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ULTRASONIC METERING ON AN OFFSHORE GAS PLATFORM

Phil Robbins

Metering & Allocation Supervisor
ARCO British Limited

1.0 Summary

A trial was conducted on the ARCO British Limited (ABL) operated
Thames Alpha gas gathering platform to evaluate the accuracy and
performance of a multi-path USM (UltraSonic Meter) downstream of a
production separator and in series with a orifice plate metering station.
Throughout the trial the test meter performed without failures of any
kind and demonstrated a very high degree of accuracy and
repeatability.

The success of this trial has permitted the use of USM's on two new
ABL operated platforms, Trent & Tyne, that are due on stream during
September 1996.
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USM Uitrasonic Meter - In this case the muitipath ultrasonic
meter manufactured by Instromet Ultrasonics bv.

ABL ARCQ British Limited

MAG ABL Metering and Allocation Group based at Gt
Yarmouth.

AGA-8 American Gas Association Transmission Measurement

Committee Report Number 8, for the determination of
Compressibility and Supercompressibilty for Natural Gas
and other Hydrocarbon Gases.

S500 Spectra-Tek Limited flow computer for USM's
S1000 Spectra-Tek Limited metering database.

SCi Rosemount Supervisory Computer Interface
PCS Rosemount Production Control System - Series 3

EAGLES East Anglian Gas & Liquid Evacuation System
Swirl Path Double bounce ultrasonic path unique to the Instromet

Q-Sonic USM

Single Path  Single bounce ultrasonic path unique to the Instromet
Q-Sonic USM

Msm3 One Million Standard Cubic Meters

mmscf One Million Standard Cubic Feet

2.0 __ introduction

This report details the USM trial conducted on the Thames platform.
(Please note that at the beginning of the trial the meter manufacturer
was Stork Servex b.v. however during the course of the tral the
company has changed names and is now known as Instromet
Ultrasonic Technologies)

During the design phase of the Trent and Tyne platforms it became
apparent that technology had progressed enough to enable ultrasonic
metering (USM) to bid alongside more traditional orifice plate metering
systems and that USM met fully the high accuracy needs of allocation
metering.

Indeed, the benefits of USM soon became so obvious that, unless
contractually instructed to use orifice plate metering, ARCO would not
have been acting as a reasonable and prudent operator if it had not
have chosen USM. The cost savings to ARCO and its partners in
providing a far more compact metering station that would require far
less maintenance over its orifice plate counterpart fully justified the
decision to choose USM. Coupled with the superior diagnostics of the
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USM, that allows for remote (from the beach) interrogation of the
meters to monitor performance and reliability, and the option of being
able to have the whole meter sent away and check calibrated by an
internationally traceable test centre all adds to the “feel-good” comfort
factor that USM provides over orifice plate metering.

As part of the Trent-& Tyne DTt design approval process, the ARCO
Metering & Allocation Group (MAG) have purchase a 12" Instromet Q-
Sonic 5-path ultrasonic meter in advance of Trent & Tyne coming on
line and placed it in series with an existing orifice plate metering station
on the ARCO Thames Alpha platform (downstream of the production
separator and upstream of the orifice plate metering station). This
meter has provided MAG with valuable information as to how USM's
perform in an offshore environment and, perhaps more importantly,
how USM's compare with a traditional orifice plate metering system.

3.0 i ra e es
(Comparison of USM's against orifice plate meters.)

The measurement philosophy for the Trent and Tyne Fields
Development specifies the use of multi-path ultrasonic flow meters for
the gas allocation measurement. As yet this technology is relatively
untried to the standard required for fiscal or allocation gas
measurement, particularly in the UK sector of the offshore oil & gas
industry. (However, NMI and PTB approval for the meter has been
received for custody transfer metering). A 12" multi-path ultrasonic
meter was installed on the Thames Alpha Platform on the Welland
Pipeline System reception metering station to carry out accuracy tests
in comparison with an existing fiscal standard, gas orifice
measurement station which was -designed and is operated in
accordance with Dept. Trade & Industry guidelines and ISO 5167. The
only departure from ISO 5167 being that for the use of orifice plates
with drain holes.

The Thames Alpha platform is located in block 49/28 of the North Sea
and the Welland platform in block 53/4a. The not-normally-manned
Welland platform exports it's gas and liquids via the Welland Pipeline
System (16" diameter, 17.5 km) to the Thames Aipha platform for
minimal processing, metering, compression & dehydration before
entering the Thames Pipeline System for transportation to the Phillips
Petroleum Company (PPCO) operated terminal at Bacton in Norfolk.
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(Fig 1) A process schematic of the Welland gas from well extraction to
import at the PPCo terminal.
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The process conditions experienced throughout the ftrial were as
follows:

Typical Gas Composition

N, 449 % Max pressure 90 barG
CO, 048 % Min pressure 22 barG
Ci 90.21 % Max temperature 20 degC
C2 334 % Min temperature 8 degC
C3 083 %
C4 035 %
C5 012 %
Cé6 018 %

Typical water to gas (WGR) and condensate to gas (CGR) ratios pre-
separation are as foliows:-

WGR 7092 kg/Msm3 1.24 BBLS/mmscf
CGR 7489 Litres/Msm3 1.31 BBLS/mmscf

Furthermore, an analysis was carried out of the gas at the conditions
prevailing at the gas chromatcgraph 1st stage let down to determine
the amount of water vapour present in the flowing gas. The quantity of
water in flowing gas was then calculated. The results were 2150
kg/Msm3 or 0.38 BBLS/mmscf.
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The tests camied out have allowed comparison of the different
measurement techniques under a wide range of flow conditions.
Additional tests provided information on the meter's operation in the
event of process problems and instrument failures, specific to the
operation of ultrasonic meters.

The tests can be broken down to four distinct parts, onshore
calibration, offshore accuracy monitoring, offshore operational checks
and an additional post test program.

The meter under test was a 12" Instromet Ultrasonic Technologies
Q.Sonic 5-path ultrasonic flow meter. This has been installed in series
with the Welland Pipeline System (WPS) metering station located on
the Thames Alpha platform. The meter was instaliled on the 18th
September 1995 after onshore calibration of the meter took place at
Ruhrgas's test centre in Dorsten - Germany on the 11th September
1995.

Due to initial commissioning problems encountered with the flow
computer and coupled with an extended period of zero nominations
from the buyer of the gas, the trial did not formally commence until the
5th November 1995.

Because this technology is relatively uniried in high accuracy gas
measurement applications, there are no recognised standards or
guide-lines to assist in the installation and operation of meters of this
type. Arco British Ltd have prepared a guide-line to the installation and
operation of multi-path ultrasonic flow meters. The tests have been set
up in accordance with the methods detailed in this document.

3.1 _ Onshore Tests

Prior to the meter being installed on Thames platform, it was calibrated
and tested at an approved onshore test facilty. The calibration was
carried out at six flow rates with process conditions of §0.6 barA and
14.8 degC. At the two lowest flowrates (160 & 250m3/hr) six repeat
runs were performed and for all other flowrates only three repeat runs
were performed.

The results of the pre-trial calibration can be viewed in Figure 2. As
can be seen the repeatability and accuracy of the meter was well
within the manufacturer’s stated limits.

After the meter had been calibrated across its flow range, one of the
transducers located in a single path and one located in a swirl path

Page 5




were swapped around. The calibration run was then repeated at two of
the flowrates, 160 & 1000m3/hr. Three repeat runs were carried out at
these two flowrates and no shift in accuracy could be detected.

(Fig 2 ) Pre trial calibration at Dorsten
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The post trial calibration at Dorsten in Germany was intended to
evaluate whether there was any potential long term drift in the
accuracy of the meter. The meter was removed from the piatform
during our annual shutdown. Strict instuctions were issued to ensure
that, under no circumstance were the transducers to be removed or
touched in any way. '

To my surprise, when | arrived in Germany with Instromet to witness
the re-calibration, we found that every transducer cable had been cut.
To make matters worse, the cables had been cut at the point of entry
to the transducer housing.

To try to rescue this part of the trial, the transducers were carefully
labelled to ensure that a record of which slot and what orientation each
were in. Instromet then manufactured some special new glands and
repaired the transducers. The transducers were then refitted to the
spool piece and the re-calibration was conducted on the 23rd July
1996. (Instromet confirmed that as a result of the repairs no effect on
the accuracy would be detected.) The subsequent calibration results
were obtained. - see figure 3.
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(Fig 3) Post trial calibration at Dorsten.
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As can been seen, there is an approximated shift of + 0.35% from the
original calibration carried out during September 1995. Whilst this size
of shift is still within the design accuracy of the meter, it remains to be
seen whether the shift is systematic or random. After discussions with
the manufacturer, it would appear that this size of shift is not
uncommon, however, in their experience , the shift can be positive or
negative.

Obviously, with the data available to date, | cannot justify not sending
the meters away for re-calibration on an annual basis. Only by
monitoring the result of repeat calibration over the next year or two can
we confirm the need or otherwise of annual calibrations.

(Fig 4) Pre & Post trial calibrations at Dorsten combined.
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3.2 Offshore Installation of Trial Mete

The meter was installed on Thames platform, upstream of the WPS
fiscal metering station. The installation was carried out in accordance
with the ARCO British Ltd "Code of Practice for Multi-Path Ultrasonic
Flow Meters”, Revision 1 May 1995. A copy of which has been
submitted to the BS! panel on Ultrasonic Flowmeters [CPL'30'S’1].

The meter run consists of a straight pipe length for 10 diameters
upstream and 5 diameters downstream of the meter spool the pressure
measurement instrument installed and a further 1 diameter
downstream the temperature element was installed. The pipework was
not lagged. See Appendix A3 for detailed pipework configuration.

The control electronics for the ultrasonic meter are field mounted at the
meter with cabling for power, frequency flow signal, data valid signal
and serial diagnostics link run to the control room. Cabling from the
temperature and pressure instruments have also been run to the
control room.

A Spectra-Tek S500, ultrasonic meter flow computer takes the
frequency input from the USM, together with temperature, pressure
from field mounted transmitters and density from WPS Stream 1 flow
computer to calculate and totalise actual volume flow and mass flow.
Please refer to Figure 6 for full details of the instrumentation set up.

WPS gas orifice stream 1 flow computer has had its configuration
modified to give a 4-20 mA output for gas calculated density. (The
density being determined from on-line gas chromatograph and using
AGAS8 - 1985 equation of state). This has been input to the ultrasonic
flow computer via a Protech input isolator to enable the calculation of
mass flow. The sensitivity of WPS gas density to differences in
temperature and pressure between the ultrasonic meter run and WPS
gas stream 1 has been closely monitored and it has been felt that no
off-line correction of the density is necessary.
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Figure 5 (A&B) below shows a typical daily profile of the two metering

stations pressures and temperatures.

(Fig 5a)
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(Fig 6) Instrumentation and data logging schematic.
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Secondary instrumentation and the flow computer fitted to the
ultrasonic flow meter run have been calibrated monthly as part of the
normal maintenance routines. The procedures implemented have been
as for the fiscal metering station calibration routines. An additional
procedure was developed to enable the calibration of the flow
computer frequency input and calculations of flowrates.

Performance Tests

Offshore performance testing of the meter has been carried out in two
parts. For the initial period of three months, testing has been restricted
to monitoring the accuracy of flow measurement by the meter. This
then continued for the second period but during this time additional
tests specific to the operation of ultrasonic meters were carried out.

3.1 A T. C ri

The metered throughput of the ultrasonic flow meter has been
compared at half hourly and daily intervals with the total metered
throughput of the WPS gas orifice metering system. Comparisons have
been made on a total mass and actual volume basis.

Separator Levels and Condensate process data have been recorded to
enable any correlation between variance in system performance with
changes in process conditions to be investigated.

A typical example of the daily data recorded is provided in Appendix
Al.

3.3.2 _Meter Recovery from Liquid Contamination
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Although not deliberately planned, this test has been carried out
successfully on at least three occasions:-

1

2)

3)

During one week of the test the chromatograph used on the
WPS metering station was out of action due to liquid
contamination. In fact the chromat was completely flooded
following a large increase in nomination for the Welland field.
For the previous 4 months the gas flow rate through the system
had been very low and excessive liquid build up had occurred in
the inter field pipeline.

With the increase in nomination and subsequent increase in
gas velocity a lot of the excess liquid was carried into the WPS
separator. The separator was unable to cope with the large
intake of liquids and liquid carry over occurred into the meter
tubes.

As the gas chromatograph is the highest point within the whole
of the orifice and USM metering systems it is safe to assume
that very large quantities of liquid were present for a short time
in the USM.

On a separate occasion, whilst observing the USM diagnostics
in the office, it was noticed the average performance value of
the transducers had falten from 100% down to 85%. This loss in
performance (but apparently not accuracy) was directly
attributed to a high high water level in the WPS separator and
subsequent liquid carry over. '

Once the level was lowered the performance of the transducers
immediately retumed to 100%.

(Note: Performance value in this instance is an indication of the
number of pulses of ultrasound received compared to those
transmitted by a pair of transducers.)

On the 5th January 1996, again whilst observing the USM
diagnostics in the office, it was noticed that the average
performance value of the transducers had fallen from 100% to
around 85%.

Initial enquiries with the Control Room Operators revealed that
the separator levels were healthy. However, after inspection of
the sight glasses on the side of the separator, a condensate
level of 100% was found, as can be seen in Figure 7 below.
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Separator Levels

(Fig 7) Trend showing separator levels on Contract day 5th Jan 1996.
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individual transducer performance levels was carried out. It was
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found that transducer pairs 1, 3, 4 & 5 were all at 100% but pair
number 2 was around 35%. Pair number 2 is a swirl path pair
that out of all the transducers bounces nearest the bottom of the
spool.

The performance of transducer pair number 2 was monitored as
the separator level-was brought down and the effect was noticed
immediately.

Some conclusions to be drawn from this is that the USM is capable of
detecting liquid content travelling along the pipe without apparent loss
in accuracy. (See Figure 8). It has also been useful in monitoring the
effectiveness of our production separators.

An orifice plate system (particularly without drain holes) would be
building up this liquid content and manual intervention would be
required to drain the orifice fittings upstream of the plate, thereby
increasing the measurement error.

During the second period, a number of tests specific to the operation of
ultrasonic meters were carried out as follows:

e P i c

This test verified the effect that the failure of an individual pair of
transducers would have on measurement accuracy. Each pair of
transducers were isolated (to simulate transducer failure) individually
for a period of at least one week. The change in system difference was
monitored tc identify the effect on measurement accuracy of a path
failure and show any differences between the effect of failure by the
single and double (swirl} reflection chords.

(Fig 9) Effects of single path simulated failures
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The effects of individual single path pair failures demonstrated that the
meter continued to perform to within +/~ 1% of the orifice plate system.
Unfortunately by the time we got round to deliberately failing all single
path transducers the flowrates had dropped significantly and the errors
appeared to increase. However, as can be seen from Figure 11, these
sort of errors are not untypical for the very small flowrates
encountered. Remember, the differences are of percentage reading.
My overall conclusions about failures of single paths are that no
significant measurement errors are likely to be encountered and
therefore change-out of faulty transducers can be arranged to coincide
with  planned visits to the platform. Given the fact that the Trent &
Tyne platforms will be not-normally-manned, this has proved to be a
very valuable evaluation.

The effects of simulated failure of swirl paths produced a different set
of results. (See figure 10). Generally, whether one or both paths were
switched off the results showed an under measurement of
approximately 1 - 1.5 %.

After consultation with Instromet Ultrasonic BV. , they confirmed that
the electronics would automatically switch off a “good™ pair of swirl
paths if it detected the other pair had failed.

Obviously, should we encounter a swirl path failure with either of the
Trent & Tyne meters we need to consider carefully how quickly we
need to get out and make repairs.
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Should we be in a position that no spare transducers are available, it
should be possible to use a single path pair for a swirl path as all the
transducers are identical and interchangeable.

(Fig 10) Effects of double (swirl) path simulated failures
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Unfortunately it is was operationally impractical with the test meter to
change out or swap around one of the transducers.

34  Data Loadi | Analysi

All the data for the above tests (with the exception of some high level
diagnostics) were logged onshore via the Rosemount PCS system.
This data has been logged on an half hourly basis on a personal
computer via an SCI link from the PCS. (See figure 5). The data was
then transferred daily via a floppy disk to an "Microsoft Excel"
spreadsheet to enable the data to be trended and analysed.

The analysis of data was carried out daily by onshore metering
personnel. This has enabled any adjustment to the test procedures to
be carried out quickly.

The data logged and analysed via the PCS is as follows:
Data Source Description Units
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USM Fiow Computer Mass Totai- tonnes

Pressure bar g

Temperature e

Density kg/m3
Stream Flow Computers Pressure bar g
(data for each stream) Temperature oc

Mass Fiow Rate t/hr

Std Volume Flow Rate ksm3/hr
WPS Database Station Mass Total tonnes
WPS Prod. Condensate Mass Total tonnes
WPS Separator Water & Cond. Level %

Additional high level diagnostic data has-been available onshore and
offshore from the ultrasonic meter controller via an R5485 serial link.
This has provided invaluable information on the operation of individual
transducers as well as specific process data such as flow velocity and
fluid speed of sound.

The primary comparison made using the data supplied is of total
measured mass throughput by each method.

3.5 i jagnostj ink

This link can provide measurement and process data as well as
additional diagnostic data.

It was intended that the following parameters would be logged, as a
minimum, on a daily basis by interrogation of the Q.sonic diagnostics:

- Automatic Gain Control (AGC) Level for each transducer pair.
- AGC Limit for each transducer pair.
- Measured flow velocity

- Measured fluid speed of sound.

and that during the additional meter operational checks, these readings
would be logged at a greater frequency.

However, it was found that this was not serving any real purpose.
Taking daily spot readings of VOS and transducer performance was
not truly representative and it is felt that a more automated system of
logging was required such as continuous logging of individual
transducer performance and calculated VOS together with averaged
transducer performance and averaged calculated VOS.
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During the development of the metering database for Trent & Tyne
automatic monitoring will be built into the database functionality with
alarms to warn the operator in the event that a transducer is potentially
failing.

is ul i r rial

Refer back to Section 2.4 for details of the data that was logged every
half an hour:

At the end of each day all the data has been transferred to disk for
importing into an Microsoft Excel spreadsheet. Once this spreadsheet
has been generated, the various data sets are trended and charts
produced daily. The daily mass total of the USM and the orifice plate
system together with the days average line density are then input into a
separate spreadsheet (USM_MASS.xIs) for day by day monitoring of
percentage errors between the two systems. For the purposes of this
trial the errors stated refer to the difference between the gross volume
total of the USM against that of the orifice plate system and have been
calculated using the following formula:

{USM Actual vol. (m3/hr) - Orifice Actual vol. (m3/hr))  x 100 % {Eq 1)

Orifice Actual vol. {m3/hr)

The results have been monitored using a number a trends.
Firstly, using the results of equation (1) above and plotting these
results using a scatter diagram as illustrated in Figure 11 below:

(Note: Data from the trial obtained during some of the additional testing such as
deliberate failure of transducer has been excluded from these results.)

(Fig 11) Daily percentage differences.
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From Figure 11 above it can be seen that the results obtained
generally fall between +/~ 1% once away from the lower volumes.
was felt to be a useful exercise to trend these differences on the same

chart as that of the flowrates.

The following two figures (Figures
between the two metering system against flowrate:

(Fig. 12) Differenice in terms of actual volume flows.
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(Fig 13) Difference in terms of mass flows.
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The following chart (Figure 14) is a Gaussian normal distribution of the
results obtained. For reference, the mean value obtained was +0.8519,
one standard deviation was 2.1751 and a 95% confidence level of
0.373 was also calculated.

(Fig 14) Gaussian distribution of results.

Gaussian Distribution of Daily Percentage Differences
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The following eight bar charts (Figure 15.1 - 15.8) show the day-by-day
differences between the two metering systems. :

Page 19

Mass Flow (te /day



November 1995

Figure 15.1

Daily Gross Volume Production - November 1995
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Figure 15.2

Daity Gross Volume Production -December 1995
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Daily Gross Volume Production - January 1996
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Figure 15.4

Daily Groas Volume Production - February 1996
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March 1996

Figure 15.5

Daily Gross Volume Production -March 1996

April 1996

Figure 15.6

Dally Gross Volume Production - April 1996
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May 1996

Figure 15.7

Dally Gross Volume Production - May 1596
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Figure 15.8

Daily Gross Volume Production - June 1996
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Data for the following days has not been included :
7th November 1985 - No production.

24th - 28th December 1995 inclusive - Stream 1 mistakenly taken off-
line. (The USM flow computer uses the density supplied by the flow
computer.)

14th - 20th January 1996 - S500 flow computer failure due to circuit
board component failure.

On some occasions minor alterations to the WPS orifice readings have
been implemented as a result of plant operators not opening or closing
orifice plate streams quick enough after changes in production rates.
(See figure 16).As the USM is a single stream it never misses any flow,
however the orifice plate systems utilises four streams and relies on
operator intervention to select the appropriate number of streams.

An example of this is given in Figure 16 below:

(Fig 16} Example of effects of not opening orifice streams in time.
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During the trial numerous problems were encountered with the S1000
database. One of the most common faults was that the outputs driven
by the database to the PCS would on some occasions be very erratic.
On these days only the end of day totals have been used and the data
logged by the PCS has been ignored.

After the new flow computer was installed on the 20th January a full set
of calibrations were carried out. During this time it was noticed that the
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density displayed on Stream 1 flow computer did not match exactly that
of the USM flow computer. The Protech input isolator was found to be
in need of adjusting. After adjustment the density input to the USM
matched exactly that of Stream 1 through the range.

For all remaining days the errors are as recorded with no adjustments.

5.0 C lusio

As can be seen quite clearly from the Scattergram (Fig 9) and the
trend of errors reported each- day, the USM has demonstrated
repeatable and accurate results. From the initial start date through to
the 13th January (pre density input calibration) the average error, or
rather difference of reading between the two types of meters, was
+0.9264 %. The average difference of reading after the density input
calibration was +0.7802 %. The overall average of the results obtained
(excluding periods of deliberate simulated transducer failures ) was
+0.8506 %.

The overall average percentage difference of reading of all the results
obtained was +0.3538 %.

(It is comforting to know that our orifice plate metering systems are so
accurate !)

Apart from the accuracy of the results, some of the other benefits /
conclusions to be drawn so far are as follows:-

The USM has proved to be more reliable and versatile than its orifice
plate counterpart. its ability to detect liquids travelling along the spool
pipe with apparently no loss in accuracy is an excellent feature that
orifice plate systems cannot compete with as illustrated in BSI 1042
Part 1 Section 1.5 Guide To The Effects of Departure From Conditions
Specified in Section 1.1

The comprehensive remote diagnostic tools enables the user to carry
out detaited examination of the performance of individual transducer
pairs from remote (onshore) locations.

The reduced maintenance / calibrations associated with an USM
system (no need for DP cell or orifice calibrations/ inspections of
multiple streams) contributes to reducing the number of personnel
exposed to working offshore.

The amazing 100:1 turn down ratio and built in redundancy enables

metering stations to consist of littie more that a single USM and a short
upstream amd downstream spool piece.
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The ability of the meters to be upgraded with minimal costs in years to
come by having revised software uploaded or new transducers or new
circuit boards fitted contributes to a far more flexible metering system .

The long temm evaluation into the issue of whether the meters need to
be re-calibrated each year has yet to be concluded. More data and
results are needed, however, initial results look positive.

6.0 Future Trials

The trial involving the comparison of the USM against the orifice plate
system downstream of separation has now finished. The meter
purchased to carry out the trial has been retained and re-located
upstream of separation. A new trial is now underway to evaluate the
performance and accuracy of the meter on three phase wet gas. The
meter has been placed upstream of the Thames field Production
Separator, again on the Thames Alpha platform.

We know from the previous trial that the meter is capable of detecting
free liquids within the pipe spool, we should be able to use this
information and use the various paths as level detectors within the
spool and try to compensate the gas flow rate accordingly.

A process schematic of the three phase trial is provided below.

(Fig 16) Three Phase Ultrasonic Trial

THAMES ALPHA PLATFORM i
GAS TQ
VENT

F v

WATER KNOCKOUT

THAM ELD
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A further trial will be commencing with the two Trent & Tyne meters to
evaluate the calculated line density from velocity of sound from the
USM and comparing this density with that of the gas chromat / AGAS8
route. The metering database developed for the Trent & Tyne
metering has the ability to continuously monitor and log both calculated
densities.

| look forward to sharing the results of these new trials in the near
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WPS
1867520  te

Todays E.0.D Mass 173883.0
Yestardays E.Q.D. Mass 171762.0 134605.0 to
0110211996 2470 e
Uitrasonlc Fiow Computer WPS Separator WPS Stream One D USM WPS Condy
Density Tempar, Press. Mass Sap, Water | Sep. Condy | Condy Mass Preas. Temper. Mass Mass Mass Mass
kg/m3 degC barG Te Lavel % Level % kg barG deyC Te Te Te kg
38.97 11.87708 44,0938 211.0 0.00 44.65208 11.91878 2131.0
02/02/1998 08:00 431.84 10.30 £1.10 173883.00 2059 17.50 0.00 52.1 103 186752.0 55.0 56.0 0.00
02/02{1956 05:30 43 84 10.30 50.80 173828.00 1853 17.10 4739320 520 104 186696 0 55.0 550 1548.10
02/02/1996 0500 43,51 10.30 50.30 17377300 18.77 17.20 4584510 51.7 10.4 1866410 550 55.0 1839.50
02/02/1986 04:30 4279 10.30 49,80 173718.00 17.74 17.60 44005 80 51.0 104 1865680 530 540 1504.70
02/52/1996 0400 42,39 10.20 49.80 1736865.00 7.97 .10 4210060 505 10.2 1865320 540 840 1471.50
02/02/1956 0320 4275 10.20 4980 173611.00 7.82 21.20 41953.40 508 10.2 1884780 540 54.0 487.40
0221996 03.:00 4285 10.20 4980 173557.00 7.73 17.00 41485 00 51.0 10.3 1864240 54.0 540 685.20
02/02/1996 02,30 42,92 10.20 43.50 173503.00/ 764 17.00 40800.80 51.0 10.3 1883700 53.0 550 1456.10
02/02/1996 02.00 42,90 10.30 4940 17345000 168 17.50 3534470 51.0 103 1863150 54.0 54.0 1424.50
02/0271996 01:30 42.95 10.20 49.40 173396.00 7.5% 16.90 3792020 511 10.3 1862610 540 54.0 645,80
02/02/1996 01:.00 42,84 1020 4920 173342.00 7.56 17.10 37274.40 51.0 103 188207 .0 53.0 540 1222.80
02/02/1956 0C-20 42.68 10.20 49.00 173289.00 7.583 18.70 36051.60 50.8 103 1B86153.0 54.0 540 662.30
02/02/1996 00:00 4235 10.20 48.80 173235.00 0.00 16.60 35385.20 50.4 103 185099.0 540 540 725.50
01/02/1996 23:30 4233 10.20 48 40 173181.00 0.00 18.70 34663 80 50.5 10.2 186045.0 540 550 870 50
01/02/1596 23.00 4232 10.20 48.00 173127.00 0.00 16.60 33693.30 50.4 103 185990.0 54.0 540 628.00
0110271996 22:30 42.14 10.20 47.50 17307300 0.00 16.40 33067 .30 502 103 1859836.0 530 54.0 645.20
01/02/1596 22:00 42.07 10.30 47.00 173020.00 0.00 16.40 32422 .10 50.2 10.3 185882.0 540 540 1182.80
0110211696 21:30 41.71 10.40 48.30 172966.00 0.00 16.40 31229.30 488 104 185828.0 520 530 729.40
01/02/1996 21.00 40.77 10.40 45.80 172914.00 0.00 18.40 30499.90 48.7 10.4 185775.0 500 510 566.00
010211996 20:30 3761 8.70 45.50 172854.00 0.00 16.60 29933.90 451 [:X:] 185724.0 550 550 1049.90
C1/02/1996 20.00 3745 970 4570 172809.00 0.00 16.50 28884.00 4.9 87 185668.0 57.0 570 2483.50
01/02/1996 19,30 3704 9.70 45.30 172752.00 aB 67 36.60 2642050 454 a7 185612.0 56.0 §1.0 3001.20
01/02/1996 19:00 |H 9.60 47.10 172696.00 3870 30 2341930 459 ar 185555.0 57.0 58.0 273320
01/02/1996 18:30 863 9.80 47.70 172639.00 38 66 42.70 206886.10 46.4 8.8 185497.0 5840 580 1782.30
01/02/1996 18:00 39.41 9.90 48.00 172581.00 BN 43.80 18903 .80 471 89 185439.0 580 80.0 933.80
01/02/1996 1730 4018 10.30 48.10 172523.00 3965 2.40 17970.00 481 10.3 185379.0 600 580 569.70
01/02/1996 17.00 39.64 10.60 47.80 172463.00 41 2510 17400.30 41.9 107 185320.0 530 540 533.30
010211996 16:30 36.77 11.20 42.40 172410.00 arn 58.30 16867.00 445 1.2 185266.0 430 440 1070.30
01/02/1996 16.00 o7 11.50 38.20 172367.00 36.74 0.00 15796.70 381 1.7 185222.0 o 300 52470
01/02/1996 15:30 2378 15.50 30.20 172326.00 36.36 0.00 15272.00 302 16.4 185192.0 180 19.0 510.50
01021956 15.00 2084 23.60 2710 172318.00 36.33 0.00 14761.50 271 223 1851730 100 80 533.00
010211996 14.30 2112 23.40 27.00 172308.00 36.29 530 14228.50 210 18.4 185164.0 140 150 490 80
01211996 14.00 28,46 6.80 31.90 172284.00 36.19 0.00 1373070 ate| 10 185149.0 240 240 0.00
01/021996 13:30 3425 7.40 4080 172270.00 35.97 0.00 137137.70 408 15 185125.0 220 220 511.80
01/0211996 13.00 3070 570 36.60 172248.00 se 720 13225.90 36.7 a7 185103.0 B0 380 563 60
01/02/1996 12:30 4307 11.00 51.40 172212.00 BN 7.00 12662.30 51,4 1.1 185087.0 90 390 1568.00
010211996 12.00 4009 1210 48.40 17217300 3561 69.50 11094 30 48.5 123 185028.0 210 220 2717.58
010211988 11:30 2311 11.70 29.10 172152.00 asm 9830 837872 29.1 153 185006.0 oo 0.0 1418.74
011021996 11.00 2482 14,80 .00 172152.00 3608 3810 6956.98 kIR 166 185008.0 a0 9.0 134177
01/02/1996 15:30 228 16,60 39.20 172143.00 a510 31.50 5615 21 404 167 184397.0 280 250 667.43
01/02/1996 10:00 31.87 15.80 40.60 172115.00 3426 35.80 4947.78 96 15.4 184972.0 380 380 1868568
01/02/1986 0930 3342 1560 42.00 172077.00 3285 2370 3082.10 415 15.5 184533.0 45.0 450 1427.29
010201596 09.00 33.45 15.50 4210 172032.00 30.64 kiRl 1654.01 41.5 155 184880.0 45.0 450 28522
01/02/1996 08.30 B4 15.50 42.60 171987.00 28.97 24.10 1369.59 415 15.4 1848430 440 48.0 0.00
010201996 08:00 351 1540 4260 171943.00 29.26 12.30 1369.59 41.5 15.3 184797.0 45.0 450 419.97
01/02/1996 07:30 3357 1550 42.60 171898.00 20.22 7.20 949 62 41.7 154 184152.0 46.0 46.0 45145
01/02/1996 07.00 kxR 1570 42.50 171852.00 2557 7.20 498.17 LI%:) 15.3 184708.0 450 46.0 0.00
01/02/1996 05:30 34.068 15.70 42.50 171607.00 22.39 1.0 49817 423 15,6 184660.0 45.0 45.0 488.17
01/02/1996 06,00 34.24 15,70 4250 171762.00 19,59 7.10 0.00 425 15.7 1846150 0.0 10.0 0.00
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Mass Totals
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Appendix A1

Example of Daily Data Logged During Trial
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Appendix A2

Full List of Results
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Contract | Measured | USM Orifice USM | Orifice | % Diffarence | % Differonce | Physical Physical Commente
Day Benslty Mass Plate GVOL | Plate of Reading | ofReading | Differenca | DiHference ** = Results obtained during normal operation
Mass Gvol (Volume) {volume) (Volume) Mass ** * = Results obtalned during deliberate fallure of transducers
(kg/m*) m {t {m¥hr) | (m¥hr) bl Al (m3d) ]
05/11/95 17.5] 64.7 63.5] 1540 1512 1.898% 2.8696 1.2053|Very low velocities encounterad ... belew Qmin at times
"T08/11/98 21.4 2117 2010/ 4115 3908 5.3050 20.7308 10.6631|Very low velocities encountéréd . beiow Qmin attimes
T . No data available L mmmmm——
"""" 08/11/98 566 190.8] 2438 149.7] 1604 -6.5108 10.4254 -3.0006|Very low velocities encountered ... below Gmin at times
TR 17T B - . 2738 3558 2778|2776 0.0569 0.1579 0.1274Vary iow veiocities encountered ... below Qmin at times
0/11/85) 38| UHET| T He2) 2680|682 0.2534 0.6797 0.5478|Very iow velocities encountered . below Qmin at times
T ves) 28.0] 2009 196,00 IEG | I8E 34877 7.0454 4.8955[Very iow veiocilies encountared .. below Qmin ai times
"_”_13_{_1__1__1_555 o 214 2215 215.2) a4B 8] d348 57238 34.2980 12.3154|Veery low velocities encountered ... beiow Gimin at times
1311795 198.2 2176 216.9 471.3 469.7 0.3435 1.6136 0.7451|Very low velocities encountered ... below Qmin at times
TUTAARGE] e 30,8 2283 4661|4753 49381 T3] 4 3648 Very low velocities encountered ... below Qmin al imes
B LT ET L A 194 318 513.4| 4830|4574 0.7672 <3.5091 -1.6372{Very iow velocities encountered ... below Qmin at times
U i6i11795] 7861982 286.0| 43833998 16.6749 62.8518 43.1987|Very low velocities sncountered .. below Qmin at times
B TTEY 3.6 IIT0O|TIRAAA| 4T 1430 24482 40.6578 37.5750 '
BT RV A 45.9| 24333\ 24238 2210.3] 22018 0.3869 8.56189 9.3782
IT-T2ET:T . 53| 20568 20427 2208.0] 2287.1 0.4793 10.9667 JEqgag) e ——— =y yy,—
"""" 2001195 518 7¥984 T 3106.4] 25196 2501.0 0.7399 18.5047 72.9836|Low frequency cut off set
"""" 2TI78s| TR R ETA T 26999 19443 10337 0.5493 10.6221 14.8313
"""" 22/11/95] " 48.9]"168z2.9] " i674.8] 14330 14260 0.4858 6.9275 8.1360Adjusted Orifice plate reading - 3 straams oniine with very fiie flow_
2311/95 279 517.8 515.0 773.9 769.6 0.5518 4.2469 2.8418|Stream selection problems (WPS original mass = 505.0te)
"""" FZTERT ] I ¥ 1 3624 380.3|FIaE| 7154 0.5304 41125 1.8104|Stream selection problems (WPS original mass = 352.6te)
"""" 25111798223 2289 930.7) 4283 43T 07754 -3.3473 1.7888
TR 21.2 217.8 Fi6.4] 428 8] 4260 0.6678 2.8434 1.4445
"""" 5711185 0.9 17838 1787.6 2404.8] 24098 0.2083 40448 3879
TTUIRI11A5 26.9|  1802.1 18935 22360 22241 0.5384 11.9742 8.5703
"""" 29/11/35 383 988|994 4] T 3079.3] 20858 0.4421 13.5531 12.4728
"""" 30/11/95 40.6] IET A5 6] A238.6[ 92146 0.6857 22,0417 21.5002
"01712/88 j0.8] 2901.2] 2964.3] 3134.7] 31065 0.9678 28.4001 26.9000
"""" 02/12/95 938 TiBa2 3544 628.9] 629.2 <0.0564 03559 _0.2000
T BA 2798 B30 E 3978|4414 0.3073 73583 0.7000]\Weiland Database changed - pulses missed & INGorrect siream

selection
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04/12/95 39.3 27333 21158.7 2897.3| 2878.7 0.6481% 18.6563 17.6000[Stream selection problems (WP$S original mass = 2704.2te)
420|300 331831327 31054 0.8782 27.2707 37.5000
B4.0| Ti864.8] i847.A| 92833 12721 0.8803 11,1984 14,5000

07/12/98 §0.3| T 2481.8] 24478 1699.8 16%0.2 0.5878 9.5976 13.9000(Siream selection probiems (WPS original mass = 2437 6te)

"""" 08I12/65] T Bs 0 0307 3007.F 22853 23779 0.7647 17.4188 23.0000]
"99/12/85 59.8| " 24928] 24783 17388 17344 0.6582 11.3508 T§.360g] e nm——L———m—m—

T2 211 . 582 Ta792.0] 2772.2| T1999.1] 19849 0.7142 141767 19, gggg| T ————rs= m — — — =—  —eemm--
V%R T e80T 28997 287r.7|  2121.9] 2105.8 0.7645 16.0992 22.0000| T ——™ m———"mw—s—,s-

TiygiEs T 54.6]  2888.5] 2844.8| 2188.4| 21703 0.8334 18.0808 23,7000 mm—— — — — mmmm—— —

13/12185] 62.6  2760.9] 2739.2| 21882 21710 0.7923 17.4984 24.70pp] T —— —_ — — mmmmLm——,-—
“ianies] 62.0] 27B1.0 27283 2205.0] 218678 0.8320 18.1948 23.3000) mmmm———,—,--——
Tsiziesl 54.3] 7 2769.3] T8 0] 2116.0] 20081 0.8518 17.8677 23.3pgg| T —_h3=_zz——— —aprm—m——s

16i13/85] 56.2| 24725 2456.6] 1834.6| 1822.8 0.6472 11.7980 15.5000{Stream selection probiems (WPS original mass = 2357 Gte)

"""" 1712i185] 438 327.0 31944 3057.0] 30356 0.7075 21.4763 22.6000(Stream selection problems (WPS original mass = 3161.1te}

"""" 18/12/85 4367 9224.4] T 3200.7] 30793 30658 0.4436 13.7534 14.4000[Database problems - WPS original mass = 2825.9tey
i9ii2ms] 30.7| 732934 3280.5| 34580| 34445 0.3932 13.5447 §3.8gpg| T — — ——— i, , .-—-

"""" 201265404 32420 3214.4]  3368.0| 3339.0 0.8681 28.9842 27.9000
21i12/95 48.4| 2085.8] 28325 25519| 26233 14253 28.3976 33,0000

"""" 22/12/85 458 T2894.3]  2880.1  2631.0] 25999 1.1958 31.0889 34.2000
23i12/88 37.3]7771304.7] 13780 1558.6] 1539.9 1.2119 18.6627 g.F00g] T —"—n——0eym-— e
24/12/95 Stream 1 off-line therefore incorrect density used

""" 25/12/95 Stream 1 off-line therefore incorrect density used

""" 26112/98] Stream 1 off-iine therefore incorrect density used

""" 27/12/95 Stream 1 off-tine therefore incorrect density used

28112/ Stream 1 ofi-line therefore incorrect density used

29/12/95 36.7|" 2897.5]  2863.3] 3280.4| 3250.6 1,1944 38.8264 34,2000|Stream selection problems (WPS originai mass = 2792 8te)

30/12/95 36.8) 31902 3080.2] 35156| 34817 0.9740 339108 30.0000

CTTET T I ¥ 2T N T ¥ 0 4 I T 0 F: 05 [ Y'Y W o ¥ 0.1090 37935 F40pQ| T —— L s S  — e e s

orgTiesl 383 3054.8 3045.9 3241.3 32319 0.2922 9.4434 g.8000] T —

"""" 02/01/96 41,9777 3043.0]  3033.4] 30226 30128 0.3264 9.8337 9.9000[15 - 17:00 hrs "Stream 1 piate changed and wrong density used by
USM

oiioiies] T ek T I8ET T 28338 2644.7| 26281 0.6317 16.6005 17.9000 rmm————"

""04i01/96 464 29988 2477.8] 19734 195435 0.9644 18.8498 24.0000) T
"""" osioi/eBl 0.7 26044 25744 21393 21144 14771 24.8893 30.3000|Liquids present in meter fubes - Separator levels not working

correctly
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08/01/98 £20|{ 27203 2694.9] 2179.0] 2150.6 0.9425 20.3457 25 4000|Liquids present in meter tubes - Separator levels not working

........ correctly
6710168 450 o748.9] 27433 25448 25396 0.2041 51843 £.&600
08101768 Anal 087 T Tar02.7 23187 23178 0.0370 0.8576 qogge] T mm———m
figiiige| AEF| 7 oEas E| T aB8E B  23sas| 23579 0.0257 0.9120 e[ m—————,e
""" TOGTRR]UEa8H A 8] 240a16) T 1968.0) 10561 0.6425 11,9606 15.3000[WPS Database fault for half of day — see printouts
U ioes T A6 7| IeaIE| T I8ea0| 9806 8] 3580.0 16338 26.6646 29.9000|WPS database problems and fiquide detacted
ROIEe] 02| 2694.2] 268&.4|  2238.4| 22087 §3u87 TTTT8,7434 35.0000|Liguids detected again
"""" 130iee] T aB.6)  2683.0]  2660.8| 23001 22811 6.8343 16.0316 $3.2000
14/01/96 | 0.9264 Flow computer ufs
""" {6igi/08| Elow computer uls
B CTOETT Fiow cemputer u/s
..... R il :
........ T e

Flow computer ufs
New computer fitted & density input calibrated

71101796 4147 3890.8 T 2820.00 " 2826.4) 2835.6] 20.3262 -§.2510 -9.2000
"""" SHTEE] A4l 96880 T 2698.3) 2601.7) 26118 -0.3853 “0.0627] - -10.4000
Zigiies| 413|758 3 27200 2747.4] 2750.2 04028 2.8217 “2.8000
24/01/96 35.8] 2549.6)  2545.8] 2969.5| 2985.1 01483 43083 3.7000
""" seioieel ez ze41.0] 26383 25735 25709 0.1023 2.6310 37000
28i01/96 437 7 4e80.7| T 1974.0] 1887.8] 18786 0.4921 9.2453 9.7000
27i01/96 34| n4e.8| 2042.8]  2581.4| 25723 0.3427 8.8145 7.0000
P00 34.6] 18512 1855 8| 3087 8| 22738 -0.2478 56353 24,6000
"""" 29/01/96 3540 7IFI48] T 1T23.4| 21404) 2191, 0.4990] 40.7345 8.6000
""" 30/01/96 36.8 17935 18052 2087.9] 2101.6 -0,6481 13.6207 -11.7000
afjoqme 34718783 18942 2416.5] 24390 0.9239 .22.5337 “7.5000
01702788 37,01 99993) 368 2360.8]  2408.4 -0.7300 17.5818 SRBIGOgY e n—m—m————
02/02/96 4a.0] 2303822850 21817 21641 0.6140 17,6158 18.6000|Database error during stream flow computer change-out
03/02/96 417 2663.4] 2687.8] 2660.3] 26846 -0.9078 943714 SBEADYG| T —— ——,=
" 94i02/96] 42.3] 24246 2446.9| 23861 2408.0 0.9114 -21.9457 BRG] ——— m— "=
05/02/498 415 26479 2674.3] 2656.5] 2680.0 -0.9760 -23.4759 R AGagy T mm————m—m
oiaie8] 1377984541 2864.8] 2670.3] 26930 0.5408 -22.6369 SEEAGE e —————m————nmm————
"""" 07/02/96 a13]2660.0] T E673A| 2686.6] 2699.8 -0.4904 T 432310 13,1000 :
""" 08/02/96 a2.2|""i574.4|  2571.4] 25449 25419 0.1187 2.9856 3.0000
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i

09/02/96 427| 2818.0| 2625.8] 2553.6] 25612 -0.2971 -7.6081 -7.8000|USM adjusted slightly (original 2670.9 te)
"""" 10/02/98 438 2498.0) 28049 2370.0) 23737 0.1589 -3.7002 23.9000
11703798 40.7] 35934 2810.2| 2653.8] 2671.0 -0.6438 -i7.4910 .16.8000
12102758 40.0] UETIAF T UITE0.2| 2847 8| 2864.7 -0.6000| 474874 ARG —n—— gy, s s— s
TUi3i02ig8] 33.9|723424] T 2355.6| 28833 28985 -0.5604 18.2424 -13.2000|Database error warm start for Specira-tek 16t lost
14i02/98] 328 7I809.8] T 1004.4f  2418.7] 24220 0.1388 -3.3066 -2.6000 i
""" 5702/56 279 7I365.A| 62| 2042 6] 20362 0.2665 §.8339 3.9600 '
T 18102/96] 78] 3363 21228 T ATed ] 3175 0.5983 18.9975 12.7000|Path 1a Disconected
Tivi02i96] 38531893 21723 2478.4] 24818 -0.1381
8i02/98| 3.8 I4a 4|86 2T IA1I8| 2327 4 20.569386
""" 197/02/56 32AVe8F 3] 18890 25799 2584.8 20,1908
""" 20102196 26820168 2028.7 31313 31803 08014
PR P . 37415043 1593.4]  2290.6] 2304.4 -5.8013
No data available
. 1876.4] 104822736 23214 -2.0580 Noi connected - No2 Disconnected
"24j02i96| "38.7 28740 26364 27725 2839.4 -2.3558 prmmm— ™
T55j02198 34.2|718a2 4| I8Ta8| T 22435 22806 16233
':":g.zls_{gg.resj ..... 37.8| 2626.0]  2687.0] 2895.3| 29625 K R
27/02/86 374|737 0] 2185 7| 2388.0] 24203 1.3314
"""" 2802196 377 9597.8] 26602 28716 2940.4 23419
g S| Al RS R e e I
01/03/96 36.4] 75884 Z80d 6] 2990.9) 30148 D.7888 Na 2 connected - No3 Disconnected
02/03/96 36.4| isag Al 26086 2000.9 3014.6 20.7853
03703796 383 IET0.8| 26848 29169 20431 -0.8906
04703796 30.0] 2259822768 3137 3] 31608 0.73%
""" 05/03/96 24.0| 14847 T1180.9] 20526] 20633 20.8306
06703796 32.8| 19T 9448 14528) 14566 QU —— e ———— e ——m—m—m
07/03/86 34.4{723838 2388|2888 0| 29101 -0.7599
08/03/96 40,01 28762304278 | 2338 6348 No3 connected - No 4 Disconnedted
"""" 09/03/58 a8.52678.5] 2745.2| 2807.9] 25700 -2.4297
“10/03/56 3837 4eT T 28280 20332 30951 52305 Suspect finger troubis on piatform ™
11/03/98] 9.5 2457 8| 2810.6] 2591.5| 26475 22,4150
""" 12i03/96 A8.3]79501.8| 26469 2805.5| 28756 2.4376
CUUISGIRE] 0| AGRA | 4s08|  6220] 6254 -0.5428
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14/03/96 139 1822 437.5 400.5) 4885 +12.6400 Suspact finger trouble on platform
15i03/86] 41,0 HITA(HELG| 21867 21888 0.5645 Ao 4 Connecled - No § Disconnected
431 253319 8648 2451.3] 24715 Qagaeq| e e —"m,"
BT /0N . 43.6|7" 2494 2) T IB120] 23847 24018 Dogoge| e n—"smsmmn— e ypyyyyyyyy,m,;, o, , e
"""" 18/03/96 426 1777.5| 17858 17405 17487 4704
18/03/96 44.3] 18337 1640.6] 1535.3] 15418 Spgagg| e A — ——n s rymymn—m——"—
"""" 30103/08 41207 1s02.9]  1599.1) 1610.3] 1616.6 03877
31103106 4338 8056 811.3 7851 7906 FEEEL e T ————"
22/03/96 No 1,3 & 6 discennected - No production
"""" 23i03/96 No production
24/03/96 44.1 4430 4398 4188|154 0.7734
25/03/96 47.2 85.0 4.3 751 745 0.8304
5610388 459 963.0 962.0 873.8] 8729 oo — = a prm s o s - - - —
""" I7i0dig8| " 4sE 481.0 442.0 4315 4229 2.0362
2gio3iae| 438 416.0 400.0[ 4049 3893 4.0000
"""" 29/03/96 38.2|4168 3996 4793|4601 41760
20/03/96 No production
afiodree| 28.9] 7 2959.0 2181.0] 3100.9] 31153 0.4827
"""" 01/04758] 347|184 8] 4795.0f 3005.2| 30223 -0.5627
0204798 6.6 1130 TI4340] 1784 3] 1780.0 0.geag| e m——————
"""" 03/04/96 39.0 786.0 740.4 8400|8447 -0.6567 No 2 & 4 Disconnected - No 1, 2 & 3 Connected
04i04i96| 2340777 1140.4] 11844 20536 20788 43438
050408 2T daTe 7] 1611.8) 2717.4| 27765 Fgggg| e ————— e m——
08104/98 35§ i835.0] 1863.4] 2833 6| 28917 FgpEg] e mm—————
0710488 No production T mmmm—m——m"——"
08r04/96 No production
09/04/88] " Wo production
YT . Wo produstion T
11/04/96 No production
“42/04/96 17473388 3471 CEEN EEX 26848
TVoare| 14.8 497.5 506.0]  1425.0{ 14465 44851
TUiainams]” T AT.0l 986.0 992.3 873.6] 8eo.q V%4777 I R
448]7 (7860 i806.0]  1862.2| 1680.8 AqgFa| e m——m—
43T 685.0 665.7[ 6527 2.0000 All pathe raconnected
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17/04/96 442 30.8 29.1 29.0 27.4 5.8419 1.6015 1.7000}
U433 195497 19399 1879.8| 18685 0.5083 11,3684 11.8000|
40577720846 2078.4] 21447 21343 0.2683 6.37886 8.2000 T ——n—sn s ypmpm—m9, e
#1.8]1698.4] 9698.0f  1691.8| 16914 0.0236 0.3984 0.40p0 T —— e —m——
38819389 IIABE|  1214.8) 12167 2D.1497 4.8214 gege| T m—"—————ee—,—
381 #08.0 806.1 a83.3| " es 0.2357 20768 1.8
23/04/96 A57HE 2383 21303 21438 20.2106 45159 Zsgoe| T —m ey yym———
34i04796 4387 e TR 21258 21340 0.2433 5.1881 §30ge| T ————™em———"sn—,,—,—,—"—,"
35/04/96 53.2| 90768 30849.7| T 1626.6] 16304 202354 238377 g0pp] T ———mm——,—"—
"""" 26104166 89,9 729.0 7284 5140 5134 0.93%8 ’ 0.6348 0.5000
""" 27104/96 No production !
26104796 No production '
""" 29/04/56 42.2 289.0 388.0 2851 284.2 0.3472 0.9887 1.6000 L
730104796 No production '
"""" 01/05/96 Mo production
"""" 02#)5/96 433 171.0 172.0 165.0] 166.0 -0.5814 -0.9650 <1.0000
""" 03/05/96 No Production
"""" 04/05/96 No Production v
“osiosee] No Production rmmmmmsmmmm—m—1 e
""" 08705448 No Production
07105796 | ~ No Production
""" 08/05/96 45017 780.0 766.0f  723.0] 7100 1.8217 12,8774 14.0000|Scaling factor changed (0-4ksmafhr = 0-4kHz) was (0-8km3hr = 0 -
8kHz)
09/05/96 38571483 IAB 8] T1238.7| 12404 0.9309 16238 -1.5000
{0/05/96 46.1 809.4 Fre4| 76| 7036 3,9825 28.0200 31.0000
"""" 11/05/96 46.5 219.2 2139 1964|1918 24778 47477 5.3000
""" 12/05/96 488 221.0 2958 188.8] 1844 24098 4.4424 §.2000
1370598 487 160.1 1568 13691339 2.3350 29933 3.pg0p) T —en—,s
14/05/86] AT i35.0 1240 {186 1084 86710 8.6187 FA.0000| T ——= s  en-—”™
"{5105/98 49.6 2233 228.0 187.4] 1913 .2.0614 -3.9443 AFoog] T —" s mn——"
""" 16/05/98 1.9 2233 219.9 1783 1764 1.0814 1.9251 2.4000
17105/08] 62.8 225.2 2226 1778|1788 1.2935 21293 ggogo| T ——"——"—"
18i05/96] 538 2934 219.9 17384 1.4852 2.4943 3.a0gg) T ——=_m—sm
19/05/96 518 196.5 i86.8] 188 1510 8.3619 8.0971 10,0000 T nm—ms "
20/05/96 51.8 2372 220.6 187N 2.9918 5.3060 g.0go| T ————"
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24/05/06 524| 2240 2217 1780 1762 1.0374 1.8284 2,3000
"""" 33105108 853 2387 219.4 180.7] 1749 33313 6.8100 7.4600
"""" 23105/06 621 200.8 208.0 167.8]  164.8 1.0447 3.0398 18000
" 24i(15i86 6§34 3953 3548 1764171783 1.5780 2.7822 g ——"—""
25105196 SE7 T AEE| T H 1886|1868 13388 33932 3 9000
" 26105/96] 56.2] 2236 800 i85 8] BT 36358 4.0810 5.6000
27105196 “55.4|  236.2 232.4TTT el T4 16484 3.8579 3.8000
28/05/96 55.5 213.9 209.7 160.6]  157.5 30029 44843 4.2000
""" 0/06/06 No production
"""" 10/05/98 544 226.0 233.7 172.3|  178.9 -3.7227 £.86818 87000
"""" 31i(5/08 “INo production
""" RYGTED 478 358.4 SATF| 568 AT 4.3197 9.3796 10.7000
02106796 483 2958 A 1G4 81034 6.675¢ 1.1206 1.3000
"""" 03/06/96 48.7 2379 3351 18173 1886 19439 3.3493 2.8000
"""" 04/06/96 48.4 226.8 224.5 195.3)Te3a T 10248 1.5802 2.3000
"""" 060856 492 3332 2274 1976|1926 35506 49934 £.8000
"""" 06i0BHB] T 47.4 2134 210.8 187.3] 1851 11871 24970 2.5000
V770 -] A A R No production
"""" 08/06/36] 48.2 1974 1663 17681808 0.5604 0.9506 1.1000
""" 08/06/96 48.8 209.8) " 208.3| 4790|1777 0.7201 1.3798 1.5000
"""" 10/06/08 407 300.7 208.8]  1755| 1749 0.5755 1.00686 1.2000
""" 11/06/96] 8500 failed - end of trial
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Appendix A2

Test Meter Spool Sketch
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B0 B0 12" £1—-2253~5MT §

P ITEM |[QUANTITY RATING CAST
SIZE CESSRIPTIGN
j No, [sHoe[rELD SCH VAIPTION No, |CERT- Ne.
e 1 [Y] PNB] 120 [PIFZ ASTM AJ33 GR.B
2 1 12°%1%% XXS | 'PROMATT WELDOFLANGE 15008 RT4 LIFCS ¢
ASS0 LF? - SC4 120
3 ! 121" | XXS | TPROMAT™ NIPQLET GO0 BW LITCS
AJSD LFZ - SCH 180
4 2 12°NB| 120 JFLANGE 9004 R1J W BN LIFC A350 P2 E
g 2 12°NB | 140 [FLANGE 800# RT, WN BW LIFCS AI50 LF2
6 [ UNB | XX3 | FLANGE 1500# RiJ BW WN LTFCS
A350 LF2
7 1 1"NE | XXS  [FLANGE 15COF RTJ BUIND LTFCS A3S0 LF2
(DRILL & TAT® 1/27 NPT CENTRALLY) ]
8 1 | :"'NB | XXS  |GATEVALYE 15008 Bw LTFCS A3 |
9 4 | 12°NB| R57 |OCT. RING CASKET 5S TYPE 316
AGOVE 10 3Uti 900§ RTJ FLANGES '
10 i [ 1%Ng| R20 | OCI. RING GASKET §3 I'PE 316
1 1 1"NB | R16 |CCT. RING GASKET 53 TIPE 316
ABOVE TO SIAT 15007 R1J FIANGES -
12 80 Jetda - STUDBOLIS X 29C LONG C/W J NUT3
* — STUCBOLTS X 140 LONG C/W 2 NJTS
KON/, 14 YA - STUDBOLTS X 125 LOWG C/% 2 wUTS
STUDBOLTE - A320 GR.L7 °
; NUTS-A134 GR.7 SFOHVY PLX FLT
- g
7 [ KYESKDVi/E )
1
LAST WELS Mo, THIS DRG. E RADIOCRAPHY
~ SOMFORCEMENT| STRESS REUEVING | STRESS SKETCH Mo, °
NO YES %I
el (NSULATION PRESSURE TEST
"¢ | TPE [TIcKNESS] e O HEDiH [PRESSUREL " COLOR |
- - 222
30 WATER | g 5 -
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