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M Pa
m3/h mm %

V esterbork NMi 6.4 6.3 40000 250 0.25

Pigsar Ruhrgas 1.4 5.0 6500 300 0.25

: British pigsar

Bishop Gas 2.4 7.0 20000 500 0.30 NEL

K-lab Statoil 2.0 15.6 1750 150 0.40 NEL

' ' ' CEESI

an antonio| SwRI 1.0 8.0 2400 250 0.25 mt
“lear Lake| CEESI 7.0 7.0 34000 600 0.40 PV Tt
Winnipeg TCC 6.5 6.5 49000 750 0.25
sroningen | Gasunie 0.9 4.0 900 100 0.30

Bergum NMi 0.9 5.0 2500 200 0.30
\ [fortville GdF 1.0 6.0 1200 150 0.25 PV Tt
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Altortville FR
NEL GB (Nitrogen) Westerbork NL Vauptio 45 e

ctmal itresi Flowra ke

Figure 3.

| [ | I I | | [ | | | I
Vact x 1F mVi

High pressure calibration capabilities of facilities of European test rigs’ as compared with
PIGSAR.

PIGSAR s capabilines overlap with most of all other Enropean facihities, except the
faciliies Uetrecht (ML) and Westerborg (NL) due to thair pressure ranges.
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Figure 4. High pressure calibraton capabilities of facihities outside Europe compared with

PIGSAR,

Calibration Chain of PIGSAR
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Primary System A System A

Critical Flow Venturis
CFV3, CFV6
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e ]

E%j

Turbine Meters

359,360, & 361
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Turbine Meters
034,060,070,201,
241,242, & 263

E%j
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UUT Flowrate
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meter

Basic Verificat Sys NMi low flow
1-4m3/h test facility
0.01% 0.021/h-3.5m3/h
0.20%
MV\{a?rt tsegtl Bel IOPlrogser 3(/)hSm3 =
B .1-65m et test
1-018r5n(;/h 0.03% T Meter 11 Foreign metrology
Sl v —— | 0.08-0.4m%nh Inst}itutefs and
Dutch & foreign
%\g'\sﬂ 25'\)/!1%0%?/'\('] M test facilites
0.06% * v
Bell Prover 3.5m? CVM 38M NM [ High flow
0.4-400m3/h —»|  40-1200m3/h ——P 40-1200m3)//h
0.09% 0.11%
v 0.20%
3XCVM /trgnsfers
> Atm./9 ar )
456_11%80/2})0%;5}))’“ —» Directly Traceable
9bar v .
Gasnuie Groningen —-» Traceable by using transfer standards
10CVM'’s 39bar
45-36000m(n)/h ¥v_] Internal Traceability
- NM1 Bergum . :
Foreign metrology _ Gasnuie Groningen
Institutes and - 45-13%()5(}Ck))r?1r3(n)/h test facility 9bar(e)
Dutch & foreign 0.23-0.30% 45-3600m3(n)/h
Test facilities - v 00.19%
Gasnuie W esterbork
60bar 6000-
2400000m3(n)/h
0.30%

NMi




Level 1 Paris
Level 2
Level 3 Reference meter of the high pressure piston prover

G 250

0<480m3/h 0<480m3/h *
Level4 W orking standards L evel 5 Transfer standard '—eV—eM/GWorking standardsp
iasar pigsar pigsar
G100 G250 62:096250 =6 G 1000 G 1000 G1000 G1000 G1000
> 3 i L
Ll o>y Ll L L 8
| | | | > |

Ruhrgas



Feference standards Feference standards Feference standards Feference standards
of length; of tirme; of pressure, of termperature,
-5 -G -4
Uy =10 Uy =10 g =10 U =0,01K
¥ ¥ ¥ ¥
¥ ¥ ¥ ¥ ¥ ¥
Double piston flow Interferometric Forced Bell prover, LD test rig high press=ure piston
Comn parstar pistan system, pizton prover; for flovwate; prover, 1= 143 dm?
I¥ = 44 em™ =02 dmd. 22 dm? I¥=20 dm¥and &G0 dm? ¥=1m? g=% .. 430 m¥h
g=5mith ... 5 h g =0,0002 .02 m¥h g=0015...35 m°/h g=1 .. 60m%h g =65 ... 5500 mrh a =g ..90 bar
Lhay & 0,08 % Lhay = 0,25 % Lhay & 0,05 % Lhap 50,05 % Lhay 501 % Lhey & D06 %
I v v '
Wet gas meters Gas metertest rig high pressure test rig
MBZ .. NB 15; with critical nozades; PIGSAR,
¢=5 ...6500 m¥h
g=0015 ... 16 m¥h g=2 .. 5800 m¥h a=43 .50 bar
Ly 50,1 % Lhay & 0,08 % Loy £ 0,15 %
[
’L ¥ 4 ¥
critical P ortable critical Tranzfer standard Gas metertest rig
micro nozzles; fiow devices; gas meters; with =tandard ;
turhine meters; Uncertainty U
g 025 1/h g =000 .. 65 m¥h g=2 .. 24000 m*h g =200 ... 24000 merh e
Lhe 5 025 % Lol £0,1 ... 025 % Ui 501 .05 % Lhe 5 012 %

v

Feference

and working standard devices at verification authorities | manufacturers of

gas meters, public utility undertakings and DKD calibration laboratories

PTB
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Q>480m

G 100
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Pigsar

0.2%

mt

PVTt



HIGH PRESSURE LOOP (HFL)
GRAVIMETRIC FLOW STANDARD
= Capacity: 2200 lbm (1,000 kgl
o Accuracy: $0.74 oz (£21 gm)
e nternal Volume: 550 ft* (15.6 m°)
o Outside Diameter: 125.5 in (3.16 m)
e Tare Mass: 24,000 Ibm (10,900 kg)
#Scale Principle: Gyroscopic
eBalance Manufacturer: Wohwa Waagenbau
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Sonic Nozzle Bank

5 parallel sonic nozzles used to
control volume flow rate and to
gerye as a secondary flow
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D ordrecht
Basic Verification System(atm.) @
Q : 0.1 -400 m3,/h

CMC :0.07% - 0.10%

Groningen
> P:atm. -9 — 36 bar
Q: 45 - 36,000 m3,/h
CMC:0.12% — 0.21 — 0.18%
? Bergum
. — . > P:9 — 16 — 51 bar
NMi VSL Traceability-Chain Q: 45 — 132,000 m3,/h Harmonization
CMC:0.21%-0.18-0.18%
W esterbork
P: 60 bar
»Q: 12,000-2,400,000 m3y/h
CMC: 0.20%

Nmi Ruhrgas TCC
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10 1500 m3/h
120 450 kPa
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(10 100)kg
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MEASURING RANGE %

UNCERTAINTY,

,mm
,Nm3/h ,MPa o

FLOWMETER PRESSU RE, NORMAE
DIAMETER,mm
,Nm3/h

R

i

i
METER it I

26-10.0x 10
(0.005-19.2 kg/s)
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mt PV Tt

0.1% 0.25% 0.1% 0.25% 0.2% 0.5%
(m?h) | 10 1500 1 4600 05 320 1 5000 0.5 400 1 1500
DN300 DN300 DN250

4 2. 4. 2. 1. 1.

MPa 0 0 0 5 0 0
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20 m3 3000 m3/h
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PVTt
14m3
3500m3/h 106kPa 0.3%
PVTt




4500m3/h

0.5%

18m3



DN400

7 .0MPa

2003 3

8000m3/h

DNS0



& A
1
7 .0OMPa
400m3/h 0.1%
mt PVTt
mt
mt
400m3/h 40s mt

5m3 4 _0MPa 7.0MPa
155kg 270kg
mt 0.1%
509 5t



10 1000 m3/h

10

(50 1000)m3/h
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DN200
1000m3/h 8000m3/h
7.0MPa 0.3% 0.5
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(< 4.0MPa)

6.0MPa







120kPa)
(10 — 1500)m?/h
0.10%

(1.0 — 4.0)MPa
(0.5 — 320)m?h
0.10%

(1.6 — 7.0)MPa
(0.5 — 400)m%h
0.15%

1.6 — 7.0)MPa
(5 — 1200)m3h
0.20% — 0.3%

0.1 — 7.0)MPa

(5 — 8000)m%¥/h
0.25% — 0.50%

0.1— 7.0)MPa
(5 — 8000)mh
1.0% — 2.5%
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