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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed. The use of API publications is voluntary. In some cases,
third parties or authorities having jurisdiction may choose to incorporate API standards by reference and may
mandate compliance.

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither APl nor any of API's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

Users of this technical report should not rely exclusively on the information contained in this document. Sound
business, scientific, engineering, and safety judgment should be used in employing the information contained herein.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating
practices. These publications are not intended to obviate the need for applying sound engineering judgment
regarding when and where these publications should be utilized. The formulation and publication of API publications
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the
Publisher, API Publishing Services, 200 Massachusetts Avenue NW, Suite 1100, Washington, DC 20001.

Copyright © 2020 American Petroleum Institute
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts
Avenue NW, Suite 1100, Washington, DC 20001, standards@api.org.
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Introduction

This document provides a methodology for calculating the uncertainty in the measurement of liquid hydrocarbons by
flow measurement systems. Specifically, uncertainty performance expressions are developed for positive
displacement and Coriolis meter types under APl Manual of Petroleum Measurement Standards (MPMS) Chapter 5
for measuring hydrocarbons by volume. This includes ancillary devices, processes, and measurements used to
calculate a net standard volume (NSV) such as pressure, temperature, density, and sediment and water (S&W). This
document was written to determine if the performance of a given measurement device is in compliance with an
acceptable level of uncertainty, either pre-installation or after the installation is in service. If this is not the case, the
measurement device, its installation, or maintenance practices, etc. can be upgraded to meet the desired uncertainty
performance criterion. Techniques are described to assess the uncertainty contribution of individual components of
measurement systems and the overall measurement facility’s measurement uncertainty. By following the guidance
and calculation procedures of this document, cost-effective measurements of appropriate quality can be achieved. In
most cases, the rigorous requirements of industry standards intended for allocation and custody transfer quality
measurements can be reduced and still achieve the desired measurement uncertainty required. For this document, a
measurement system is comprised of meters, provers, and the associated devices to calculate a NSV.

This document addresses the most common liquid measurement devices in use at the time of its development and
allows for updating for new devices in the future. This does not advocate the use of these devices or preclude the
utilization of other types of devices, provided the targeted performance is achieved.
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Liquid Hydrocarbon Measurement Uncertainty Calculations

1 Scope

This document provides guidelines for the calculation of uncertainty for field stored and transported
hydrocarbon liquids. Special emphasis is placed on the measurement uncertainty of crude oils measured at
tanks, by lease automatic custody transfer (LACT), and alternative measurement systems.

2 Terms and Definitions

For the purposes of this document, the following definitions apply.

21
accuracy
The closeness of agreement between a measured quantity value and a true quantity value of a measurand.

23

calibration

A set of operations that establish, under specified conditions, the relationship between the values indicated by a
measuring device and the corresponding known values indicated when using a suitable measuring standard.

212

metering or measurement system

A combination of primary, secondary, and/or tertiary measurement components necessary to determine the flow
rate.

214

performance

The response of a measurement device to influence parameters such as operating conditions, installation
effects, and fluid properties.

2.16

uncertainty

The range or interval within which the true value is expected to lie with a stated degree of confidence. Describes
the range of deviation between a measured value and the true value, expressed as a percentage. For example,
a device with an accuracy of 2 % would have an uncertainty of £2 %.

3 Performance Characteristics and Measurement by Meter Type
3.1 General

The primary purpose of a liquid hydrocarbon meter for any application is to measure the flow. The uncertainty of
measurement depends on the measurement equipment selected for the application, proper installation of the
equipment, the ability to inspect, verify, or calibrate the various measurement system components, and the
frequency of those maintenance activities. The performance of the meter may also depend on the piping
configuration and compensation for variability of operating pressure, temperature, and fluid composition. It is
important to recognize individual influence parameters and their effect on the measurement. Since the principle
of operation and differing influence parameters have varying degrees of influence by meter type, it is important
to identify and define the significant influence factors for the meter to determine the total or combined
measurement uncertainty.
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3.2 Uncertainty Requirements
3.21 General
The purpose of this document is to develop the uncertainty representations and example calculations for meters,
provers, and associated equipment used on any metering system such as LACT systems, which can be used to
address uncertainty requirements. Focus is placed on Coriolis and positive displacement meters since they are
the most commonly used on LACT systems to measure crude oil quantities. With the proper understanding of
individual system component uncertainties, the overall system uncertainty can be calculated for metering
systems in the design phase or already in operation in the field.
3.2.2 Specifics of Requirements
The sources of uncertainty that are addressed arise from the following.
— Meter measurement:

— linearity;

— thermal and pressure variation;

— deviation from meter factor proving conditions.
— Fluid properties:

— thermal, pressure, and viscosity variation;

— profile deviation impact.
— Prover:

— temperature, pressure variation.
— Associated devices:

— sediment and water, density.

— Calibration:

— temperature, pressure, density, viscosity, sediment and water.
4 Uncertainty Development
41 General

The work by Dahl et al. (2003) [°l was used as basis for the development of this document. Refer to Annex A
for examples of the uncertainty calculation procedure.

4.2 Basic Equations
4.21 General

NOTE The basic equations developed in the handbook by Dahl et al. (2003) ¥ follow the development from ISO
5168:1978"1 and ISO/IEC Guide 98-3 181,
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LIQUID HYDROCARBON MEASUREMENT UNCERTAINTY CALCULATIONS 3

The following equations can be used to represent error in flow:

q = NSV = GSV = CSW

cSw =1 oSW
7100 %
where
q is the net standard volumetric flow rate;

GSV  is the gross standard volumetric flow rate;
CSW s the correction for sediment and water;
%SW is the volumetric percentage of sediment and water in the product;
GSV = Wrpp * MFrprpppp * Crigp, * Cpup, (all functions T, P, p);
where
Wrpp is the indicated flow rate at a given temperature 7, pressure P, and density p;
MFrprpppp IS the meter factor;
CTLTP is the correction for temperature effects on the liquid at temperature T and density p;

Cpip, is the correction for pressure effects on the liquid at pressure P and density p.

Using the basic equations developed in the handbook by Dahl et al. (2003) [

2 mAp ,mAp,C 2 2 prov 2 2 2 flow 2
SQVO,me _ S(Aliq Asteel ) 5(6153’ 6(qv0 ) 5(‘11‘%”) 5(‘15(1;[/ S(qu ) 1
- mAp ,mAp,C + cal + prov + met + Sw + flow ( )
Avy,me A”q Agpoel Ay, Ay, vg dvq qy,
where

the term on the left-hand side is the square of the overall uncertainty in the metering system in percent;

the right-hand side consists of the squares of uncertainty contributions from (in order): oil and steel
expansion, calibration, prover, meter, sediment and water determination, and flow;

v, is intended to signify the measurement by the primary flow meter after corrections from the proving
and calibrations have been applied.

Note that this development assumes that the different uncertainties are uncorrelated, an approach that may
be conservative. Each term of this development is discussed in the following sections.
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4.2.2 Opverall System Uncertainty

2
The term (M> on the left-hand side of Equation (1) represents the square of the overall uncertainty of

qQvg,me

the metering system in percent. The uncertainty is typically calculated as the square root of the sum of the
squares of the individual uncertainties from the other quantities of Equation (1):

2
mAp ,mAp,C 2 2 2 2 fl 2
SQVO,me -+ 8 (Aliq Asteel ) + (5(‘11%11)) n (5((1550”)) + (5((];’,’3“)) 4 (6(q;§:v)> N 5(quow
- = mAp ,m,Ap,C cal prov met sw flow
A A v, v, v,

Qvome lig steel Vo Vo

All uncertainties are represented as absolute (not relative) uncertainty.
4.2.3 Oil and Steel Expansion Uncertainty Contribution

The first term to the right of the equal (=) sign in Equation (1) represents the expansion or contraction of the
liquid and of the steel in the measurement system. This includes hydrocarbon flowing in the meter, prover,
and calibrated devices due to variations in temperature, pressure, and density.

mAp ,m,Ap,C 2
(6(Aliq Asteel )
mAp ,mAp,C

Aliq Asteel

The oil expansion factor A}? is defined as:

PTrov ~prov ~met ~met
Am,Ap _ Ctlp Cplp Ctlm Cplm
lig — Cprovcprov

tim “plm

where

Cly” and CP7Y are the temperature and pressure volume expansion coefficients for oil at the proving
device during proving;

Chiwt and Cjiir  are the temperature and pressure volume expansion coefficients for oil at the primary
flow meter during normal measurement;

Cl. and CP°% are the temperature and pressure volume expansion coefficients for oil at the primary

flow meter during proving.

m,Ap,C

stecr IS defined as:

The steel expansion factor A

steel cal rcal £PTOV ~PTOV
CtSP CPSPCtsm Cpsm

PTov ~Prov ~met rmet
Am,Ap,C _ (Ctsp Cpsp Ctsm Cpsm)
where

Chy’and Cpi)"  are the temperature and pressure expansion coefficients for steel at the proving
device during proving;

Cleyy and Chet  are the temperature and pressure expansion coefficients for steel at the primary flow
meter during normal measurement;
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LIQUID HYDROCARBON MEASUREMENT UNCERTAINTY CALCULATIONS 5

Cf“’ and C,S;‘,ﬁ are the temperature and pressure expansion coefficients for steel at the proving
device during calibration;

chn’ and Cpg,’ are the temperature and pressure expansion coefficients for steel at the primary flow
meter during proving.

The oil and steel expansion term is a function of T,5, B, T)7, BP70%, T8, PRT%, Tiet, Biet, p,
where

Tge and T,"°Y  are the temperatures at the prover during (1) calibration and (2) proving, as measured
by the same temperature device;

Pgat and Py are the same with pressure.

Note that T5* and P;* are uncorrelated with 7)™ and P)"*". T)"®" and T;'** are measured by the
same temperature device, as are P-"°’and B¢, and therefore these measurements sets are correlated.

4.2.4 Calibration Uncertainty Contribution

Uncertainty contributions from the calibration of the devices in the measurement system are composed of the
uncertainty in the reference devices used for calibration and the error in the calibration itself.

2 2
8(a5")\ _ (8(a5grer 8(a5gprov)
a ) T\ ) T\
Here the uncertainty term 5(q5(‘}_§,m,,) refers to the on-site prover system at on-site calibration or water draw.

Other devices, temperature, pressure, and density have terms that are expressed in the quantity 6(q§g‘fref).

2

4.2.5 Prover Uncertainty Contribution

This term is uncertainty due to the proving process (not caused by calibration). It applies to single flow proving
only.

prov prov prov prov prov
qvo Vg Vg Vg qvo

(6( prov)>2 _ <6(q5;?)1;over))2 4 (5(qs;;ll’owmeter)>2 n (5(q5;(l)i1;learity )2 (6( SZZZOlee)>

The uncertainty impact of medium temperatures and pressures and of the calibration temperatures and
pressures was captured in 4.2.2 and 4.2.3. This uncertainty refers to the repeatability of the prover, the
repeatability of the meter, and the uncertainty effect of carrying out the proving at a flow rate different from the
calibration flow rate (linearity) but can also include pulse resolution impacts. The last “profile” term is used to
catch any other known sources of uncertainty including viscosity and other uncertainty impacts that can be
determined from data.

One of the contributions to the proving uncertainty is the flow meter uncertainty during proving term,

2

S met

(W) , which includes the uncertainty of the indicated gross standard volume total while proving:
Vo

&
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The gross standard volume total while proving is determined using the expression:

Quy = Gsy = Cry * Cpy * Iy  Mp = Mp * Cpy, % Cpy, x ANpY x K

where
CrL is the temperature correction on the liquid;
Cpp, is the pressure correction on the liquid;
Iy is the indicated flow rate at a given temperature T, pressure P, and density p;
Mg is the meter factor;

AN}”  is the number of pulses for registration of the meter total output during each proving pass;
K is the “K” factor, denotes BBL/pulses. K = f(T, P, p, 5AN,).

In applications where pulse interpolation is not needed (e.g. when pulses per prover pass >10,000):

3 (at) s(n,) | = 1
6(ANp) P number of pulses per prover pass

4.2.6 Meter Uncertainty Contribution

The fourth term on the right-hand side of the equal sign (=) in Equation (1) is the contribution to the uncertainty
by the meter and the process of metering. There are three parts to this term that can be identified:

2 2

2
+ (5(qggi§nearity ) + (6(q1772fzzfrofile)) + (5(([33%7,”1. )

met met met
qu qu qvo

2

2
6(q117'36t) _ 6(q1rzré?ftlowmeter)
qmet ) qmet
0 0

6 met
The first of the meter uncertainty terms, (W), includes the random uncertainty and any
vo
uncertainty due to pressure, temperature, and fluid density influence effects on the flow meter's direct
measurement. This term can usually be determined from either vendor data and/or proving data and is usually
expressed in terms of percent over the range of flow.
2 2
— (6(qu,ertandom ) + <5(CI1I;K )
anet iy

2

(6 (qgé?ftlowmeter)>

quet
0
where

(6(q1%,erfand0m)

met

. ) is either the published accuracy of the meter or the random uncertainty observed while
vo

proving the meter under stable conditions, as determined with a confidence interval of
95 % by calculating by 2 x o(MF), where ¢(MF) is the standard deviation of the
observed meter factors (MFs).
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