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SUMMARY

The Frigg gas field was discovered in July 1971 and gas began flowing to St
Fergus shore terminal in September 1977. Approximately one third of Britain's
gas is supplied by Frigg, which underlines the importance of the gas custody
transfer metering system at St Fergus. The operation and methods of calibrating
the metering system is described in this paper, together with the metering

experience gained over the past five years.




INTRODUCTION

Gas from the Frigq field is transported 365 km to a shore terminal through
two 0.8l m diameter pipelines. The shore terminal is at St Fergus,
Scotland, and it is here that the gas is treated and metered before hand

over to the British Gas Corporation.

At an intermediate platform, MCPO01, situated 170 km from shore, the
Frigg pipeline takes in additional gas from Occidental's Piper field and will

soon - end of 1982 - also take gas from Texaco's Tartan field.

A Norwegian association and a UK association share the field ownership in
the approximate ratio 60 : 40 respectively, since the Frigg field was found
to straddle the dividing line of the Anglo-Norwegian shelf (Blocks UK 10/1
and NW 25/1). The members of the Norwegian association are EIf
Aquitaine Norge (42%), Norsk Hydro (33%), Total Marine Norsk (20%) and
" Statoil (5%). The members of the UK association are E1f UK (40%), Total
Oil Marine (33%), Aquitaine UK (22%) and BP (1%). EIif are the operators
on the field and Total Qil Marine are operators of the pipeline, the

intermediate platform and the share terminal.

The present maximum capacity of the two lines is approximately 67 x 10
smjlday, with an additional average daily quantity of 200 tonnes of
condensate extracted at St Fergus. In late 1983 compression will be
installed on MCPO1 for one gas line, and then the maximum capacity will

be boosted to approximately 75 x 106 smjfday.

Metering of the gas is carried out at three lacations : Frigg for the Frigg
field gas production (metering done by EIf); MCPO1 for Piper gas and later
for Tartan gas {(metering done by Total Qil Marine); St Fergus gas terminal
for the combined gas handed over to BGC. In this paper we shall be
concentrating on the gas custody transfer metering system at St Fergus

which is the responsibility of Total Oil Marine.

The accuracy of the metering is of great importance, because flow and
energy measurements form the basis for contracts. Such contracts include
those between buyer and seller of the gas, between partners of the field,

between companies who enter into agreements to share facilities such as
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the pipeline. In addition, the British and Norwegian governments are
interested in the amounts of gas metered for their Royalty payments.'
Finally, measurements are required for the proper control of production,
transportation, or treatment, where in these cases the measurements are

process parameters producing reactions from operators or on control loops.

The metering at St Fergus gas terminal is open for inspection at any time
by UK Department of Energy and Norwegian Petroleum Directorate
inspectors, and Total Oil Marine is pleased that it has built up a good
relationship with these inspectors by maintaining the accuracy of the

metering system to the best of its ability.

2. ST FERGUS GAS CUSTODY TRANSFER METERING SYSTEM

At St Fergus the gas is treated to meet the specification set by BGC. This
treatment involves : separation of entrained liquid; chilling and then

removing the resulting condensate; reheating; and then metering.

The metering system was designed as two identical metering stations to
[SO R541 recommendations for measurement of flow using orifice plates
with flange taps. Each metering station comprises six 61 cm diameter
metering tubes with normaily four tubes on line, one tube on standby, and
one tube being off line for calibration purposes. Every week one tube per
station is calibrated, which means that all tubes are checked once every six

weeks.,

The volume flow rate, Qv, in standard m3/hour is calculated according to
ISO R541 using :

Qv =  0.039986 Q(EGFJAP_S

1)
1.22495 s
where ol = flow coefficient (ISO R541, sectian 6.6.1.1)
€ = expansibility factor (ISO R541, section 6.6.1.3)

d = diameter of orifice, mm
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differential pressure across orifice plate, mbar

¥

operating density upstream of orifice plate, kglm3

g
1}

relative density

Hence, the volume flowed is obtained by multiplying Qv by the time in

hours.

At the present time, since we are using analogue flow computers, the
constants and are only calculated at one point and so the equation

for volume flow rate actually used becomes :

Qv = K f\’ &P_g <

(2)

where K is a constant which is only changed when the orifice diameter is
changed. For each metering tube, differential pressure is measured by two
transmitters. The low range transmitter and high range transmitter cover

0 to 62.5 mbar, and 62.5 mbar to 250 mbar respectively.

The corresponding energy flow rate, E, in megajoules/hour (MJ/hour) is

obtained from :

£ = Qv x CV, (3}
where CV is the calorific value of the gas in megajoules/sml. Then the
energy supplied by the gas is obtained by multiplying E by the time in
hours.

CALIBRATION CHECKS MADE EVERY SIX WEEKS

The following checks are carried out at six-weekly intervals on an

individual metering tube and associated instrumentation :

3.1 Complete system "as found" when tube taken off line.
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3.2 Operating density cell.

3.3 High and low differential pressure transmitters.
3.4 Flow Computer

3.5 Signal conditioners and alarms

3.6 Orifice plates

3.7 Local recorder

3.8 Complete system "as left" at end of calibrationsi X
3.9 Operational check out

A complete system check is made when the tube is taken off line to

ascertain the "as found" state, prior to commencing re-calibration.

The operating density cells on each tube are calibrated with high purity
nitrogen. These density cells are installed in pockets in the metering tubes
downstream of the orifice plates. Positioning the cells in the pockets
ensures that the gas in the density cell is at the same temperature as the

gas in the meter tube, and calibration is carried out "in situ".

The high and low differential pressure transmitters are again calibrated
using the high purity nitrogen, ét a nominal line pressure of 42 barg. They
are calibrated at five points on the instruments' ranges 0, 25%, 50%, 75%_
and 100% of span on both rising and falling applied inputs.

The flow computer is checked by applying simulated values of differential
pressure and density and comparing the observed output with the

calculated value.

The signal conditioner from the relative density analyser to the. flow
computer is checked, together with all the alarms to the metering tube

under calibration.




The orifice plate is physically removed from the orifice plate carrier and
checked by eye for cleanliness, condition of the orifice edge, and the

condition of the "0" ring on the plate.

The locsal recorder needed for standby metering measures upstream static
pressure, differential pressure and temperature. The static pressure and
differential pressure pens are calibrated at 0, 25%, 50% and 75% of span
(75 bar) and 0, 12.5%, 25%, 37.5% and 50% of span (250 mbar).

Temperature is only checked at one point, the gas temperature.

With the complete system having been checked and recalibrated where
necessary, a check is made on the complete system "as left" at the end of

calibration.

-

This is followed by an operational check out which compares the measured
time for metering 20,000 sm3 of gas and hence the measured flow rate,

against a calculated flow rate.

CALIBRATION CHECKS MADE EVERY WEEK

For each metering station there are two relative density meters and two
calorimeters. At any one time there are always one relative density
analyser and one calorimeter on line, whilst the second instruments are on
stand-by or are available for calibration. The calibration of the
calorimeters is checked at one point, weekly, with high purity methane.
The calibration of the relative density analysers is also checked weekly

with the high purity methane and a mixture of methane and nitrogen.

MONTHLY CHECKS COMMON TO ALL TUBES

Once monthly on each station a check is made by comparing for one hour
the flow obtained from the sum of the individual tube totalisers with the
volume obtained on the station totaliser. In addition, a transmission check
is made on the calorific value output at source and the actual value being

inputted into the computer.
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METERING IMPROVEMENTS OVER THE PAST 3 YEARS

The main changes made to the metering in the past 3 years are :

6.1 Change of high differential pressure transmitters

6.2 Change from operating density analysers out of the metering tubes to

density analysers in tube pockets.

The original high differential pressure transmitters manufactured by
Westinghouse kept drifting, and after evaluating 3 other types of
transmitter, Rosemount transmitters were chosen as replacements. The
Rosemount transmitters have been found to be extl:t_a__mely reliable, with

little or no drifting taking place over the six week calibration interval.

The original operating density analysers were outside of the metering tubes
and due to temperature discrepancies ocurring between the gas inside the
metering tube, and the gas inside the analyser, these discrepancies caused
errors in the measured value of operating density. To overcome the
problem, two possible solutions were investigated. One solution was to
place the analyser in a thermostatically controlled enclosure which
maintained the enclosure at the same temperature as the gas in the
metering tubes. The second solution was to change to analysers in pockets
in the metering tubes. These pockets were placed downstream of the
orifice plates. After a detailed comparison of the two possible solutions
analysers in pockets were chosen as the preferred solbtion, and all the

metering tubes were converted to take the new density analysers.

FUTURE PLANS

At this moment, the performance of Solartron relative density analysers
are being evaluated with the intention of using them in place of the ageing

Spanner-Pollux analysers,

To increase the present capacity of the metering, Total Oil Marine is in the
process of uprating the differential pressure transmitters to 500 mbar.

This uprating is expected to be completed by Autumn 1982.




It is also proposed to change the metering standard from ISO R541 to
ISO 5167 at the same time as the change is made on MCPOl and Frigg.
This change will take place towards the end of 1982.

During the summer of 1983 it is proposed to change from the existing
analogue flow computers to digital flow computers. The main reasons for
the change are the increased computation accuracy to be gained, and
increasing difficulty in obtaining spares for, and in maintaining, analogue

flow computers.
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" ERRATA

page 2 line 6 :

page 2 line 10:

page 12 line 16:

page 14 line 2:

Calibration of Gasmeters
by

H. Bellinga

lightning must_lighting

manufactured gas was .
meters of 4000 m-/h

power must -be prover
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