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SPECIAL NOTES

1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE,
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED.

2. APIIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU-
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS
UNDER LOCAL, STATE, OR FEDERAL LAWS.

3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERJIALS AND CON; i-
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTUREKN
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA S.EET.

4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUL.) AS
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU-
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, MR r2OLTCT COV-
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHINC CO ITAINED IN
THE PUBLICATION BE CONSTRUED AS INSURING ANYCNE AGAINST LIABIL-
ITY FOR INFRINGEMENT OF LETTERS PATENT.

5. GENERALLY, API STANDARDS ARE REVIEW =D AND REVISED, REAF-
FIRMED, OR WITHDRAWN AT LEAST EVERY STV, Y.2*kS. SOMETIMES A ONE-
TIME EXTENSION OF UP TO TWO YEARS WIL™. B ADDED TO THIS REVIEW
CYCLE. THIS PUBLICATION WILL NO LON GER BL IN EFFECT FIVE YEARS AF-
TER ITS PUBLICATION DATE AS AN OPER. TT'/E API STANDARD OR, WHERE
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE
PUBLICATION CAN BE ASCERTA™LD FROM THE API AUTHORING DEPART-
MENT [TELEPHONE (202) 682-87%0U). ;. CATALOG OF API PUBLICATIONS AND
MATERIALS IS PUBLISHED 4=NU.LLY AND UPDATED QUARTERLY BY API,
1220 L STREET, N.W., WASHL "GT )N, D.C. 20005.

Copyright © 1994 American Petroleum Institute
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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 pub-
lication and hereby expressly disclaims any liability or responsibility for loss or damage re-
sulting from its use or for the violation of any federal, state, or municipal regulation with
which this publication may conflict.

Suggested revisions are invited and should be submitted to Measurement Coordination,
Industry Services Department, American Petroleum Institute, 1220 L Street, N.W., Wash-
ington, D.C. 20005.
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Chapter 13—Statistical Aspects of Measuring and Sampling

SECTION 2—METHODS OF EVALUATING METER PROVING DATA

13.2.0

Minimizing systematic and random errors, estimating re-
maining errors, and informing affected parties of errors are
becoming increasingly important to the petroleum industry. A
consistent basis of estimating the size and significance of er-
rors is essential for communications between affected parties.
A consistent basis of estimating and controlling errors can
help to avoid disputes and dispel delusions on the accuracy of
activities and equipment related to meter proving operations.

A wide range of designs, equipment, and service operat-
ing conditions is experienced in meter proving operations.
Because of these variations, it is impractical to establish
fixed procedures for maintenance, calibration, and proving
activities for all installations.

Meter proving factors (meter factors) are normally moni-
tored to detect trends or sudden deviations as indications of
when to perform maintenance and calibration of measure-
ment equipment.

The purpose of this chapter is to provide procedures for
recording, analyzing, and controlling variations in meter fac-
tors so that random uncertainties are understood and consistent
with the objectives of parties affected by the measurement op-
erations. Limits on meter factor variations are left to the agree-
ment of parties affected by the measurement operations.

Introduction

13.2.1

Chapter 13.2 will address procedures for evaluating any
meter’s performance where meter proving factors are devel-
oped in accordance with Chapter 12.2. The data in examples
used in this chapter are intended to be typical of custody
transfer operations of low-vapor-pressure fluids using dis-
placement or turbine meters in accordance with Chapters 4, 5,
and 6 of the Manual of Petroleum Measurement Standards.
However, the procedures in Chapter 13.2 can be used for non-
custody transfer metering applications and for custody trans-
fer metering of high-vapor-pressure and gaseous fluids where
meter proving data are available.

Procedures and examples are given for analyzing the ran-
dom uncertainties associated with meter proving data (see
note). Procedures and examples are also given for evaluat-
ing and controlling trends in meter factors with control
charts and control logs to ensure that meter factor variations
exhibit a random nature that results in the propagation of a
lower average uncertainty in measurements with time and
throughput.

Scope

Note: Uncertainty computations are based on procedures given in Chapter
13.1 of the Manual of Petroleum Measurement Standards.

Since no single document can cover all of the statistical
procedures and applications being practiced, procedures
other than those appearing herein may be used. Alternate sta-
tistical procedures are not expected to duplicate the compu-
tational values provided by procedures in this chapter.
However, alternative procedures should achieve the same
purpose intended by the procedures given herein. When al-
ternative statistical computational procedures are to be used
and affect metered quantities, parties directly involved with
the metering operations should be notified prior to their
implementation.

Some of the procedures in Chapter 13.2 are suitable for
hand calculations and graphs employed by field personnel.
These procedures are discussed and illustrated in 13.2.5 of
this chapter. However, the statistical evaluations and control
charts are generally too rigorous for manual field computa-
tions, and computers should be employed. The statistical
procedures in this document may serve as a guide for devel-
oping software for computer applications.

13.2.2 Definitions

The following definitions supplement the definitions
appearing in Chapter 13.1.

Action limits are control limits applied to a control chart
or log to indicate when action is necessary to inspect or
calibrate equipment and possibly issue a correction ticket.
Action limits are normally based on 95 percent to 99 per-
cent confidence levels for statistical uncertainty analyses
of the group of measurements.

Control chart is a graphical method for evaluating
whether meter proving operations are in or out of a state of
statistical control.

Control log is a tabular method for evaluating whether
meter proving operations are in or out of a state of statistical
control.

Control chart or log, fixed limit is a control chart or log
whose control limits are based on adopted fixed values appli-
cable to the statistical measurements displayed on the log or
chart. Historically, fixed limits have been used to control the
limits on meter factor changes.

Control chart or log, no fixed limit is a control chart or log
whose control limits are based on the statistical variations of
measurements displayed on the chart or log.

Control limits are limits applied to a control chart or log to
indicate the need for action and/or whether or not data is in
a state of statistical control. Several control limits can be ap-
plied to a single control chart or log to determine when var-
ious levels of action are warranted. Terms used to describe





