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Introduction

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. 



Introduction

• Valid methods are required to 

find all failure events.

It is important identify interruptions and fault patterns.
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Definitions

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).



Definitions

Pick-up:  Magnetic device used to transform a mechanical 

movement into an electronic signal.

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.

▪ Obstruction of a filter.

▪ Signal interference.

▪ Duplication of records.

▪ Mechanical wear.



Definitions

Turbine meter: Flow meter that

consists of 3 basic components and

complies with AGA 7 :

▪ The body (structure).

▪ The measuring mechanism

(Turbine rotor , rotor shafting,

flow passage, bearings).

▪ The output device: available

with mechanical drive and/or

electrical pulse outputs*.

[Ref. Figure 1 Report 

AGA 7]

*For this study, turbine flow meters with electrical

pulse outputs were used.
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Seller supplies gas at 

defined intervals. 

However, faults are 

causing a loss of 

volume measurement 

data.

For this reason, all parties need valid 

methods that will support failure 

events. CIATEQ can impartially 

validate these events.

CIATEQ Customer

Seller

Flow volume losses 

that cannot be 

determined during a 

period of failure are 

normally reconciled 

through agreements, 

which can be 

unsatisfactory to at 

least one party.

Background

time. 



Measurement system

Seller Customer

Background

• 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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Objective

• 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.
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Development of the method

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

Oct 2016 Oct 2017 Mar 2018

• Therefore, the failure scenario of 2 or 3 meters failing simultaneously was

excluded (It´s statically insignificant).

What?

When?

Where?

Why?

POSSIBLE SCENARIOS

a)        b)      c)

• When 3 meters operates simultaneously, failure in one turbine is high.



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.

[Relations system] 

Development of the method

𝐴𝑃𝑢𝑙𝑠𝑒 𝑅𝑎𝑡𝑖𝑜 =
𝑇𝑢𝑟𝑏𝑖𝑛𝑒 𝑃𝑢𝑙𝑠𝑒 1

𝑇𝑢𝑟𝑏𝑖𝑛𝑒 𝑃𝑢𝑙𝑠𝑒 2

𝐵𝑃𝑢𝑙𝑠𝑒 𝑅𝑎𝑡𝑖𝑜 =
𝑇𝑢𝑟𝑏𝑖𝑛𝑒 𝑃𝑢𝑙𝑠𝑒 2

𝑇𝑢𝑟𝑏𝑖𝑛𝑒 𝑃𝑢𝑙𝑠𝑒 3

𝐶 𝑃𝑢𝑙𝑠𝑒 𝑅𝑎𝑡𝑖𝑜 =
𝑇𝑢𝑟𝑏𝑖𝑛𝑒 𝑃𝑢𝑙𝑠𝑒 3

𝑇𝑢𝑟𝑏𝑖𝑛𝑒 𝑃𝑢𝑙𝑠𝑒 1



Development of the method

• The plotted relationships are observed as a linear function.

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.



Development of the method
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Development of the method

CIATEQ Sistema de Detección de Fallas

PF-001: Probable obstrucción 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; Duración total: 8 horas

Sistema de Detección de Fallas                   Versión de Prueba 1.0

15 mayo de 2018                                                                             12:20 pm

Abrir

Gráficas de tiempo

Gráfica de Datos Gráfica de Relación

Reg. Estación de Medición T-21-Enero 2018

Reporte de fallas

Reporte de detección de falla
CIATEQ, Sistema de Detección de Falla, V1.0
15 de Mayo de 2018, 12:20 horas.
Probabilidad de falla: Mayores de 80%;  Perfil: Ajuste de 1% de variacion

Archivo: Reg. Estación de Medición T-21-Enero 2018
Prob. Fallas Total: 4

PF-002: Probable falla de señal, problema eléctrico; Tren FT-103
Probabilidad de falla: 90.1 %1; Inicio: 14:00 horas 05 -012018
Finaliza: 08:00h 06 enero de 2018; Duración total: 25 horas

PF-003: Probable obstrucción 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; Duración total: 6 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; Duración total: 29 horas

Tabla de Datos
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2082065
2082986
2085024
2086367
2096740
2087246
2086121
2084518
2086367
2096740
2087246
2086121
2084518
2085025

1785297
1791764
1794396
1795150
1797248
1798805
1807859
1798778
1798329
1796857
1795150
1797248
1798805
1807859
1798778
1798329

FECHA   HORA     T-1       T-2             T-3          TOTAL

2181152
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2190214
2191314
2194205
2195942
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2195552
2194806
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2194806
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004
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007
008
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014
015
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6038581
6058640
6066675
6069450
6076477
6081114
6110839
6081576
6079250
6075433
6076477
6081114
6110839
6081576
6079250
6075433

PF-001
Prob. Obstrucción
FT-101    82.50%
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Sistema de Detección de Fallas                   Diseño preliminar sujetoa cambiosVersión de Prueba 1.0

T-1

T-2
T-3

TOTAL

Unidad

Pulsos

100 %  FINALIZADO

Estado:

Detección de facha sin falla
Datos comparados
FT-1
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Gráfica Generada
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Detección de Interrupciones 
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....
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Fault

detection

system



Development of the method

• The pulse ratio variation will not exceed ± 1% in normal conditions.

• This condition is the control

mechanism to detect atypical

variation.

Where:

• ARP, BRP,CRP = Pulse ratio during 

the initial time t0

σ
1
n ARP tn

n

Average of 𝑛 relationships

ARP t1 +ARP t2 +ARP t3 …ARP tn

n



Development of the method

• 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.



Fault patterns detected

Most faults detected in these measurement systems correlate to obstruction of

filters, or loss of power / communication signal.



Filter obstruction is indicated by an ascending or descending curve. The failure

indication is in the curves of the systems that share data relationships.

Fault patterns detected



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.

Fault patterns detected



Pulse estimation

A graph of the pulse ratios shows a 

visual trend of the pulse relationships 

and data for the periods before and 

after the failure. Normal behavior 

corresponds to a linear function. 

The linear function F(x) = Ax+B

is used to determine the pulses 

for the missing  period



Determination of the volume

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 using

the equation of AGA Report No. 7 and the

gas compressibility factor correction of the

AGA Report No. 8

Corrected volume

• Flow Rate at Base Conditions

𝑄𝑏 = 𝑄𝑓
𝑃𝑓

𝑃𝑏

𝑇𝑏

𝑇𝑓

𝑍𝑏

𝑍𝑓
Eq (16) Ref. [3]

Where:

𝑃𝑓= Static gauge pressure, psig + Atmospheric pressure, psia

𝑃𝑏=Base pressure, psia

𝑇𝑏= Base temperature° R

𝑇𝑓= Flowing temperature

𝑍𝑏= Compressibility at base conditions
𝑍𝑓= Compressibility at base conditions

• Flow Rate at Flowing Conditions

𝑄𝑓 =
𝑉𝑓

𝑡
Eq (15) Ref. [3]

Where:

𝑉𝑓 = 𝑇𝑜𝑡𝑎𝑙 𝑝𝑢𝑙𝑠𝑒𝑠 ∙
1

𝐾𝐹
∙ 𝑀𝐹

𝑄𝑓 = 𝐹𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑓𝑙𝑜𝑤𝑖𝑛𝑔 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠

𝑉𝑓 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑡𝑖𝑚𝑒𝑑 𝑎𝑡 𝑓𝑙𝑜𝑤𝑖𝑛𝑔 𝑜𝑓 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠

𝑡 = 𝑇𝑖𝑒𝑚𝑝𝑜

𝐾𝐹 = 𝐹𝑎𝑐𝑡𝑜𝑟
𝑁𝑜.𝑃𝑢𝑙𝑠𝑒𝑠

𝑈𝑛𝑖𝑡 𝑜𝑓 𝑉𝑜𝑙
Factor pulses per cubic foot

MF= Dimensionless factor
𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑣𝑜𝑙𝑢𝑚𝑒

𝑉𝑜𝑙𝑢𝑚𝑒 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑒𝑑 𝑚𝑒𝑡𝑒𝑟

Volume estimation
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Conclusions

• The most common faults detected in this measurement system 

were:

▪ Obstruction of filters

▪ Loss of power/ communication signal

▪ Pick-up failure

• The methodology allows for:

▪ Recognition of patterns that correspond to faults

▪ Correlation of patterns that correspond to specific fault types

▪ Control mechanisms for fault detection

▪ Estimates to correct for the loss of data.

• Software applications are being developed that will allow sellers, 

customers, and operators to visualize and analyze faults. The 

software will also calculate volumes.
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Summary

• 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 
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