the
communication means is also common to a plurality of sensors. Yet
another possible arrangement includes the sensor having sensing means
and comprises a processor for processing the data collected from the
sensor, with the communication means being common between a plurality
sensors and as such communicating processed data from a plurality of
Sensors.

The communication means may typically comprise a data acquisition
module to gather the data generated by each sensor after it has been
processed by said processor. It may also have a computer system
configured to further process the gathered data to generate real-time
analysis such as providing data on a physical property of the fluid reservoir
in real time.

The system may also comprises a post-treatment module connected
downstream of the fluid analysis module to prepare the sample for
disposal. A fluid sample outlet is connected to the fluid analysis module to
discharge the fluid sample. The fluid sample outlet can be in fluid
communication with a storage chamber or with the flow line.
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[0019] In another aspect of the present invention the fluid analysis module may
comprise a fluid sampling device in communication with the flow line, a
gas-liquid separator for separating gas from liquids being in
communication with the fluid sampling device, and a water to liquid ratio
measurement device being in communication with the gas-liquid separator
by means of a conduit having a diameter equal to or less than 3
millimeters. The fluid sampling device may be used to return a fluid
sample to the flow line.

[0020] Preferably the system is for the analysis of reservoir fluids from a well.

[0021] The present invention system and method are especially suitable for
measuring fluid characteristics on the surface or subsea.

[0022]) Another aspect of the present invention provides a method for the real
time analysis of a multiphase fluid, the method comprising directing a
sampling stream of a fluid externally from a flow line; directing individual
phases of a fluid stream to a fluid analysis module comprising an array of
sensors; measuring a property of the sampling fluid stream using a
sensor; and processing the measurement.

[0023] The method may further comprise gathering processed data from the
sensor and further processing the gathered data generating real-time fluid
property analysis. The analysis may then be transmitted from the site
where the analysis takes place to any desirable remote location.

[0024] The fluid analysis module can comprise an array of sensors, each sensor
measuring at least one property of the fluid.

[0025] In one embodiment the method comprises separating the phases of the
multiphase fluid into single phase sample streams after obtaining the fluid
from the flow line. Alternatively the method can comprise separating the
phases of the multiphase fluid into single phase sample streams before
obtaining the fluid from the flow line.

[0026] The method can further comprise removing contaminants from the fluid
sample. The fluid sample can be discharged back into the flow line after
measuring a property of the fluid. Chemical agents may be used to
measure a property of the fluid. These chemical agents may then be
separated from the sampled stream before discharging the sampled
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[0027]

[0028]

[0029]

[0030]
[0031]

[0032)]

stream back into the flow line or a container as the case may be for later
treatment or disposal.

Also, the method may comprise storing a sample for further analysis off-
line in addition to the real time analysis. '

In a further form of the present invention the fluid analysis module may
comprise a fluid sampling device in communication with the flow line; a
gas-liquid separator for separating gas from liquids being in
communication with the fluid sampling device; and a water to liquid ratio
measurement device being in communication with the gas-liquid separator
by means of a conduit having a diameter equal to or less than 3
millimeters.

The method if preferably for to measuring fluid properties of any fluid
emanating from a hydrocarbon reservoir either during the exploration,
testing or production stage of the well. When the system is deployed in a
subsea environment the analysis may be transmitted to a surface data
/acquisition module using wire or wireless communications.

Preferably the method uses the system described above.

Further according to the present invention there is provided a fluid
sampling device in communication with a flow line; a gas-liquid separator
for separating gas from liquids being in communication with the fluid
sampling device; and a water to liquid ratio measurement device being in
communication with the gas-liquid separator by means of a conduit having
a diameter equal to or less than 3 millimeters. The fluid sampling device
may be used to return a fluid sample to the flow line.

According to another aspect of the present invention there is provided a
method for the real-time analysis of the water to liquid ratio of a muitiphase .
fluid, the method comprising: obtaining a fluid sample from a multiphase
fluid flow line; passing the fluid sample through a liquid-gas separator and
separating the gas from the liquid in the sample; passing the separated
liquid through a conduit which connects the liquid-gas separator to a water
to liquid measurement device, the conduit having a diameter equal to or

less than 3 millimeters; and measuring the water to liquid ratio by means
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[0033]

[0034]

[0035]

[0036]

[0037]

of the water to liquid measurement device. The method may further
comprise returning the fluid sample to the flow line.

The present invention system and method overcomes some of the
drawbacks of existing systems and methods, allowing for continuous fluid
property analysis of reservoir fluids on site. Some of the advantages of the
present invention system and method are briefly described as follows.

It allows for real time measurements of fluid properties. This is particularly
advantageous in situations where the fluid property changes over time.
This is, to a varying extent, the situation with measurements of the pH of
water, the H2S concentration in gas, Hg in gas, and radon in gas.

It further allows collection of the data and use of the data on a continuous
basis allowing decisions to be made on a real time basis. Such decisions
are of particular importance in making decisions during well test, clean-up
operations or well production. It also eliminates the long delays in the
shipping of samples to laboratories required by existing techniques.

The present invention is less costly and more efficient than existing
methods. It also eliminates handling of hazardous, and/or pressurized
samples thus improving the overall safety of the fluid analysis.

The data analysis from the present invention system can be readily used
in many applications such as:

* Prevention of corrosion and scale

* Analysis of environmental impact

* Determining sales gas quality

+ Catalytic poisoning

+ Characterizing and modeling reservoir fluid properties

* Designing of production and processing facilities

* Time dependent analysis - decaying elements (Radon) and sulfur
species

* Varying concentrations versus time due to thermodynamic conditions
changes.

+ Safety Monitoring and Analysis

* Well Test Optimization
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[0038] These and other advantages will become apparent to persons skilled in
this art from the following detailed description of various embodiments of
the present invention in conjunction with the following drawings. These
embodiments are provided by way of example only and should not be
construed as unduly restricting the scope of the present invention which is
described in the appended claims.

Brief description of the drawings

[0039] Figure 1 is a schematic diagram of the system according to one
embodiment of the present invention;
Figures 2 and 3 show a schematic diagram of a multi-sensor embodiment
of the present invention
Figure 4 is a schematic diagram showing details of one embodiment of the
present invention,;
Figure 5 to 7 show schematics showing details of different configurations
of the present invention;
"Figure 8 is a schematic diagram of a sensor that can be used in the
present invention;
Figure 9 to 11 show schematic diagrams showing details of different
configurations of the post treatment module of the present invention;
Figure 12 shows one application of the present invention in the oilfield
area;
Figure 13 shows a schematic diagram of a fluid analysis module according
to one embodiment of the present invention;
Figure 14 shows a schematic isometric view of a sampling probe of a fluid
analysis according to an embodiment of the present invention;
Figure 15 shows a pressure map of the samplihg probe shown in Figure
14; and
Figure 16 shows schematic side view of a separator according to an
embodiment of the present invention.

Mode(s) for carrying out the invention

[0040] It is desirable to provide a system that can directly measure properties of a
fluid in a flow line and provide real-time analysis of the resuilts. Figure 1

shows a schematic drawing of the present invention capable of measuring
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properties of a fluid in a flow line and providing real-time analysis of the
results. The system is described with reference to analysing fluid from a
well and includes a sampling module for obtaining a portion of fluid from a
well, a pretreatment module, fluid analysis module comprising a sensor

array, a post treatment module and a data acquisition module. Fluid flow

- from a well is diverted to the system located externally from the well flow

[0041]

[0042]

line at the flowhead (1) position. A choke manifold (2) controls the flow of

the fluid sample stream out of the well flow line and into the system. The

fluid is then directed to a pretreatment module (3). There the multiphase
fluid from the well is separated into single phases. A first gas/liquid
separator (4) separates the gas from the oil/water, a second oil/water
separator (5) separates the oil and water into single phases. The pre-
treatment module can also comprise a unit to remove any solids or
impurities that would negatively affect the measurement. Each single
phase is directed into a sensor assembly (6a, 6b). Each sensor assembly
can comprises multiple sensors for measuring different properties of the
fluid for example, pressure and temperature, density, viscosity.

The measured data from each of the sensor assemblies is communicated
to a data acquisition system (7) for further processing to provide real-time
analysis of the fluid flow in a well. This processed data can then be
transmitted to a remote location.

In a conventional well test configuration a fluid sample is diverted from the
flow line and flowed through a heat exchanger (8) and a three phase
separator (9) which separates the multiphase fluid into a gas phase, liquid,
and water phase. A sample of the gas phase is directed to a series of gas
analysis units (10). These units may be online or offline. The remaining
portion of the gas sample is burnt off by burners (11). A sample of the oil
phase and a sample of the water phase are directed to sensor assemblies
(6¢, 6d) where properties of the oil and water are measured. The
remaining portion of the oil is diverted to a tank (12) for storage and to
burners (11). The remaining water is directed to a water treatment unit
(13) for eventual disposal. The measured data from the online sensors is

communicated to a data acquisition module (7) for further processing.
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[0043]

[0044]

[0045]
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10

The system can be used during exploration, evaluation, production,
extended or cleanup well tests. The system may be used for permanent
installation, temporary installation or as a portable unit. The configuration
of the system will depend on the use of the sensor and the fluid being
analysed. The modules may be connected as a multi sensor module
configuration as shown in Figures 2 and 3 or as individual sensors for
direct measurement of the flow line (Figure 5).

With reference to Figures 2 and 3 the system is shown to be installed in
fluid communication with a main flow line (20). A sampling unit (21) diverts
a fluid stream from the main flow line (20) into the sensor system (22)
located external from the main flow line. The sampling system (21) may
also comprise a pre-treatment module which can include a filtering system
to remove contaminants from the sample fluid and a separation system to
separate the multiphase fluid into single phases. The sampling system
(21) is connected to the sensor system (22) where a property of the fluid is
measured and processed, via a sampling port. The sampling port can
consist of a valve for flow regulation. The sensor system can comprise an
array of sensors (23a-c). The sensor will vary depending on the fluid being
analysed and are described in further detail below. After the sample fluid
has been analysed the fluid is directed away from the sensors to a post
treatment module for disposal. The measured data can then be
communicated to a data acquisition unit (24) where the data is processed
generating real-time analysis. This data can then be transmitted from the
site of analysis to any remote location.

The inline sensor assembly (25), as shown in Figure 5, can be installed in
fluid communication with the flow line (20) for direct measurement of the
fluid properties of a fluid. Fluid flows through the sensor module (22) via a
pre-treatment module (26) where a property of the fluid is measured from
the main flowline, before flowing back out the system via a post-treatment
module (27). With reference to Figure 4 a multiple array of inline sensor
assemblies (25a-d) can be used with each sensor in fluid communication
with the main flow line (20). A sample of fluid flows out of the main flow
line (20) and through each sensors module where a property of the fluid is
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[0046]

[0047]

[0048]
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measured. The measurement data from each sensor module can then be
communicated to a central data acquisition unit (24) where the data from
all the sensors is processed generating real-time analysis. This data can
then be transmitted from the site of analysis to any remote location.
Alternatively, the system is configured as a handheld HP sensor assembly
(Figure 6). The handheld sensor assembly (28) is configured to be
connected to an existing sampling port where fluid can enter the system
(28) via a pretreatment module (26) and a property of the fluid measured
by the sensor assembly (22) before fluid flows back out via a post
treatment module (27). The handheld sensor assembly can also be
configured to be connected to bottomhole sampling tools, sample bottles,
PVT cells or any other high pressure (HP) source. The system can also be
configured to be used with the manual injection of a fluid using a
disposable syringe (29), gas bag or connection to any low atmospheric
pressure sample source, to deliver a sample fluid stream to the sensor
system (22) as shown in Figure 7.

A portion of the fluid from the flow line will be diverted into the system for
analysis. Samples will be captured from single or multiphase fluid streams
using single or multiple sampling probes that selectively sample the
required phase. The probe may be fixed or have the ability to move and be
located at any point across the sample stream. The probe may incorporate
pressure regulation. The location of the sample collector will depend on
the purpose of analysis. The system can be connected to take samples
from wellhead/flow head, upstream/downstream choke manifold,
upstream/downstream or directly from multiphase flow meters (i.e.
PhaseTester), separator effluent inlet/outlet streams (gas, oil, water)/
direct, Surge/Gauge/Atmospheric tanks, effluent outlets, inlet and outlet of
other well testing vessels (e.g. water treatment unit, heaters, sand filter
etc).

During a multiphase well test, clean-up or production test, no phase
separation occurs and all samples are taken from a multiphase stream. In

this situation the sampling probe can be located upstream or downstream
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of the choke manifold, upstream/downstream of the multiphase meter or
directly from the multiphase meter.

[0049] The system has the advantage of supplying chemical and physical
properties of the phases at flow line conditions and in real time which can
then be used to ihprove the calculation of phase flow rates. Currently fluid
properties (density, viscosity) are measured at ambient conditions and
calculated at line conditions using Equation of State type calculations.
After the sample of fluid has separated from the main flow line, the sample
is treated before undergoing analysis. The pretreatment module allows for
sample separation and filtration for the removal of sand/solids with a
particulate filter/screen, for the separation of liquid from gas or gas from
liquid with a membrane filter, or for the separation of oil from water or
water from oil with a membrane filter. Alternatively the pretreatment
module can comprise a cyclone, centrifugal separator, or gravity separator
to separate and filter particles from the sample. Filters and membranes
may be used in series and may be of different grades to increase the
purity of the sample phase. The module may also comprise pressure relief
valves and/or rupture discs and pressure and temperature gauges,
sensors and/or transducer to regulate the sample pressure and flow.

[0050] Once the sample fluid has been analysed the fluid will be directed to the
sensor array. There may also be a connection to a sample receptacle
which can store a sample of the fluid for analysis in an onsite laboratory or
shipping to a laboratory at later stage. In another embodiment any
analytical instrument capable of measuring the desired property can be
used as a sensor in the array.

[0051] The sensor array includes pipe work and manifolds to connect from the
sample pretreatment module to each sensor and each sensor to the
sample 'post-treatment and disposal module. A sampling port from the
pretreatment module can consist of a valve for flow regulation and a port
with threaded connection. Each sensor port will include check/nen return
valves that so when removed the system will hold pressure and flow is not
interrupted. Each sensor can act independently although the value
obtained by one sensor can be used to calculate or correct values
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[0053]

[0054]

[0055]
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obtained from other sensors, e.g. density from a DV-rod can be used to
calculate viscosity from Vibrating wire. The number of sensors is not
limited and will depend on the situation.

The system may comprise a plurality of sensors depending on the fluid
characteristics to be measured. For instance the system may include one
or more physical or chemical sensors for measuring inter alia any of the
following:

For the water phase

» Water conductivity/resistivity (Water services sensor)

« pH

* Alkalinity

« Density (DV Rod, Vibrating Wire)

» Viscosity (DV rod, Vibrating Wire)

« lons (Cl, Ca, Mg, Nitrate etc TBC)

+ Sulphate Reducing Bacteria

* Turbidity

* Scaling

* H2S

*+ CO2

For the Oil phase

« Density (DV rod, Vibrating Wire)

« Viscosity (DV rod, Vibrating Wire)

» OBM (oil based mud) contamination (DFA, GC)

« BS&W (basic, sediment and water) (Optics)

« Composition (C1- C36+) (Downhole MicroGC SDR)

» Wax content and deposition pressure

« Asphaltene content and deposition pressure

* H2S (SDR/SCR sensor)

For the Gas phase

» Composition (C1 — C12+, Oz, N2, CO2, H2S, H20) (MicroGC SRPC,
Downhole GC SDR)

* H2S (SDR/SCR sensor)

* Mercury
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* Radon

» Mercaptans (C1-C6 R-SH, COS, CS)
» CO2 (SDR/SCR sensor)

[0056] The sensors may be packaged into a single unit in the fluid analysis
module or as individual sensors connected directly to the sample source
with a common acquisition unit and software.

[0057] As shown in Figure 8 each sensor (30) will consist of four main sections, a
measurement section (31), an electronics section (32), a communication
section (33) and a power section (34). The measurement and electronics
sections for each sensor may differ between sensors of the array as they
will depend on the physical or chemical property that the sensor is
measuring and the processing required to produce the measured property.

[0058] Each sensor can perform onboard calculations of the measured property
and thus have calibration coefficients stored on the sensor. In this way
each sensor is ihdependent and not reliant on the data acquisition module
or software. The communication module of the sensor allows each sensor
to communicate independently between the sensor and data acquisition
module and between the sensors themselves. Each sensor can have an
independent power supply, such as an onboard battery to enable
operation in a wireless mode or as a hand held sensor. They can also be
supplied power from an electrical cable or power converted from an optic
fiber cable from the surface. It is preferred that the electric connections
and the communication modules are the same across each sensor in the
array.

[0059] Various sensors e.g. pH, alkalinity, ion, may introduce chemicals, reagents
or dyes into the sample stream during the analysis process. Therefore the
system can further comprise a post treatment system. Each sensor is in
fluid communication with the post-treatment. The post treatment system
can incorporate scrubbers, for example activated carbon,
filters/membranes, centrifugal, cyclone and/or gravity separators to
remove all chemicals from the sample that have been added during the
analysis process to return the sample to its original state before analysis
prior to discharging the sample back into the flow or into a storage vessel.
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The sample disposal system can include a high pressure pump to inject
the sample into the flow line. As shown in Figure 10 the fluid sampling
stream can be injected back into the main flow line (40) after analysis by
the system (41) at the original sampling point (42). In another embodiment
of the present invention a fluid sample stream is directed into the system
from a fluid inlet (42) and then injected back into the main flow line (40)
from the system after analysis via an outlet (43) downstream of the original
sampling point as shown in Figure 9.

In another embodiment of the present invention, as shown in Figure 11, if
it is not possible to sufficiently remove from the fluid sample, the
introduced chemicals etc used during the analysis process such that the
sample fluid can be injected back into the main flowline (40), the sensor
module (41) can be connected to a waste vessel (44) or tank in which the
sample can be stored for later disposal.

Measured sensor data can be handled in several ways. The raw data
obtained by the sensor can be processed by a processor located on the
sensor with the processed value sent to the data acquisition system.
Calibration coefficients and calculations will be stored in the sensor
electronics to enable the data to be processed. Alternatively the raw data
obtained by the sensor is sent to the data acquisition system and
processed by a processor of the data acquisition system whereby the
calibration coefficients and calculations will be stored in the data
acquisition system.

If not processed by the data acquisition module the processed data is
transmitted to the data acquisition module. Communication from the
sensor to the data acquisition system can be via electrical cable, optical
fibre or wireless i.e. Wi-Fi, blue tooth, radio, and infrared. The type of
communication used depends on the site/location of the system. At the
data acquisition module the process fluid property and chemical data
obtained can be used in conjunction with pressure, temperature and flow
rate measurements, if required, to:

* Monitor clean-up of drilling and completion fluids (e.g. OBM, WBM)
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» Monitor the change in trace elements such a HzS, mercury and radon
which are scavenged by steel tubulars, valves, vessels, etc

* Improve the accuracy of flow-rate calculations

« Monitor effect of chemical injection

» Monitor the change in compositions due to changes in flow rates or
conditions

* Predict / Monitor Hydrate formation

* Predict / Monitor Asphaltene precipitation

This system has the benefits of optimising the clean-up, main flow and
shut in periods, by lengthening the clean-up periods to allow the well to
clean-up fully and shortening clean-up flow periods once the well is
suitably clean. It allows sampling for lab analysis at the optimum time, for
example, sampling after the well is clean and when composition is stable
or at equilibrium, eliminates the need of extra sampling flow period and
can be used for surface and bottomhole samples. The system also allows
the flow rate versus choke setting to be optimised. This is critical on gas
condensate wells where liquid is accumulating in the well bore and
slugging. It ensures the fluid property data delivered at the wellsite is
representative.

The data acquisition module comprises a computer system configured to
further process and analysis the data about the fluid to allow for real time
trending, well test optimization and well control. Data from the muiltiple
sensors is received by the single data acquisition system and processed
using a single computer program to allow real-time trending, well test
optimization and well control. The computer system can:

* Display numerically and graphically the measured values - instantaneous
readings and historical trends.

» Have multiple sensors plotted on the same display in addition to
pressure, temperature and flow rates.

* Log / store historical data

» Generate a report

* Export data (ascii, xIs etc)

« Allow well test control / production optimization
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« Trigger alarms (high/low level - e.g. H2S above 10ppm)

* Interpret and model the data

* Predict clean-up time

* Allow hydrate prediction based on water and gas composition
(incorporates DBR Hydrate software) (water and GC measurements
required)

« Allow flow assurance (wax, Asphaltens and scale) (incorporates DBR
Solids Software)

* PVT property predictions (EOS / ANN based on certain measured
properties) .

» Inorganic Solids deposition (Scale) — based on correlation / prediction
software

Data may also be fed into well testing data acquisition software for
monitoring fluid property trends in relation to changes in flow/ pressure
and temperature conditions.

The data acquisition module can comprises communication means to
transmit the analysis obtained from downhole to the well site surface.
From the well site the data can be transmitted by a wellsite user worldwide
via a satellite.

The system can be connected to bottomhole sampling tools used in open
hole, cased hole and production. This may be a direct connection or inline
during sample transfer.

Alternatively, it can be connected to a pressurised sample bottle
containing samples transferred from bottomhole sampling tools or
captured at surface from the wellhead/upstream choke manifold, separator
or MFPM. It can be used at the wellsite, mobile lab at the wellsite, remote
lab, PVT Labs or any another analytical laboratory. The system can also
be used to analyse samples at low or atmospheric pressure.

The system can be used in surface or subsea applications for monitoring
fluid properties during production from the wellhead to the process facility.
In subsea application, as shown in Figure 12, the system can be located at
a.position (A) downstream of a subsea well head where properties of an
individual well can be monitored. Alternatively where fluid from two wells is
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mixed the system can be located at a position (B) after fluid from two wells
is mixed. The fluid properties of the co-mingled fluid can be measured at
this point and compared to the individual well properties. In another
embodiment the system is located at a position (C) on the riser between
the sea floor and platform to monitor changes to the fluid properties as the
sample encounters different conditions e.g. reduction in temperature and
pressure. The system can be used upstream, downstream or directly from
a subsea multi-phase meter.

Fluid properties measured at locations A, B and C are used for flow
assurance and solid deposition monitoring. The fluid properties are fed
into simulation software for the prediction of flow rates, hydrate formation,
organic solids deposition (Wax and Asphaltene) and inorganic deposit
(Scale). The performance of gas injection, chemical injection and pipeline
heating can be monitored and adjusted based on the change in fluid
properties e.g. monitoring fluid density during gas lift operations.

In surface applications, the system can be located / samples taken from
the equivalent locations i.e. wellhead, co-mingling/mixing points.

The system can also be used on production facilities to monitor to
chemical and physical properties. The sensor manifold or multiple sensors
are connected directly into the flow line, are permanently installed or
installed on a short term basis. Typical applications are measuring fluid
properties from individual wells prior to mixing, measuring fluid properties
at each stage of separation (before, intermediate and after), before and
after treatment vessels i.e. mercury scrubber, H2S / CO2 separation, and
measuring fluid properties during well clean-up for new or work over wells.

In a further embodiment of the present invention the fluid analysis module

.of the system may be configured as shown in Figure 13. In Figure 13 the

fluid analysis module may comprise a sampling probe (45), a self
regulated mini separator (46), a mini channel (47) and a water liquid ratio
(WLR) measurement device (48). The fluid analysis module of Figure 13
provides a method for measuring the WLR in a multiphase flow line with
oil, water and gas for a large range of flowing conditions and particularly in
high gas volume fraction (GVF), where GVF is greater than 95%.
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Production management of an oil field must cope with large quantities of
produced water and therefore must know the source of the water. There
are several known methods used for measuring the WLR but they are -
challenged when the GVF in the production line becomes high. The
reason for this is that at high GVF, the WLR measurement are made on a
tiny amount of liquid immersed in a large volume of gas, typically 1% of
liquid dispersed in 99% of gas.

[0075] One option is to get a sample of liquid representative of the WLR. It has
been observed that the oil and water are well mixed when flowing in
multiphase flow after the pipe direction changes from horizontal to vertical.
The presence of gas in the multiphase flow further largely enhances the
mixing of the oil and the water after the direction changes. The fluid
analysis module of this embodiment takes advantage of this physical
behavior to get a representative sample of liquid to perform the
measurement.

[0076] The fluid analysis module of Figure 3 may be used according to a method
which comprises a number of steps. There are preferably four steps as
indicated in Figure 13. Step 1 comprises taking a spot sample by the
sampling probe 45. The spot sample is taken in a conditioned flow, that is,
in at least a section of vertical ascending flow upstream of the sampling
probe 45. The sample is taken at the correct location which is where the
spot sampling probe 45 is preferably located after the pipe direction
changes and is facing the flow. Usually the relative volume of the three
phases in the sample is not representative of the flow in the line and there
is an excess of liquid. However, due to the good mixing of the liquid in the
line, the WLR of the sampled liquid is representative of the flow in the line.

[0077] Step 2 comprises removing the gas from the sample. This can be done by
one of several different ways, but the use of a self regulated mini
separator 46 as shown in Figure 13 and in Figure 16 is preferred.

[0078] Step 3 comprises measuring the WLR of the liquid mixture stream.
Several methods exist for evaluating the ratio between oil and water in an
oil/water mixture, such as, density, attenuation, optical, and impedance

measurement. All of these methods ignore the speed of the fluids and
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provide only a measurement of the instantaneous volume of each phase.
To deduce an accurate measurement of the WLR, the method requires
either that both phases flow at the same speed or that a complex slip
model be used.

This embodiment of the fluid analysis module provides an accurate
measurement of the WLR by forcing both fluids to flow at the same speed.
This is done by directing the liquid mixture in a mini channel 47. In such a
channel having a diameter of less than 3 to 4mm, the capillary forces
between oil, water and channel walls are creating a train of oil/water slugs
which push each other and therefore move at the same speed. From there
the WLR can be measured by a WLR measurement device 48 in the mini
channel 47 by using known methods. One of these known methods,
namely, density measurement using a coriolis meter, is preferred for its
robustness and accuracy.

Step 4 comprises re-injecting the full sample, that is, the gas and liquid,
into the flow line in a robust way, thus ensuring that there is enough flow
and the risks of plugging are minimized. The resulting footprint of the full
system of the fluid analysis module of this embodiment is small and does
not create big pressure drops in the system. The system, therefore, can be
efficiently insulated to avoid thermal variations. These two later points,
namely, low pressure and thermal variation, for some hydrocarbons, assist
in avoiding formation of deposits (hydrates, asphaltenes, wax, etc.) and
avoiding plugging of the system.

Step 1 and step 4 are linked, having an in-port to get the sample and an
out-port to return the sample to the flow line. To ensure a flow betweén the
two ports a differential pressure is required between the ports. This can be
obtained by several means (pump, venture, etc). The fluid analysis module
makes use of an aerofoil type sample probe, as shown in Figure 14, to
create the differential pressure. The position of the ports on the aerofoil is
shown as P1, P2, P3 in Figures 13 and 14. P1 is the in-port and the out-
port is P2 and P3. A simulation of the pressure around the aerofoil
mounted with a specific incident angle, a, in respect to the main flow is
prepared. Figure 15 shows the pressure map of this simulation around the
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probe and from this the pressure differential between the various ports can
be deduced. Note that port P1 is mounted in a slightly different way on the
simulation than on the arrangement (see 14 and 15). This allows for the
adjustment of the angle of the probe, but does not affect the overpressure
created by the flow on the port tip.

The speciﬁd conical shape of the probe P1 on the arrangement, is made to
minimize the catching of debris in the port itself. Any debris hitting the
probe on the side will be directed away from the port. This reduces the
probability of the debris to get trapped in the port itself. The size of the port
is also minimized to avoid big debris from being able to get into the
system.

For the out-port, port P2 or P3 can be used. On P2, the pressure is the
lowest as indicated on the simulation (15), therefore it will be more efficient
to create a flow between P1 and P2. P3 is at a pressure close to the flow
line pressure and is used for the gas return.

Suring step 2, the gas séparation stage, the multiphase, oil/water/gas
(O/WIG) mixture coming from probe P1 enters the mini separator 46 at
port S1. In the separator 46 the gas separates from the liquid, exits
through port S3 and comes back to the flow line using port P3 of the
aerofoil sampling probe. The liquid exits the separator through the lower
port S2. Alternative methods of separation such as, for example, a hydro-
cyclone could be also used.

For a proper running of the system the liquid level should remain at mid
height of the separator 46. To do this a floater system is used as shown in
the separator of 16. If the liquid level is lowered, the floater 49 which is
equipped with needle valves 50 and 51 closes port P2 until the liquid rises
up the floater 49 and releases the valve. Conversely, in the event of an
excess of liquid the floater 49 will raise the upper needle valve 50 to close
the gas escape. It will be understood that alternative methods of level
control could also be used.

Step 3 is at the WLR measurement device 48, where the liquid mixture
exits from the separator 46 from port S2 via mini channel 47, whose

diameter is equal to or less than 3mm. This condition forces the liquids, oil
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and water, to flow at the same speed and permit an accurate
determination of the WLR without using an empirical slip law correction.
Various systems such as optical absorption, reflectance, impedance,
density measurement can be used to determine the WLR. One of the
preferred systems is a mini coriolis meter, which is able to measure the
density of the mixture as well as the mass flow rate. From the coriolis
density measurement, reorictis, the WLR is simply equal to:

WLR = pcorialis - poil
p water p oil

where rwater and rqi are the densities of the pure oil and water.

[0088]

[0089]

The mass rate measurement may also be calculated and is useful to
check that the system is really flowing.

Although the system has been described with reference to its use in the oil
and gas industry. The system is not limited to such applications and can
be used in any industry where fluid properties are measures, including but
not limited to water production, waste water treatment,
chemical/petrochemical processing, food processing, pharmaceutical/drug

manufacturing, brewing and distilling.
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Claims

1.

10.

A system for the real-time analysis of multiphase fluids comprising:

means for directing a fluid stream from a flow line to a fluid analysis module
located outside the flow line;

a fluid analysis module comprising a sensor for measurement of at least one
property of the fluid;

a processor for processing the measurement data from the sensor; and
communication means for communicating the processed data to a central
acquisition unit or computer.

A system according to claim 1 comprising a separation module for separating
the phases of the multiphase fluid stream.

A system according to claims 1 or 2 wherein the fluid analysis module
comprises an array of sensors.

A system according to claims 1, 2 or 3 comprising pre-treatment module for
removing contaminants from the fiuid stream.

A system according to any of claims 1-4 wherein the sensor comprises a
processor for processing the data collected from the sensor and comprises a
communication means for communicating the processed data to the central
acquisition unit or computer.

A system according to any of claims 1-4 wherein the processor can process
the data from a plurality of sensors.

A system according to any of claims 1-4 wherein the sensor comprises a
processor for processing the data collected from the sensor and the
communication means communicates processed data from a plurality of
Sensors.

A system according to claims 6 or 7 wherein the communication means
comprises a data acquisition module to gather the data generated by each
sensor after it has been processed by said processor.

A system according to claim 7 wherein the communication means comprises a
computer system configured to further process the gathered data to generate
real-time analysis.

A system according to any of claims 1-9 comprising a post-treatment module
to prepare the sample for discharge.
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A system according to any of claims 1-10 comprising a fluid sample outlet
connected to the fluid analysis module to discharge the fluid sample.

A system according to claim 11 wherein the fluid sample outlet is in fluid
communication with a storage chamber.

A system according to claim 11 wherein the fluid sample outlet is in fluid
communication with the flow line. _

A system according to any of claims 1-13 comprising a sample device for
taking samples for further analysis off-line.

A system according to claims 1 or 2 wherein the fluid analysis module
comprises a fluid sampling device in communication with the flow line, a gas-
liquid separator for separating gas from liquids being in communication with
the fluid sampling device, and a water to liquid ratio measurement device
being in communication with the gas-liquid separator by means of a conduit
having a diameter equal to or less than 3 millimeters.

A system according to claim 15 wherein the fluid sampling device is used to
return a fluid sample to the flow line.

A system according to any of claims 1-16 for the analysis of reservoir fluids
from a well.

A method for the real-time analysis of a multiphase fluid, the method
comprising:

directing a sampling stream of a fluid externally from a flow line;

directing individual phases of a fluid stream to a fluid analysis module
comprising a sensor for measuring at least one property of the fluid;
measuring a property of the sampling fluid stream using the sensor; and
processing the measurements. '

A method according to claim 18 further comprising gathering procéssed data
from the sensors and further processing the gathered data generating real-
time fluid property analysis

A method according to claim 19 comprising transmitting the analysis to a
remote location.

A method according to claims 18, 19 or 20 wherein the fluid analysis module
comprises an array of sensors, each sensor measuring at least one property of
the fluid.
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A method according to any of claims 18-21 comprising separating the phases
of the multiphase fluid into single phase sample stream after obtaining the fluid
from the flowline.

A method according to any of claims 18-21 comprising separating the phases
of the multiphase fluid into single phase sample stream before obtaining the
fluid from the flowline.

A method according to any of claims 18-23 comprising removing contaminants
from the fluid sample.

A method according to any of claims 18-24 comprising discharging the fluid
back into the flow line after measuring a property of the fluid.

A method according to any of claims 18-25 comprising separating chemical
agents used to measure a property of the fluid from the sampled stream before
discharging the sample stream back into the flow line.

A method according to any of claims 18-25 comprising storing the sample
stream in a container for later treatment or disposal.

A method according to any of claims 18-27 comprising retaining a sample'of
the sample fluid steam for further analysis off-line.

A method according any of claims 18-28 for measuring the fluid properties of a
multiphase fluid from a hydrocarbon reservoir.

A method according to claim 29 comprising separating the multiphase mixture
into an oil phase, a water phase and a gas phase. '

A method according to claims 18, 19 or 20 wherein the fluid analysis module
comprises a fluid sampling device in communication with the flow line; a gas-
liquid separator for separating gas from liquids being in communication with
the fluid sampling device; and a water to liquid ratio measurement device
being in communication with the gas-liquid separator by means of a conduit
having a diameter equal to or less than 3 millimeters.

A method according to any of claims 18-31 performed using the system of any
of claims 1-18.

A method according to claim 32 comprising deploying the syétem down a
subsea well and transmitting the analysis to a surface data acquisition module.
A fluid analysis module comprising: a fluid sampling device in communication
with a flow line; a gas-liquid separator for separating gas from liquids being in
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communication with the fluid sampling device; and a water to liquid ratio
measurement device being in communication with the gas-liquid separator by
means of a conduit having a diameter equal to or less than 3 millimeters.

A fluid analysis module according to claim 34 wherein the fluid sampling
device is used to return a fluid sample to the flow line.

A method for the real-time analysis of the water to liquid ratio of a multiphase
fluid, the method comprising: obtaining a fluid sample from a multiphase fluid
flow line; passing the fluid sample through a liquid-gas separator and
separating the gas from the liquid in the sample; passing the separated liquid
through a conduit which connects the liquid-gas separator to a water to liquid
measurement device, the conduit having a diameter equal to or less than 3
millimeters; and measuring the water to liquid ratio by means of the water to
liquid measurement device.

A method as claimed in claim 36 which further comprises returning the fluid

sample to the flow line.
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