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ABSTRACT

Based to the policies of efficient energy utilipati
environmental protection, particularly in reduction CGO,
emission; and stable economical growth, Taiwan gowent
adopted natural gas as a source of clean energg 4i880s.
Each year, over 3 million tons of Liquefied Natu@hs is
imported from Indonesia and Qatar for electricalwgo
generation from national-owned and private indabtivn
companies. It is estimated by the year 2020, theagpiation
of natural gas consists of 25% of national eneayyces.

Evidently, to safeguard fair trade of energy tratisas and
validation of gas emission on global warming effextcurate
measurement of natural gas consumption and trditgatni
national primary standards is essential. Roughti#aerror in
measurement causes 40 million USD un-accounteadoper
year for NG supplier. Thus, a project to constrachational
measurement infrastructure to serve this purpose intiated
since 1990s.

This paper describes the use of three different fie@sign
principles to construct an unbroken chain of tradiag
hierarchy and demonstrates calibration with wedlven
uncertainties. For each standard facility, ultrésaneters are
used in parallel to cascade up fr@m:150mm, 10bars, 1000

Actual nt/hr; to Dia:600mm, 55bars pressure, and 16000

Actual ni/hr. For two years’ successive on-site measuremient
six meters, relative errors are withit0.1%, with uncertainty

less than 0.35%. The daily difference between clystmansfer
and check meters remains withih 0.2%.

INTRODUCTION

Traditionally, turbine meters have been
predominately as a reliable working standard folibcation
laboratories or in a metering station for tradeppses, besides
the orifice plates. However, the characteristi@dfirbine meter
is Reynolds number dependent. Also, as the metgrdsated at
different flow pressure (different density), errourve shifts
accordingly. For orifice plate, the limited turndowation, as
well as bulky in size, difficult for real flow cdlration, and
relative large error, makes it less attractive Hiagh-precision
transaction measurements of high-valued commoditgh as
natural gas.

In recent years, the development of ultrasonicrieldgy
with its diagnostics capability has proven its adege, in some
way, over turbine meters and orifice plates. Theidoworking
principles of a transit-time ultrasonic meters shoits less
affected to gas properties as well as working damh, such as
pressure or temperature. As described in ISO 1%p88e
pressure correction on relative meter error is @406or a
pressure variation of 6.3MPa, and pipe wall thiden® radius
ratio of 0.25. With a temperature change of23he correction
in flow measurement error is less than 0.07%. Micamcerns

used



are only the minimum gas pressure (density) reduifer
acoustic coupling and content of carbon dioxidéairogen in
the gas mixture for acoustic absorption.

Adding to the advantages of selecting an ultrasomater
are its diagnostics features such as, footprinsigsfal to noise
ration,
performance alarm, etc. These allow users to traakk
possible failure modes of the meter, whether inakibiation
process or day-to-day metering situation. It idwsitich reasons,
that Chinese Petroleum Corporation (CPC) adopt&dsanic
meters to replace all orifice plates in the metgrstations
supplying natural gas to 10 power plants since 200%e
measurement errors and uncertainty of these meteuntd be
safeguarded by the National Measurement Tracealittheme
operated by Center for Measurement Standards/ITRthis
paper, the scheme and the traceability practicePDafTan
metering station will be discussed in details.

NOMENCLATURE

V  Volume of the gas

P Absolute pressure

T  Absolute temperature

Z  Compressibility Factor

E Relative Error of Calibration

R  Gas constant

t index of the meter under test

i index of the standard flowmeter

NATIONAL PRIMARY FLOW SYSTEM

Under the auspice and authorization of Bureau aficrd,
Metrology and Inspection (BSMI), Center for Measueat
Standards (CMS) maintains Taiwan’s highest higtsguiee air-
flow national standard. As a joint venture by BSI@MS, and
CPC, this primary standard was constructed in 8®04, with

an air flow capacity of 18,000 %h and pressure range of 1~60

kg/cn?. Since its commission, it has provided industriéth
precise measurement traceability and reached atienal
equivalence through BIPM Key Compari§anThe schematic
diagram shown in Fig. 1 represents one type oba 8ystem
design, namely the blow-down type facility, whichasv
originated from National Engineering Laboratory (©NE
Scotland. The system utilizes a gyroscopic weighsogle
suitable for high precision gravimetric high-pregsuflow
measurement up to 160 kg with a resolution of 2ngtaThe
maximum advantage of the blow-down type facility the
ability to endure greater pressure difference augiping and
secondary measurement standards, i.e. sonic namzleeter

under test (MUT). The measurement uncertainty of th

gyroscopic scale was estimated to be 0.013 % atllacting
weight of 20 kg.

Besides the gyroscopic weighing scale, a fast gctin

diverter and a sliding-joint connect-disconnect haatsm, a
hydraulic power driving unit; and a set of sevenismozzles
designed as a binary set such that the throat téasnprogress
by a factor of 2, comprised the core of the flovsteyn to
perform a primary mass flow calibration. As thewflcate and

speed of sound along each acoustic patld an

pressure reached a stable condition, the high{ymessr was
diverted into the weighing tank. Two 90 degreesaiythase
ball valves were designed to have a switching ¢wee of less
than 60 ms via the control of the hydraulic actuaférough a
series of test following concept of 1ISO 4¥45the triggering
time position was carefully adjusted to ensure mimh timing
error during valves switching. Such that when penfog a
meter calibration under the maximum flow-rate ctiodj the
discharge coefficient of the working standard, wit be over-
or under-estimated, due to the limited collectiimet imposed
by the choke condition of the sonic nozzle. Froimaaic fluid
mechanics principle, as the flow is choked by toezte, it also
reached a stable mass flow condition, and thuatsleitto work
as a reference standard. However, it is also dutheolarge
pressure ratio of sonic nozzle that a blow-dowretggstem is
literally limited in flow rate and produces higlof¥ noise that is
inherently difficult to operate when calibratingtrakonic type
flow meters. The measurement uncertainty of thekingr
standards was estimated$8% at 95% confidence level with
a coverage factor of two
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FIGURE 1. PRIMARY HIGH PRESSURE AIR FLOW
MEASUREMENT STANDARD

SECONDARY STANDARD AND ON-SITE METERING
SYSTEM

To compensate for limited flow range and operation
down time for recharging high-pressure storageldmfiin the
primary system, a consultancy agreement was redobweeen
CMS and CPC in the early 2000s to construct a na#eiting
loop flow calibration system. The system is in fhem of a
closed loop charged and held to a required pregsyrd¢o 60
kg/cnf) with air as working medium. Flow is induced thgbu
the loop by a set of three encapsulated blowersaabgipass
line used in conjunction with regulators for flowte control
between 80~4000 Actual h. The system is designed to
overcome 4 kg/cfflow pressure loss at maximum flow rate
and sets of ultrasonic meters and turbine metezsuaed as
working standards and check standards. With a déyedtianger
system implemented for temperature stabilizatiod. 1 degree
Celsius and the case with which extremely stabéssure can



be altered at will, it demonstrates the advantage ability of

fast throughput and versatility of meter calibratigervices. A

set of four ultrasonic meters, with 150mm in diaenetare

traceable to national system at 10 kdfcmith expanded o
measurement uncertainty of 0.27%. With the four emset ke
operate in parallel, flow capacity and operatioesgure are
cascaded up to 60 kg/émand 4000 Actual fhr, with o
measurement uncertainty of 0.30% at 95 confideacel. The 24" Custody Flowmeter
system was commissioned in 2007 in conformance V8
17025 quality system and certification from Taiwan
Accreditation Foundation (TAF). Figure 2 shows theerlook

of the system.

24" Checking Flowmeter

4 Tai-Power
Company

12" Standard Flowmeter

FIGURE 3. SCHEMATIC DIAGRAM OF DA-TAN
METERING STATION

DISSEMINATION OF MEASUREMENT STANDARD

Based on International Vocabulary of Metrology VAlVia
calibration practice represents determination o€licated
difference of a measurand against that of a higteerdard with
stated uncertainty and the process should be tibceda Si
units through an un-broken chain of calibration.eTdeneral
idea is clearly demonstrated in Taiwan as descrilred
aforementioned national high-pressure natural gaseability
hierarchy. A complete traceability diagram showitigw meter,
Temperature, Pressure, and each level of standagivén in
Fig. 4. Error of calibration is defined as in Eqadd typical
measurement uncertainty evaluation is given in Eqln the
following sections, calibration practices and pestit data will
be presented.

FIGURE 2. CPC SECONDARY HIGH-PRESSURE AIR
FLOW MEASUREMENT SYSTEM

At the same time of constructing the secondaryesyst
through-flow type, natural gas calibration systemasw
constructed in Da-Tan power plant to serve as asfea
standard for custody transfer and check meters dstwCPC

Calibration on Standard Meters in NML

i - @ — igh pressure Ai flow Calbration System
and Taiwan Povyer Company (TPC). Through f!oyv sysixerp \”:'; i E . = o presre o Coltraton Sy
simple and straightforward calibration method inickhgas is — SEGa] Pressure Calbration Systemn
fed to and withdrawn from the system continuallyrinig Fressue ot ;ﬂ"e”‘—ew

operation. There are, clearly, various ways in Whibe gas

Calibration on Standard Meters in CPC Secondary Facility

removed from a through-flow system can be handtetliding kPN , @ .\ crC Secondany High pressure Al fow Calibraton System
recompression, buffer storage volume and liquesactit high ik - 1 © e o
flow rates, significant volumes of gas would reguiaxtra cost : RiesstreGan e peratiielGalig
for handling it. This is the disadvantage of theotlgh-flow 2
system. However, in this Da-Tan scenario, natuaalig directly Callraton & Correction on Meters i TaiwanPower LNG Staton
used by the power plant and the only disadvantagalibration "fﬁ " 1 s 9 =) T G DR
practice needs highly coordinated efforts among enreg L
station and power plant operators.

As depicted in Fig. 3, high-pressure natural gasr &0 FIGURE 4. NATIONAL TRACEABILITY SCHEME
kg/cnf is diverted to a set of, in this case, four 300mm
ultrasonic meters calibrated at CPC secondary rsystdter V. -V
passing though four 600mm ultrasonic custody temnsfeters. E% =———x100% @

And then, the natural gas is re-directed back tinotwo i

600mm check meters, before going to the power pas , , ) ) , ,
turbines. This flow-through type design allows thestody and uv) _ P (PR, 11 % uw(T-1)] ,(dv) @
check meters to be calibrated simultaneously by tthesfer v Z P = Zar T v
standards. The estimated uncertainty of the MUTJuling

uncertainty sources from pressure, temperature, gas

compositions, and traceability, is 0.35%.




Transfer Standard Calibration at NML

A set of four ultrasonic transfer standards fromOCRere
calibrated at the National Primary flow facility.h@ pipe
arrangement is shown in Fig. 5. Each ultrasonicemés
installed between upstream standard compact nezehy, and
a package of 13 flow control nozzles, each with esahroat
diameter. To attenuate flow noise induced by thezlgoarray,
two 90-degrees T-sections and a flow acoustic rfiliere
installed before the MUT. Over 20D pipe length andanker
flow conditioner were placed before the USM. This
arrangement proved to be effective to keep the WBENO00%
performance and good signal to noise ratio, juddiogn the
diagnostics software of the meter.

FIGURE 5. PIPE ARRANGEMENT OF USM CALIBRATION

Meter calibrated errors against flowrate of theme JUSM
are shown in Fig. 6. For flowrate below 200m also 12.5% of
meter maximum flow range, the meter registered drigh
deviation. However, calibration errors are all witlthe range
of 0.0~0.8%. Comparing to a measurement assuramgEgm
of over 1000 USM check meter data points provided b
CEESI?, these four meters perform well and suitable tdhee
working standards of secondary flow system at CPC.

Results of Meter Calibration at Secondary Standard
and On-Site Real Flow Measurement

As depicted in Fig. 7, four USMs were placed inglet,
for the calibration of four sets of 300 mm USM, dneone. To
safeguard the calibration results, each USM hdseakcturbine
meter placed downstream of it. The combined test ftates
were from 500~4000 fh, with two test pressure of 20 and 50
kg/cnf. The test results are shown in Fig. 8 & 9. Theaad

have the same trend as those of 150 mm USMs and

repeatability all less than 0.08%. It is, howevan, average
deviation of 0.1~0.2% observed for each meter, betwdata
set of 20 and 50 kg/cnThis pressure correction needs to be
taken care of based on ISO recommendation.

1
o USM 0118
08 F-—————————— - —— - — - — - — -~ X USMO119] — — — —
Iy
4 USM 0120
06 N * USM 0121
g .
5 $ N s a
= X
w
0.4 s
3
° x
02 x »
<o
.
<o
0 hd L a
0 200 400 600 800 1000 1200

Flowrate(m 3/h)

FIGURE 6. CALIBRATION DATA OF FOUR USM METERS AT
WORKING PRESSURE: 10 KG/C#
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FIGURE 7. 300MM USM CALIBRATION
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FIGURE 8. DATA OF 300MM USM CALIBRATION AT
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FIGURE 9. DATA OF 300MM USM CALIBRATION AT
50 KG/CM

Finally, the results of calibration for 600mm USM 2a-
Tan power station is given in table one. As thevfiate and
pressure are constrained by the demand of gasméufi power
grid balance, tests were conducted only for worlressure of
55 kg/cnf and flow rate from about 17% to 35% of the
maximum. Based on the contract, the flowmeter jsisadd of
its calibration factor if deviation as found excee#/-0.1%.
After adjustment, the errors should fall within G:2%. Table
one shows the as left data with expanded unceytafrd.35%.

TABLE 1. AS LEFT DATA OF 600MM USM CALIBRATION

USM Flowrate Error (%) Expanded
m3/h As Left Uncertainty (%
FT 2261 2850 0.06 0.38
FT 2262 5420 0.14 0.38
FT 2263| 4070 0.02 0.38
FT 2264 4880 0.04 0.38
FT 2271 2600 0.08 0.38
FT 2272 5700 -0.07 0.38
CONCLUSION

It took more than 15 years’ joint efforts, from BENCPC
and TPC, to construct this model case of tracegbilerarchy
for high pressure natural gas measurement. CMS/Ih&d
played a key role in system design and coordindtioron-site
calibrations. The experience on the usage of USKI data
analysis, diagnostics will accumulate in the fufues all
metering stations establish such traceability mo&ebm the

case of Da-Tan metering station, this calibratioacpice and
actual evaluation of the measurement uncertaingintained
within 0.38%, has contributed to and given the gorent
agency, a valid proof of the reduction of greendeoeffect.
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