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1 INTRODUCTION

The Kollsnes process facility is located at an island 60 km north of Bergen. The gas terminal
was ready for operation in autumn 1995, to serve the Troll field when that started up. In 2004
and 2005, gas from new fields as Kvitebjgrn and Visund were tied into the Kollsnes
Gasterminal. A brand new prosessing unit was intalled as a part of the Kvitebjgrn tie in.

The present capacity on the export metering stations are 146 mill Sm3/day and 7500 m3/day
of condensate mix.

The gas is measured through 2 orifice metering stations. Each consist of 6*20” tubes.

The condensate mix is measured trough 4*3” tubes. Each tube has one turbine with 2 pick
ups, one density meter with temperature element, 2 temperature elements and 2 pressure
elements. In addition a dedicated 6” prover is installed.

The condensate mix is exported across the fjord to Mongstad (Vestprosess) where it is
splitted to propane, butane and naphta.
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2 SWIRL AND NONAXISYMETRIC

Accuracy statements for flow meters are based on the steady flow of homogeneous, single-
phase Newtonian fluid with an approach velocity profile that does not alter the coefficient
obtained in long, straight runs of pipe.

Velocity profile is probably the most important influence quantity. The effects of swirl and
nonaxisymmetric profiles on a meter performance are not only difficult to analyze, but they
can not easily be duplicated in a laboratory.

The straight lengths of pipe required to eliminate swirl are different for gases and liquids. The
higher viscosities of liquids dissipate both swirl and profile distortion sooner, so liquids require
shorter pipe lengths than gas.

The standards in use for metering is reflecting this. The gas standards 1SO 5167 (2003), ISO
17089 and AGA report no.9, is clearly addressing this aspect by setting requirements to the
upstream pipe.

The similar standard used for liquid metering with turbines and prover is API Manual of
Petroleum Measurement chapter 5.3, Measurement of Liquid Hydrocarbons by turbine
meters. This standard also contain a number of recommendations for upstream piping, But
they are formulated in a more vague form in the standard section 5.3.4. If a proper design job
is not done, then we will suffer, when the end result is measured at

the start of proving operations.

This API standard is primarily an oil standard but also used for lighter hydrocarbons. We can
achieve k-factor results within tolerances for oil with poorer quality pipe and centring of
equipment. The challenges related to pipe surface and alignment are more exposed when
you measure lighter hydrocarbons. And this was exactly what we experienced at the Kollsnes
terminal.
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3 MILESTONES FOR THE KOLLSNES CONDENSATE METERING STATION

a)
The metering station was built in 1994, installed in 1995 and put in regular operation in 1996.

b)
When delivered from factory, the metering station was calibrated with water and tested for
repeatability and linearity (0,05% and 0,15%).

c)

When calibrated at the factory it was recognised that it was necessary to adjust some of the
turbines to achieve the test requirements but this has been done on many projects so it
should not be significant.

d)
The metering station was originally installed with 3 * 3" lines and pipe spec. BC21A CL300,
with flow rate 15-150 m3/h.

e)

At start up in 1996, it was some difficulties to achieve the linearity and repeatability
requirements. The linearity requirement was extended to 0,25%. The fluctuations in different
process conditions was defined as the reason for the problems.

In 2004 the condensate metering station was extended, by installing the forth metering tube.
With this tube it was impossible to achieve the repeatability requirement of 0,05%. Even 0,1%
was difficult to achieve.

9)
It was also identified that the situation for the 3 original turbine meters were getting worse

when introducing more lighter components into the condensate. The repeatability requirement
was more difficult to meet.

h)
The 4™ tube was now opened and carefully examined. The following findings were done:
- Measured inner diameter in turbine meter 76,6 mm
- Measured inner diameter in the flange upstream/downstream turbine meter 77,9 mm/
78,0 mm
- 0,7 mm edge upstream of turbine meter (pipe alignment)
- Welding protrusion 10 cm downstream of turbine meter
- Flange and metering tube are not polished on internal surface
- The flow straightening vane is of wrong model

1)

A new line 4 was installed and put in operation December 2005.

h)

The 3 original lines were replaced in September 2007.

4 AN EVALUATION OF THE LIQUID SPECIFICATIONS

It was quite clear that the liquid product was varying because of the downstream process.
The density could be from 700 kg/m3 to 740 kg/m3, due to composition changes. The

dynamic viscosity could similarly vary from 1 mPas to 2 mPas.

It was made up trends to establish the impact on the k-factor from these liquid changes.
(Required according to NPD regulation section 25).

The conclusion was that the k-factor deviations could not be traced to these sources.
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Upgrade of the 4" metering tube

A project was then raised to change out the 4™ metering tube with a tube/flow straightening
and turbine with higher quality, proper alignment and centring.

The specification for the project contained a number of detailed mechanical requirements:

The vendor should calculate the flow profile and get this accepted by StatoilHydro.

A 19 tube straightening vane bundle was specified. A 7 tube bundle was erroneously
used in the first design.

The straightening vane shall be centred in the pipe. It shall be no space between the
pipe wall and the spacer lug. It shall fit as a piston in a combustion engine cylinder
The turbine shall first be produced and measured. Then guiding vane holes (4) are
drilled in the flange. Thereafter the metering tube is produced.

A measurement certificate shall be produced for the metering tube and the
requirements are equal to ISO 5167 part 2, except that the upstream distance to be
measured is 10 D.

Equally to the turbine. 4 holes for guiding vanes are drilled in the flanges, for centring
of the turbine in the tube.

Any welding protrusions downstream of the turbine shall be grinded.

This project was finalised in December 2005. The outcome is shown in Figures 3, 4 and 5.

Figures 3 and 4 shows pictures of line four, before and after the change out.

The improvement in quality from Figures 3 to 4 is easily seen.

Likewise the improvement in the k-factor plot can be seen in Figure 5.

Figure 3



26" International North Sea Flow Measurement Workshop
21 — 24" October 2008

Figure 4
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Figure 5
This figure shows the k-factor plots for the 4 lines shortly after that the new line 4 was put in
service after being upgraded to fiscal quality.
What we here see is that line number 4 has significantly better data then the three others.
So our worries were not over with this.
The 3 original tubes were also identified to have deviations from the new tube 4 specification
related to centring, flow straightening and pipe internal surface. As the 3 existing lines were
operating to some extent in conflict with internal and external requirements, it was decided to
launch another pipe change out project also for these three lines. It was successfully done in

2007.

The only way to measure success here is by the evaluation of the k-factor plots.

The outcome is given the k-factor plots, Figures 6, 7 and 8.
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We see from these plots a clear improvement in behaviour during proving. Especially for line
2 and 3 this tendency is very clear. For line number 1 the improvement is more moderate.
SDiv for k-factor in each flow range is used, to make the curve easier to read. 10 consecutive
k-factors in each flow rate.

6 CONCLUSIONS

When designing a liquid metering station we should be aware of the requirements for pipe
roughness, and centring of flow straightening device and turbine meters.

If necessary we should specify these elements separately. This is of particular concern when
we are metering light hydrocarbons.

The use of guiding vanes should be considered for being able to bring the turbines into the
centre position.

Visual inspection of the flow straightening vane to ensure match with specifications and
centring in pipe.

Visual inspection of the internal part of the tube to ensure that the pipe requirements have
been followed.

We have to measure the tube in different positions to ensure that the requirements for the
diameter and the roughness are fulfilled.

We have heard that some of the established metering vendors used experienced mechanical
engineers, who without any written specification ensured that the pipe roughness, pipe
specification and centring of equipment were ok. As manpower is changed and work now
more often is contracted out to other companies, we need a written specification of how this
shall be done. Otherwise we can end up with a bad end result as we did on Kollsnes.

The old slogan still remains valid: Always inspect, never expect.
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