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SUMMARY

The paper gives a brief overview of the changing requirements from operators regarding flare gas measurement systems over the past 20 years.  Some of the changes in requirements are initiated by governmental legislation, in addition to more awareness amongst operators regarding economical and environmental issues.  A general presentation is given of how the properties of the flare gas meters have been affected by new regulations and operators’ requirements.  In sum, this has led to the measurement challenges at hand as we experience today.  Finally, conclusion regarding flare gas metering as today is drawn and future measurement challenges outlined.

1
INTRODUCTION

Going 20 years back, a common sign of an offshore production platform or process plant was the ever-burning flare, to be seen from far distances.  The burning flare was in a way the mark of the oil production age.  However, few, if any, regarded the burning flare as an unwanted proof of unprofitable production and gas emissions.

This has now changed, and there is an entirely different awareness amongst operators and oil companies about the effect of gas emission as both an environmental and an economical issue.  Also, governmental legislation and regulatory in more and more countries are pushing the operators to reduce the emission of gases to a minimum.  This yields also for the flare gas emission, and oil production platforms are nowadays both designed and rebuilt for zero-flare operation.  This is not to say that the flare systems are superfluous, as they are activated due to an unexpected shutdown or when it becomes necessary to rapidly dispose large amounts of gas. 

This change in operation of the flare systems has also influenced on the requirements of the flare gas measurement systems.  From a continuous, more or less steady flowing amount of flare gas, today’s picture is more binary in nature, with the gas flow either to be approximately zero, or at the specified maximum rate.

2
FLARE GAS METERING

With the change in the operation of the flare systems, an adaptation of the flare gas metering systems has been imperative.  With flare systems being installed primarily for safety purposes, the flare gas metering systems must cope with dramatically changes in the flow velocity, gas composition and temperature over a very short time scale.  Hence, the measurement challenges may vary a lot over a short time period.

Due to the nature of e.g. a process shutdown, when all of the process gas is flared, the flow velocity may exceed 100 m/s.  As a result of this extremely high flow velocity, unwanted particles and components such as oil, water, salt and scale may be transported along the flare pipeline.  Knowing this, it is quite evident that any instrumentation that intrudes into the flare pipeline might get influenced, or at the worst get damaged, during such a shutdown.  Accordingly, limitations of what metering systems that can be put in operation have arisen.

2.1
Flare Gas Measurement Methods
In the early days of flare gas measurement, more or less well-proven methods like “flare spectacles”, “guesstimation” and estimation were utilised.  Later, more conventional metering systems were used for flare gas measurements, like insertion turbines, thermal mass meters and annubars.  Other metering types, such as positive displacement meters, vortex meters, hot-wire anemometers, coriolis mass flow meters and sonic nozzles have too limited flow range to be considered for such metering applications.  In addition, some of these metering types introduce an unwanted pressure drop in the pipe.  From mid 1980s, a metering technology that has gained more and more acceptances for flow measurements are the ultrasonic time-of-flight meters.  

2.2
Ultrasonic time-of-flight flow meters
The ultrasonic time-of-flight gas flow meter is based on measurement of contra-propagating ultrasonic pulses, in which the transit time of the acoustic signal is measured along one or more diagonal paths in both the upstream and downstream directions.  The flow of gas causes the time for the pulse travelling in the downstream direction to be shorter than for the upstream direction, and this time difference is a measure for the rate of the gas flow, see Fig. 2.1.  By utilising equations (2.1) – (2.3), the gas volume flow rate can be calculated.  In equation (2.1), the axial flow velocity along the acoustic cord is calculated, and (2.2) gives the average flow velocity along the pipe axis.  The volume flow rate at reference conditions is calculated from equation (2.3), where the input of line pressure and temperature are required.
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Figure 2.1
Basic time-of-flight flow velocity measurement principle, with two ultrasonic transducers transmitting acoustic pulses to each other.
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As can be seen from these equations, the flow velocity measured along the ultrasonic cord does not depend on pressure, temperature or any other process parameter.  This is a very important characteristic of an ultrasonic flow meter, as it implies that no adjustment due to changes in e.g. gas composition is required.  Accordingly, an ultrasonic flow meter should present valid measurements independent of the process conditions.  That is, within the flow, pressure and temperature range specified for the meter in question.  

3
FLARE GAS MEASUREMENT CHALLENGES AT HAND

3.1
Governmental Legislation

In Norway, in 1993, regulations relating to measurement of fuel and flare gas for calculation of CO2 tax in the petroleum activities were resolved [1].  The regulation was stipulated by the Norwegian Petroleum Directorate (NPD) by virtue of Section 5 of Act of 21 December 1990 relating to CO2 tax in the petroleum activities on the Norwegian continental shelf.  The purpose of the regulation was to ensure that the calculation and reporting of CO2 tax was based on accurate measurements.  

Inevitably, oil companies operating on the Norwegian continental shelf had to relate to this regulation.  However, also manufacturers of flare gas metering systems operating in this market were forced to confirm that their instrumentation did comply with these regulations. 

In the current revision of [1], only three measurement methods are acknowledged for flare gas metering on the Norwegian continental shelf;

· Ultrasonic measuring,

· Insertion turbines with density measurement/density calculation, 

· Thermistor method.

However, a new revision of [1], still as a discussion document, but expected to be approved this year, states that the accepted standard is according to NORSOK
 STANDARD I-104 [2].  In [2], Section 7.1.3, regarding flare gas measurement equipment, it says, “the measurement method should be an ultrasonic transit time flow meter (USM)”.  This is not only a clear indication of what the future flare gas metering technology is expected to be, but it states that it is, today, the only proven technology to be utilised for these demanding applications. Further, the operating velocity range should be 0.2 – 100 m/s, still according to [2].  As today, the ultrasonic measurement technology is the only proven technology that has demonstrated ability to measure under these challenging conditions.

As earlier stated, in order to fulfil the regularity requirements, the operators’ requirements regarding the flare gas metering systems have changed.  Not only as a result of the mentioned governmental legislation, but also as a result of more focus on the environmental and economical aspects of the gas flaring.  Further, other application areas for ultrasonic gas flow meters as mass balance and leak detection has added metering requirements beyond the direct flare gas metering requirements.  Also, this has opened a new market within refineries and onshore process plants. 

3.2
Process Related Challenges

What is a very important feature of a flare gas meter at these conditions, with flow velocities up to and above 100 m/s, is that no meter parts intrude into the pipe cross-section.  If this were the case, particles and droplets may deposit on the metering parts, affecting the meter performance.  Deposits may affect the metering performance not only at the time of depositing, but also on a permanent basis if the deposits are not removed from the metering parts.  At worst, the metering parts can be damaged, resulting in malfunction and erroneous readings.  Generally, ultrasonic flare gas meters utilise transducers that are mounted flush with the inner pipe wall.  The transducers of the Roxar Flow Measurement FGM 130 flare gas meter are mounted with the front centre point flush with the inner pipe wall for all pipe sizes from 6” to 72”, see Fig. 3.1 (A).   However, some ultrasonic meters utilise other transducer mounting configurations, with the transducer intruding up to ¼ D into the pipe cross section.  Depending on the application and the pipe size, this may be favourable, but the sensors will be more exposed to process debris.  This is an evaluation that has to be done prior to installing the sensors; having the sensors intruding into the pipe, thus reducing the distance between the sensors.  This will potentially increase the signal strength at the receiving transducer, enabling the flow meter to measure e.g. higher flow rates and under higher concentrations of CO2.  However, at the same time the sensors are more exposed to debris.
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Figure 3.1
A standard transducer mounting is shown in A), whereas in B) an alternative method with sensor set back is shown.
In Fig. 3.2, an ultrasonic transducer that has been exposed to high flare gas flow is presented.  The sensor was mounted with the front centre point flush with the inner pipe wall, at an angle of 45( against the direction of flow.  As can be noticed, the part that intruded into the pipe cross section is discoloured due to deposits.  Remembering the upper velocity range for flare gas application, it is easy to imagine the effect of small particles that can be carried along with the gas flow.  At worst, permanent damage to the sensor can be the outcome.  In Fig. 3.1 (B), a configuration with the transducers set back is shown.  This would potentially reduce the affect of debris in the flowing gas, but there are some considerations to be taken in evaluating this arrangement.  First, the flow velocity equation 2.1 could not be utilised, as the set back arrangement introduces a part of the acoustic path where the flow velocity is assumed to be zero, ref. red coloured cavity area in Fig. 3.1 (B).  Also, it is assumed that the velocity of sound is equal for the entire acoustic path between the transducer pair, that is, for the flowing fluid and the stationary fluid.  Given this, it is readily to establish flow equations for this arrangement, [4].

Secondly, in order to cover a flow velocity range up to 100 m/s, the beam width of the transducers must be wide.  If not, the carry-along effect of the signal due to high flow velocity would imply that the signal strength of the receiving signal would be too weak to be detected.  But, a wide beam of a set back transducer could result in signal reflections in the conduit, distorting the transmitted signal.  Accordingly, a set back arrangement may potentially reduce the flow velocity range of the meter.
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Figure 3.2
An ultrasonic transducer after having been exposed to process in a flare line. Note the darker part of the transducer front (A) that has been in direct contact with the flowing gas.  The lighter, upper, part of the transducer (B), has not been directly affected by the flowing gas and debris that has been carried along the flow. The transducer was positioned so that the front centre point was aligned flush with the inner pipe wall at a 45( angle against the direction of positive gas flow.
3.3
Operator Requirements
Putting the specified upper flow velocity for flare gas meters in perspective; a hurricane is defined as wind speed of approximately 30-32 m/s.  Thus, the required measurement range is more than three times the wind speed of a hurricane.  Anyone having experienced a hurricane knows that both the carry along effect of voices in the wind and the general noise level is dramatic.  Bearing this in mind, it is obvious that both the ultrasonic signal propagating along the measurement cord and the signal processing system must be very robust in order to extract time-of-flight information under such conditions.  At the same time, the meter must perform accurate measurements at the lowest flow velocities.  Both the Norwegian CO2 tax regulation [1] and the NORSOK standard [2] state measurement uncertainty limits of ( 5 % of measured volume flow rate for flare gas meters.  This applies for the entire measurement range.  The measurement uncertainty of a meter for flare gas applications shall be verified by an uncertainty analysis within a 95 % confidence level.

3.4
Challenges Related to New Applications

Flare Gas Recovery (FGR) systems are expected to become more and more significant in the process of decreasing emission of CO2 and greenhouse gases, [3].  The FGR system effectively closes the flare system, and any gas released to the flare header is recovered.  FGR systems will generally be sized to recover background flaring with some space capacity.  If the gas flow rate exceed the FGR capacity, a Fast Opening Valve (FOV) will ensure that the gas is released to the flare header.  In order to recover the gas, it has to be reused in some way.  If this is not possible, the gas, obviously, must be flared.  
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Figure 3.3
Typical arrangement for Flare Gas Recovery (FGR) System, with 3 potential measurement points: (1) at Flare Header, (2) at Gas Recovery line, and (3) after the FOV where all the gas to the Flare Tip must pass.
In a FGR arrangement up to three measurement points can be identified; at the flare header Ref. Fig. 3.3 (1), at the gas recovery line (2), and after the FOV where all the gas to the flare tip must pass (3).  During normal operation, with the FOV closed, a meter at (1) and (2) should read the same.  With the FOV open, all the gas is flared, and a meter at (1) and (3) should read the same, except for a small contribution of Nitrogen at (3) if N2 purging is utilised.  It is of course possible to install meters at (2) and (3) only, but with gas flow meters at all three locations, a redundant measurement system is achieved no matter the flare situation.  Redundant measurements, or double transmitter solutions is in accordance with [2].  However, will the operators be willing to invest in three flow meters to have this process control, or redundant measurements?  This is of course a question about having cost benefit of the investment.  The challenge is inevitably to have a system covering all three measurement points, if possible, with a minimum of components at the lowest cost possible.  That is, by e.g. using only one Flow Computer covering three measurement points.  The advantage would of course be to have only one manufacturer for all three meters, which again would potentially reduce both investment and maintenance costs.  

3.5
Self-checking and Diagnostics Capabilities

New technology, more powerful signal- and microprocessors have increased the availability of measurement data from an ultrasonic gas meter.  As more and more of the signal processing can be implemented in software, both raw data and processed data can be acquired and analysed.  By having this information on a digital form, e.g. trough a serial communication line, no information is lost due to non-linearity, bit resolution, offset and gain errors found in digital-to-analog and analog-to-digital converters.  By using e.g. RS-422 or RS-485 communication, data can be transmitted over long distances.  Combined with the Modbus protocol, data can be transferred to and from a supervisory system with high data integrity.  This information can be utilised for monitoring the meter performance and trending over longer time periods.  An example of a trend plot that has been obtained by data from the Roxar Flow Measurement FGM 130 is given in Fig. 3.4.  

As can be noticed from Fig. 3.4, the emitted gas in a flare pipe can vary a lot.  The total time span for the trend curve is approximately 30 minutes, with the flow velocity varying from approximately 0 m/s to almost 70 m/s.  At one particular moment, the flow velocity varies over 50 m/s in less than 40 seconds (from approximately 0.5 m/s to approximately 52 m/s).  Obviously, a highly dynamic system with fast response time is required for such applications.  It should also be noted that the flare situation shown in Fig. 3.4 is not during a process shut-down, but merely pictures a general measurement situation that a flare gas meter is exposed to.

With the measurement challenges a flare line clearly can represent, it is important to have a continuously verification of the measured parameters.  Not only the calculated flow velocity, but e.g. also the measured transit times can be evaluated for system performance.  By having all information about the meter’s status from the meter itself, the instrument fits into the scheme of condition based maintenance.  However, as with all electronic equipment and devices, e.g. like PCs, the system it is not more intelligent than the manufacturer made it, and it is not capable of making any decisions without having evaluated a set of criteria to base the decision on.  So also with an ultrasonic flare gas meter, incorporating state of the art electronics and signal processors with sophisticated signal analysis and software.  A self-checking facility must be based some predetermined assumptions, and if one or more of these assumptions fail, the result can be false alarms or no alarms even if the situation qualifies for an alarm to be given.  Alternatively, the evaluation of the data from the USM can be handed over to the supervisory system.  But again, the evaluation at this level will also have to be based on a set of predetermined assumptions.  And, is the manufacturer of the supervisory system better qualified for evaluation of data from an USM than the USM manufacturer himself? 

No matter which self-checking arrangement chosen, it is evident that as much as possible of the raw data from an USM should be available at the supervisory system.  Then, an independent evaluation of the USM data could be carried out, possibly in parallel with the internal self-checking in the USM.

[image: image9.wmf]HP Flare at Offshore Production Platform

0

10

20

30

40

50

60

70

Time

Flow Velocity [m/s]

2000

2200

2400

2600

2800

3000

3200

Time-of-Flight [µs]

Temperature

Flow Velocity

Upstream T-o-F

Downstream T-o-F

Pressure 

                                                                                      


Figure 3.4
Trend plot of measured transit times, temperature and flow velocity in a HP flare line at an offshore production platform.  Notice the rapid changes in flow velocity (blue curve) and pressure (brown curve), and the increasing temperature (green curve) over the entire time span.
3.6
Automated Condition Based Maintenance
Automated condition based maintenance implies that regular service intervals on e.g. a transmitter are omitted at the expense of service only on demand.  This maintenance scheme requires direct information of the transmitter status, so that an evaluation of the transmitter can be carried out.  If the transmitter status itself is not sufficient to give information of the transmitter condition, a duplicated transmitter solution might represent the required solution.  In this setting, one transmitter is defined as master, and the other as secondary transmitter.  The output from the master is used as transmitter values unless an alarm status is given.  This of course would initiate a corrective action to be taken towards the master transmitter.   Also, at this moment the output values from the master transmitter would be discarded, and the values from the secondary transmitter used.   Also, if the output values from the two transmitters started to drift apart, without any error indications given from neither of the transmitters, a corrective action should be taken.

The Roxar Flow Measurement FGM 130 has implemented an interface enabling up to twelve HART transmitters to be connected to one Flow Computer.  For each of the maximum three measurement systems, up to two pressure and two temperature transmitters can be configured.  The Flow Computer will continuously present both the measurement values and the communication status for each of the HART transmitters to the supervisory system through the Modbus serial communication link.  By utilising duplicated transmitters, the supervisory system can compare the measurement values for each transmitter and give a warning if the measurement values are adrift or the transmitter status indicates an error.

Incorporating the possibility for automated condition based maintenance, the Roxar Flow Measurement FGM 130 is aligned to the NORSOK standard [3], which states normative requirements in this respect.

4
CONCLUSION AND FUTURE TRENDS

As of today, the proven technology for flare gas measurement is ultrasonic time-of-flight meters.  The high turn-down ratio, the fast dynamic response, the non-intrusive design and the low maintenance costs represented by this technology substantiate this.  The challenges ahead for flare gas measurement are more into verification and quality assurance of the flow measurements as to extending the velocity range of the meters.  Self-checking capabilities and trend data analysis are features that will improve system integrity, enabling the operator to have a continuously updated status of the meter performance.

However, at some installations it has been experienced flow velocities well above 100 m/s, and process estimates have indicated flow velocities close to 200 m/s.  At these flow velocities no meter, as today, is capable to perform continuous valid flow measurements.  Hence, a system for handling fall-outs of the ultrasonic measurements must be identified.  Options of how to handle such situations are already implemented in existing meters, like “freezing” the output values to last valid measurement or setting the output to zero, but a more sophisticated approach for handling these situations needs to be addressed.

Future trends point in the direction of more intelligent, “Smart” systems, that can communicate with a supervisory system through well-defined digital protocols.  Further, remote diagnostics via e.g. Internet, satellite or mobile telephone communication are areas to be looked into. A future scenario might be that the end user, the operator, could sit at his desk and remotely monitor a number of installations for daily reporting and performance verification.  Also, this open for the possibility that the manufacturer himself, given the permission by the operator, could sit at his desk and remotely monitor a single installation for status check, possibly saving a costly service trip for doing the same job.  This feature could be possible with “intelligent” systems provided with self-diagnostics capabilities, given by the powerful hardware and sophisticated software available today.  
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NOTATION

A
Pipe cross-sectional area
m2
D
Nominal pipe diameter
m

L
Distance between transducers
m

P
Pressure
BarA

P0
Pressure at reference conditions
BarA (1.01325)

QV
Volumetric flow rate at reference conditions
Sm3/h

T
Absolute temperature
K

T0
Absolute temperature at reference conditions
K (288.15)

Z
Compressibility factor


Z0
Compressibility factor at reference conditions


t12
Transit time from transducer 1 to 2 (downstream)
s

t21
Transit time from transducer 2 to 1 (upstream)
s

(
Inclination angle
deg

A





B








� NORSOK: the competitive standing of the Norwegian offshore sector.  The NORSOK standards are developed by the Norwegian petroleum industry as part of the NORSOK initiative and supported by OLF (The Norwegian Oil Industry Association) and TBL (Federation of Norwegian Engineering Industries).  NORSOK standards are administered and issued by NTS (Norwegian Technology Standards Institution).
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