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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.

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 APl's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

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.

Classified areas may vary depending on the location, conditions, equipment, and substances involved in any given
situation. Users of this Standard should consult with the appropriate authorities having jurisdiction.

Users of this Standard 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 is not undertaking to meet the duties of employers, manufacturers, 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 to comply with authorities having jurisdiction.

Information concerning safety and health risks and proper precautions with respect to particular materials and
conditions should be obtained from the employer, the manufacturer or supplier of that material, or the material safety
data sheet.

Work sites and equipment operations may differ. Users are solely responsible for assessing their specific equipment
and premises in determining the appropriateness of applying the Standard. At all times users should employ sound
business, scientific, engineering, and judgment safety when using this Standard.

API is not undertaking to meet the duties of employers, manufacturers, 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 to comply with authorities having jurisdiction.

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, Washington, DC 20001.

Copyright © 2011 American Petroleum Institute
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Foreword

This foreword is for information and is not part of this standard. This standard discusses equipment, methods and
procedures for determining the temperature of hydrocarbon liquids using fixed automatic tank temperature systems.

The below listed sections are removed from APl MPMS Chapter 7, “Temperature Determination”, 1st edition 2001
and are covered by this publication of APl MPMS Chapter 7.3 “Temperature Determination-Fixed Automatic Tank
Temperature Systems”, 2nd edition, 2011.

— 5.1 Fixed Automatic Tank Thermometers (ATTs)

— 5.5 Thermowells

— 5.6 Data Collection, Data Transmission, and Receiving Equipment

— 6.1 Ambient Temperature

— 6.3 Fixed Automatic Tank Thermometers

— 8.1 Fixed Automatic Tank Thermometers (ATTs)

— 9.1 Fixed Automatic Tank Thermometers

Revision of API MPMS Chapter 7-2001 is ongoing. The revision of APl MPMS Chapter 7 will divide the current

standard into four separate standards. It is anticipated that these four standards, including APl MPMS Chapter 7.3-
2011 referenced above, will supersede the sections of API MPMS Chapter 7-2001 as follows.

API MPMS Chapter 7, “Temperature Determination”, 1st edition 2001, sections:

— 5.3 Glass Thermometers

— 5.5 Thermowells

— 5.6 Data Collection, Data Transmission, and Receiving Equipment

— 6.1 Ambient Temperature

— 6.5 Mercury-in-Glass Thermometers

— 8.3 Glass and Mercury-in-Glass Thermometer Verification

to be covered by APl MPMS Chapter 7.1, 2nd Edition, 'Liquid-in-Glass Thermometers”.

API MPMS Chapter 7, “Temperature Determination”, 1st edition 2001, sections:

— 5.2 Portable Electronic Thermometers (PETs)

— 5.4 Electronic Temperature Devices

— 5.5 Thermowells.

— 5.6 Data Collection, Data Transmission, and Receiving Equipment

— 6.1 Ambient Temperature

— 6.4 Portable Electronic Thermometers

— 8.2 Portable Electronic Thermometers (PETs)

to be covered by API MPMS Chapter 7.2, 3rd Edition, “Portable Electronic Thermometers (PETSs)".
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APl MPMS Chapter 7, “Temperature Determination”, 1st edition 2001, sections:
— 5.5 Thermowells.

— 5.6 Data Collection, Data Transmission, and Receiving Equipment

— 7 Dynamic Temperature Measurement

— 8.4 Dynamic Verification and Calibration

— 9.2 Dynamic Temperature Equipment

to be covered by API MPMS Chapter 7.4, 2nd Edition, “Dynamic Temperature Measurement”.

For the purposes of business transactions, limits on error or measurement tolerance are usually set by law,
regulation, or mutual agreement between contracting parties. This publication provides guidance on tolerances that
are recommended for custody transfer applications, and also describes methods by which acceptable approaches to
any desired accuracy can be achieved.

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.

Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the specification.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order
to conform to the specification.

This document was produced under API standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an API standard. Questions concerning the
interpretation of the content of this publication or comments and questions concerning the procedures under which
this publication was developed should be directed in writing to the Director of Standards, American
Petroleum Institute, 200 Massachusetts Avenue, NW, Washington, DC 20001. Requests for permission to reproduce
or translate all or any part of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the
API Standards Department, telephone (202) 682-8000. A catalog of APl publications and materials is
published annually by API, 200 Massachusetts Avenue, NW, Washington, DC 20001.

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

The purpose of this standard is to describe methods and practices that can be used to obtain accurate temperature
measurements of petroleum and petroleum products in storage tanks, ships and barges under static conditions by the
use of an automatic method.

Temperature has a significant effect on the accurate determination of liquid quantities when correcting to standard
conditions for custody transfer and inventory control purposes. A temperature of the liquid in the tank is used in these
applications, so it is imperative that temperatures be determined accurately and are representative of the tank
content.

This standard presents both Metric (SI) and US Customary units, and can be implemented in either system of units.
The presentations of both units are for convenience of the user, and are not necessarily exact conversions. The units
of implementation are typically determined by contract, regulatory requirement, the manufacturer, or the user’s
calibration program.

In cases where marine applications have different requirements, they are handled in separate subsections.
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Temperature Determination—Fixed Automatic Tank Temperature Systems

1 Scope

This standard describes the methods, equipment, and procedures for determining the temperature of petroleum and
petroleum products under static conditions by the use of an automatic method. Automatic temperature measurement
is discussed for custody transfer and inventory control for both onshore and marine measurement applications.

Temperatures of hydrocarbon liquids under static conditions can be determined by measuring the temperature of the
liquid at specific locations. Examples of where static temperature determination is required include storage tanks,
ships and barges.

The application of this standard is restricted to automatic methods for the determination of temperature using fixed
automatic tank thermometer (ATT) systems for hydrocarbons having a Reid Vapor Pressure at or below 101.325 kPa
(14.696 psia).

Although not included in the scope, requirements in this standard or other Chapter 7 Sections (see the Foreword) can
be used for other fluids and other applications including petroleum liquids having Reid vapor pressures in excess of
101.325 kPa (14.696 psia) tanks with inert gas systems and cryogenic liquids. However, such applications can
require different performance and installation specifications.

2 Normative References

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

API MPMS Chapter 12.1.1, Calculation of Static Petroleum Quantities, Part 1—Upright Cylindrical Tanks and Marine
Vessels

3 Terms, Definitions, and Acronyms

For the purposes of this document, the following definitions apply.
3.1 Terms and Definitions

Terms used in this chapter are defined as follows:

311

automatic tank thermometer

ATT

An instrument used to continuously generate and transmit a representative measure of the temperature of the
contents of any tank, bullet, vessel, or compartment by any means other than by the manual use of a thermometer or
Portable Electronic Thermometer (PET). ATTs may include a local temperature display.

3.1.11

spot ATT

single-point ATT

A temperature instrument that measures the temperature at a particular point in the tank where the spot
temperature sensor is located.
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2 APl MPMS CHAPTER 7.3

31.1.2

multiple-spot ATT

multiple-point ATT

multi-point ATT

A temperature instrument consisting of a number of individual spot temperature sensors (usually three or more)
bundled together as a temperature element to measure the temperature at selected liquid levels in the tank.

NOTE The display equipment for a multiple- spot averaging ATT should average the readings from the submerged
temperature elements sensors to compute the average temperature of the liquid in the tank, and may also display the
temperature profile in the tank.

3.1.1.3

variable-length ATT

An averaging ATT consisting of several temperature sensors of varying length. All sensors extend upwards from a
position close to the bottom of the tank. The ATT system selects the longest, completely submerged temperature
sensor to determine the average temperature of the liquid in the tank.

3114

averaging ATT

An ATT which performs an averaging function, selects one or more temperature sensors submerged within the
tank liquid, and determines a representative average temperature based on those sensor reading(s). An averaging
ATT may be of the following types:

— multiple-spot ATT: A component of the ATT system averages the reading of the submerged temperature
sensors to compute the average temperature of the liquid in the tank.

— variable-length ATT: The ATT system selects the longest, completely submerged temperature sensor to
determine the average temperature of the liquid in the tank.

3.1.2

ATT system

An automatic tank thermometer system includes one or more ATTs and device(s) used to display temperatures,
perform calculations, and generate alarms as well as the means to transmit data between the ATT(s) and display
device(s).

3.1.3
protecting tube
A tube designed to enclose a temperature sensing device and protect it from the environment and process.

NOTE A protecting tube is not designed for pressure-tight attachment to a vessel.

314

stilling well

Stilling wells are tubes within a tank that are used for gauging activities including sampling and the determination of
level and temperature.

3.1.5

tank

As used in this standard, a tank refers to a storage tank, ship or barge compartment or any other vessel to which this
standard is applicable as stated in its scope and introduction.

3.1.6
temperature element
One or more sensors housed in a casing such as a metal probe or protecting tube that makes up a single temperature

measuring unit for a thermometer. Documents
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TEMPERATURE DETERMINATION, FIXED AUTOMATIC TANK TEMPERATURE SYSTEMS 3

31.7

temperature sensor

A temperature sensor is one part of a thermometer in which some physical change occurs with temperature and
converts this change into a value on a scale, (e.g. the scale on a liquid-in-glass thermometer, a digital device that
displays a unit of measure).

31.71

resistance temperature detector

RTD

A temperature measuring device that operates on the principle of a change in electrical resistance in wire as a
function of temperature.

31.7.2

thermocouple

A thermocouple is a junction between two different metals that produces a voltage related to a temperature
difference.

3.1.8

temperature transmitter

A device that converts the temperature measured by the sensor(s) to electrical or electronic signal, and transmits the
signal to a remote or local display.

3.1.9

thermometer

A device that measures temperature using any of a variety of different principles. A thermometer has two important
components: a temperature sensor in which some physical change occurs that is dependent on temperature, and
some means of indicating and/or transmitting this physical change as a value.

3.1.10

thermowell

Pressure and liquid tight receptacle adapted to receive a temperature sensing element and provided with external
threads, flanges or other means for pressure tight attachment to a vessel. A thermowell allows the temperature
sensor to be removed and replaced without compromising the process.

3.2 Acronyms and Abbreviations

The following acronyms are used in this publication.

APl MPMS  Manual of Petroleum Measurement Standards

ATG automatic tank gauge

ATT automatic tank temperature

DCS distributed control system

EMF electromotive force

FAT factory acceptance test

IEC International Electrotechnical Commission
IGS inert gas system

IMO International Maritime Organization

ISGOTT International Safety Guide for Oil Tankers and Terminals
ISO International Organization for Standardization
NEC National Electric Code
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