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This research focused on a flow
measurement system that uses turbines
flow meters as a primary element.
During normal operating conditions,
turbines flow meters frequently present
/interrupts not detected in a timely

. manner.
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It is important identify interruptions and fault patterns.

 Valid methods are required to
find all failure events.
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Customer: Organization that receive a product or a

service.
Seller;: Company or organization that offers a service

(In this case natural gas).

’ Service: Output of an organization with at least one activity
necessarily performed between the organization and the
customer.

’ Method: Procedure for identification of fault patterns
(in turbine meters, with statistical analysis).

nel
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— Llinear Regression

Linear Regression: Statistical method that models the linear
relationship between one or more (quantitative) variables.

Fault/ failure: An undesired event or weakness in a
machine or system, for example:

= Loss of electricity.

= Qbstruction of a filter.

= Signal interference.

= Duplication of records.

= Mechanical wear.

i
| | [ |
v . . . .
z /i Pick-up: Magnetic device used to transform a mechanical
— /X movement into an electronic signal. nel
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Turbine meter: Flow meter that
consists of 3 basic components and

Comp“es W|th AGA 7 : Mechanical
= The body (structure). oINS Hectrica
y( . ) . Bodyq Roter: :Iea:iou’rl
= The measuring mechanism . e
(Turbine rotor , rotor shafting, .;...| E 2 ‘ .
flow passage, bearings). L g o
. . —J Mechanism Howsing and T—
= The output device: available -

[Ref. Figure 1 Report

with mechanical drive and/or AGAT7]

electrical pulse outputs®.

*For this study, turbine flow meters with electrical
pulse outputs were used.
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' Seller supplies gas at @ ______________ |

|

|
I I | =S
' defined intervals. . N uFIowvqume losses
 However, faults are '

| .
1 causing a loss of
1 volume measurement

|

 that cannot be :
. determined duringa |
' period of failure are :
L o] 'normally reconciled |
I

|

|

|

|

|

' through agreements,
' which can be
. unsatlsfactory to at

| For this reason, all parties need valid | ‘,ﬁjg\

‘“‘ :methodsthatwill support failure | Son
|

|

|

revents. CIATEQ can impartially
' ' validate these events.
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« Measurement system used in this study has 3 turbines installed in
compliance with the regulatory recommendations (AGA 7). Each metering
skid has a similar mechanical configuration and operating conditions.

Other features:
= Nominal diameter of turbine meter: 10 inches.
= Filtering system in the upstream section.
= Primary elements are calibrated annually
(has metrological traceability).
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| - Estimate the volume for the unaccounted period. |

 Present a failure detection method using pulse registers generated by
the turbine meters.

* Determined the time that the failure occurs.

s‘ / /
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Based on the historical records of failure events between meters, data showed:

a» ) a» ) a» )/
] ]
4 \ 4 \ 4

Oct 2016 Oct 2017 Mar 2018

« When 3 meters operates simultaneously, failure in one turbine is high.
- What?

b
] . : When?
v “ } Where?
v Why?

 Therefore, the failure scenario of 2 or 3 meters failing simultaneously was
excluded (It’s statically insignificant).
2 b 4

# :% ﬁ nel
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The turbine pulse ratio was established as a valid method to monitor atypical
variations caused by faults, [Relations system] knowing that at least two of
three of the data streams are good.

=Y

. Turbine Pulse 1
/ Turblne 1 > APulSe Ratio — .
: T e Plse # /—Lubmmkd
Pulse Ratio — Turbine Pulse 1 .
Turbine 2 —~——__ . _ Turbine Pulse 2
|| -7 |PPulse Ratio ™ . pin 5 Pylse 3
Turbine 3

[Relations system] nel
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The pulse ratio methodology consists of dividing the pulse registers among their
counterparts to rule out the effects of the process replicated in the 3 flow meter.

- NORMAL CONDITION L3 PULSE RATIO
21 1 —————————
o
19 T 11
Y o 1
2 15 = - _
w 09
: N i
11 — TURBINE 1 0.8 —TURBINE 1/ TURBINE 2
9 ——TURBINE 2 07 —— TURBINE 2 /TURBINE 3
TIME ——TURBINE 3 —— TURBINE 3 / TURBINE 1

 The plotted relationships are observed as a linear function.
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Time PULSE Relationship
Date Turbine 1 Turbine 2 Turbine 3 Trubine 1/ Turbine 2 Turbine 2/ Turbine 3 | Turbine 3/ Turbine 1
oct 01 06:00 1312734 1115345 1374800 1.176975734 0.811278004 1.047279952
oct 01 07:00 1293976 1099082 1354714 1.177324349 0.811301869 1.046939047
oct 01 08:00 1249845 1061461 1309488 1.177476139 0.8105923584 1.047720317
oct 01 09:00 1253262 1064234 1311928 1177618837 0.81119848 1046810643
oct 01 10:00 Ho739460
PULSE RATIO
oct 01 11:00 M7175196
oct 01 12:00 1.4 17089883
oct 01 13:00 17347274
oct 01 14:00 1.2 ™ 16270375
oct 01 15:00 o 173294138
oct 01 16:00 1 — M7325117
oct 01 17:00 o MA732862
T
oct 01 18:00 c£ 0.8 Turbine 1/ Turbine 2 7300850
oct 01 19:00 o . , 16658468
= = Turbine 2/ Turbine 3
oct 01 20:00 5 0.6 Ha9ad4342
o . .
oct 01 21:00 & = Turbine 3/ Turbine 1 6251227
0.4
0.2
0
TIME
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Reg. Estacién de Medicion T-21-Enero 2018 | Abrir }
Variacion Menor 1%, Probabilidad Mayor 80% E” Perfil

| ANALIZAR | | ]

COLUMNAS ACTIVAS Estado:

T-1 Deteccién de facha sin falla
T-2 Datos comparados
FT-1
T-3 FT-2
TOTAL F1-3

Grdfica Generada

Inicia deteccion de falla.
Deteccion de baches
Deteccidén de Interrupciones
Deteccién de incrementos

) Deteccion de pulsantes
Unidad Deteccién de duplicados

Pulsos

Reporte de fallas

Reporte de deteccién de falla A
CIATEQ, Sistema de Deteccién de Falla, V1.0 I

OO 00C|e @ @®

<« I >

100 % FINALIZADO

15 de Mayo de 2018, 12:20 horas.
Probabilidad de falla: Mayores de 80%; Perfil: Ajuste de 1% de variacion

ArchivoReg. Estacion de Medicion T-21-Enero 2018
Prob. Fallas Total: 4

PF-001 Probable obstruccion de flujo; Tren FT-101
Probabilidad de falla: 82.50 %1; Inicio: 09:00 horas 01 -01-2018
Finaliza: 13:00h 01 enero de 2018; Duracién total: 8 horas
PF-002Probable falla de sefal, problema eléctrico; Tren FT-103;
Probabilidad de falla: 90.1 %1; Inicio: 14:00 horas 05 -012018
Finaliza: 08:00h 06 enero de 2018; Duracion total: 25 horas
PF-003 Probable obstruccion de flujo ;Tren FT-102
Probabilidad de falla: 80.50 %1; Inicio: 15:00 horas 01-01-2018
Finaliza: 20:00h 01 enero de 2018; Duracién total: é horas
PF-004 Probable falta de alabe ;Tren FT-102

Probabilidad de falla: 95.34 %1; Inicio: 21:00 horas 28-01-2018
Finaliza: 13:00h 29 enero de 2018; Duracién total: 29 horas

o @ o [0

<

Sistema de Deteccién de Fallas Version de Prueba 1.0

2300000
2260000
2220000
2180000
2140000
2100000
2060000
2020000
1980000
1940000
1900000
1860000
1820000
1780000
1740000
1700000
1660000

PULSOS

Grdfica de Datos | Gréfica de Relacion ‘ <« I |

nero 2018 T3

PF-002 —1-2
-3

= Failur

80400
80500
806:00

-1823:00
800:00
-1801:00

02-0
03-0
030
03-01-
03-0
03-0
03-0
03-0

802:00
-1803:00
-1804:00
-1805:00

806:00

Tabla de

Datos

001

FECHA | HORA| T-1 |T-2 T-3 TOTAL ’A
01-01-18 05:00 | 2072132/ 1785297 | 2181152 |6038581 N

002

01-01-18 06:00 | 2079018|1791764 | 2187858 |6058640

003

01-01-18 07:00 | 2082065/ 1794396 | 2190214 |6066675

01-01-18/ 08:00 | 2082986 1795150/ 2191314 6069450

01-01-18 09:00 2085024 1797248 2194205 6076477

% 005
PF-001

7% s h-18 11:00 2096740 1807859 2206240 6110839

~* 7j1-18 10:00 2086367 1798805 2195942 6081114

008

01-01-18 12:00 2087246 1798778 2195552 6081576

009

01-01-18 13:00 2086121 1798329 2194806 6079250

010

01-01-18| 14:00 | 2084518 1796857 | 2193958 6075433

[@]{011

01-01-18| 15:00 | 2086367 | 1795150 | 2191314 6076477

012

01-01-18| 16:00 | 2096740, 1797248 | 2194205 |6081114

013

01-01-18| 17:00 | 2087246 1798805 | 2195942 6110839

014

01-01-18| 18:00 | 2086121 1807859 | 2206240 6081576

015

01-01-18| 19:00 | 2084518 1798778 2195552 |6079250

016

01-01-18| 20:00 | 2085025 | 1798329 | 2194806 |6075433 v

Diseno prelimincosogiaios

IMMEI
s

Measurement Workshop
CIATEQ Sistema de Deteccién de Fallas —OX
Sistema de Deteccién de Fallas Version de Prueba 1.0 Grdficas de tiempo
]Qmoyo de 2018 12:20 pm

Fault
detection
system
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* The pulse ratio variation will not exceed £ 1% in normal conditions.

__________________________________ -> O 193 PULSE RATIO TURBINE 3/ TURBINE 1
1 APR—n- -21 APR—n- |
0 — 1%| < Apgp < % 0 .
2 =21 [100% — 1%] < Apgo < | =" [100% + 1%] waxszon @
- - :
7 Bpren| 37 Bpr—n] I» 2
2i ;R 21[100% — 1%)] < Bpro < 25 :R 21[100% + 1%)] §
: L : 3
nC —n- [ nC —n- = ’
Zl% [100% — 1%] < Cppo < 21% [100% + 1%)]" MIN-1.0% @
O "“‘- """""""" R 119 ——TURBINE 3 / TURBINE 1
Where:

* ARp. Brp, Crp = Pulse ratio during

the initial time t, « This condition is the control

mechanism to detect atypical
variation.

Average of n relationships

Z?ARpan)] A
RP(t1)*ARp(tp)*ARp (t3)-ARp (tn)
n n nel
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 This method allows to observe the beginning of a failure , when exceed the
limit accorded by the interested parties (£ 1%), because the response of
the pulse ratio is more susceptible to this variation.

Failure Detected

1,3 PULSE RATIO TURBINE 3/ TURBINE 1

MAX +1.0 %

RELATIONSHIP
l._\.
R
'_h

MIN -1.0%

—— TURBINE 3 / TURBINE 1

L@D nel
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Most faults detected in these measurement systems correlate to obstruction of
filters, or loss of power / communication signal.

)2 Loss of signal, energy or communication Loss of signal, energy or communication
3
DUPLICATE SIGNAL "
21
1.2
19 o ”
T 1.1
L 73]
q 17 » z DUPLICATE SIGNAL= 1
= o 1
S 09
: Al |E |
11 ——TURBINE 1 o 0.8 ——TURBINE 1/ TURBINE 2
9 ——TURBINE 2 o 07 ——TURBINE 2 /TURBINE(3 )
TIME —— TURBINE 3 ® ——TURBINE3 J TURBINE 1
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Filter obstruction is indicated by an ascending or descending curve. The failure
indication is in the curves of the systems that share data relationships.

Filter obstruction

FILTER OBSTRUCTION

——TURBINE 1/ TURBINE2 |
— TURBINE 2 JTURBINE 3
TURBINE 3 / TURBINE 1

.
L

.
[

o
'_h

RELATIONSHIP
©
b e

e
o

=
L |

L@D nel
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Obstruction of a filter reduces flow one pipe and increases the flow in
the other, so the red line goes down and the blue line increases.

.2 Filter obstruction

FILTER OBSTRUCTION
0.9

0.8 ——TURBINE 1/ TURBINE 2
——TURBINE 2 /TURBINE 3
TURBINE 3/ TURBINE 1| B

RELATIONSHIP
=
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A graph of the pulse ratios shows a ‘
visual trend of the pulse relationships . The linear function F(x) = Ax+B

and data for the periods before and . is used to determine the pulses
after the failure. Normal behavior for the missing period

corresponds to a linear function. ‘

13  Pulse Estimation 13 Pulse Estimation
12 o 1.2 v
Faeaees [
=z Trend = F(x)=Ax+B
o - »R o 1 Lineal Ecuation
I S e < / o
oo L Ko — e e i  E— y
08 — 0.8 —
TURB IN@TURBINEQ TURBINE 1/ TURBINE 2
07 ——TURB |N(2)TURB|NE@ | 0.7 Trend ——TURBINE 2 /TURBINE 3
TURBINE 3 / TURBINE 1 ———TURBINE 3 / TURBINE 1
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» Flow Rate at Flowing Conditions
Vs

Qs =L Eq(t5)Ref.[3

Where:

1
Vs = (Total pulses) - (ﬁ) -(MF)

Qs = Flow rate at flowing conditions
Vr = Volume timed at flowing of conditions
t = Tiempo

No.Pulses
Unit of Vol

KF = Factor ( ) Factor pulses per cubic foot

o tandard vol
MF= D|men3|onlessfactor( STAncare vo me )

Volume indicated meter

ESTIMATED PULSES | CONDITIONS OPERATION ESTIMATED VOLUME
New values| applicable to the i Vol. N
Date and time to | failure period 2ol the Turbine | pocccuRE e ano' qross MC?gSO »
Calculate
MCF
Pulses

e
19/01/2018 14:00 306777819

069 1812 16433 1692340
19/01/2018 15:00 2977057.80

1631.39 97.10
82058 184216306 16817.01

1632.55 %673

1627.09 941 85216 1811 16936 1738552

19/01/2018 16:00 295410164

* Flow Rate at Base Conditions

P
0 =0 () (%) (i—]ﬁ) Eq (16) Ref. [3]
Where:
Py= Static gauge pressure, psig + Atmospheric pressure, psia
P,,=Base pressure, psia
T, = Base temperature® R
T¢= Flowing temperature

Z,= Compressibility at base conditions
Zg= Compressibility at base conditions

UJ
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Volume estimation

From the estimation of the pulses, the

calculation of the volume with the previously
obtained values is performed, using the

operating conditions (pressure and

temperature) recorded in the failure period.

The corrected volume is calculated

Corrected volume

using

the equation of AGA Report No. 7 and the

gas compressibility factor correction

AGA Report No. 8

of the
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 The methodology allows for:
e = Recognition of patterns that correspond to faults

o = Correlation of patterns that correspond to specific fault types
| = Control mechanisms for fault detection
= Estimates to correct for the loss of data.

ma¥ it |* Software applications are being developed that will allow sellers,
& 1 customers, and operators to visualize and analyze faults. The
— software will also calculate volumes.

 The most common faults detected in this measurement system
were:

= QObstruction of filters
= Loss of power/ communication signal

= Pick-up failure net
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* The pulse ratios of the turbine type flow meters identified in this
study provides:

= Estimation of pulse information for periods of data loss
= (Calculation of flow volumes for periods of data loss

= Timely fault detection

= Characterization of pattern that indicate faults

= Reduction of economic losses

Pulses per hour — Turbibe 02 Turbibe 03 Comected pulses Wt T e
T L. ’
‘‘‘‘‘ (J_f\_ﬁ—'_\___rr’\j\fhﬁ\ﬂ-_ﬂ\afpm’_wﬂfﬁ;l _.'__________ o *‘*_
§ J'\-\_;--——\_/._,_JI \ ]

'ERRE fdffgzrgrazoaciaii

..................................................

nel



North Sea

Contents

Measurement Workshop

€@ REFERENCES

L@D nel



North Sea

References

3]

Measurement Workshop

 [1]1SO 9000 (2000). Quality management systems - Fundamentals and
vocabulary.

* [2] NMX-Z-055-IMNC. (2009). ISO/IEC Guide 99. (2007). (s.f.). International
Metrology Vocabulary - fundamental and general concepts and associated terms
(VIM).

 [3] AGA Report No. 7, Measurement of Natural Gas by Turbine Meters. Ed.
2006.

* [4] AGA Report No. 8, Compressibility Factors of Natural Gas and other related
Hydrocarbon gases.

Images and graphics belonging to CIATEQ and logos extracted from internet.

nel



North Sea

W

Measurement Workshop

Identification of fault patterns in turbine meters
by means of statistical analysis of the pulse
ratio

by

Eng. Jose Luis Garcia Montejo
Eng. Manuel Antonio Ortiz Montuy
Eng. Uriel Inocencio Alegria Rodriguez

Speaker: Eng. Wendy Muiiiz Rodriguez
CIATEQ A. C., Mexico nel



North Sea

UJ

Measurement Workshop

For more information, please send email to:

jose.garcia@ciateg.mx
manuel.ortizmontuy@ciateq.mx
uriel.alegria@ciateq.mx
wendy.muniz@ciateq.mx
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Contact us

Katrina Dunbar
Workshop Manager

+ 44 (0)1224 900035
Katrina.dunbar@dunbar-eandm.co.uk
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