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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 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 ensure 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. API 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. 

The examples used in the standard 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.  

Users of instructions 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. 

Where applicable, authorities having jurisdiction should be consulted. 

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 instructions. At all times users should employ sound 
business, scientific, engineering, and judgment safety when using this 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, 1220 L Street, NW, Washington, DC 20005. 

Copyright © 2016 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. 

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, 1220 L Street, NW, Washington, DC 20005. 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, 1220 L Street, NW, Washington, DC 20005. 

Suggested revisions are invited and should be submitted to the Standards Department, API, 1220 L Street, NW, 

Washington, DC 20005, standards@api.org. 
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Introduction 

The API Manual of Petroleum Measurement Standards (MPMS) covers individual standards for sampling, 

temperature determination, gauging, and quality testing. This publication integrates these standards, by 

reference, into a framework that may be applied during custody transfer of crude oil from lease tanks to a 

tank truck without requiring direct access to the tank thief gauge hatch. Many of the individual standards 

have guidelines defining the frequency and tolerances for installation, verification, and calibration of the 

specified equipment under controlled or ideal conditions allowing for uncertainty within custody transfer 

requirements. However, with the conditions encountered in many of today’s applications, the installation, 

verification, and calibration of measurement devices may have higher uncertainties due to the operational 

characteristics and limited access available at the lease site. In the interest of safety and environmental 

concerns, these higher uncertainties may still provide acceptable measurement for custody transfer of 

crude oil from tanks using the defined alternate methods. The alternate measurement methods discussed 

in this standard are intended to minimize uncertainty and bias while encouraging consistent measurement 

and testing practices using existing technologies within API standards that are available at the time of the 

development of this standard. They are not intended to interfere with business contracts, existing API 

standards, or the development of new technologies or to comprise the only acceptable alternate methods 

of custody transfer of crude oil by trucks. 
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Custody Transfer of Crude Oil from Lease Tanks Using Alternative Measurement 
Methods 

1 Scope 

This standard defines the minimum equipment and methods used to determine the quantity and quality of crude 
oil being loaded from a lease tank to a truck trailer without requiring direct access to a lease tank gauge hatch. 
Methods and equipment described are grouped by tank zone, trailer zone, and the transition zone between the 
two (see Section 5). The equipment used for measurement is dependent on the existing design of the lease 
equipment, the equipment used to transport the product, or a combination of the two. Some sites may require 
measurements from multiple zones in order to arrive at an accurate load quantity and quality. 

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 2, Tank Calibration – All relevant sections 

API MPMS Chapter 3.1A, Standard Practice for the Manual Gauging of Petroleum and Petroleum Products 

API MPMS Chapter 3.1B, Standard Practice for Level Measurement of Liquid Hydrocarbons in Stationary Tanks by 
Automatic Tank Gauging 

API MPMS Chapter 3.6, Measurement of Liquid Hydrocarbons by Hybrid Tank Measurement Systems 

API MPMS Chapter 4, Proving Systems – All relevant sections 

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

API MPMS Chapter 5.3, Measurement of Liquid Hydrocarbons by Turbine Meters 

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

API MPMS Chapter 5.8, Measurement of Liquid Hydrocarbons by Ultrasonic Flow Meters 

API MPMS Chapter 6.1, Lease Automatic Custody Transfer (LACT) Systems 

API MPMS Chapter 7, Temperature Determination – All relevant sections 

API MPMS Chapter 7.3, Temperature Determination—Fixed Automatic Tank Temperature Systems 

API MPMS Chapter 8.2, Standard Practice for Automatic Sampling of Liquid Petroleum and Petroleum Products 

API MPMS Chapter 9, Density Determination – All relevant sections 

API MPMS Chapter 10, Sediment and Water – All relevant sections 

API MPMS Chapter 12, Calculation of Petroleum Quantities – All relevant sections 

API MPMS Chapter 14.3, Orifice Metering of Natural Gas and Other Related Hydrocarbon Fluids—Concentric, 
Square-edged Orifice Meters – All relevant parts 

API MPMS Chapter 16.2, Mass Measurement of Liquid Hydrocarbons in Vertical Cylindrical Storage Tanks by 
Hydrostatic Tank Gauging 

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

API MPMS Chapter 22.2, Testing Protocols–Differential Pressure Flow Measurement Devices 

  1
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2 API MPMS CHAPTER 18.2 

3  Terms and Definitions 

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

NOTE See API MPMS Chapter 1, online Terms and Definitions Database, for additional terms and definitions applicable to 

this document. 

3.1 

crude oil lease tank 

A tank that is calibrated per API MPMS Chapter 2 standards that stores crude oil from producing leases waiting to 

be transported by a carrier. 

3.2 

crude oil truck driver  

COTD 

Assumes that the driver is also the gauger; however, it should be recognized that these duties may be divided 
between different individuals: a person who only drives the tank truck and a gauger or applicable representative 
who is responsible for measurement and testing. 

3.3 

linearized tank table 

LTT 

The linearized tank table value corresponding to the opening gauge measurement, closing gauge measurement, 
and free water gauge measurement.  

3.4  

merchantability 

A term applied to liquid hydrocarbons judged to be acceptable for custody transfer to a carrier. The oil is settled 
and contains no more than a set amount of suspended sediment and water (S&W) and other impurities. The 
amount of S&W or other impurities shall be agreed upon by both parties to have a mutual understanding of what 
is merchantable product. 

4 Safety 

Safety is an essential part of crude oil trucking operations both on roadways and during custody transfer. API 
MPMS Chapter 18.1 was developed for applications where access to lease tanks to perform the associated 
measurement and quality tasks was not restricted and where the settling and weathering of crude oil prior to 
custody transfer was possible. There are many applications today where these conditions cannot be met. 
Opening thief hatches of storage tanks can lead to the rapid release of high concentrations of hydrocarbon gases 
and vapors. Be aware that those may result in very low oxygen levels and toxic and flammable conditions around 
and over the hatch. This standard was developed to encourage uniform, technically defensible measurement and 
testing practices for crude oil gathered from lease tanks when access to the tank’s thief hatch may be restricted. 

Safety is an essential part of crude oil trucking operations both on roadways and during custody transfer, so the 
crude oil truck driver (COTD) shall be thoroughly familiar with all government and company safety regulations as 
well as API Recommended Practice 2003, which outlines safety procedures that are important for truck 
transports.  

Refer to appropriate government regulations and publications, including the following: 

— OSHA 29 CFR 1910.106, Flammable and Combustible Liquids; 

— OSHA 29 CFR 1910.132, Personal Protective Equipment; 

— OSHA 29 CFR 1910.134, Respiratory Protection; 
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— OSHA 29 CFR 1910.147, The Control of Hazardous Energy (Lockout/Tagout); 

— OSHA 29 CFR 1910.307, Hazardous (Classified) Locations; 

— OSHA 29 CFR 1910.1000, Air Contaminants; 

— OSHA 29 CFR 1910.1200, Hazard Communication; 

— OSHA Publication 3843, NIOSH-OSHA Hazard Alert, Health and Safety Risks for Workers Involved in Manual 
Tank Gauging and Sampling at Oil and Gas Extraction Sites.  

These references are provided for informational purposes only and do not provide legal advice on compliance 
with regulations. Where applicable, authorities having jurisdiction should be consulted. 

5 Selection of Methods for Quantity and Quality Determinations Using Available 
Equipment in Zones 

As stated in the Scope of the document, this standard defines some of the equipment and methods used to 
determine the quantity and quality of oil being loaded from a lease tank to a truck trailer without requiring direct 
access to a lease tank gauge hatch. The methods and equipment that will be used are based on: 

a) establishing a list/matrix of all the existing and/or available equipment in the tank, trailer, and transition zones 
and understanding all the potential uncertainty and bias of the equipment; 

b) understanding and documenting the potential conditions that will exist during the loading of the product that 
may affect the equipment and process used to determine the quantity and quality of the product; 

c) assessing all the data to determine the capability of developing a measurement method or process that will 
provide the lowest uncertainty and minimize any bias to an acceptable level utilizing the available equipment 
in any combination of the three zones. 

Quantity and quality determinations made under many of the conditions experienced in today’s production are 
challenging due to safety and environmental concerns but necessary. Unstabilized liquid hydrocarbons may 
contain varying amounts of dissolved natural gas and some entrained water. These conditions reduce the ability 
of any equipment to achieve its intended accuracy, so it is important to account for them in assessing the potential 
impact to the alternate measurement process developed. The lowest uncertainty will generally be associated with 
the most stabilized product. 

This standard does not address other methods for determination of quantity and quality at locations off-site 
because they are covered by existing industry standards. Other methods, such as mass measurement by weigh 
scale or custody transfer at the loading or unloading point by measurement system, have the potential for much 
lower uncertainty and may have to be considered if the zone methods do not meet an acceptable level of 
uncertainty to all the parties involved in the transaction. 

The following determinations shall be made in one, two, or all of the zones for comparison purposes: 

a) merchantability (see Section 8), 

b) indicated/observed volume, 

c) product temperature, 

d) API gravity and observed temperature, 

e) suspended S&W, 

f) calculated volume (gross standard volume [GSV] and net standard volume [NSV]) (refer to API MPMS 

Chapter 12). 
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4 API MPMS CHAPTER 18.2 

  
Methods and equipment described are grouped by tank zone, trailer zone, and the transition zone between the 

two (see Figure 1). 

 

Figure 1—Zones 

Tank Zone   
A term used to describe the interior of the tank and any equipment attached to the tank, such as a tank gauge. 
The tank zone includes an outlet valve but not a hose. Once the product has left the outlet valve, it is no longer in 
the tank zone. 

Transition Zone  
A term used to describe the area between tank and truck during custody transfer. The transition zone begins once 
the product has left the outlet valve of the tank, such as through a hose, and ends at the start of its destination, 
i.e. an inlet valve of a trailer. 

Trailer Zone  
A term used to describe the interior of a trailer after a product has left the transition zone. The trailer zone begins 
with the inlet valve of a trailer and includes the interior of the trailer. 

See Annex A for the zone matrices to assist in determining available equipment for each measured determination. 

The user, after determining the available measurement equipment for both quality and quantity, shall then assess 
the potential uncertainty and bias that exists (see Section 13). 

6 General Responsibilities for Production Operators and Crude Oil Truck Drivers 

6.1 General 

Because the ownership of the crude oil being gathered can change and the custody is always passed from the 
lease tank to the transporting truck as the crude oil passes the tank’s last fixed outlet flange, accurate custody 
transfer is extremely important to both the shipper and the carrier. Therefore, all measurements shall be taken 
carefully and completed to the full satisfaction of all parties or their authorized representatives.  

6.2 Production Operators 

Production operators should be responsible for ensuring that the oil in the tank is ready for custody transfer. This 
involves making sure that the tank is isolated from production, settled, and weathered. Any free water on the 
bottom of the tank should be drained to ensure that there are at least 4 in. of clearance below the sales outlet of 
the tank. The suspended S&W should also be checked to ensure that it is below the acceptable limits. However, 
achieving these conditions may not always be possible due to excessive production and limited storage tanks. 
When conditions do not allow for tank isolation, proper settling, weathering of the crude oil, and verification of 
suspended S&W in the crude oil, then alternate methods may be used for custody transfer. Whatever conditions 
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exist, the production operator shall ensure that the free water has been drained to an acceptable level below the 
sales outlet of the tank before the truck is dispatched to the lease to pick up the load. 

6.3 Crude Oil Truck Drivers 

The COTD should be responsible for obtaining measurement and testing the oil prior to, during, or after the 
loading process and documenting the information on the run ticket. Detecting and reporting defective or 
inadequate control conditions, such as dents, settling, or leaks, should be completed by the COTD. The API 
MPMS covers individual procedures for sampling, temperature determination, gauging, and quality testing. This 
standard allows for the integration of these procedures into a sequence that can be applied during custody 
transfer of crude oil from lease tanks to a tank truck using alternate measurement methods. 

7 Maintenance and Calibration of Equipment  

This standard assumes that the equipment available for use is installed, calibrated, and maintained to an 
acceptable level based on manufacturer’s recommendations and industry best practices. The following sections 
present installation, calibration, and maintenance considerations when the equipment is introduced in the 
measurement zones. Consult the applicable API MPMS standards for additional information regarding 
requirements for specific devices. 

8 Assessing Oil Merchantability 

The determination of merchantable oil by the application of this standard may carry conditions that require special 
care and consideration. For instance, during start-up of new production leases, the flows may exceed available 
tank storage capacities to the effect of presenting operational constraint limits that do not allow the oil to meet 
properly settled conditions. Additionally, high H2S levels may present conditions that restrict or prevent producers 
from physically gauging and sampling their respective lease tanks, per manual gauging methods. For these 
conditions, additional measurements methods and practices shall be considered for determining oil 
merchantability prior to loading.  

Understanding water levels in tanks is a key component in lease tank load operations. The clearance between the 
bottom of the tank outlet pipe and the top of the free water and sediment level should be ≥4 in. prior to and during 
the loading process.  

If state or other regulations specify a clearance level >4 in., the applicable minimum clearance level shall apply.  

The crude oil transferred may have further specifications or requirements pending applicable contracts between 
the parties and receiving pipeline tariffs. In the event pipeline transportation (destinations) is involved, all crude oil 
transferred should be reviewed for meeting the quality requirements of the applicable transporting pipeline as set 
out in the applicable tariff/rules and regulations.  

9 Measurement Equipment for the Trailer Zone  

 
Trailers have the ability to provide quantity information if properly configured. Horizontal tanks can be strapped or 
water drawn in accordance with industry standards and therefore can provide incremental volumes using manual 
and/or automatic tank gauges (ATGs). Trailers may also have temperature sensors mounted internal to the trailer 
to provide accurate wetted temperatures of the liquids.  

The calibration/verification of the automatic equipment used in the trailer zone might require the use of the manual 
method of gauging the volume of product in the trailer and comparing it to the trailer ATG reading. The manual 
gauging of a strapped horizontal trailer (e.g. API MPMS Chapter 2.2E and Chapter 2.2F) is not addressed in this 
standard. Calibration/verification of onboard trailer ATGs might also be accomplished using a liquid fill calibration 
procedure or a master meter method (e.g. API MPMS Chapter 4.5 and Chapter 4.9.2 and API Standard 2555). 
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