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Evaluation of Performance of Measuring Stations and Turbine Meters in the
Range of Minimum Measurable Flow Rate (Less than 0.2Qmax) and
Adaptability in Target Stations in Golestan Province

Ali Talebit - Saeid Manoochehri?
! Managing Director of Golestan Gas Company

2 Instrumentation Expert of Golestan Gas Company

ABSTRACT

Accuracy of measurement systems has always been an important issue in all industries. Due
to the high costs of production, transmission and distribution of gas energy, in this study we have
tried to investigate the performance of metering equipment in the gas distribution industry. Most
gas volume measurement systems in the facilities of the gas distribution industry with a flow rate
of 400 cubic meters per hour and above, turbine meters are equipped with electronic correction
devices. According to the meter geometry and relevant standards, the measuring range of turbine
meters is defined between the two minimum and maximum measurable flow limits of Qmin and
Qmax, respectively. These limits (Qmin and Qmax) can be changed in different operating
conditions (pressure, temperature, speed, etc.). Operation of the meter near or outside these limits
can lead to a deviation of the measurement error from the allowable value. Inthis research, several
examples of the performance of turbine meters in the0.2 Qmax and Qmin range at the level of gas
supply facilities were experimentally investigated. The results show the deviation of the
measurement accuracy from the allowable range defined for these meters. Finally, suggestions for
improving the performance of systems Measurements were provided.

Keywords: Turbine Meter, Flow, Qmin, Qmax.
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Comparison of permissible error of ultrasonic and turbine meters in
sizes below 12 inches of gas industry

Davoud Yari Boroujenit - Hossein Esmaeili Malekabadi 2 (Style: Times New Roman, 12pt)

1 Master of Supervision of Measurement of International Gas Contracts
2 Pipeline expert of Tehran Gas Company

ABSTRACT

In this paper, the allowable error value of ultrasonic and turbine meters in sizes under 12 inches
has been investigated using two valid standards. The purpose of this study was to determine the
optimal meter to perform measurements in different discharges. After conducting this study, it was
found that in sizes below 12 inches, the use of ultrasonic meters in all discharges with different
diameters is not necessarily the best option. To perform this comparison, the allowable error
percentage diagrams of both types of meters were drawn in a combined pattern based on valid
standards and then different types were compared.

Keywords: Turbine meter, ultrasonic meter, maximum flow, minimum flow, allowable error
percentage
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The importance of online analysis of gas compositions in measuring
the volume of natural gas and estimating its numerical contribution
in the volume of uncalculated gases

Author's name! - Co-author's name?34 Mousazadeh-Reza, Marufi-Jouya, Mostagimi —Shahpour
! Author's institution: Dist8-IGTC-NIGC
2 Co-Author's institution: science and technic university
3Co-Author's institution: Dist8 IGTC-NIGC

ABSTRACT

Finite The measurement plan in the country’'s gas production, transmission and distribution
network started in 2011. According to this plan, the production, refining, transmission and
distribution departments were required to accurately measured the volume of gas by the standard
requirements of the NIGC at delivery points and submit monthly reports to the National Gas
Dispatching. During the last 10 years, all delivery points and distribution gas sector have been
equipped to turbine meter and ultrasonic meter systems. Annually, the national gas dispatching
Department declares a percentage of the produced gas as the unaccounted volume of gas. This
amount depends on various factors, and each factor includes a percentage of the unaccounted gas
volume. Lack of online analysis of gas composition in volume measurement is one of the factors
that has a large share in the unaccounted gases volume.

Keywords: unaccounted gases, volume measurement, online analysis, gas composition
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C1 C2 C3 C4 C5+ N2 CO2 TOTAL
(mol. %) | (mol. %) | (mol. %) | (mol. %) | (mol. %) | (mol. %) | (mol. %) | (mol. %)
91.6802 | 2.7131 0.4735 0.2525 0.0681 4.1735 0.6302 | 100.000
89.0362 | 3.8256 1.3146 0.5378 0.1438 4.6759 0.4559 | 100.000
_ PexTyxZy Pm

P, xTrxZp  pg

Vy = V£ (€)

P» = 14.696 Psia
Tp = 15.555 °C

P: =950 Psia 5 250 Psia
Tf=20°Cs10°C

Standard 1GS-M-CH-033(1)
Standard IGS-M-CH-033(1)
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Overall Uncertainty Calculation for A Gas Metering Station with
Turbine Meter According to ISO-5168

Sajad Torabi! - Seyed Hassan hashemabadi# — Mohammad Salemi Mojarad?®
1 Master student of chemical engineering, Iran University of Science and Technology

2 Full Professor, School of Chemical, Oil and Gas Engineering, Iran University of Science and
Technology

3 Master of Fluid Measurement Institute, Iran University of Science and Technology

ABSTRACT

In this paper, the overall uncertainty of a gas metering stations equipped with a turbine meter
according to I1SO-5168 standard is investigated. Turbine meters are one of the most important
measuring flowmeters that are currently used in pressure reduction and measuring stations of the
National Gas Company. To analyze the uncertainty, first the mathematical relationship of the gas
flow rate is determined, which is a function of several different variables. Components involved
in uncertainty include pressure and temperature transmitters, gas chromatography or periodic
sampling, the equation of state, and the meter itself. Uncertainty of each component is identified
in the studied station and its values are calculated. The overall uncertainty is then shown based on
a set of measurements. Then, the variables that had a significant effect on the measurement of
uncertainty were identified. Finally, the effect of overall uncertainty in the range of flow rate,
temperature and pressure of the studied station is investigated.

Keywords: Overall uncertainty, Gas metering station, Turbine meter, 1SO-5168
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Review the results of practical experiments in order to optimize and

Reduce uncertainty in calculator base volume calculations

B. Riazatil, N. Mahbod?, S. Paki?
1 Asia instruments Co. head of Board
2 Asia instruments Co. Managing Director

8 Asia instruments Co. Head of Engineering Dept.

ABSTRACT

When dealing with the transfer or sale of petroleum and hydrocarbon compounds, mistakes are
significant, even in minor cases. As a result, full assurance of the accuracy of the flowmeter is very
important. Inall financial metering systems, the principle is based on errors throughout the system.
In liquid fluid metering systems, the use of a prover is a common method for calibrating the
flowmeters used in the metering system, which can be used to obtain the computational error of
the flowmeters during a specific process. Therefore, in performing the probing test, the value of
the prover volume is considered as a reference. To calculate the volume of the prover, standard
and reference containers are used, each of which has a certain volume. Therefore, in order to
achieve the highest level of accuracy, it is necessary for the volume of the prover to be calculated
correctly with the least error.

Keywords: Uncertainty, Prover, Calibration, Water Draw, Test Measure, Metering System
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Basic Correction for The Compressibility of A Liquid | CPL=1/[1-(P*F)]

Basic Correction for The Pressure Effects On Steel CPS= 1+{(Pp*ID)/(E*WT)}

Basic Correction for The Temperature On A Liquid CTL=REFER TO API 11.2.3 TABLES
Basic Correction for The Effect of Temperature on CTS={(1+[Gcm*(Tm-

Steel Th)D/(A+[Gep*(Tp-Th)])}
Combined Temperature Correction CCT=CTS*CTL
Combined Pressure & Compressibility Correction CCP = CPS*CPL

The Base Volume of The Field Standard Test Measure | BMVa= BMV+SR
The Base Volume of The Field Standard Test Measure | WD= BMVa*CCT
The Sum of The WD Values for All of The Field _

Standard WDz= SUM OF (WD)
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. Pressure Correction
cale emperature Correction Factor
s Temperature Correction Fact "
s 2 Correction Correction Carrection PRO
2| e Absoluta Dansity | Absclute Density Corraction Tamp VER INLET 53
B 3| ™| seememine | e | e Teme | e Temp e | ot water | otwar | Tobefer | Teme forsiel | ey, fonseel| g Corracted Volume for
H {m) [Tel [Tm] {for measure) [for prover] awD AP | 12.24) usc 1“':] sc | ColAPI1224) Temperature (WD) PROVER OUTLET 53
kg/m3 [pm] kg/m3 [pp] 1123 units) units) (UsC units) PROVER AVERAGE [Pa) 53
1| 60000 345.00 60345.00 27.8 27.89 | 996.2655806 | 996.2910395 | 0.999974 = 1000639 | 1000635  1.000004 60343.672 Prassure Correction Liguld (Cpl) 1.00017
- 2| 40000 190.00 40190.00 21.8 27.89 | 996.2655806 | 996.2910395 | 0.999974 | 1000639 | 1.000635  1.000004 40189.116 Pressure Correstion Stes! (Cps) 1.000027
H
Zl 1| o000 350.00 60350.00 27.8 27.89 | 996.2655806 | 996.2910395 | 0.999974 | 1000639 | 1.000635  1.000004 60348.672
2 Single trip prover Cu. Ins. (WDzb) 454315.581
2| 40000 200.00 40200.00 27.8 27.88 996.268413 | 996.2910395 | 0.999977 | 1.000638 | 1.000635  1.000003 40199.196
3| 250000 3330.00 253330.00 27.8 27.89 | 996.2655806 | 996.2910395 | 0.999974 | 1000639 | 1000635  1.000004 253324.427 e Tt T T
Sum of carrected measures volume cubic inches (WDz) asagos.o3 | Rt
Prover Standard Volume
454315.581 | milliliter
120,017 | Us Gallon
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seale Temperature Correction Factor Pressure Correction
. Prover Pressure.
s
2 . .
] Absolute Density | Absolute Density | 22Trection correction correction | ¢ rection Temp. PROVER INLET 53
T 5 mt . B B Temp.for | Temp. for steel | Temp. for steel
HE | Scale Reading [\ eme iy | Prover Temp.=c [ meas Temp. <c of Water of Water ter Gt (AP Chep (301 for steel Corrected Volume for
g (my) el [Tm] {for measure) {for prover) P Cts (API 12.2.4) Temperature (WD) PROVER OUTLET 53
e/ [prm] \&/mS [oo] CTWD (AP 122.4)(usc | 12.2.4)(UsC (Usc units)
P! &/m3lpp. 11.23) units) units) PROVER AVERAGE (Pa) 53
1 60075 345.00 60420.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 | 1.000639 | 1.000635 1.000004 60413.671 Pressure Correction Liquid (Cpl) 1.00017
ol 2 40064 190.00 40254.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 | 1.000639 | 1.000635 1.000004 40253.114 Press 1.000027
g
<
HIE 60075 350.00 60425.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 | 1.000639 | 1.000635 1.000004 60423.671
2 single trip prover Cu. Ins. (WDzb) | 454908.452
2 40064 200.00 40264.00 27.8 27.88 996.268413 | 996.2910395 | 0.999977 | 1.000638 | 1.000635 1.000003 40263.195
3 250315 3330.00 253645.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 | 1.000639 | 1.000635 1.000004 253639.420 L. Cts={1+[Gem? (Tm-Thj}/1+[6cp*(Tp-Th)])
Sum of corrected measures volume cubic inches (WDz) asagesor | inBAR
Prover Standard Volume
454908.452 [ Milliliter
120.174 US Gallon
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Slere Bg,b o Copnled e (28,5 )L 50 (900 B plesiz 6l 39 e Slslore -V o

Scale Temperature Correction Factor Pressure Correction
R Prover Pressure
s
2 : )
s s - Absolute Density | Absolute Density Ef;:d',:': “::’"j;:‘:‘"eel TE:":;&'::‘E o1 | correction Temp. PROVER INLET 53
HE] Scole Reading | Volume (st | PTOVET TemP. °C | Meas. Temp. ¢ of Water of Water w‘: m"' ool (t" o for Steel Corrected Volume for
H (mu) o el [rm] (for measure) | (for prover) ater - » cts (AP 12.2.4) Temperature (WD) PROVER OUTLET 53
g/ [pm] e/ [on] CTWD (AP 12.2.4)(UsC | 12.2.4) (UsC (USC anits]
11.2.3) units) units) PROVER AVERAGE (Pa) 53
1| 100000 560.00 100560.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 | 1.000639 | 1.000635 1.000004 100557.788 Pressure Correction Liquid (Cpl) 1.00017
ol 2 60000 350.00 60350.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 | 1.000639 | 1.000635 1.000004 60348.672 Pressure Correction Stee! (Cps) 1.000027
g
H
HE 40000 195.00 40195.00 27.3 27.89 996.2655806 | 996.2910395 | 0.999974 | 1.000639 | 1.000635 1.000004 40184.116
e Single trip prover Cu. Ins. (WDzb) | 454286.014
4| 250000 3280.00 253280.00 27.8 27.88 996.268413 | 996.2910395 | 0.999977 | 1.000638 | 1.000635 1.000003 253274.934
H [ 0.00 0.00 27.8 27.89 596.2655806 | 996.2910395 | 0.999974 | 1.000639 | 1.000635 1.000004 0.000 L. Ces={1+]Gem m-TH]}/[1+{Gep* (Tp-TH)])
B
. 3. cpi=(1/[1-Pa*
Sum of corrected measures volume cubic inches (WDz) 454375.510 o one et » Oustrtf2
Prover Standard Volume
454286.014 [ milliliter
120.010 | US Gallon
A . . “ wh & .. ‘ .-
)lt.:.odg).'ap»gwu.]as ﬁd&ud;)'aa)obBuLongﬁ)55):p»ul~»l?m—A Jﬁ.\.‘>
Scale Temperature Correction Factor pressure Correction
) Prover pressure
s
2 N N
2 v - Absolute Density | Absolute Density DT""E“""" B c“":“";" . C"”:‘"g;‘ | | Correction Temp. PROVER INLET 53
HE Scale Reading |, Volume (m)| PTOVr Temp. 2C | Meas. Temp. of Water of Water e\.'v"“: or E"‘:‘I"' "('API“ e”’c‘f' 'E_’\P‘“ for steel Corrected Volume for
H (mL) o [Te] [Tm] (for measure) | (for prover) ater o > cts (AP 12.2.4) Temperature (WD) PROVER OUTLET 53
ke/m3 [pm] kefmilopl | OO | 1224 (Usc | 1224 (sc (USC units)
11.2.3) units) units) PROVER AVERAGE (Pa) 53
1| 100010 560.00 100570.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 | 1.000639 | 1.000635 1.000004 100567.787 Pressure Correction Liquid (Cpl) 1.00017
ol 2 60075 350.00 60425.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 | 1.000639 | 1.000635 1.000004 60423.671 Pressure Correction Steel (Cps) 1.000027
g
<
HIE 40064 195.00 40259.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 | 1.000639 | 1.000635 1.000004 40258.114
2 Single trip prover Cu. Ins. (WDzb} | 454749.912
4| 250315 3280.00 253595.00 27.8 27.88 996.268413 | 996.2910395 | 0.999977 | 1.000638 | 1.000635 1.000003 253589.928
5 0 0.00 0.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 | 1.000639 | 1.000635 1.000004 0.000 ’-z'5;(’;l[f;"'l‘nf)';[:fh%l)"lw'"ﬂhm
a1 {PaVIDI[EL"
o 2. cpi= (1/11.Pa"F)
Sum of corrected measures volume cubic inches (WDz) 454839.500 o, et + Cobert/2
Prover Standard Volume
454749.912 [ Milliliter
120.132 ‘ US Gallon
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Pressure Correction

Scale Temperature Correction Factor
. Prover Pressure
s
2 N :
z: s ot i | Absolute Density | Absolute Density (r"e":;"":r‘ “:::_'is':t"e " Tefn‘:_':::':"l o1 | Correction Temp. PROVER INLET 53
HE ScaleReading |11 - olume (my) | PTOVEr TEMP-5C | Meas. Temp. 2 of Water of Water Water o (APY e (01 for Steel Corrected Volume for
2 (my) 7o frm] {for measure] | (for prover) P Cts (P 12.2.6) Temperature (WD) PROVER OUTLET 53
ke/ms3 [pm] ke/mafopl | THOBP | 122AWSC | 22| units)
el 11.2.3) units) units) PROVER AVERAGE (Pa) 53
1| 100000 560.00 100560.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 | 1.000638 | 1.000635 | 1.000004 100557.788 Pressure Correction Liquid (Cpl) 1.00017
al 2 250000 3280.00 253280.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 1.000639 1.000635 1.000004 253274.428 Pressure Correction Steel (Cps) 1.000027
2
2
H 3 100000 545.00 100545.00 27.8 27.89 996,2655806 | 9962910395 | 0,999974 1.000639 1000635 1.000004 100542.788
-] Single trip prover Cu. Ins. (WDzb) | 454285508
4 0 0.00 0.00 27.8 27.88 996.268413 | 996.2910395 | 0.999977 1.000638 1000635 1.000003 0.000
5 0 0.00 0.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 1.000639 1.000635 1.000004 0.000 B z'-‘;(“‘ﬁ‘:;‘;;’(‘;?%;“[‘“’m’“m
pe{1+at
Sum of corrected measures volume cubic inches (WDz) 454375.004 et o ey
Prover Standard Volume
454285.508 | Milliliter
120.010 Us Gallon
. . ~\.
)L:.a.ndgj.bro.?puﬁ.s.'as‘m.\.c Q,._e;)la.’)ol.' uu%d‘ﬁ)sﬁﬁ.wuww \ Jj\.\.?
Scale Temperature Correction Factor Pressure Correction
) Prover pressure
s
s| 2 Correction Correction Correction
z| g Absolute Density | Absolute Density Correction Temp. PROVER INLET 53
HE mt Scale Reading [ Volume ()| Prover Temp. € | Mess. Temp. 2C | of Water of Water 'ev'v"pt for ""C‘:" "’(’;““‘ “"g" ":;:“‘ for Steel Corrected Volume for
& (m1) essure Yolume (mi el [m] (for measure] | {for prover) e s > cts (API 12.2.3) Temperature (WD) PROVER OUTLET 53
o/ o] e pp | WOl | 1228)use | zag(use | T L0 Sl
/m1p £/ms Lep! 112.3) units) units) PROVER AVERAGE (Pa) 53
1 100010 560.00 100570.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 1.000639 1.000635 1.000004 100567.787 Pressure Correction Liquid (Cpl) 1.00017
al 2 250315 3280.00 253595.00 27.8 27.89 996,2655806 | 9962910395 | 0,999974 1.000639 1000635 1.000004 253589.421 Pressure Correction Steel (Cps) 1000027
2
£
H 3 100010 545.00 100555.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 1.000639 1.000635 1.000004 100552.788
2 Single trip prover Cu. Ins. (WDzb) | 454620434
4 0 0.00 0.00 27.8 27.88 996.268413 | 996.2910395 | 0,999977 1.000638 1000635 1.000003 0.000
5 0 0.00 0.00 27.8 27.89 996.2655806 | 996.2910395 | 0.999974 1.000639 1.000635 1.000004 0.000 1. Ces={1Gem™(Tm-Tb]])/(1+{Gep* (Tp-Thll)
Sum of corrected measures volume cubic inches (WDz) as4709.906 [l
Prover Standard Volume
454620.434 | Milliliter
120.098 ‘ US Gallon
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