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Introduction MVI146-AFC ¢ Calculation Test Report (EUB Test Cases)
Gas and Liquid Flow Computer

1 Introduction

In This Chapter
> Test ASSUMPLIONS.......ooiiiiiiiiiiiie e 5

P TeStProCcedure...........oeeiiiiiiiee e 5

This document provides the MVI146-AFC test procedures and results in order to
verify the MVI46-AFC AGA calculation results. The Alberta Energy and Utilities
Board (EUB) uses the test cases presented in this document. The test cases are
listed in the EUB Production Audit Handbook Guide 46, section 3.2 (January
2003).

11  Test Assumptions

The Alberta Energy and Utilities Board (EUB) used the AGA3 (1990) test
procedure for Orifice Calculation (using metric units) and the compressibility
factors calculated using AGA8 (1992). Although the MVI146-AFC uses the AGA3
report (1992) the results are not affected, since the values are calculated in the
same way in both reports.

The orifice plate was assumed to be made of 316 SS
The ideal gas relative density was converted to the real gas relative density.

The calculated values were rounded to four decimal places, since the theoretical
values are given using the same format (EUB Guide 46).

The MVI46-AFC variables that are not mentioned in this document were not
changed during the tests. These variables had the default value when a new
AFC project was created with the AFC Manager.

1.2 Test Procedure

The tests consisted on reading the output values generated by the MVI46-AFC
module through the AFC manager software and comparing the calculated results
with the EUB expected results. Each meter was configured using the AFC
Manager software and the input variables (Temperature, Pressure and
Differential Pressure) were entered through the ladder logic. Each meter was
used to test a different test case:

ProSoft Technology, Inc. Page 5 of 21
December 13, 2005
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Meter Number Test Case

DO |WIN|~
||l {WIN|~

Follows below the configuration used during the tests:

Firmware version 2.02.001
AFC Manager Software version 2.02.001
SLC processor 5/05 (1747-L552)
Page 6 of 21 ProSoft Technology, Inc.
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Gas and Liquid Flow Computer

2 Test Cases

In This Chapter

> TestCase Number1.......ccooovvvvviieeeeeerinnnn.

> TestCase Number2..........ccccevvvveeeeeeerennnn.

» TestCase Number3........ccccvvvvevvvvvvvvevennnns

» TestCase Number4........ccooeveveeeeeeevvenennnnns

> TestCase Number5.......cccvvveveeeeeevveeeennnns

> TestCase Number6........cccccevvvevevevevevvennnnns

In order to verify the MVI46-AFC calculation program the EUB uses 6 test cases
that are described in this section. This section shows all input parameters and

calculated results for each test case.

2.1 Test Case Number 1

Input Parameters

The following input parameters were used:

Gas Analysis

Element Concentration
N2 0,0184
CO; 0,0000
H2S 0,0260
Cq 0,7068
C, 0,1414
Cs 0,0674
iC4 0,0081
nCy 0,0190
iCs 0,0038
nCs 0,0043
Cs 0,0026
Cs 0,0022

ProSoft Technology, Inc.
December 13, 2005
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MVI146-AFC ¢ Calculation Test Report (EUB Test Cases) Test Cases
Gas and Liquid Flow Computer

Ideal Gas relative density = 0,7792

Meter Data (Downstream Flange Taps)
Meter Run I.D. = 52,3700mm

Orrifice I.D. = 9,5250mm

Flow Data (24Hrs)
Static Pressure = 2716.765 kPag

Differential Pressure = 10.2000 kPa
Flowing Temperature = 57.0000 °C

Test Result
The result calculated by the module are listed below:
Calculated Theoretical Actual Difference Allowed Difference Result
Result Result (percentage) (percentage)
Cd 0.5990 0.5990 0.0000 0.1000 PASS
Y1 0.9989 0.9989 0.0000 0.0100 PASS*
Ev 1.0005 1.0005 0.0000 0.0100 PASS
Zb 0.9959 0.9959 0.0000 0.1000 PASS
Zf 0.9277 0.9277 0.0000 0.2000 PASS
Q 2.7532 2.7532 0.0000 0.2500 PASS
Where:

Cg4 = Orifice coefficient

Y, = Expansion Factor

E, = Velocity of Approach

Z, = Reference Compressibility
Z; = Flowing Compressibility

Q = Flow Rate (10°m®/24hours)

* Since the result is rounded to four decimal places, a maximum tolerance of
0.01% is interpreted as the maximum absolute deviation of 0.0001. Since the Y/
result is usually a value less than 1.0000, the result is considered valid if the
difference between the calculated and the theoretical values is less or equal than
0.0001.

Page 8 of 21 ProSoft Technology, Inc.
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Follows below a screen shot of the AFC Manager Meter Monitor window which

shows the data results for this test:

b

5

r Meter Selection

=

@ Marual
O Auto

Update time [sec) I:I

r Result

Close | Print =

Scan counts [input. calc]
Accumulators

Resettable accumulators
Flow rates

Process inputs

Meter alarms

W¥elocity of approach factor Ev
Expansion factor ¥
Coefficient of discharge Cd
Pressure extension
_ Orifice characterization error

X

Meter number

r— Polling
Read

E Process Inputs

Flow rate

Gross [(m3/d)
Net (m3/d)
Energy (MJ/h)
Mass (kg/d)

Cloze

Temperature

Pressure

2.2 Test Case Number 2

Input Parameters

The following input parameters were used:

Gas Analysis

Site Name  [MVI Flow Station | Project AFC
Meter Tag LU 2004-04-21.10:41:36 R LBy

Differential preszure 10.2

22.56887
0.7792428 Ideal gas relative denszity

0.7821314 Relative density at reference

Molar mass of mixture

Reference density (kg/m3)
Reference compreszsibility
Flowing compressibility
Composition factor
Flowing denszity [kg/m3)
_ Analysis characterization error
0P|

Comprezszibility calculation err

Input Scaled Calibration
N G
2716.765 2716.765 (kPag)) [

[kPa) [

Element Concentration
N2 0,0156
CO2 0,0216
H2S 0,1166
C1 0,7334
Cs 0,0697
Cs 0,0228
iCy4 0,0044
nCy 0,0075
iCs 0,0028
nCs 0,0024
Cs 0,0017

ProSoft Technology, Inc.
December 13, 2005
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Test Cases

Element Concentration

Cr 0,0015

Ideal Gas relative density = 0,7456

Meter Data (Downstream Flange Taps)
Meter Run I.D. = 102,26mm

Orifice I.D. = 47,625mm

Flow Data (24Hrs)
Static Pressure = 8999,615 kPag

Differential Pressure = 11,0000 kPa

Flowing Temperature = 50.0000 °C

Test Result

The result calculated by the module:

Calculated Theoretical Actual Allowed Difference Result
Result Result Difference (percentage)
(percentage)

Cd 0.6019 0.6019 0.0000 0.1000 PASS
Y1 0.9996 0.9996 0.0000 0.0100 PASS*
Ev 1.0244 1.0244 0.0000 0.0100 PASS
Zb 0.9967 0.9967 0.0000 0.1000 PASS
Zf 0.8097 0.8097 0.0000 0.2000 PASS
Q 146.1876 146.1800 0.0052 0.2500 PASS
Where:

Cd = Orifice coefficient

Y1 = Expansion Factor

Ev = Velocity of Approach

Zb = Reference Compressibility
Zf = Flowing Compressibility

Q = Flow Rate (103m3/24hours)

* Since the result is rounded to four decimal places, a maximum tolerance of
0.01% is interpreted as the maximum absolute deviation of 0.0001. Since the Y
result is usually a value less than 1.0000, the result is considered valid if the

Page 10 of 21
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difference between the calculated and the theoretical values is less or equal than
0.0001.

Follows below a screen shot of the AFC Manager Meter Monitor window which
shows the data results for this test:

§ Meter Monitor

Site Name M¥I Flow Station Project AFC
Meter Tag [0 2004-04-21.10:47-50 KA RulTY

r Meter Selection — Scan counts [input, calc)]
Meterrmber CIRRTPT Accumuiators
_ I INETIEE ] R esettable accumulators
rPoling———
@® Manual 1481007, 1461 3R]
O Ao [EI R ERRY Process inputs
Update time [s=c) I:I 0000k Lz ks
Yelocity of approach factor Ev
0.9996099
r Result

0.6018986 Coefficient of discharge Cd
Success pory 7
_ Orifice charactenzation error

21.59247 Molar mass of mixture
0.7455304 Ideal gas relative density

0.9162654 Reference density (kg/m3)
08096504 Flowing compressibility
ER S EIEIPEN [ omposition factor

0.7477224 Relative density at ref
09966492 Reference compressibility
. T o]

90.44299 Flowing density (kg/m3)

1.109488 Fpv
_ Analyziz characterization error

Compressibility calculation err

E xpansion factor Y

Cloze | Print

Flow rate
Gross (m3/d) REEIRINE

Met [m3/d) 146187.6

Energy (MJ/h) TR

Mass (kg/d) [EELETNE
Close

Input Scaled Calibration

Temperature 50 'cy I

Pressure 8999.615 8999.615 (kPag)) [

Differential pressure _[kPa] o

2.3 Test Case Number 3

Input Parameters

The following input parameters were used:

Gas Analysis

Element Concentration
N2 0,0500
CO; 0,1000
Ha2S 0,2000
Cq 0,6000
C2 0,0500
Cs 0,0000
iC4 0,0000
nCy 0,0000
iCs 0,0000
ProSoft Technology, Inc. Page 11 of 21
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Test Cases

Element Concentration
nCs 0,0000
Cs 0,0000
Cs 0,0000

Ideal Gas relative density = 0,8199

Meter Data (Downstream Flange Taps)
Meter Run I.D. = 590,55mm

Orifice I.D. = 304,80mm

Flow Data (24Hrs)

Static Pressure = 10240,815 kPag
Differential Pressure = 22,1600 kPa
Flowing Temperature = 60.0000 °C

Test Result
The result calculated by the module:

Calculated Theoretical Result Actual Difference Allowed Result

Result (percentage) Difference

(percentage)

Cd 0.6029 0.6029 0.0000 0.1000 PASS
Y1 0.9993 0.9993 0.0000 0.0100 PASS*
Ev 1.0375 1.0375 0.0000 0.0100 PASS
Zb 0.9968 0.9968 0.0000 0.1000 PASS
Zf 0.8213 0.8213 0.0000 0.2000 PASS
Q 8575.6480 8575.6000 0.0006 0.2500 PASS
Where:

Cd = Orifice coefficient

Y1 = Expansion Factor

Ev = Velocity of Approach

Zb = Reference Compressibility

Zf = Flowing Compressibility

Q = Flow Rate (103m3/24hours)

Page 12 of 21
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* Since the result is rounded to four decimal places, a maximum tolerance of
0.01% is interpreted as the maximum absolute deviation of 0.0001. Since the Y1
result is usually a value less than 1.0000, the result is considered valid if the
difference between the calculated and the theoretical values is less or equal than

0.0001.

Follows below a screen shot of the AFC Manager Meter Monitor window which
shows the data results for this test:

Site Mame MV Flow Station | Project AFC
Meter Tas LA 2004-04-21.10:52:46 [ Lo TN
r Meter Selection 7739 E Scan counts [input, calc) 23.74738 Molar mass of mixture
Meter number 483840 770231 A Bl 0.8199336 Ideal gas relative density
~Polling LI REL P R esettable accumulators 0.822206 Relative density at reference
® Marual 79864.99, 85755 MERETI 1.007538 Reference density [kg/m3])
— O Auta (LIRS MRLPEI Process inputs 0.996817 Reference compressibility
Update time [sec] l:l 0000h Meter alarms 0.8213102 Flowing compressibility
1.037524 ¥elocity of approach factor Ev 0.1021683 Composition factor
~Result 0-9992955 Expansion factor ¥ _ 08.1862 Flowing density [kg/m3)
0.6028889 Coefficient of discharge Cd 110677 Fpv
Success
479.242 Pressure extension _ Analysiz charactenization error
_ Orifice characterization emor _ Compresszibility calculation enr
£ Flow Rate £ Process Inputs
Close | Print
J J Flow rate Input Scaled Calibration

Grozz [(m3/d)
Net [m3/d)
Energy (MJ/h) RRLIIELTE EHIF

Mass (ko/d) ELTIIEGES

79864.99
8575648

Temperature [*Cl ||
(kPag)] [

[kPa) | |

Pressure

10240.82 10240.82
Differential pressure FEAIY 2216

LCloze

24

Test Case Number 4

Input Parameters

The following input parameters were used:

Gas Analysis

Element Concentration
N2 0,0029
CO2 0,0258
H2S 0,0000
C1 0,9709
C2 0,0003
Cs 0,0001

ProSoft Technology, Inc.
December 13, 2005
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Element Concentration
iCy4 0,0000
nCy 0,0000
iCs 0,0000
nCs 0,0000
Cs 0,0000
Cs 0,0000

Ideal Gas relative density = 0,5803

Meter Data (Downstream Flange Taps)
Meter Run I.D. = 146,36mm

Orrifice 1.D. = 88,9000mm

Flow Data (24Hrs)
Static Pressure = 9738,665 kPag

Differential Pressure = 6,6130 kPa

Flowing Temperature = 22,3500 °C

Test Result

The result calculated by the module:

Calculated Theoretical Actual Allowed Difference Result
Result Result Difference (percentage)
(percentage)

Cd 0.6047 0.6047 0.0000 0.1000 PASS
Y+ 0.9998 0.9998 0.0000 0.0100 PASS*
Ev 1.0759 1.0759 0.0000 0.0100 PASS
Zb 0.9980 0.9980 0.0000 0.1000 PASS
Zf 0.8425 0.8425 0.0000 0.2000 PASS
Q 503.6474 503.6500 0.0005 0.2500 PASS
Where:

Cd = Orifice coefficient

Y1 = Expansion Factor

Ev = Velocity of Approach

Zb = Reference Compressibility

Zf = Flowing Compressibility

Page 14 of 21 ProSoft Technology, Inc.
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Q = Flow Rate (103m3/24hours)

* Since the result is rounded to four decimal places, a maximum tolerance of
0.01% is interpreted as the maximum absolute deviation of 0.0001. Since the Y1
result is usually a value less than 1.0000, the result is considered valid if the
difference between the calculated and the theoretical values is less or equal than
0.0001.

Follows below a screen shot of the AFC Manager Meter Monitor window which
shows the data results for this test:

§ Meter Monitor

Site Name  |MVI Flow Station | Project AFC
Meter T [2004-04-21.11:09:40 UETERTEH
~Meter Selection — 14457 Scan counts (input. calc) _ Molar mass of mixture
Meter number LEFABIRELYES] A ccumulators _ Ideal gas relative density
LLELEIEEERE] Resettable accumulators _ Relative density at ref
® Manual 4486.669. 5036 JLTAIEICE _ Reference density (kg/m3])
O Ao prReiwra N | Process inputs _ Reference compressibility
Update time [sec] I:I 0000h Meter alarms _ Flowing compressibility
_ Yelocity of approach factor Ev _ Composition factor
el _ E xpansion factor ¥ _ Flowing density (kg/m3)
_ Coefficient of dizcharge Cd _ Fpv
Success
_ Prezsure extension _ Analysiz characterization error
_ Orifice characterization eror _ Compressibility calculation ernr
Close | Print Log
J J J Flow rate Input Scaled Calibration
Gross o) (TR [ Tomoorowre NN CECNN O
et 2 owe  CERN RN o

ey i) LGN
s ) R

Close

Differential pressure _ _[kPa] |
Close

2.5 Test Case Number 5

Input Parameters

The following input parameters were used:

Gas Analysis

Element Concentration
N2 0,0235
CO2 0,0082
H.S 0,0021
Cq 0,7358
Cz 0,1296
ProSoft Technology, Inc. Page 15 of 21
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Element Concentration
Cs 0,0664
iCs 0,0088
nCq 0,0169
iCs 0,0035
nCs 0,0031
Cs 0,0014
Cs 0,0007
Ideal Gas relative density = 0,7555
Meter Data (Downstream Flange Taps)
Meter Run [.D. = 154,05mm
Orrifice I.D. = 95,250mm
Flow Data (24Hrs)
Static Pressure = 2398,575 kPag
Differential Pressure = 75,000 kPa
Flowing Temperature = 34,0 °C
Test Result
The result calculated by the module:
Calculated Theoretical Actual Difference Allowed Difference Result
Result Result (percentage) (percentage)
Cd  0.6041 0.6042 0.0166 0.1000 PASS
Y1 0.9898 0.9897 0.0101 0.0100 PASS*
Ev 1.0822 1.0822 0.0000 0.0100 PASS
Zb  0.9962 0.9962 0.0000 0.1000 PASS
zf 0.9217 0.9217 0.0000 0.2000 PASS
Q 813.1285 813.0000 0.0158 0.2500 PASS
Where:

Cd = Orifice coefficient

Y1 = Expansion Factor

Ev = Velocity of Approach

Zb = Reference Compressibility

Zf = Flowing Compressibility
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Q = Flow Rate (103m3/24hours)

* Since the result is rounded to four decimal places, a maximum tolerance of
0.01% is interpreted as the maximum absolute deviation of 0.0001. Since the Y1
result is usually a value less than 1.0000, the result is considered valid if the
difference between the calculated and the theoretical values is less or equal than

0.0001.

Follows below a screen shot of the AFC Manager Meter Monitor window which
shows the data results for this test:

r Meter Selection
eter number

— Polling

Read ® Manual

O Auto

Lipdate time [zec) EI

r Result

Success

Site Mame MV¥I Flow Station | Project AFC
Meter Tag 2004-04-21.11:14:54 EERNENET S

Scan counts [input, calc]
Accumulators

Resettable accumulators
Flow rates

Process inputs

Meter alarms

¥elocity of approach factor Ev
Ezxpangion factor ¥

Coefficient of dizcharge Cd
Pressure extension

Orifice characterization error

Energy [(MJ/h) glETEE ¥
Mass (ko/d) |EEEEreEH

d iéﬁ Process Inputs
Flow rate [
Gross (m3/7d) [EIREE B Temperature
Met [m3/d] 8131285 Pressure

Cloze

2.6

Test Case Number 6

Input Parameters

The following input parameters were used:

Gas Analysis

Differential pressure [kPa]

Molar mass of mixture

Ideal gas relative density
Relative density at reference
Reference density [kg/m3]
Reference compressibility
Flowing compressibility
Composition factor

Flowing density [kg/m3]
_ Analysiz characterization eror
_ Compressibility calculation enr

Input Scaled Calibration
EE I o
2398.575 2398.575 (kPag)) |

-

Element Concentration
N2 0,0268
CO 0,0030
H2S 0,0000
Cq 0,6668
C2 0,1434
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Element Concentration
Cs 0,1023
iC4 0,0123
nCy 0,0274
iCs 0,0000
nCs 0,0000
Cs 0,0180
Cs 0,0000

Ideal Gas relative density = 0,8377

Meter Data (Downstream Flange Taps)
Meter Run [.D. = 52,500mm

Orrifice 1.D. = 19,050mm

Flow Data (24Hrs)
Static Pressure = 2405,005 kPag

Differential Pressure = 17,0500 kPa

Flowing Temperature = 7,200 °C

Test Result
The result calculated by the module:

Calculated Theoretical Result Actual Allowed Result

Result Difference Difference

(percentage) (percentage)

Cd 0.6005 0.6005 0.0000 0.1000 PASS
Y1 0.9979 0.9978 0.0100 0.0100 PASS*
Ev 1.0088 1.0088 0.0000 0.0100 PASS
Zb 0.9951 0.9951 0.0000 0.1000 PASS
Zf 0.8577 0.8578 0.0117 0.2000 PASS
Q 14.7468 14.7460 0.0054 0.2500 PASS
Where:

Cd = Orifice coefficient
Y1 = Expansion Factor
Ev = Velocity of Approach

Zb = Reference Compressibility

Page 18 of 21 ProSoft Technology, Inc.
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Zf = Flowing Compressibility

Q = Flow Rate (103m3/24hours)

* Since the result is rounded to four decimal places, a maximum tolerance of
0.01% is interpreted as the maximum absolute deviation of 0.0001. Since the Y1
result is usually a value less than 1.0000, the result is considered valid if the
difference between the calculated and the theoretical values is less or equal than

0.0001.

Follows below a screen shot of the AFC Manager Meter Monitor window which
shows the data results for this test:

r Meter Selection

[t |
Meter number
r— Polling
Read @ Manual
— QO Auto

Update time [zec) l:l

r Result

Success

Eg:i:? 13‘
Site Name  |MVI Flow Station | Project AFC
Meter Tag 2004-04-21.11:17:16 (I EN S

Scan counts [input. calc)

Accumulators

Resettable accumulators

Flow rates

Process inputs

Meter alarms

VYelocity of approach factor Ev
E xpanszion factor ¥

Coefficient of discharge Cd
Pressure extension

Orifice characterization error

24 26209
0.8377054
0.8414428
1031111
0.9951398
0.8577425
0.1101582
3062081
RIFFARE: ]

Molar mass of mixture

Ideal gas relative density
Relative density at reference
Reference density [kg/m3)
Reference compressibility
Flowing compressibility
Composition factor

Flowing density [(kg/m3)

Fpv

Analysis characterization error
Compreszibility calculation emnr

Flow rate

Gross (m3/d) ERIEEEE

Met [m3/d)

Energy [(MJ/h) EreraRr
Mass [ko/d) QEEILEF

Cloze

14746.78

Process Inputs

i
|

Input Scaled Calibration

Pressure 2405.005 2405.005 (kPag)]l [
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3 Conclusion

The tests demonstrated that the MVI46-AFC correctly calculates the AGA results
listed in this document with the accuracy given by the Alberta Energy and Utilities
Board (EUB).

These tests were conducted by Eng Marcio N Rodrigues and were concluded on
April 12th, 2004.

}lﬂ 0 iJ'-J\‘;LJq, Nﬁ 'E.Lt-w

Marcio N. Rodrigues

Quality Assurance Test Engineer, ProSoft Technology

Badws Lfp—

Barbara Brunswick

Development Manager, ProSoft Technology

oS3

Doug Sharratt
President, ProSoft Technology
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