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A study of high pressure turbinemeters by the 
Danish TSO “Energinet”  
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AGENDA 

Introduction to the Danish Gas network 
Calibration interval after: Recalibration, new meter of refurbishment of meter 
Case 1: Site conditions to determining calibration intervals.  
Case 2: Follow guidelines – Common for Danish gas companies 
Case 3: Study stability of meter  - by recalibration to determine calibration intervals 
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3 Cases for determining calibration interval 
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Presenter
Presentation Notes
I will talk to you about the different methods we use in denmark to determine calibration intervals for flowmeters. I will present 3 cases of how calibration intervals are set in the different parts of the high pressure gas installations of the different steel pile gas network in Denmark. Before i get to the cases, let me introduce the danish gas network and the companies and the types og gas installations, which I think is important to understand the requirements of the different flowmeters, and how calibration intervals are determined. 



THE DANISH GAS STEEL 
PIPELINE NETWORK 
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1 TSO   – 80 Barg pipeline  
3 DSO   – 40 Barg pipeline 
       (DSO 4 barg plastic pipe network not shown) 

42 Custody transfer points 
     with pressure regulation  
      and metering (turbine) 
      

  

Presenter
Presentation Notes
The danish gas steel pipeline network is maintained by the 4 shown companies. Energinet is the transmission system operator which connects to the three downstream distribution networks. Custody (ansvar) of gas is transferred at 42 points indicated by squares on the map, which are metering and pressure regulation staitons 80-40 barg as shown in the building picture, which have two parallel measurement line as shown on the last picture, which show our technicians which are about to replace a turbinemeter meter. These meters have a well defined calibration interval which have been determines by a recalibration study of meter stability. This is last case I will talk about, Case 3, which is also the most comprehensive. 
The distribution network, marked my the red blue and green lines on the map, have pressure regulation and metering stations at the end of each line which have a single turbine meter which have a calibration interval determined by guidelines common to all danish gas companies. This is second case I will talk about. 



THE DANISH  
GAS STORAGE 
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Lille Torup – Ultrasonic meters  
Salt cavern gas storage 
 
 
 
 
Stenlille - Ultrasonic meters 
Auarifer storage 
 
  

Presenter
Presentation Notes
A vital part of the danish gas network are two underground gas storage facilities marked by triangles on the map, they are called Lille Thorup and Stenlille.  These storages hold enough gas to for 2 months of gas supply to all of Denmark to during winter, in case of supply problems or critical pipeline damage. One is an auarifer storage and one is a cavern storage. The auarifer storage have seen some rather troublesome metering issurs, which have caused them to change out their turbine meters several years ago to ultrasonic meters and lower the calibration interval, which is case 1 which we will now look more into. 

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjYjbf9wYPUAhVJhywKHVLiBFIQjRwIBw&url=http://gaslager.energinet.dk/EN/about/Pages/default.aspx&psig=AFQjCNH63YHT29liq4Nwz8ohLPgvvVG74A&ust=1495542985968578
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjzqNj1wYPUAhUDDSwKHd6KBUgQjRwIBw&url=http://gaslager.energinet.dk/EN/about/Pages/default.aspx&psig=AFQjCNH63YHT29liq4Nwz8ohLPgvvVG74A&ust=1495542985968578


CASE 1:  
SITE CONDITIONS 

Meter contamination 
• Coal dust - (from surface plants active coal filter)   

• Oil residue -  (from underground previous storage use in Lille Torup gas storage) 

 Deposits on Ultrasonic sensors 
 

Deterioration by operation conditions - Rapid pressure change 
• Compressor start  
• One-way valves 
 Damage to turbine blades 

 

Calibration interval: 
Gas storage uses ultrasonic meters with 2 year due to heavy contamination 
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Heavy contamination – short calibration intervals 
 

Presenter
Presentation Notes
The aqurifer storage Stenlille over the years experienced several events which has lead to en ever decreasing calibration interval. 
The turbine meters were changes to ultrasonic meters after en event where a rapid pressure release caused a too high flowrate which damage turbine blades.
The ultrasonic meters were also found to have more than expected comtamination in the form of oile residues from compressors mixedin with coal dust from coal filters causing heavy deposits in the pipes. As this was likely to effect the ultrasonic meters mesurements, a precursionary measure was taken to lower the calibration intercals to 2 years. 
�We have however just initiated a monitoring routine to track the meetering ability of the ultrasonic meters by making ”sample recordings” of all metering parameters, to have some more data on the meetering ability and deterioration of the meters over time. As of now, the 2 year calibration interval for ultrasomec meters at stenlille is not well founded in data analysis, as some of our other calibration intervals indeed are, as for example case 3. But let me first tell you about the calibration interval for most high pressure meeters in the danish steel pipe network.  



CASE 2: 
FOLLOW GUIDELINES 

Text from guidelines: 
“flowmeters are to  be 
recalibrated with 5 year intervals”. 
“However, if calibration history 
study or test is available, year 10 
interval is possible for new 
meters”. 
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Danish gas companies have common guidelines for 
calibration of flow meters. 

Guidelines 
English translation 
§ 18. Network companies that uses measurements made in accordance with 
section 1, § 1, section 3, is required, upon request, to inform the buyers of the 
measurement uncertainty of the amount of gas (energy) that is settled. The 
network companies concerned are also obliged to provide, at the request of the 
customers, the required documentation of the information provided by calibration 
certificates, cf. 3, as well as any additional calculations and statistical information 
to document the total measurement uncertainty.  
 
Sec. 2. There must be a sound measurement technique for the information 
provided. The measuring equipment in question must be calibrated at such a 
frequency that there is a sufficient likelihood of compliance with determined or 
agreed measurement uncertainties during the period between the calibrations. 
Regardless of the calibration intervals determined, renewal calibration must be 
performed if the measuring equipment has been damaged or subjected to 
interference that affects its target accuracy.  
 
Sec. 3. Calibration shall be performed as accredited calibration or foreign 
calibration recognized in this country and shall be documented in calibration 
certificates with traceability to recognized international primary  

LEGISLATURE 
BEK number 1037 - 17/10/2006 

Presenter
Presentation Notes
The danish gas companies are working together maily through the ”Danish Gas Center” DGC, which aound other activities facilitate the creation of guidelines, which all gas companies are expected to follow, and one such guidline, deals with the maintainance and calibration og high pressure meters. This guidline states that ” flowmeters must be recalibrated with 5 year intervals” . [noget med kontrolpartier???]
There is also a anoucement from the Danish Minister of Industry, Business and Financial Affairs stating that the calibration must be made to insure that the meter is in compliance with the agreed apon meetering uncertainty, 

In a foot note the guideline state that ”However, if calibration history study or test is available, year 10 interval is possible for new meters”   Energinet has made such a study of its flowmeters and extended the calibration above the 5 years specified in the guidelines. 

Note the wording in the first quote ”recalibration”, meaning that is guidelines makes it possible to make recalibration over and over. Energinet does however not to this:




CASE 3: 
STUDY STABILITY OF METERS 

Flowmeter guidelines allow extended calibration intervals if studies or tests of flow meters are made 
which prove what the metering error is below the allowable limit in time period of the extended 
calibration interval.  
22 turbine meters were studies by Energinet by recalibration to show this in 2005,  
Last similar study was in 1984.  
Study  22 meters calibrated at 4500 euro, total 100.000 EURO 
Calibration interval extended from 5 to 8 years saving 30.000 EURO per year for all 84 meters (custody), in 
calibration alone, add on-top saving on fewer new meter purchaces, Study payback time 2 years.  
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Scope: Reevaluation of Calibration Interval (set in 1984 to 8 years) 
 

Presenter
Presentation Notes
This brings me to the 3ed and last case I am going to talk about, which is the study mentioned in the title is this talk. Energinet has once of twice make an extensive (and rather expensive) study to determing calibration intervals for the meters on the Custody Transfer Points. The study cost around 700.000 DKK to make but is saving 220.000DKK per year in calibration coat alone, add savings on less new purchaces. Study payback time about 2 years

22 meters were recalibrated the meter error was compaired to the calibration that was done when the meter was firstly installed (/comissioned).


 



CASE 3: STUDY STABILITY OF METERS 
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Meter error in comissioning calibration and recalibration compaired 
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Presenter
Presentation Notes
This graph shows recalibration results comparied to the initial calibration, and how the meters has changes in the 7 calibration points. Which is 2% 5% 10% 25% 40% 70% and 100% of the maximum flow Qmax.







CASE 3: STUDY STABILITY OF METERS  
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Meter error in comissioning calibration and recalibration compairet 
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Presenter
Presentation Notes
The meters had a service life of 2 to 8 years. The weighted mean error dispertion (spredning) at 4-5 years was found to be equal to that at 8 years, but still within the allowable limit. And the calibration interval of 8 years was hereby validated. 

This shows that meters measures just at well after 8 years as they did after 4-5 years in service. 

Longer calibration intervals noght also be possible but have not been tested.



STUDY CONCLUSIONS  
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2005 study conclusions compaired with 1984 study 

 
Calibration interval of 8 years is well choosen – change in spread of WME equal to 4-5 year of service life 
 
Change in WME over 8 years were found to be ~ 0,72% 
Allowable change is set to 0,9 % in guidelines  
 
Previous studies have shown a change of 0.03-0.08% per year [1,2] (0.64 per 8 years) 
1. DS/EN 1776:1999: Gasforsyningssystemer – Målestationer for naturgas –Funktionskrav. 

2. Time dependent performance of turbine gas meters (FLOMEKA maj 2003) 

 



RECALIBRATION, NEW METER OR REFURBISHMENT 

Considerations: 
 Price of new meter 
 Price of refurbishing of meter       (Refurbishment is a meter rebuild with some/all internal parts changed)  
 Price of (re)calibration 
 Meter size 

Recalibration if:   Turbine Requirement 1: Turbine was dismounted with no failures since last calibration (8 years) 
  Turbine Requirement 2: Examination report of turbine revealed no points of concern.  
  Set turbine recalibration interval: 5 year.  

New meter if:  Price of refurbishing ≤ 70% of new meter. (Turbines above G1000 fulfill this) 
  Set calibration interval: 8 years 
Refurbished if: Old meter is in storage ( and savings over new metes as described above) 

  Set calibration interval: 8 years   
 

Energinet: 65% new meters , 30% refurbished meter, 5% recalibrated meters  
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Guidelines Energinet uses on meter change 

Presenter
Presentation Notes

Remember the wording in the guidelinge in the first quote ”recalibration”, meaning that is guidelines makes it possible to make recalibration over and over. Energinet does however not to this, as the study we have just seen colcluded that meters are deterioting in our installations after 8 years, and we aither buy new meters of refurbish them af tthese numbers show. (gennemgå tal på slide)




DETERMINING CALIBRATION INTERVALS 

Case 1: Site conditions to determining calibration intervals.  
 
Case 2: Follow guidelines – Common for Danish gas companies 
 
Case 3: Study stability of meter  - by recalibration to determine calibration intervals 
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The 3 ways 

Presenter
Presentation Notes
Afsluttende kommentar: samel op på alt der er gennemgået.

Case 1: Something looks bad: Is the meter obviously beeing deterioated. Low calibration interval. 

Case 2: Follow others: The meter looks fine but be have no date on stability 

Case 3: I have knowledge The meter looks fine and be have measured the stability
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DECENTRAL 
POWERPLANTS 
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Fuel 

Coal 

Natural gas 

Water/nat. gas 

Coal/Biomass 

Other multi 

Waste 

Biomass 

Biogas 

Windfarms 

Electricity producing units 

Central 
powerplant 

Decentral 
powerplant 

>25 MW 

Decentral 
powerplant 

≤25 MW 

Presenter
Presentation Notes
Hvis nogen spørger til målersteder i distribution
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