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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 API nor any of API’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 used. 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. API 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 20001-5571.

Copyright © 2021 American Petroleum Institute
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Foreword

Revision of API MPMS Chapter 6, Metering Assemblies, First Edition (2021) is ongoing. The revision supersedes all 
previous API MPMS Chapter 6 standards with the following four separate standards:

—	 API MPMS Chapter 6.1A, Metering Assemblies—General Considerations, First Edition (2021);

—	 API MPMS Chapter 6.2A, Truck and Rail Loading and Unloading Measurement Systems, First Edition (2021);

—	 API MPMS Chapter 6.3A, Pipeline and Marine Loading/Unloading Measurement Systems, First Edition (2021);

—	 API MPMS Chapter 6.4A, LACT Systems, First Edition (2021).

These standards supersede the previous API MPMS Chapter 6 standards as follows:

—	 API MPMS Chapter 6.1A, Metering Assemblies—General Considerations, First Edition (2021) specifies the 
common requirements for all metering systems and does not supersede any previous API MPMS Chapter 6 
standards.

—	 API MPMS Chapter 6.2A, Truck and Rail Loading and Unloading Measurement Systems, First Edition (2021), 
supersedes API MPMS Chapter 6.2, Loading Rack Metering Systems, Third Edition (2004), which will be withdrawn 
on the publication of API MPMS Chapter 6.2A.

—	 API MPMS Chapter 6.3A, Pipeline and Marine Loading/Unloading Measurement Systems, First Edition (2021), 
supersedes API MPMS Chapter 6.5, Metering Systems for Loading Marine Bulk Carriers, Second Edition (1991), 
and API MPMS Chapter 6.6, Pipeline Metering Systems, Second Edition (1991). Section 5.3.5 of Chapter 6.3A 
supersedes API MPMS Chapter 6.7, Metering Viscous Hydrocarbons, Second Edition (1991), all of which will be 
withdrawn.

—	 API MPMS Chapter 6.4A, LACT Systems, First Edition (2021), supersedes API MPMS Chapter 6.1, Lease 
Automatic Custody Transfer (LACT) Systems, Second Edition (1991), and Section 5.2 of Chapter 6.4A supersedes 
API MPMS Chapter 6.7, Metering Viscous Hydrocarbons, Second Edition (1991), all of which will be withdrawn on 
the publication of API MPMS Chapter 6.4A.

NOTE	 API MPMS Chapter 6.7 is superseded by both Chapter 6.3A and Chapter 6.4A. Therefore, API MPMS Chapter 6.7 will 
be withdrawn when both Chapter 6.3A and Chapter 6.4A are published.

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.

The verbal forms used to express the provisions in this document are as follows.

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

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

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.

Can: As used in a standard, “can” denotes a statement of possibility or capability.

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 
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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, Suite 1100, 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 API publications and materials is published 
annually by API, 200 Massachusetts Avenue, Suite 1100, Washington, DC 20001.

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

This standard serves as a guide in the selection, installation, and operation of truck and rail loading and unloading 
measurement systems. This standard does not cover truck and rail mounted flow meters. This standard does not 
endorse or advocate the preferential use of any specific type of metering system or meter.

In general, metering system installations should meet certain fundamental requirements, including those that ensure 
proper meter type, size, installation, and adequate protective and readout devices (such as presets, registers 
[counters], strainers, relief valves, pressure and flow control valves, and air eliminators, where required). Descriptions 
of these and other system components are covered elsewhere in this standard or other API standards. Also, to 
ensure compliance with state laws and regulations, the latest editions of NIST Handbook 44, Handbook 12, or other 
applicable standards, as well as specific local weights-and-measures requirements, should be considered.

Chapter 6 documents describe metering system design. API MPMS Chapter 6.1A describes the general considerations 
applicable to all metering systems and shall be consulted together with this standard, API MPMS Chapter 6.2A, when 
designing truck and rail loading and unloading systems. For the purpose of API MPMS Chapter 6.2A, the equipment 
that is covered as part of a truck or rail loading or unloading meter system will be limited to that which is necessary 
for the proper operation, calibration, and performance of the primary, secondary, and tertiary devices, as well as 
equipment that can affect the agreement between the ticketed quantity (also called quantity transaction record, batch 
ticket, or measurement ticket) and delivered quantity. When aspects are covered under the scope of other chapters of 
the API Manual of Petroleum Measurement Standards, and to avoid replication and conflict, they are not covered by 
this standard. In these cases, this standard provides limited information and refers the user to those chapters.

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 MPMS. At all times, users should employ sound 
business, scientific, engineering, and judgment safety when using the MPMS.

The following scenarios are merely examples for illustration purposes only. (Each company should develop its own 
approach.) They are not to be considered exclusive or exhaustive in nature. API makes no warranties, express or 
implied, for reliance on or any omissions from the information contained in this document.
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Metering Assemblies—Truck and Rail Loading and Unloading 
Measurement Systems

1	 Scope

This standard is part of a set of documents that detail the minimum requirements for the design, selection, and 
operation of truck and rail loading and unloading metering systems for single phase liquid hydrocarbons.

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 4 (all sections), Proving Systems

API MPMS Chapter 4.2, Displacement Provers

API MPMS Chapter 4.4, Tank Provers

API MPMS Chapter 4.5, Master Meter Provers

API MPMS Chapter 4.6, Pulse Interpolation

API MPMS Chapter 5 (all sections), Metering

API MPMS Chapter 5.2, Measurement of Liquid Hydrocarbons by Displacement Meters

API MPMS Chapter 5.6, Measurement of Liquid Hydrocarbons by Coriolis Meters

API MPMS Chapter 7 (all sections), Temperature Determination

API MPMS Chapter 11.1, Physical Properties Data

API MPMS Chapter 12 (all sections), Calculation of Petroleum Quantities Using Dynamic Measurement Methods 
and Volumetric Correction Factors

API MPMS Chapter 21.2, Electronic Liquid Volume Measurement Using Positive Displacement and Turbine 
Meters

API RP 1004, Bottom Loading and Vapor Recovery for MC-306 & DOT 406 Tank Motor Vehicles

API RP 2003, Protection Against Ignitions Arising Out of Static, Lightning, and Stray Currents

NIST Handbook 44,1 Specifications, Tolerances, and Other Technical Requirements for Weighing and 
Measuring Devices

3	 Terms and Definitions

For the purposes of this document, the following terms and definitions apply. Terms of more general use can be 
found in the API MPMS Chapter 1 Online Terms and Definitions Database.

1	  National Institute of Standards and Technology, 100 Bureau Drive, Gaithersburg, Maryland 20899, www.nist.gov.
1
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3.1
preset controller
Electronic equipment and/or software that is configurable to facilitate delivery of a predetermined quantity of a 
commodity. Preset controllers can make use of analog and digital signals received from meters, temperature 
transmitters, pressure transmitters, and density transmitters to control delivery and/or calculate volumes at base 
conditions. A preset controller is sometimes referred to as an electronic preset, preset counter, batch controller, 
or preset instrument.

3.2
Terminal Automation System
TAS
A comprehensive program with human machine interface (HMI) that manages a facility’s commodities’ movements, 
inventory control, and reconciliation through automation.

3.3
transloading
The transfer of a liquid hydrocarbon commodity from one bulk carrier to another bulk carrier where the quantity 
and quality transferred is measured via a measurement system.

4	 Loading, Unloading, and Transloading Metering Systems

4.1	 General

The loading, unloading, and transloading metering systems described in this standard are those that apply to 
transport truck and rail facilities. These measurement systems should be designed to accommodate the full 
range of process conditions to be encountered.

Considerations have to be made for proving equipment during design and installation. The design of the system 
should allow one meter to be proved without interfering with the other meters involved in the loading operations. 
See 8.1 for additional information about proving.

Loading, unloading, and transloading metering systems are intended to determine accurate quantities of products 
into or off transport trucks and tank cars. The metering configurations can consist of single product meters, 
blend meters, and additive meters. Different than truck loading and unloading metering systems, which can only 
handle a single truck, multiple tank cars can be loaded simultaneously through a single meter bank, such as 
with a unit train. Simultaneous loading or unloading of multiple tank cars through a single meter bank will result 
in a single quantity determination that represents the quantity transferred for all the cars. Having a single ticket 
representing multiple tank cars can cause issues when reporting requirements, perhaps from government or 
regulation, dictate individual bills of lading. The configuration and count of tank car metering systems can require 
an evaluation of the ticket requirements. Options for rail loading and unloading metering systems can require a 
combination of the following data sources:

—	 quantity determination:

—	 meter run dedicated to each tank car (quantity determined per tank car);

—	 meter run(s) dedicated to a series of tank cars (quantity determined per series of tank cars);

—	 quality determination (e.g., density or sediment and water):

—	 sampler dedicated to each tank car (quality is determined per tank car);

—	 sampler dedicated to a series of tank cars (quality is determined per series of tank cars);

—	 sampler dedicated to a predetermined batch volume for a rail movement.
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NOTE	 Other state (U.S.) or national and international regulations could apply, such as those found in NIST Handbook 44 
(U.S.), Weights and Measures Act[14] (Canada), or OIML R117[13] (international recommendation). Measurement devices can 
require type evaluation approval.

For information on operational flow rates and potential safety impacts, refer to API RP 2610[11] and API RP 2003. 
NOTE	 API RP 2003 includes guidance on how to minimize static buildup and eliminate static discharges.

4.2	 Loading Operation

4.2.1	 General

Typical components of a loading system are pump, meter, strainer, check valve, temperature device, pressure 
device, flow control valve, and preset controller.

4.2.2	 Top Loading

Because state and federal regulations govern the release of hydrocarbon emissions to the atmosphere, some 
forms of top loading are unacceptable. Personnel safety should be considered in top loading system design.

Top loading (see Figure 1) uses an overhead-loading arm to reach the loading dome hatches on the truck or tank 
car. The loading arm should be in the same state of fill (either void or full) at the beginning and end of the loading 
operation to ensure measurement consistency.

Figure 1—Installation Diagram Metered Truck and Tank Car Loading (Top Loading)

Top loading arms that have been designed to be completely empty when not in use should be equipped with a 
manual or automatic vacuum breaker located at the high point in the piping and downstream of the loading valve. 
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This provision allows the arm and drop tube to drain after the loading valve is closed, preventing product from 
being retained in the arm and unintentionally being delivered with the next batch.

Meters for top loading systems can be located on the loading platform or near the ground. When the meter is 
located below the platform, consider locating the meter register and/or preset to facilitate the reading of quantities 
by the loader. A preset device, either local or remote, can be installed in any loading system to expedite loading 
operations.

4.2.3	 Bottom Loading

There are no measurement concerns related to bottom loading. See Figure 2 for a typical installation.

Figure 2—Installation Diagram Metered Truck and Tank Car Loading (Bottom Loading)

4.3	 Unloading

The equipment used in unloading systems is the same equipment used in loading systems. Additional capacity 
in the air elimination equipment could be required.

4.4	 Transloading

The equipment used in unloading systems is the same equipment used in loading systems. Additional capacity 
in the air elimination equipment could be required. Because transloading can involve two transactions, 
considerations for ticketing both transports separately could be needed. The loading/unloading hoses and/or 
arms should be in the same state of fill (either void or full) at the beginning and end of each change of transport 
to ensure measurement consistency. This system can be a permanent installation or portable.
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4.5	 Truck-mounted Metering Systems

The equipment used in truck-mounted metering systems is typically the same equipment used in other types 
of loading and unloading systems. Since these often are found in crude oil gathering applications, unlike other 
loading systems, they may also include diverter and sampler subsystems. They may also incorporate manifolding 
to allow product to be segregated by compartment once measured. These systems are sometimes termed 
“Truck LACT”—although the operation is typically manual as in other types of loading, the systems are operated 
similarly to traditional LACT applications. It has gained popularity since it may allow operators to eliminate the 
hazards associated with the manual operation of hand-gauging crude oil gathering tanks.

Truck-mounted metering systems shall be proved in the same manner that they are used in the application. 
If measurement occurs in both directions, the system should be proved in both directions and separate meter 
factors maintained unless it has been shown that the difference is metrologically insignificant.

Air elimination may or may not be applied. Measurements incorporating transitions from wet-to-dry or dry-to-wet-
to-dry conditions should not be allowed.

Refer to API MPMS Chapter 6.4A[4] for more information regarding lease automated custody transfer (LACT) 
applications.

4.6	 Metering System Accessories

4.6.1	 Strainers and Filters

Suspended solids in the fluid being measured can cause inaccuracy and even damage metering equipment. 
Solid particulates should be prevented from reaching the meter by using an appropriate strainer or filter per meter 
manufacturer recommendations. Filters are typically used in jet fuel, biofuels, and distillate applications in lieu of 
strainers. The strainer or filter should be monitored and/or checked periodically to avoid restricting flow, which 
could lead to vaporization or reduce the normal flow rate and thereby affect accuracy by causing the system to 
deviate from the flow conditions when the metering system was proved.

4.6.2	 Air Eliminators

Air eliminators are required in systems where air or vapor can be introduced into the system. If not eliminated, 
air will adversely affect measurement and can cause damage.

If air eliminators are installed, they should be installed upstream of the meter, and their purpose is to dispose of 
any air or vapor in the delivery line before it passes through the meter. If a system is designed so that significant 
amounts of air, vapor, or both cannot be introduced, an air eliminator is not required.

A sight glass can be located between the air eliminator and the flow meter to monitor the functionality of the air 
eliminator and to ensure the piping between the unloading arm coupler and meter is always full of product during 
metering operations.

Additional information is available in Annex A

4.6.3	 Insulation or Heat Tracing

See API MPMS Chapter 6.1A[3] for information related to insulation and heat tracing.

4.6.4	 Thermal Relief Systems

See API MPMS Chapter 6.1A[3] for information related to thermal relief systems.

4.6.5	 Vents

See API MPMS Chapter 6.1A[3] for information related to vents.
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4.6.6	 Drains

See API MPMS Chapter 6.1A[3] for information related to drains.

4.6.7	 Pumps

System hydraulics can affect meter performance. System pumps and controls should be designed to meet the 
desired operation of the facility such that adequate pressure and flow are provided. The ability to prime the pump 
and the effect of fluid properties, such as density and viscosity, should be considered when selecting pumps. 
The location of the pump relative to the meter should be considered if vibration or pulsation will affect the meter 
performance.

If pumps are capable of pressure exceeding any equipment rating in the measurement system, over-pressure 
protections should be put in place.

4.7	 Valves

4.7.1	 Isolation/Shutoff Valves

Inlet/isolation valves are related to isolation, bypass, and evacuation of piping associated with the measuring 
system. Each, given its respective position in the piping configuration and its operation, can have unintended 
consequences adversely affecting measurement if they present an opportunity for liquids to bypass the measuring 
elements (meters and associated instrumentation, including sampling systems).

For LPG service, excess flow valves can be used. See Section 16 for more information.

4.7.2	 Check Valves

Check valves are required to prevent backflow, siphoning with low tank head (low pressure), and cross-
contamination of product during blending applications. When choosing the proper check valve, consider pressure 
drop and slamming of the flapper, which can cause damage when the valve opens and closes.

For unloading, it is recommended to install a check valve on the discharge line. This will keep product from 
coming back from the tank when the pump is shut off. If the air elimination line is tied into the delivery line 
downstream of the meter, it should have a check valve and some way of verifying the operation of the air 
eliminator’s product shutoff functionality, if present. These are necessary to prevent unmeasured product from 
flowing in either direction and bypassing the meter.

4.7.3	 Control Valves

Control valves are used to control process variables such as flow or pressure by fully or partially opening or 
closing to achieve the desired conditions. A “set point” for control of a process variable value can be provided 
manually, or by an automated process controller.

Control and set-stop valves should be capable of controlling the flow rate over the entire operating range. The 
type and size of each flow control and back pressure valve should be selected to avoid or at least minimize 
cavitation within the valve.

If a control valve is providing back pressure, it shall be positioned to maintain sufficient back pressure for 
operation of the meter and/or prover as applicable. The control valve location should not negatively affect meter 
performance.

Severe shock to loading systems can occur unless certain precautions are taken in the design of the delivery 
facilities, in the construction of the facilities, or in both. Closing the loading or control valve too rapidly can cause 
hydraulic shock, which can damage or change the performance of the meter. This condition can be avoided by 
controlling the rate of closure of the valve involved. The use of slow-closing valves or the control of the rate of 
closure on the loading arms is recommended to reduce line shock. The occurrence and severity of line shock 
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