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DISCLAMER

This document combines the 2023 Edition of National Institute of Standards and Technology,
Handbook 44, Specifications, Tolerances, and Other Technical Requirements for Weighing
and Measuring Devices (NIST Handbook 44), Section 3.40. Electric Vehicle Fueling Systems
and the California Code of Regulations, Title 4, Division 9, Chapter 1, Sections 4000, 4001,
and 4002.11. It is intended to serve as a resource for officials enforcing weights and measures
laws and regulations relating to commercial EVSE in California. This document is current until
such time that changes are made to NIST Handbook 44, Section 3.40 or the California Code of
Regulations, Sections 4000 - 4002.11.

Paragraphs not adopted from the 2023 Edition of NIST Handbook 44. are annotated in the
text with the statement [NOT ADOPTED].

Additional language in the CCR section 4002 can be identified in gray shaded font.

Sources: NIST Handbook 44 and 4 CCR 4000, 4001 and 4002 .

CCR Article 1, National Uniformity, Exceptions and Additions

§ 4000. Application. Commercial weighing and measuring devices shall, except where noted
below, conform to the latest requirements set forth in the National Institute of Standards and
Technology Handbook 44 “Specifications, Tolerances, and Other Technical Requirements for
Weighing and Measuring Devices”, which is herein incorporated by reference, and to the
Additional Requirements listed herein. Copies of Handbook 44 may be purchased from the
Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402.
[Added 1994, 4 CCR 4000]

8 4001. Exceptions. The following regulations in Handbook 44 are not adopted or
incorporated by reference (click on § 4001. Exceptions).

§ 4002. Additional Requirements. The following sections apply to devices in addition to the
Handbook 44 requirements that are incorporated by reference. The number in parenthesis
following the section number and section title refers to the related section in Handbook 44; i.e.,
4002.1. General Code (1.10.) refers to Section 1.10. General Code in Handbook 44.

§ 4002. Additional Language .

Note: Authority cited: Sections 12027 and 12107, Business and Professions Code. Reference:
Section 12107, Business and Professions Code.
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Section 3.30. Liquid-Measuring Devices

A. Application
A.l. General. — This code applies to:
(a) devices used for the measurement of liquids; and
(b) wholesale devices used for the measurement and delivery of agri-chemical

liquids such as fertilizers, feeds, herbicides, pesticides, insecticides, fungicides,
and defoliants.

(Added 1985)

A.2. Exceptions. — This code does not apply to:

(a) meters mounted on vehicle tanks (Also see Section 3.31. Code for Vehicle-Tank
Meters.);

(b) devices used for dispensing liquefied petroleum gases (Also see Section 3.32.
Code for Liquefied Petroleum Gas and Anhydrous Ammonia Liquid-Measuring
Devices.);

(c) devices used for dispensing other liquids that do not remain in a liquid state at
atmospheric pressures and temperatures;

(d) water meters;

(e) devices used solely for dispensing a product in connection with operations in
which the amount dispensed does not affect customer charges; or

() mass flow meters. (Also see Section 3.37. Code for Mass Flow Meters.)
(Added 1994)

A.3. Additional Code Requirements. — In addition to the requirements of this code,
liquid-measuring devices shall meet the requirements of Section 1.10. General Code.

S. Specifications
S.1. Indicating and Recording Elements and Recorded Representations.
S.1.1. General. — A liquid-measuring device:
(a) shall be equipped with a primary indicating element; and

(b) may be equipped with a primary recording element.
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S.1.2. Units. — A liquid-measuring device shall indicate, and record if the device is
equipped to record, its deliveries in liters, gallons, quarts, pints, fluid ounces, or
binary-submultiples or decimal subdivisions of the liter or gallon.

(Amended 1987, 1994, and 2006)

S.1.2.1. Retail Motor-Fuel Devices. — Deliveries shall be indicated and
recorded, if the device is equipped to record, in liters or gallons and decimal
subdivisions or fractional equivalents thereof.

(Added 1979)
S.1.2.2. Agri-Chemical Liquid Devices.

S.1.2.2.1. Liquid Measure. — Deliveries shall be indicated and recorded in
liters or gallons and decimal subdivisions or fractional equivalents thereof.

S.1.2.3. Value of Smallest Unit. — The value of the smallest unit of indicated
delivery, and recorded delivery if the device is equipped to record, shall not
exceed the equivalent of:

() 0.5 L (0.1 gal) on devices with a maximum rated flow rate of 750 L/min
(200 gal/min) or less;

(b) 5L (1 gal) on devices with a maximum rated flow of more than 750 L/min
(200 gal/min); or

(c) 5L (1 gal) on meters with a rated maximum flow rate of 375 L/min
(100 gal/min) or more used for jet fuel aviation refueling systems.

(Added 2007)

This requirement does not apply to manually operated devices equipped with
stops or stroke-limiting means.

(Amended 1983, 1986, and 2007)

S.1.3. Advancement of Indicating and Recording Elements. — It shall not be
possible to advance primary indicating and recording elements except by the
mechanical operation of the device. Clearing a device by advancing its elements to
zero is permitted, but only if:

(a) once started, the advancement movement cannot be stopped until zero is
reached; and

(b) in the case of indicating elements only, such elements are automatically
obscured until the elements reach the correct zero position.
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S.1.4. Graduations.

S.1.4.1. Length. — Graduations shall be varied in length so that they may be
conveniently read.

S.1.4.2. Width. — In a series of graduations, the width of:

(a) every graduation shall be at least 0.2 mm (0.008 in) but not greater than
the minimum clear interval between graduations; and

(b) main graduations shall be not more than 50 % greater than the width of
subordinate graduations.

S.1.4.3. Clear Interval Between Graduations. — The clear interval between
graduations shall be not less than 1.0 mm (0.04 in). If the graduations are not
parallel, the measurement shall be made:

(a) along the line of movement of the tip of the index of the indicator as it
passes over the graduations; or

(b) if the indicator extends over the entire length of the graduations, at the
point of widest separation of the graduations.

S.1.5. Indicators.

S.1.5.1. Symmetry. — The portion of the index of an indicator associated with the
graduations shall be symmetrical with respect to the graduations.

S.1.5.2. Length.

(a) If the indicator and the graduations are in different planes, the index of the
indicator shall extend to each graduation with which it is to be used.

(b) If the indicator is in the same plane as the graduations, the distance
between the index of the indicator and the ends of the graduations,
measured along the line of the graduations, shall be not more than
1.0 mm (0.04 in).

S.1.5.3. Width.
(a) The index of an indicator shall not be wider than the width of the narrowest

graduation.
[Nonretroactive as of January 1, 2002]

(Amended 2000)
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(b) If the index of an indicator extends over the entire length of a graduation, it
shall be of uniform width throughout the portion that coincides with the
graduation.

S.1.5.4. Clearance. — If the indicator and the graduations are in different planes,
the clearance between the index of an indicator and the plane of the graduations
shall be no greater than 1.5 mm (0.06 in).

S.1.5.5. Parallax. — Parallax effects shall be reduced to the practical minimum.

S.1.6. Additional Operating Requirements, Retail Devices (Except Slow-flow
Meters).

S.1.6.1. Indication of Delivery. — The device shall automatically show on its
face the initial zero condition and the quantity delivered (up to the nominal
capacity). However, the following requirements shall apply:

For electronic devices manufactured prior to January 1, 2006, the first 0.03 L (or
0.009 gal) of a delivery and its associated total sales price need not be indicated.

For electronic devices manufactured on or after January 1, 2006, the
measurement, indication of delivered quantity, and the indication of total sales
price shall be inhibited until the fueling position reaches conditions necessary to
ensure that the delivery starts at zero.

[Nonretroactive as of January 1, 2006]

(Added 2005)
(Amended 1982 and 2005)

S.1.6.2. Provisions for Power Loss.

S.1.6.2.1. Transaction Information. — In the event of a power loss, the
information needed to complete any transaction in progress at the time of the
power loss (such as the quantity and unit price, or sales price) shall be
determinable for at least 15 minutes at the dispenser or at the console if the
console is accessible to the customer.

[Nonretroactive as of January 1, 1983]

S.1.6.2.2. User Information. — The device memory shall retain information on
the quantity of fuel dispensed and the sales price totals during power loss.
[Nonretroactive as of January 1, 1983]

S.1.6.3. Return to Zero.
(a) The primary indicating elements, and primary recording elements if the

device is equipped to record, shall be readily returnable to a definite zero
indication. However, a key-lock operated or other self-operated device
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may be equipped with cumulative indicating or recording elements,
provided that it is also equipped with a zero-return indicating element.

(b) It shall not be possible to return primary indicating elements, or primary
recording elements beyond the correct zero position.

(c) Primary indicating elements shall not be resettable to zero during a
delivery.

(Amended 1972 and 2016)
S.1.6.4. Display of Unit Price and Product Identity.
S.1.6.4.1. Unit Price.

(a) A computing or money-operated device shall be able to display on
each face the unit price at which the device is set to compute or to
dispense.

(b) Except for dispensers used exclusively for fleet sales, other price
contract sales, and truck refueling (e.g., truck stop dispensers used
only to refuel trucks), whenever a grade, brand, blend, or mixture is
offered for sale from a device at more than one unit price, then all of
the unit prices at which that product is offered for sale shall meet the
following conditions:

(1) For a system that applies a discount prior to the delivery, all unit
prices shall be displayed or shall be capable of being displayed on
the dispenser through a deliberate action of the customer prior to
the delivery of the product. It is not necessary that all of the unit
prices for all grades, brands, blends, or mixtures be simultaneously
displayed prior to the delivery of the product.

[Nonretroactive as of January 1, 1991]

(2) For a system that offers post-delivery discounts on fuel sales,
display of pre-delivery unit price information is exempt from (b)(1),
provided the system complies with S.1.6.8. Recorded
Representations for Transactions Where a Post-Delivery
Discount(s) is Provided.

(Added 2012)

Note: When a product is offered at more than one unit price, display of the unit price
information may be through the deliberate action of the customer: 1) using controls on
the device; 2) through the customer’s use of personal or vehicle-mounted electronic
equipment communicating with the system; or 3) verbal instructions by the customer.
(Added 2012)

(Amended 1989, 1997, and 2012)
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S.1.6.4.2. Product Identity.

(a) A device shall be able to conspicuously display on each side the identity
of the product being dispensed.

(b) A device designed to dispense more than one grade, brand, blend, or
mixture of product also shall be able to display on each side the
identity of the grade, brand, blend, or mixture being dispensed.

S.1.6.5. Money-Value Computations.

(a) A computing device shall compute the total sales price at any single-
purchase unit price (i.e., excluding fleet sales, other price contract sales,
and truck stop dispensers used only to refuel trucks) for which the product
being measured is offered for sale at any delivery possible within either
the measurement range of the device or the range of the computing
elements, whichever is less.

[Nonretroactive as of January 1, 1991]

(b) The analog sales price indicated for any delivered quantity shall not differ
from a mathematically computed price (quantity x unit price = total sales
price) by an amount greater than the value in Table 1. Money-Value
Divisions and Maximum Allowable Variations for Money-Value
Computations on Mechanical Analog Computers.

(Amended 1984, 1989, and 1993)

S.1.6.5.1. Money-Value Divisions, Analog. — The values of the graduated
intervals representing money values on a computing type device shall be no
greater than those in Table 1. Money-Value Divisions and Maximum
Allowable Variations for Money-Value Computations on Mechanical Analog
Computers.

(Amended 1991)
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Table 1. Money-Value Divisions and Maximum Allowable Variations
for Money-Value Computations on Mechanical Analog Computers

Unit Price Maximum Maximum
Unit Price Money-Value Allowable Allowable
To and A o e
From includin Division Variation Variation -
9 Design Test Field Test
$0.25/liter or
0 $1.00/gallon 1¢ + 10 +1¢
$0.25/liter or | $0.75/liter or
$1.00/gallon | $3.00/gallon |  1¢°r2¢ +1¢ t2t
$0.75/liter or | $2.50/liter or L
$3.00/gallon | $10.00/gallon 1¢, 2¢ or 5¢ + 1¢ or + 2%¢ +2¢ or+5¢

S.1.6.5.2. Money-Value Divisions, Digital. — A computing type device with
digital indications shall comply with the requirements of paragraph G.S.5.5.
Money-Values, Mathematical Agreement, and the total price computation
shall be based on quantities not exceeding 0.05 L for devices indicating in
metric units and 0.01 gal intervals for devices indicating in U.S. customary
units.

(Added 1980)

S.1.6.5.3. Auxiliary Elements. — If a system is equipped with auxiliary
indications, all indicated money-value divisions of the auxiliary element shall
be identical with those of the primary element.

[Nonretroactive as of January 1, 1985]

S.1.6.5.4. Selection of Unit Price. — A system shall not permit a change to
the unit price during delivery of product. When a product or grade is offered
for sale at more than one unit price through a computing device, the following
conditions shall be met:

(a) Except for a system only capable of applying a post-delivery
discount(s), the selection of the unit price shall be made prior to
delivery through a deliberate action of the customer to select the unit
price for the fuel delivery.

[Nonretroactive as of January 1, 1991]

(b) For a system only capable of applying a post-delivery discount(s), the
selection of the unit price shall be made through a deliberate action of
the customer to select the unit price for the fuel delivery.

(Added 2012)
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Note: When a product is offered at more than one unit price, selection of the unit price may be
through the deliberate action of the customer: 1) using controls on the device; 2) through the
customer’s use of personal or vehicle-mounted electronic equipment communicating with the
system; or 3) verbal instructions by the customer.

(Added 2012)

The provisions in (a) and (b) do not apply to dispensers used exclusively for
fleet sales, other price contract sales, and truck refueling (e.qg., truck stop
dispensers used only to refuel trucks).

(Added 1989) (Amended 1991, 1992, 1993, 1996, and 2012)

S.1.6.5.5. Display of Quantity and Total Price. — Except for aviation
refueling applications, when a delivery is completed, the total price and
guantity for that transaction shall be displayed on the face of the dispenser for
at least five minutes or until the next transaction is initiated by using controls
on the device or other customer-activated controls.

[Nonretroactive as of January 1, 1994]

(Added 1992) (Amended 1996 and 2007)

S.1.6.5.6. Display of Quantity and Total Price, Aviation Refueling
Applications.

(a) The quantity shall be displayed throughout the transaction.

(b) The total price shall also be displayed under one of the following
conditions:

(1) The total price can appear on the face of the dispenser or through a
controller adjacent to the device.

(2)If a device is designed to continuously compute and display the
total price, then the total price shall be computed and displayed
throughout the transaction for the quantity delivered.

(c) The total price and quantity shall be displayed for at least five minutes
or until the next transaction is initiated by using controls on the device
or other customer-activated controls.

(d) A printed receipt shall be available and shall include, at a minimum, the
total price, quantity, and unit price.
[Nonretroactive as of January 1, 2008]

(Added 2007)
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S.1.6.6. Agreement Between Indications.

(a) When a quantity value indicated or recorded by an auxiliary element is a
derived or computed value based on data received from a retail motor fuel
dispenser, the value may differ from the quantity value displayed on the
dispenser, provided the following conditions are met:

(1) all total money-values for an individual sale that are indicated or
recorded by the system agree; and

(2) within each element, the values indicated or recorded meet the formula
(quantity x unit price = total sales price) to the closest cent.
[Nonretroactive as of January 1, 1988]

(b) When a system applies a post-delivery discount(s) to a fuel’s unit price
through an auxiliary element, the following conditions shall apply for
computed values:

(1) the total volume of the delivery shall be in agreement between all
elements in the system.

(Added 2012)
(Added 1985) (Amended 1987, 1988, and 2012)

S.1.6.7. Recorded Representations. — Except for fleet sales and other price
contract sales and for transactions where a post-delivery discount is provided, a
printed receipt providing the following information shall be available through a
built-in or separate recording element for all transactions conducted with point-of-
sale systems or devices activated by debit cards, credit cards, and/or cash:

(a) the total volume of the delivery;
(b) the unit price;
(c) the total computed price; and

(d) the product identity by name, symbol, abbreviation, or code number.

[Nonretroactive as of January 1, 1986]
(Added 1985) (Amended 1997, 2012, and 2014)

S.1.6.8. Recorded Representations for Transactions Where a Post-Delivery
Discount(s) is Provided. — Except for fleet sales and other price contract sales,
a printed receipt providing the following information shall be available through a
built-in or separate recording element that is part of the system for transactions
involving a post-delivery discount:

3-9



CCR Title 4, Div. 9, CCR 88§ 4000., 4001. and 4002.8.
2023 Edition of NIST HB 44 Section 3.30. Liquid-Measuring Devices

(a) the product identity by name, symbol, abbreviation, or code number;

(b) transaction information as shown on the dispenser at the end of the
delivery and prior to any post-delivery discount(s), including the:

(1) total volume of the delivery;
(2) unit price; and
(3) total computed price of the fuel sale.
(c) an itemization of the post-delivery discounts to the unit price; and

(d) the final total price of the fuel sale after all post-delivery discounts are
applied.

(Added 2012) (Amended 2014)

S.1.6.9. Lubricant Devices, Travel of Indicator. — The indicator shall move at
least 2.5 cm (1 in) in relation to the graduations, if provided, for a delivery of 0.5 L

(1 pt).

S.1.6.10. Automatic Timeout — Pay-At-Pump for Retail Devices. — Once a
device has been authorized, it must deauthorize within three minutes if not
activated. Reauthorization of the device must be performed before any product
can be dispensed. If the time limit to deauthorize the device is programmable, it
shall not accept an entry greater than three minutes.

[Nonretroactive as of January 1, 2017]

(Added 2016) (Amended 2019 and 2021)

S.1.7. Additional Operating Requirements, Wholesale Devices Only.

S.1.7.1. Travel of Indicator. — A wholesale device shall be readily operable to
deliver accurately any quantity from 200 L (50 gal) to the capacity of the device.
If the most sensitive element of the indicating system utilizes an indicator and
graduations, the relative movement of these parts corresponding to a delivery of
4 L (1 gal) shall be not less than 5 mm (0.20 in).

(Amended 1987)

S.1.7.2. Money-Values — Mathematical Agreement. — Any digital money-value
indication and any recorded money-value on a computing-type device shall be in
mathematical agreement with its associated quantity indication or representation
to within 1 cent of money-value.
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S.2. Measuring Elements.

S.2.1. Air/Vapor Elimination. — A measuring system shall be equipped with an
effective air/vapor eliminator or other automatic means to prevent the passage of
air/vapor through the meter. Vent lines from the air/vapor eliminator shall be made
of appropriate non-collapsible material.

(Amended 1975 and 2017)
S.2.1.1. Air/Vapor Elimination on Loading Rack Measuring Systems.

(a) A loading rack measuring system shall be equipped with an effective
air/vapor eliminator or other automatic means to prevent the passage of
air/vapor through the meter unless the system is designed or operationally
controlled by a means such that air/vapor cannot enter the system.

(b) Vent lines from the air/vapor eliminator shall be made of appropriate non-
collapsible material.

(Added 1994) (Amended 2017)

S.2.2. Provision for Sealing. — For devices and systems in which the configuration
or calibration parameters can be changed by use of a removable digital storage
device, security shall be provided for those parameters as specified in G-S.8.2.
Devices and Systems Adjusted Using Removable Digital Storage Devices. For
parameters adjusted using other means, the following applies.

Adequate provision shall be made for an approved means of security (e.g., data
change audit trail) or for physically applying a security seal in such a manner that
requires the security seal to be broken before an adjustment or interchange can be
made of:

(a) any measuring or indicating element;

(b) any adjustable element for controlling delivery rate when such rate tends to
affect the accuracy of deliveries; and

(c) any metrological parameter that will affect the metrological integrity of the
device or system.

When applicable, the adjusting mechanism shall be readily accessible for purposes
of affixing a security seal.

Audit trails shall use the format set forth in Table S.2.2.*
[*Nonretroactive as of January 1, 1995]
(Amended 1991, 1993, 1995, 2006, and 2019)
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Table S.2.2. Categories of Device and Methods of Sealing

Categories of Device

Methods of Sealing

Category 1: No remote
configuration capability.

Seal by physical seal or two event counters: one for
calibration parameters and one for configuration
parameters.

Category 2: Remote
configuration capability, but
access is controlled by
physical hardware.

The device shall clearly
indicate that it is in the remote
configuration mode and record
such message if capable of
printing in this mode or shall
not operate while in this mode.

The hardware enabling access for remote
communication must be on-site. The hardware must
be sealed using a physical seal or an event counter for
calibration parameters and an event counter for
configuration parameters. The event counters may be
located either at the individual measuring device or at
the system controller; however, an adequate number
of counters must be provided to monitor the calibration
and configuration parameters of the individual devices
at a location. If the counters are located in the system
controller rather than at the individual device, means
must be provided to generate a hard copy of the
information through an on-site device.

*Nonretroactive as of January 1, 1996.

Category 3: Remote
configuration capability access
may be unlimited or controlled
through a software switch (e.g.,
password). [Nonretroactive as
of January 1, 1995]

The device shall clearly
indicate that it is in the remote
configuration mode and record
such message if capable of
printing in this mode or shall
not operate while in this mode.
[Nonretroactive as of January
1, 2001]

An event logger is required in the device; it must
include an event counter (000 to 999), the parameter
ID, the date and time of the change, and the new
value of the parameter. A printed copy of the
information must be available on demand through the
device or through another on-site device. The
information may also be available electronically. The
event logger shall have a capacity to retain records
equal to 10 times the number of sealable parameters
in the device, but not more than 1000 records are
required. (Note: Does not require 1000 changes to
be stored for each parameter.)

[Nonretroactive as of January 1, 1995]
(Table Added 2006) (Amended 1995, 1998, 1999, 2006, 2015, and 2022)

S.2.3. Directional Flow Valves. — Valves intended to prevent reversal of flow shall be

automatic in operation.

S.2.4. Stop Mechanism.

S.2.4.1. Indication. — The delivery for which the device is set shall be

conspicuously indicated.
(Amended 1983)
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S.2.4.2. Stroke Limiting Elements. — Stops or other stroke limiting elements
subject to direct pressure or impact shall be:

(a) made secure by positive, nonfrictional engagement of these elements; and

(b) adjustable to provide for deliveries within tolerances.
(Amended 1983)

S.2.4.3. Setting. — If two or more stops or other elements may be selectively
brought into operation to permit predetermined quantities of deliveries:

(a) the position for the proper setting of each such element shall be accurately
defined; and

(b) any inadvertent displacement from the proper setting shall be obstructed.
(Amended 1983)

S.2.5. Zero-Set-Back Interlock for Retail Devices. — A device shall be constructed
So that:

(a) after a delivery cycle has been completed by moving the starting lever to any
position that shuts off the device, an automatic interlock prevents a
subsequent delivery until the indicating elements, and recording elements if
the device is equipped and activated to record, have been returned to their
zero positions;

(b) the discharge nozzle cannot be returned to its designed hanging position (that
is, any position where the tip of the nozzle is placed in its designed receptacle
and the lock can be inserted) until the starting lever is in its designed shut-off
position and the zero-set-back interlock has been engaged; and

(c) in a system with more than one dispenser supplied by a single pump, an
effective automatic control valve in each dispenser prevents product from
being delivered until the indicating elements on that dispenser are in a correct
zero position.

(Amended 1981,1985, and 2019)
S.2.6. Temperature Determination — Wholesale Devices. — For test purposes,
means shall be provided (e.g., thermometer well) to determine the temperature of
the liquid either:

(a) in the liquid chamber of the meter; or

(b) in the meter inlet or discharge line immediately adjacent to the meter.
[Nonretroactive as of January 1, 1985]

(Added 1984) (Amended 1986)
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S.2.7. Wholesale Devices Equipped with Automatic Temperature
Compensators.

S.2.7.1. Automatic Temperature Compensation. — A device may be equipped
with an automatic means for adjusting the indication and registration of the
measured volume of product to the volume at 15 °C (60 °F).

S.2.7.2. Provision for Deactivating. — On a device equipped with an automatic
temperature-compensating mechanism that will indicate or record only in terms
of gallons compensated to 15 °C (60 °F), provision shall be made for deactivating
the automatic temperature-compensating mechanism so that the meter can
indicate and record, if it is equipped to record, in terms of the uncompensated
volume.

(Amended 1972)
S.2.7.3. Provision for Sealing Automatic Temperature-Compensating
Systems. — Provision shall be made for applying security seals in such a manner
that an automatic temperature-compensating system cannot be disconnected
and that no adjustment may be made to the system without breaking the seal.
S.2.7.4. Temperature Determination with Automatic Temperature-
Compensation. — For test purposes, means shall be provided (e.g.,
thermometer well) to determine the temperature of the liquid either:

(a) in the liquid chamber of the meter; or

(b) immediately adjacent to the meter in the meter inlet or discharge line.
(Amended 1987)

S.2.8. Exhaustion of Supply, Lubricant Devices Other than Meter Types. —
When the level of the supply of lubricant becomes so low as to compromise the
accuracy of measurement, the device shall:

(a) automatically become inoperable; or

(b) give a conspicuous and distinct warning.

S.3. Discharge Lines and Valves.

S.3.1. Diversion of Measured Liquid. — No means shall be provided by which any
measured liquid can be diverted from the measuring chamber of the meter or its
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discharge line. Two or more delivery outlets may be installed only if automatic
means are provided to ensure that:

(a) liquid can flow from only one outlet at a time; and

(b) the direction of flow for which the mechanism may be set at any time is clearly
and conspicuously indicated.

An outlet that may be opened for purging or draining the measuring system or for
recirculating, if recirculation is required in order to maintain the product in a
deliverable state, shall be permitted only when the system is measuring food
products, agri-chemicals, biodiesel, or biodiesel blends. Effective automatic means
shall be provided to prevent passage of liquid through any such outlet during normal
operation of the measuring system and to inhibit meter indications (or advancement
of indications) and recorded representations while the outlet is in operation.

(Amended 1991, 1995, 1996, and 2007)

S.3.2. Exceptions. — The provisions of S.3.1. Diversion of Measured Liquid shall not
apply to truck refueling devices when diversion of flow to other than the receiving
vehicle cannot readily be accomplished and is readily apparent. Allowable
deterrents include, but are not limited to, physical barriers to adjacent driveways,
visible valves, or lighting systems that indicate which outlets are in operation, and
explanatory signs.

(Amended 1982, 1990, 1991, and 2002)

S.3.3. Pump-Discharge Unit. — A pump-discharge unit equipped with a flexible
discharge hose shall be of the wet-hose type.

S.3.4. Gravity-Discharge Unit. — On a gravity-discharge unit:
(a) the discharge hose or equivalent pipe shall be of the dry-hose type with no
shutoff valve at its outlet end unless the hose or pipe drains to the same level

under all conditions of use;

(b) the dry-hose shall be sufficiently stiff and only as long as necessary to
facilitate drainage;

(c) an automatic vacuum breaker, or equivalent mechanism, shall be
incorporated to prevent siphoning and to ensure rapid and complete drainage;
and

(d) the inlet end of the hose or outlet pipe shall be high enough to ensure
complete drainage.
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S.3.5. Discharge Hose, Reinforcement. — A discharge hose shall be reinforced so
that the performance of the device is not affected by the expansion or contraction of
the hose.

S.3.6. Discharge Valve. — A discharge valve may be installed in the discharge line
only if the device is of the wet-hose type. Any other shutoff valve on the discharge
side of the meter shall be of the automatic or semiautomatic predetermined-stop
type or shall be operable only:

(a) by means of a tool (but not a pin) entirely separate from the device; or

(b) by mutilation of a security seal with which the valve is sealed open.

S.3.7. Anti-drain Means. — In a wet-hose pressure-type device, means shall be
incorporated to prevent the drainage of the discharge hose.

(Amended 1990)
S.4. Marking Requirements.

S.4.1. Limitation on Use. — The limitations on its use shall be clearly and
permanently marked on any device intended to measure accurately only:

(a) products having particular properties;
(b) under specific installation or operating conditions; or
(c) when used in conjunction with specific accessory equipment.
S.4.2. Air Pressure. — If a device is operated by air pressure, the air pressure
gauge shall show by special graduations or other means the maximum and
minimum working pressures recommended by the manufacturer.
S.4.3. Wholesale Devices.
S.4.3.1. Discharge Rates. — A wholesale device shall be marked to show its
designed maximum and minimum discharge rates. However, the minimum
discharge rate shall not exceed 20 % of the maximum discharge rate.
S.4.3.2. Temperature Compensation. — If a device is equipped with an
automatic temperature compensation, the primary indicating elements, recording
elements, and recorded representation shall be clearly and conspicuously

marked to show that the volume delivered has been adjusted to the volume at
15 °C (60 °F).
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S.4.4. Retail Devices.

S.4.4.1. Discharge Rates. — On a retail device with a designed maximum
discharge rate of 115 L (30 gal) per minute or greater, the maximum and
minimum discharge rates shall be marked in accordance with S.4.4.2. Location of
Marking Information; Retail Dispensers. The marked minimum discharge rate
shall not exceed 20 % of the marked maximum discharge rate.

[Nonretroactive as of January 1, 1985]

(Added 1984) (Amended 2003 and 2019)

Example: With a marked maximum discharge rate of 230 L/min (60 gpm), the
marked minimum discharge rate shall be 45 L/min (12 gpm) or less (e.g.,

40 L/min [10 gpm] is acceptable). A marked minimum discharge rate greater
than 45 L/min (12 gpm) (e.g., 60 L/min [15 gpm]) is not acceptable.

S.4.4.2. Location of Marking Information for Retail Dispensers. — The
marking information required in the General Code, paragraph G-S.1.
Identification shall appear as follows:

(a) within 60 cm (24 in) to 150 cm (60 in) from the base of the dispenser (for a
system in a dispenser);

(b) either internally and/or externally provided the information is permanent
and easily read; and

c) on a portion of the device that cannot be readily removed or interchange
t f the d that tb dil d terch d
(i.e., not on a service access panel).

The use of a dispenser key or tool to access internal marking information is
permitted for retail liquid-measuring devices.
[Nonretroactive as of January 1, 2003]

(Added 2002) (Amended 2004 and 2019)
S.5. Totalizers for Retail Dispensers. — Retail dispensers shall be equipped with a

non-resettable totalizer for the quantity delivered through the metering device.
[Nonretroactive as of January 1, 1995]

(Added 1993) (Amended 1994 and 2019)
N. Notes
N.1. Test Liquid.
N.1.1. Type of Liquid. — The liquid used for testing a liquid-measuring device shall

be the type the device is used to measure, or another liquid with the same general
physical characteristics.
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N.1.2. Labeling. — Following the completion of a successful examination of a
wholesale device, the weights and measures official should attach a label or tag
indicating the type of liquid used during the test.

N.2. Volume Change. — Care shall be taken to minimize changes in volume of the test
liquid due to temperature changes and evaporation losses.

N.3. Test Drafts.

N.3.1. Retail Piston-Type and Visible-Type Devices. — Test drafts shall include
the full capacity delivery and each intermediate delivery for which the device is
designed.

N.3.2. Slow-flow Meters. — Test drafts shall be equal to at least four times the
minimum volume that can be measured and indicated through either a visible
indication or an audible signal.

N.3.3. Lubricant Devices. — Test drafts shall be 1 L (1 qt). Additional test drafts
may include 0.5 L (1 pt), 4 L (4 qt), and 6 L (6 qt).

N.3.4. Other Retail Devices. — On devices with a designed maximum discharge
rate of:

(a) less than 80 L (20 gal) per minute, tests shall include drafts of one or more
amounts, including a draft of at least 19 L (5 gal).

(b) 80 L (20 gal) per minute or greater, tests shall include drafts of one or more
amounts, including a draft of at least the amount delivered by the device in
one minute at the maximum flow rate of the installation.

(Amended 1984)

N.3.5. Wholesale Devices. — The delivered quantity should be equal to at least the
amount delivered by the device in one minute at its maximum discharge rate and
shall in no case be less than 200 L (50 gal).

(Amended 1987 and 1996)
N.4. Testing Procedures.

N.4.1. Normal Tests. — The “normal” test of a device shall be made at the maximum
discharge flow rate developed under the conditions of installation. Any additional
tests conducted at flow rates down to and including one-half of the sum of the
maximum discharge flow rate and the rated minimum discharge flow rate shall be
considered normal tests.

(Amended 1991)
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N.4.1.1. Wholesale Devices Equipped with Automatic Temperature-
Compensating Systems. [NOT ADOPTED - CCR § 4001. Exceptions.]

CCR 8§ 4002.8. Liquid-Measuring Devices. (3.30.). (a) Wholesale Device
Equipped With Automatic Temperature Compensating Systems.

On wholesale devices equipped with automatic temperature compensating
systems, normal tests:

(1) shall be conducted with the temperature compensating system connected
and operating by comparing the compensated volume indicated or recorded to
the actual delivered volume corrected to 600F, and

(2) may be conducted with the temperature compensating system deactivated by
comparing the uncompensated volume indicated or recorded to the actual
delivered volume.

The first test shall be performed with the automatic temperature compensating
system operating in the “as found” condition.

On devices that indicate or record both the compensated and uncompensated
volume for each delivery, the tests in (1) and (2) may be performed as a single
test.

Note: Authority cited: Sections 12027 and 12107, Business and Professions
Code. Reference: Section 12107, Business and Professions Code.

N.4.2. Special Tests. — “Special”’ tests shall be made to develop the operating
characteristics of a device and any special elements and accessories attached to or
associated with the device. Any test except as set forth in N.4.1. Normal Tests shall
be considered a special test.
N.4.2.1. Slow-Flow Meters. — A “special” test shall be made at a flow rate:
(a) not larger than twice the actual minimum flow rate; and
(b) not smaller than the actual minimum flow rate of the installation.

N.4.2.2. Retail Motor-Fuel Devices and DEF Devices

(a) Devices without a marked minimum flow rate shall have a “special’ test
performed at the slower of the following rates:

(1) 19 L (5 gal) per minute; or

(2) the minimum discharge rate at which the device will deliver when
equipped with an automatic discharge nozzle set at its slowest setting.
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(b) Devices with a marked minimum flow rate shall have a “special” test
performed at or near the marked minimum flow rate.

(Added 1984) (Amended 2005 and 2019)

N.4.2.3. Other Retail Devices. — “Special” tests of other retail devices shall be
made at the slower of the following rates:

(a) 50 % of the maximum discharge rate developed under the conditions of
installation; or

(b) the minimum discharge rate marked on the device.

N.4.2.4. Wholesale Devices. — “Special” tests shall be made to develop the
operating characteristics of a measuring system and any special associated or
attached elements and accessories. “Special’ tests shall include a test at or
slightly above the slower of the following rates:

(a) 20 % of the marked maximum discharge rate; or
(b) the minimum discharge rate marked on the device.

In no case shall the test be performed at a flow rate less than the minimum
discharge rate marked on the device.

(Amended 2014)

N.4.3. Money-Value Computation Tests.
N.4.3.1. Laboratory Tests. — When testing the device in the laboratory:

(a) compliance with paragraph S.1.6.5. Money-Value Computations, shall be
determined by using the cone gear as a reference for the total quantity
delivered;

(b) the indicated quantity shall agree with the cone gear representation with
the index of the indicator within the width of the graduation; and

(c) the maximum allowable variation of the indicated sales price shall be as
shown in Table 1. Money-Value Divisions and Maximum Allowable
Variations for Money-Value Computations on Mechanical Analog
Computers.

(Amended 1984)
N.4.3.2. Field Tests. — In the conduct of field tests to determine compliance with

paragraph S.1.6.5. Money-Value Computations, the maximum allowable variation
in the indicated sales price shall be as shown in Table 1. Money-Value Divisions
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and Maximum Allowable Variations for Money-Value Computations on
Mechanical Analog Computers.

(Added 1982) (Amended 1984)
N.4.4. Pour and Drain Times.

N.4.4.1. Pour and Drain Times for Hand-held Test Measures. — Hand-held test
measures require a 30-second (x 5 seconds) pour followed by a 10-second drain
with the measure held at a 10-degree to 15-degree angle from vertical.

N.4.4.2. Drain Times for Bottom Drain Test Measures or Provers. — Bottom
drain field standard provers require a 30-second drain time after main flow
cessation.

(Added 2009)

N.4.5. Verification of Linearization Factors. — All enabled linearization factors
shall be verified. The verification of enabled linearization factors shall be done
through physical testing, or a combination of physical testing and empirical analysis
at the discretion of the official with statutory authority.

(Added 2016)

N.4.6. Repeatability Tests. — Tests for repeatability should include a minimum of
three consecutive test drafts of approximately the same size and be conducted
under controlled conditions where variations in factors such as temperature,
pressure, and flow rate are reduced to the extent that they will not affect the results
obtained. When conducting the tests, the flow rates shall be within the minimum and
maximum discharge rates as marked by the manufacturer. For devices with no
marked minimum and maximum flow rates, the minimum discharge rates shall be as
specified in N.4.2.1. or N.4.2.2. and the maximum discharge rates shall be the
maximum discharge rate developed under the conditions of the installation. For
devices equipped with an automatic temperature compensator, the results shall be
based on the uncompensated (gross) volume (e.g., with the temperature
compensator deactivated).

(Amended 2019)

N.5. Temperature Correction on Wholesale Devices. — Corrections shall be made for
any changes in volume resulting from the differences in liquid temperatures between
time of passage through the meter and time of volumetric determination in the prover.
When adjustments are necessary, appropriate petroleum measurement tables should
be used.

(Amended 1974)

T. Tolerances

T.1. Application to Underregistration and to Overregistration. — The tolerances
hereinafter prescribed shall be applied to errors of underregistration and errors of
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overregistration, whether or not a device is equipped with an automatic temperature
compensator.

T.2. Tolerance Values. — Maintenance, acceptance, and special test tolerances shall
be as shown in Table T.2. Accuracy Classes and Tolerances for Liquid Measuring
Devices Covered in NIST Handbook 44, Section 3.30.

Table T.2. Accuracy Classes and Tolerances for Liquid Measuring
Devices Covered in NIST Handbook 44, Section 3.30.

Accuracy
Class

Application

Acceptance
Tolerance

Maintenance
Tolerance

Special
Test
Tolerance?

0.3

- Petroleum products delivered
from large capacity (flow rates
greater than 115 L/min or 30
gpm)** devices, including motor-
fuel devices

- Heated products (other than
asphalt) at temperatures greater
than 50 °C (122 °F)

- Asphalt at temperatures equal
to or below 50 °C (122 °F)

- All other liquids not shown in
the table where the typical
delivery is over 200 L (50 gal)

0.2 %

0.3 %

0.5%

0.3A

- Asphalt at temperatures
greater than 50 °C (122 °F)

0.3 %

0.3 %

0.5%

0.5*

- Petroleum products delivered
from small capacity (at 4 L/min
(1 gpm) through 115 L/min or 30
gpm)** motor-fuel devices

- Agri-chemical liquids

- All other applications not
shown in the table where the
typical delivery is < 200 L (50
gal)

0.3 %

0.5%

0.5%

11

- Petroleum products and other
normal liquids from devices with
flow rates** less than 1 gpm.

- Devices designed to deliver
less than 1 gal

0.75%

1.0 %

1.25%
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Accuracy o Acceptance [Maintenance Special
Application Test
Class Tolerance | Tolerance 1
Tolerance

* For test drafts < 40 L or 10 gal, the tolerances specified for Accuracy Class 0.5 in
the table above do not apply. For these test drafts, the following applies:

(a) Maintenance tolerances on normal and special tests shall be 20 mL plus 4 mL per
indicated liter or 1 in3 plus 1 in3 per indicated gallon.

(b) Acceptance tolerances on normal and special tests shall be one-half the
maintenance tolerance values.

1 Special test tolerances are not applicable to retail motor fuel and retail Diesel
Exhaust Fluid (DEF) dispensers.

** Flow rate refers to designed or marked maximum flow rate.

(Added 2002) (Amended 2006, 2013 and 2022)

T.3. Repeatability. — When multiple tests are conducted at approximately the same
flow rate and draft size, the range of the test results for the flow rate shall not exceed
40 % of the absolute value of the maintenance tolerance and the results of each test
shall be within the applicable tolerance. This tolerance does not apply to the test of the
automatic temperature-compensating system. (Also see N.4.6. Repeatability Tests.)

(Added 1992) (Amended 2001, 2002, and 2019)
T.4. Automatic Temperature-Compensating Systems. — The difference between the
meter errors (expressed as a percentage) determined with and without the automatic
temperature-compensating system activated shall not exceed:

(a) 0.2 % for mechanical automatic temperature-compensating systems; and

(b) 0.1 % for electronic automatic temperature-compensating systems.
The delivered quantities for each test shall be approximately the same size. The results

of each test shall be within the applicable acceptance or maintenance tolerance.
[Nonretroactive as of January 1, 1988]

(Added 1987) (Amended 1992, 1996, and 2002)

UR. User Requirements
UR.1. Selection Requirements.

UR.1.1. Discharge Hose.
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UR.1.1.1. Length. — The length of the discharge hose on a retail motor-fuel
device:

(a) shall be measured from its housing or outlet of the discharge line to the
inlet of the discharge nozzle;

(b) shall be measured with the hose fully extended if it is coiled or otherwise
retained or connected inside a housing; and

(c) shall not exceed 5.5 m (18 ft) unless it can be demonstrated that a longer
hose is essential to permit deliveries to be made to receiving vehicles or
vessels.

An unnecessarily remote location of a device shall not be accepted as
justification for an abnormally long hose.

(Amended 1972 and 1987)

UR.1.1.2. Marinas and Airports.

UR.1.1.2.1. Length. — The length of the discharge hose shall be as short as
practicable, and shall not exceed 15 m (50 ft) unless it can be demonstrated
that a longer hose is essential.

UR.1.1.2.2. Protection. — Discharge hoses exceeding 8 m (26 ft) in length
shall be adequately protected from weather and other environmental factors
when not in use.

(Made retroactive 1974 and Amended 1984)
UR.2. Installation Requirements.

UR.2.1. Manufacturer’s Instructions. — A device shall be installed in accordance
with the manufacturer’s instructions, and the installation shall be sufficiently secure
and rigid to maintain this condition.

(Added 1987)

UR.2.2. Discharge Rate. — A device shall be installed so that the actual maximum
discharge rate will not exceed the rated maximum discharge rate. Automatic means
for flow regulation shall be incorporated in the installation if necessary.

UR.2.3. Suction Head. — A piston-type device shall be installed so that the total

effective suction head will not be great enough to cause vaporization of the liquid
being dispensed under the highest temperature and lowest barometric pressure

likely to occur.
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UR.2.4. Diversion of Liquid Flow. — A device equipped with two delivery outlets
used exclusively in the fueling of trucks shall be so installed that any diversion of flow
to other than the receiving vehicle cannot be readily accomplished and is readily
apparent. Allowable deterrents include, but are not limited to, physical barriers to
adjacent driveways, visible valves, or lighting systems that indicate which outlets are
in operation, and explanatory signs.

(Amended 1991 and 2019)
UR.2.5. Product Storage Identification.

(a) The fill connection for any petroleum product or other product storage tank or
vessel supplying petroleum product or other products shall be permanently,
plainly, and visibly marked as to product contained.

(b) When the fill connection device is marked by means of a color code, the color
code key shall be conspicuously displayed at the place of business.

(Added 1975) (Amended 1976 and 2019)
UR.3. Use of Device.

UR.3.1. Return of Indicating and Recording Elements to Zero. — On any
dispenser used in making retail deliveries, the primary indicating element, and
recording element if so equipped, shall be returned to zero before each delivery.

Exceptions to this requirement are totalizers on key-lock-operated or other self-
operated dispensers and the primary recording element if the device is equipped to
record.

UR.3.2. Unit Price and Product Identity.

(a) The following information shall be conspicuously displayed or posted on the
face of a retail dispenser used in direct sale:

(1) except for unit prices resulting from any post-delivery discount and
dispensers used exclusively for fleet sales, other price contract sales, and
truck refueling (e.g., truck stop dispensers used only to refuel trucks), all of
the unit prices at which the product is offered for sale; and

(2) in the case of a computing type or money-operated type, the unit price at
which the dispenser is set to compute.

Provided that the dispenser complies with S.1.6.4.1. Display of Unit Price, it is not

necessary that all the unit prices for all grades, brands, blends, or mixtures be
simultaneously displayed or posted.
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(b) The following information shall be conspicuously displayed or posted on each
side of a retail dispenser used in direct sale:

(1) the identity of the product in descriptive commercial terms; and

(2) the identity of the grade, brand, blend, or mixture that a multi-product
dispenser is set to deliver.

(Amended 1972, 1983, 1987, 1989, 1992, 1993, and 2012)

UR.3.3. Computing Device. — Any computing device used in an application where a
product or grade is offered for sale at one or more unit prices shall be used only for
sales for which the device computes and displays the sales price for the selected
transaction.

(Became retroactive 1999)

(Added 1989) (Amended 1992)
The following exceptions apply:
(a) Fleet sales and other price contract sales are exempt from this requirement.

(b) A truck stop dispenser used exclusively for refueling trucks is exempt from
this requirement provided that:

(1) all purchases of fuel are accompanied by a printed receipt of the
transaction containing the applicable price per gallon, the total gallons
delivered, and the total price of the sale; and

(Added 1993)

(2) unless a dispenser complies with S.1.6.4.1. Display of Unit Price, the price
posted on the dispenser and the price at which the dispenser is set to
compute shall be the highest price for any transaction which may be
conducted.

(Added 1993)

(c) A dispenser used in an application where a price per unit discount is offered
following the delivery is exempt from this requirement, provided the following
conditions are satisfied:

() the unit price posted on the dispenser and the unit price at which the
dispenser is set to compute prior to the application of any discount shall
be the highest unit price for any transaction;

(Amended 2014)

(2) all purchases of fuel are accompanied by a receipt recorded by the
system. The receipt shall contain:
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a. the product identity by name, symbol, abbreviation, or code number;

b. transaction information as shown on the dispenser at the end of the
delivery and prior to any post-delivery discount including the:

1. total volume of the delivery;
2. unit price; and

3. total computed price of the fuel sale prior to post-delivery discounts
being applied.

c. an itemization of the post-delivery discounts to the unit price; and

d. the final total price of the fuel sale.
(Added 2012) (Amended 2014)

(Added 1989) (Amended 1992, 1993, 2012, and 2014)

UR.3.4. Printed Ticket. — The total price; the total volume of the delivery; the price
per liter or gallon; and a corresponding alpha or numeric dispenser designation*
shall be shown, either printed by the device or in clear hand script, on any printed
ticket issued by a device and containing any one of these values. Establishments
where no product grades are repeated are exempt from the dispenser designation
requirement.

*[Nonretroactive as of January 1, 2021]

(Amended 2001, 2018, and 2019)

UR.3.5. Steps after Dispensing. — After delivery to a customer from a retail motor-
fuel device:

(a) the starting lever shall be returned to its shutoff position and the zero-set-back
interlock engaged; and

(b) the discharge nozzle shall be returned to its designed hanging position unless
the primary indicating elements, and recording elements, if the device is
equipped and activated to record, have been returned to a definite zero
indication.

UR.3.6. Temperature Compensation, Wholesale.

UR.3.6.1. Automatic.

UR.3.6.1.1. When to be Used. — If a device is equipped with a mechanical
automatic temperature compensator, it shall be connected, operable, and in
use at all times. An electronic or mechanical automatic temperature-
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compensating system may not be removed, nor may a compensated device
be replaced with an uncompensated device, without the written approval of
the responsible weights and measures jurisdiction.

Note: This requirement does not specify the method of sale for product measured through a
meter.

(Amended 1989)
UR.3.6.1.2. Invoices.

(a) A written invoice based on a reading of a device that is equipped with
an automatic temperature compensator shall show that the volume
delivered has been adjusted to the volume at 15 °C (60 °F).

(b) The invoice issued from an electronic wholesale device equipped with
an automatic temperature-compensating system shall also indicate:

(1) the API gravity, specific gravity or coefficient of expansion for the
product;

(2) product temperature; and

(3) gross reading.
(Amended 1987)

UR.3.6.2. Nonautomatic.

UR.3.6.2.1. Temperature Determination. — If the volume of the product
delivered is adjusted to the volume at 15 °C (60 °F), the product temperature
shall be taken during the delivery in:

(a) the liquid chamber of the meter; or
(b) the meter inlet or discharge line adjacent to the meter; or
(c) the compartment of the receiving vehicle at the time it is loaded.

UR.3.6.2.2. Invoices. — The accompanying invoice shall indicate that the
volume of the product has been adjusted for temperature variations to a
volume at 15 °C (60 °F) and shall also state the product temperature used in
making the adjustment.

UR.3.6.3. Period of Use. — When fuel is bought or sold on an automatic or non-
automatic temperature-compensated basis, it shall be bought or sold using this
method over at least a consecutive 12-month period, unless otherwise agreed to
by both the buyer and seller in writing.

(Added 2003)
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U.R.4. Maintenance Requirements.

U.R.4.1. Use of Adjustments. — Whenever a device is adjusted, all enabled
linearization factors shall be verified to determine that the errors are in tolerance
and any adjustments which are made shall be made so as to bring performance
errors as close as practicable to zero value. The verification of enabled
linearization factors shall be done through physical testing or a combination of
testing and empirical analysis.

(Added 2016)

UR.4.2. Security for Retail Motor-Fuel Devices (RMFD). — Any retail motor
fuel device capable of conducting customer-initiated electronic financial
transactions must be secured to substantially restrict the ability of unauthorized
persons to manipulate it to obtain payment information that could be used to
commit fraud. The following is a non-exhaustive list of ways that restriction of
such manipulation may be accomplished:

(a) A physical lock, locking device, or a physical securing device that will
restrict access to the electronic financial transaction compartment of the
RMFD. A lock, locking device, or securing device shall not be
manipulated with commonly available tools. A lock shall not allow the use
of a universal key. A universal key is a key that is readily available in the
market or can be easily purchased in a hardware or common retail store.
A single non-universal key for all of the like devices at a retail facility or for
all of the like devices at a chain of retail facilities is acceptable; or

(b) Electronic alarming or disabling of the equipment if unauthorized access is
attempted; or

(c) Advanced payment acceptance technologies that increase protections
against the theft of payment information itself or do not allow access to
such information in a form that may be used to commit fraud; or

(d) Another security solution that has been approved by the local or state
weights and measures jurisdiction with authority.

(Added 2021)
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Section 3.31. Vehicle-Tank Meters

A. Application

A.l. General. — This code applies to meters mounted on vehicle tanks including those used
for the measurement and delivery of petroleum products or agri-chemical liquids such as
fertilizers, feeds, pesticides, defoliants, and bulk deliveries of water.

(Amended 1985 and 1995)
A.2. Exceptions. — This code does not apply to the following devices:

(a) Devices used for dispensing liquefied petroleum gases, or other liquids that do not
remain in a liquid state at atmospheric pressures and temperatures. (Also see
Section 3.32. Code for Liquefied Petroleum Gas and Anhydrous Ammonia Liquid-
Measuring Devices.)

(b) Devices used solely for dispensing a product in connection with operations in which the
amount dispensed does not affect customer charges.

(c) Vehicle tanks used as measures. (Also see Section 4.40. Code for Vehicle Tanks Used

as Measures.)

(d) Mass flow meters. (Also see Section 3.37. Code for Mass Flow Meters.)
(Added 1994)

(e) Devices used to measure cryogenic liquids. (Also see Section 3.34. Code for Cryogenic

Liquid-Measuring Devices.)

() Devices used to measure carbon dioxide liquids. (Also see Section 3.38. Code for
Carbon Dioxide Liquid-Measuring Devices.)

A.3. Additional Code Requirements. — In addition to the requirements of this code, Vehicle-
Tank Meters shall meet the requirements of 1.10. General Code requirements.

S. Specifications
S.1. Design of Indicating and Recording Elements and of Recorded Representations.
S.1.1. Primary Elements.

S.1.1.1. General. — A meter shall be equipped with a primary indicating element and
may also be equipped with a primary recording element.

Note: Except for systems used solely for the sale of aviation fuel into aircraft and for aircraft-related
operations, vehicle-tank meters shall be equipped with a primary recording element as required by
paragraph UR.2.2. Ticket Printer; Customer Ticket.

(Amended 1993)
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S.1.1.2. Units.

(a) A meter shall indicate, and record if the meter is equipped to record, its deliveries
in terms of liters or gallons. Fractional parts of the liter or gallon shall be in terms
of either decimal or binary subdivisions.

(b) When it is an industry practice to purchase and sell milk by weight based upon
1.03 kg/L (8.6 Ib/gal), the primary indicating element may indicate in kilograms or
pounds and decimal kilograms or pounds. The weight value division shall be a
decimal multiple or submultiple of 1, 2, or 5. (Also see Section S.5.5. Conversion
Factor.)

S.1.1.3. Value of Smallest Unit. — The value of the smallest unit of indicated delivery,
and recorded delivery if the meter is equipped to record, shall not exceed the equivalent
of:

(@) 0.5L (0.1 gal) or 0.5 kg (1 Ib) on milk-metering systems;

(b) 0.5 L (0.1 gal) on meters with a rated maximum flow rate of 750 L/min
(200 gal/min) or less;

(c) 5L (1 gal) on meters with a rated maximum flow of 375 L/min (100 gal/min) or
more used for jet fuel aviation refueling systems; or

(Added 2006)

(d) 5L (1 gal) on other meters.
(Amended 1989, 1994 and 2006)

S.1.1.4. Advancement of Indicating and Recording Elements. — Primary indicating
and recording elements shall be susceptible to advancement only by the mechanical
operation of the meter. However, a meter may be cleared by advancing its elements to
zero, but only if:

(a) the advancing movement, once started, cannot be stopped until zero is reached;
or

(b) in the case of indicating elements only, such elements are automatically
obscured until the elements reach the correct zero position.

S.1.1.5. Return to Zero. — Primary indicating elements shall be readily returnable to a
definite zero indication. Means shall be provided to prevent the return of primary
indicating elements, and of primary recording elements if these are returnable to zero,
beyond their correct zero position. Primary indicating elements shall not be resettable
to zero during a delivery.

(Amended 2016)
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S.1.2. Graduations.

S.1.2.1. Length. — Graduations shall be so varied in length that they may be
conveniently read.

S.1.2.2. Width. — In any series of graduations, the width of a graduation shall in no case
be greater than the width of the minimum clear interval between graduations, and the
width of main graduations shall be not more than 50 % greater than the width of
subordinate graduations. Graduations shall in no case be less than 0.2 mm (0.008 in)
wide.

S.1.2.3. Clear Interval Between Graduations. — The clear interval shall be not less
than 2.5 mm (0.10 in). If the graduations are not parallel, the measurement shall be
made:

(a) along the line of relative movement between the graduations at the end of the
indicator; or

(b) if the indicator is continuous, at the point of widest separation of the graduations.
(Amended 1986)

S.1.3. Indicators.

S.1.3.1. Symmetry. — The index of an indicator shall be symmetrical with respect to the
graduations at least throughout that portion of its length associated with the
graduations.

S.1.3.2. Length. — The index of an indicator shall reach to the finest graduations with
which it is used, unless the indicator and the graduations are in the same plane, in
which case the distance between the end of the indicator and the ends of the
graduations, measured along the line of the graduations, shall be not more than 1.0 mm
(0.04 in).

S.1.3.3. Width. — The width of the index of an indicator in relation to the series of
graduations with which it is used shall be not greater than:

(a) the width of the narrowest graduation;* and
[*Nonretroactive as of January 1, 2002]

(Amended 2001)
(b) the width of the minimum clear interval between graduations.

When the index of an indicator extends along the entire length of a graduation, that
portion of the index of the indicator that may be brought into coincidence with the
graduation shall be of the same width throughout the length of the index that coincides
with the graduation.
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S.1.3.4. Clearance. — The clearance between the index of an indicator and the
graduations shall in no case be more than 1.5 mm (0.06 in).

S.1.3.5. Parallax. — Parallax effects shall be reduced to the practicable minimum.

S.1.3.6. Travel of Indicator. — If the most sensitive element of the primary indicating
element utilizes an indicator and graduations, the relative movement of these parts
corresponding to the smallest indicated value shall not be less than 5 mm (0.20 in).

S.1.4. Computing-Type Device.

S.1.4.1. Display of Unit Price. — In a device of the computing type, means shall be
provided for displaying, in a manner clear to the operator and an observer, the unit price
at which the device is set to compute. The unit price is not required to be displayed
continuously.

(Amended 1983 and 2005)

S.1.4.2. Printed Ticket. — If a computing-type device issues a printed ticket which
displays the total computed price, the ticket shall also have printed clearly thereon the
total quantity of the delivery, the appropriate fraction of the quantity, and the price per
unit of quantity.

(Amended 1989)

S.1.4.3. Money-Value Computations. — Money-value computations shall be of the full-
computing type in which the money-value at a single unit price, or at each of a series of
unit prices, shall be computed for every delivery within either the range of measurement
of the device or the range of the computing elements, whichever is less. Value
graduations shall be supplied and shall be accurately positioned. The value of each
graduated interval shall be one cent. On electronic devices with digital indications, the
total price may be computed on the basis of the quantity indicated when the value of the
smallest division indicated is equal to or less than 0.2 L (0.1 gal) or 0.2 kg (1 Ib).

(Amended 1979 and 1989)

S.1.4.4. Money-Values, Mathematical Agreement. — Any digital money-value
indication and any recorded money-value on a computing-type device shall be in
mathematical agreement with its associated quantity indication or representation to
within one cent of money-value.

S.2. Design of Measuring Elements.

S.2.1. Air/Vapor Elimination. — A measuring system shall be equipped with an effective
air/vapor eliminator or other automatic means to prevent the passage of air/vapor through
the meter. Vent lines from the air/vapor eliminator shall be made of appropriate non-
collapsible material.

(Amended 1993 and 2017)
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S.2.2. Provision for Sealing. — For devices and systems in which the configuration or
calibration parameters can be changed by use of a removable digital storage device,
security shall be provided for those parameters as specified in G-S.8.2. Devices and
Systems Adjusted Using Removable Digital Storage Devices. For parameters adjusted
using other means, the following applies.

Adequate provision shall be made for an approved means of security (e.g., data change
audit trail) or for physically applying a security seal in such a manner that requires the
security seal to be broken before a change or an adjustment or interchange can be made
of:

(a) any measuring or indicating element;

(b) any adjustable element for controlling delivery rate when such rate tends to affect
the accuracy of deliveries; and

(c) any metrological parameter that will affect the metrological integrity of the device or
system.

When applicable, the adjusting mechanism shall be readily accessible for purposes of
affixing a security seal.

Audit trails shall use the format set forth in Table S.2.2. Categories of Device and Methods
Sealing.*

[*Nonretroactive as of January 1, 1995]

(Amended 2006 and 2019)
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Table S.2.2. Categories of Device and Methods of Sealing

Categories of Device

Methods of Sealing

Category 1: No remote
configuration capability.

Seal by physical seal or two event counters: one for
calibration parameters and one for configuration
parameters.

Category 2: Remote
configuration capability, but
access is controlled by physical
hardware.

The device shall clearly indicate
that it is in the remote
configuration mode and record
such message if capable of
printing in this mode or shall not
operate while in this mode.

The hardware enabling access for remote communication
must be on-site. The hardware must be sealed using a
physical seal or an event counter for calibration
parameters and an event counter for configuration
parameters. The event counters may be located either at
the individual measuring device or at the system
controller; however, an adequate number of counters
must be provided to monitor the calibration and
configuration parameters of the individual devices at a
location. If the counters are located in the system
controller rather than at the individual device, means
must be provided to generate a hard copy of the
information through an on-site device.

Category 3: Remote
configuration capability access
may be unlimited or controlled
through a software switch (e.qg.,
password).

The device shall clearly indicate
that it is in the remote
configuration mode and record
such message if capable of
printing in this mode or shall not
operate while in this mode.

An event logger is required in the device; it must include
an event counter (000 to 999), the parameter ID, the date
and time of the change, and the new value of the
parameter. A printed copy of the information must be
available on demand through the device or through
another on-site device. The information may also be
available electronically. The event logger shall have a
capacity to retain records equal to 10 times the number of
sealable parameters in the device, but not more than
1000 records are required. (Note: Does not require
1000 changes to be stored for each parameter.)

[Nonretroactive as of January 1, 1995]
(Table Added 2006) (Amended 2016)

S.2.3. Directional Flow Valves. — Valves intended to prevent reversal of flow shall be
automatic in operation. However, on equipment used exclusively for fueling aircraft, such
valves may be manual in operation.

S.2.4. Zero-Set-Back Interlock, Vehicle-Tank Meters, Electronic. — Except for vehicle-
mounted metering systems used solely for the delivery of aviation fuel, a device shall be so
constructed that after individual or multiple deliveries at one location have been completed,
an automatic interlock system shall engage to prevent a subsequent delivery until the
indicating and, if equipped, recording elements have been returned to their zero position.
For individual deliveries, if there is no product flow for three minutes the transaction must
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be completed before additional product flow is allowed. The three-minute timeout shall be
a sealable feature of an indicator.
[Nonretroactive as of January 1, 2006]

(Added 2005)

S.2.5. Automatic Temperature Compensation for Refined Petroleum Products.

S.2.5.1. Automatic Temperature Compensation for Refined Petroleum Products. —
A device may be equipped with an automatic means for adjusting the indication and
registration of the measured volume of product to the volume at 15 °C for liters or the
volume at 60 °F for gallons and decimal subdivisions or fractional equivalents thereof
where not prohibited by state law.

S.2.5.2. Provision for Deactivating. — On a device equipped with an automatic
temperature-compensating mechanism that will indicate or record only in terms of liters
compensated to 15°C or gallons compensated to 60 °F, provision shall be made for
deactivating the automatic temperature-compensating mechanism so the meter can
indicate and record, if it is equipped to record, in terms of the uncompensated volume.

S.2.5.3. Gross and Net Indications. — A device equipped with automatic temperature
compensation shall indicate or record, if equipped to record, both the gross
(uncompensated) and net (compensated) volume for testing purposes. It is not
necessary that both net and gross volume be displayed simultaneously.

S.2.5.4. Provision for Sealing Automatic Temperature-Compensating Systems. —
Adequate provision shall be made for an approved means of security (e.g., data change
audit trail) or physically applying security seals in such a manner that an automatic
temperature-compensating system cannot be disconnected and no adjustment may be
made to the system.

S.2.5.5. Temperature Determination with Automatic Temperature Compensation. —
For test purposes, means shall be provided (e.g., thermometer well) to determine the
temperature of the liquid either:

(a) in the liquid chamber of the meter; or

(b) immediately adjacent to the meter in the meter inlet or discharge line.

(Added 2007)

S.2.6. Thermometer Well, Temperature Determination. — For test purposes, means shall
be provided (e.g., thermometer well) to determine the temperature of the liquid either in the:

() liquid chamber of the meter; or

(b) meter inlet or discharge line immediately adjacent to the meter.

[Nonretroactive as of January 1, 2012)
(Added 2011)
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S.3. Design of Discharge Lines and Discharge Line Valves.
(Not applicable to milk-metering systems.)

S.3.1. Diversion of Measured Liquid. — No means shall be provided by which any
measured liquid can be diverted from the measuring chamber of the meter or the discharge
line thereof. However, two or more delivery outlets may be installed if means are provided
to ensure that:

(a) liquid can flow from only one such outlet at one time; and

(b) the direction of flow for which the mechanism may be set at any time is definitely and
conspicuously indicated.

This paragraph does not apply to the following:
(1) Equipment used exclusively for fueling aircraft.

(2) Multiple-product, single-discharge hose metering systems that are equipped with
systems designed to flush the discharge hose, provided the flushing system
complies with the provisions of paragraph S.3.1.1. Means for Clearing the Discharge
Hose.

(Amended 2018)

S.3.1.1. Means for Clearing the Discharge Hose. — Metering systems may be
equipped with systems specifically designed to facilitate clearing of the discharge hose
prior to delivery to avoid product contamination. In such systems, a valve to temporarily
divert product from the measuring chamber of the meter to a storage tank shall be
installed only if all the following are met:

(a) the discharge hose remains of the wet hose type;

(b) the valve and associated piping are approved by the weights and measures
authority having jurisdiction over the system prior to commercial use;

(c) the valve is permanently marked with its purpose (e.g., flush valve);

(d) the valve is installed in a conspicuous manner and as far from the hose reel as
practical;

(e) the system clearly and automatically indicates the direction of product flow during
operation of the flush system;

(f) clear means, such as an indicator light or audible alarm, is used to identify when
the valve is in use; and

(9) no hoses or piping are connected to the inlet when it is not in use.
(Added 2018)
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S.3.2. Pump-Discharge Unit. — On a pump-discharge unit, the discharge hose shall be of
the wet-hose type with a shutoff valve at its outlet end. However, a pump-discharge unit
may be equipped also with a dry-hose without a shutoff valve at its outlet end, but only if:

(a) the dry-hose is as short as practicable; and

(b) there is incorporated in the discharge piping, immediately adjacent to the meter,
effective means to ensure that liquid can flow through only one of the discharge
hoses at any one time and that the meter and the wet-hose remain full of liquid at all
times.

S.3.3. Gravity-Discharge Unit. — On a gravity-discharge unit, the discharge hose or
equivalent pipe shall be of the dry-hose type with no shutoff valve at its outlet end. The
dry-hose shall be of such stiffness and only of such length as to facilitate its drainage. The
inlet end of the hose or of an equivalent outlet pipe shall be of such height as to provide for
proper drainage of the hose or pipe. There shall be incorporated an automatic vacuum
breaker or equivalent means to prevent siphoning and to ensure the rapid and complete
drainage.

S.3.4. Discharge Hose. — A discharge hose shall be adequately reinforced.

S.3.5. Discharge Valve. — A discharge valve may be installed in the discharge line only if
the device is of the wet-hose type, in which case such valve shall be at the discharge end
of the line. Any other shutoff valve on the discharge side of the meter shall be of the
automatic or semiautomatic predetermined-stop type or shall be operable only:

(a) by means of a tool (but not a pin) entirely separate from the device; or
(b) by mutilation of a security seal with which the valve is sealed open.

S.3.6. Antidrain Valve. — In a wet-hose, pressure-type device, an effective antidrain valve
shall be incorporated in the discharge valve or immediately adjacent thereto. The antidrain
valve shall function so as to prevent the drainage of the discharge hose. However, a
device used exclusively for fueling and defueling aircraft may be of the pressure type
without an antidrain valve.

S.4. Design of Intake Lines (for Milk-Metering Systems).

S.4.1. Diversion of Liquid to be Measured. — No means shall be provided by which any
liquid can be diverted from the supply tank to the receiving tank without being measured by
the device.

S.4.2. Intake Hose. — The intake hose shall be:
(a) of the dry-hose type;

(b) adequately reinforced;
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(c) not more than 6 m (20 ft) in length, unless it can be demonstrated that a longer hose
is essential to permit pickups from a supply tank; and

(d) connected to the pump at horizontal or above, to permit complete drainage of the
hose.

S.5. Marking Requirements.

S.5.1. Limitation of Use. — If a meter is intended to measure accurately only liquids having
particular properties, or to measure accurately only under specific installation or operating
conditions, or to measure accurately only when used in conjunction with specific accessory
equipment, these limitations shall be clearly and permanently stated on the meter.

S.5.2. Discharge Rates. — A meter shall be marked to show its designed maximum and
minimum discharge rates. However, the minimum discharge rate shall not exceed 20 % of
the maximum discharge rate.

Note: Also see example in Section 3.30. Liquid-Measuring Devices Code, paragraph S.4.4.1. Discharge
Rates.

(Added 2003)

S.5.3. Measuring Components, Milk-Metering System. — All components that affect the
measurement of milk that are disassembled for cleaning purposes shall be clearly and
permanently identified with a common serial number.

S.5.4. Flood Volume, Milk-Metering System. — When applicable, the volume of product
necessary to flood the system when dry shall be clearly, conspicuously, and permanently
marked on the air eliminator.

S.5.5. Conversion Factor. — When the conversion factor of 1.03 kg/L (8.6 Ib/gal) is used to
convert the volume of milk to weight, the conversion factor shall be clearly marked on the
primary indicating element and recorded on the delivery ticket.

(Added 1989)

S.5.6. Temperature Compensation for Refined Petroleum Products. — If a device is
equipped with an automatic temperature compensator, the primary indicating elements,
recording elements, and recorded representations shall be clearly and conspicuously
marked to show the volume delivered has been adjusted to the volume at 15 °C for liters or
the volume at 60 °F for gallons and decimal subdivisions or fractional equivalents thereof.

(Added 2007)
N. Notes
N.1. Test Liquid.

(a) A measuring system shall be tested with the liquid to be commercially measured or with
a liquid of the same general physical characteristics. Following a satisfactory
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examination, the weights and measures official should attach a seal or tag indicating the
product used during the test.

(Amended 1975)

(b) A milk-measuring system shall be tested with the type of milk to be measured when the
accuracy of the system is affected by the characteristics of milk (e.g., positive
displacement meters).

(Added 1989)
(Amended 1975 and 1989)

N.2. Evaporation and Volume Change. — Care shall be exercised to reduce to a minimum,
evaporation losses and volume changes resulting from changes in temperature of the test
liquid.

N.3. Test Drafts. — Test drafts should be equal to at least the amount delivered by the device
in 1 minute at its maximum discharge rate and shall in no case be less than 180 L (50 gal) or
225 kg (500 Ib).

(Amended 1989)
N.4. Testing Procedures.

N.4.1. Normal Tests. — The “normal” test of a measuring system shall be made at the
maximum discharge rate that may be anticipated under the conditions of the installation.
Any additional tests conducted at flow rates down to and including one-half of the sum of
the maximum discharge flow rate and the rated minimum discharge flow rate shall be
considered normal tests.

(Amended 1992)

N.4.1.1. Milk Measuring System. — The “normal” test shall include a determination of
the effectiveness of the air elimination system.

N.4.1.2. Automatic Temperature-Compensating Systems for Refined Petroleum
Products. — On devices equipped with automatic temperature-compensating systems,
normal tests shall be conducted:

(a) by comparing the compensated volume indicated or recorded to the actual
delivered volume corrected to 15 °C for liters or 60 °F for gallons and decimal
subdivisions or fractional equivalents thereof; and

(b) with the temperature-compensating system deactivated, comparing the
uncompensated volume indicated or recorded to the actual delivered volume.

The first test shall be performed with the automatic temperature-compensating system
operating in the “as-found” condition. On devices that indicate or record both the
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compensated and uncompensated volume for each delivery, the tests in (a) and (b) may
be performed as a single test.

(Added 2007)

N.4.2. Special Tests (Except Milk-Measuring Systems). — “Special” tests shall be made
to develop the operating characteristics of a measuring system and any special elements
and accessories attached to or associated with the device. Any test except as set forth in
N.4.1. Normal Tests and N.4.5. Product Depletion Test shall be considered a special test.
Special tests of a measuring system shall be made at a minimum discharge rate of 20 % of
the marked maximum discharge rate or at the minimum discharge rate marked on the
device, whichever is less.

(Amended 1978 and 2005)

N.4.3. Antidrain Valve Test. — The effectiveness of the antidrain valve shall be tested after
the pump pressure in the measuring system has been released and a valve between the
supply tank and the discharge valve is closed.

N.4.4. System Capacity. — The test of a milk-measuring system shall include the
verification of the volume of product necessary to flood the system as marked on the air
eliminator.

N.4.5. Product Depletion Test. — Except for vehicle-mounted metering systems used
solely for the delivery of aviation fuel, the effectiveness of the vapor eliminator or vapor
elimination means shall be tested by dispensing product at the normal flow rate until the
product supply is depleted and continuing until the lack of fluid causes the meter indication
to stop completely for at least 10 seconds. If the meter indication fails to stop completely
for at least 10 seconds, continue to operate the system for 3 minutes. Finish the test by
switching to another compartment with sufficient product to complete the test on a multi-
compartment vehicle or by adding sufficient product to complete the test to a single
compartment vehicle. When adding product to a single compartment vehicle, allow
appropriate time for any entrapped vapor to disperse before continuing the test. Test drafts
shall be of the same size and run at approximately the same flow rate.

(Added 2005)

N.4.6. Verification of Linearization Factors. — All enabled linearization factors shall be
verified. The verification of enabled linearization factors shall be done through physical
testing or a combination of physical testing and empirical analysis at the discretion of the
official with statutory authority.

(Added 2016)

N.4.7. Repeatability Tests. — Tests for repeatability should include a minimum of three
consecutive test drafts of approximately the same size and be conducted under controlled
conditions where variations in factors such as temperature, pressure, and flow rate are
reduced to the extent that they will not affect the results obtained. When conducting the
tests, the flow rates shall be within the minimum and maximum discharge rates as marked
by the manufacturer. For devices equipped with an automatic temperature compensator,
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the results shall be based on the uncompensated (gross) volume (e.g., with the
temperature compensator deactivated).

(Amended 2019)

N.5. Temperature Correction for Refined Petroleum Products. — Corrections shall be
made for any changes in volume resulting from the differences in liquid temperatures between
the time of passage through the meter and the time of volumetric determination in the prover.
When adjustments are necessary, appropriate petroleum measurement tables should be used.
(Added 2007)

T. Tolerances

T.1. Application.

T.1.1. To Underregistration and to Overregistration. — The tolerances hereinafter
prescribed shall be applied to errors of underregistration and errors of overregistration.

T.2. Tolerance Values. — Tolerances shall be as shown in Table 1. Accuracy Classes and
Tolerances for Vehicle-Tank Meters Other Than Vehicle-Mounted Milk Meters and Table 2.
Tolerances for Vehicle-Mounted Milk Meters.

(Amended 1995)

Table 1. Accuracy Classes and Tolerances for Vehicle Tank Meters Other
Than Vehicle-Mounted Milk Meters

Accuracy Acceptance| Maintenance | Special Test
Class Application Tolerance | Tolerance Tolerance

- Petroleum products delivered from
large capacity (flow rates over
115 L/min or 30 gpm)** devices,
including motor-fuel devices

- Heated products (other than
asphalt) at temperatures greater
than 50 °C (122 °F)

- Asphalt at temperatures equal to or
below 50 °C (122 °F)

- All other liquids not shown in the
table where the typical delivery is
greater than 200 L (50 gal)

- Asphalt at temperatures greater 0 . .
than 50 °C (122 °F) 0.3 % 0.3% 0.5 %

0.3 0.15% 0.3 % 0.45 %

0.3A
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Accuracy
Class

Application

Acceptance
Tolerance

Maintenance
Tolerance

Special Test
Tolerance

0.5*

- Petroleum products delivered from
small capacity (at 4 L/min (1 gpm)
through 115 L/min or 30 gpm)**
motor-fuel devices

- Agri-chemical liquids

- All other applications not shown in
the table where the typical delivery
is <200 L (50 gal)

0.3 %

0.5%

0.5%

11

- Petroleum products and other
normal liquids from devices with
flow rates** less than 4 L/min
(2 gpm) and

- Devices designed to deliver less
than 4 L (1 gal)

0.75%

1.0%

1.25 %

15

- Water: Overregistration

15%

15%

1.5%

Water: Underregistration

15%

15%

5.0%

* For 5 gal and 10 gal test drafts, the tolerances specified for Accuracy Class 0.5 in the table

above do not apply. For these test drafts, the maintenance tolerances on normal and special
tests for 5 gal and 10 gal test drafts are 6 in® and 11 in3, respectively. Acceptance tolerances
on normal and special tests are 3 in® and 5.5 in3.
** Flow rate refers to designed or marked maximum flow rate.
(Added 2002) (Amended 2013)

Table 2. Tolerances for Vehicle-Mounted Milk Meters

Indication Maintenance Tolerance Acceptance Tolerance
(gallons) (gallons) (gallons)

100 0.5 0.3

200 0.7 0.4

300 0.9 0.5

400 1.1 0.6

500 1.3 0.7
Over 500 _ A_dd 0.002 gallon per Add 0.001 gallon per indicated

indicated gallon over 500 gallon over 500
(Added 1989)
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T.2.1. Automatic Temperature-Compensating Systems. — The difference between the
meter errors (expressed as a percentage) determined with and without the automatic
temperature-compensating system activated shall not exceed:

(a) 0.2 % for mechanical automatic temperature-compensating systems; and
(b) 0.1 % for electronic automatic temperature-compensating systems.

The delivered quantities for each test shall be approximately the same size. The results of
each test shall be within the applicable acceptance or maintenance tolerance.

(Added 2007) (Amended 2010)

T.3. Repeatability. — When multiple tests are conducted at approximately the same flow rate
and draft size, the range of the test results for the flow rate shall not exceed 40 % of the
absolute value of the maintenance tolerance and the results of each test shall be within the
applicable tolerance. (Also see N.4.7. Repeatability Tests.)

(Added 1992) (Amended 2001, 2002, and 2019)

T.4. Product Depletion Test. — The difference between the test result for any normal test and
the product depletion test shall not exceed 0.5 % of the volume delivered in one minute at the
maximum flow rate marked on the meter for meters rated higher than 380 Lpm (100 gpm) or
0.6 % of the volume delivered in one minute at the maximum flow rate marked on the meter for
meters rated 380 Lpm (100 gpm) or lower. Test drafts shall be of the same size and run at
approximately the same flow rate.

Note: The result of the product depletion test may fall outside of the applicable test tolerance as specified in
Table 1. Accuracy Classes and Tolerances for Vehicle-Tank Meters.

(Amended 2013)
UR. User Requirements
UR.1. Installation Requirements.

UR.1.1. Discharge Rate. — A meter shall be so installed that the actual maximum
discharge rate will not exceed the rated maximum discharge rate. If necessary, means for
flow regulation shall be incorporated in the installation, in which case this shall be fully
effective and automatic in operation.

UR.1.2. Unit Price. — There shall be displayed on the face of a device of the computing
type the unit price at which the device is set to compute.

UR.1.3. Intake Hose. — The intake hose in a milk-metering system shall be installed to
permit complete drainage and ensure that all available product is measured following each
pickup.

UR.1.4. Liquid Measured. — A vehicle-tank meter shall continue to be used to measure the
same liquid or one with the same general physical properties as that used for calibration
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and weights and measures approval unless the meter is recalibrated with a different
product and tested by a registered service agency or a weights and measures official and
approved by the weights and measures jurisdiction having statutory authority over the
device.

(Added 2003)
UR.2. Use Requirements.

UR.2.1. Return of Indicating and Recording Elements to Zero. — The primary indicating
elements (visual), and the primary recording elements, when these are returnable to zero,
shall be returned to zero immediately before each delivery is begun and after the pump has
been activated and the product to be measured has been supplied to the measuring
system.

(Amended 1981)

UR.2.2. Ticket Printer, Customer Ticket. [NOT ADOPTED - CCR 8§ 4001. Exceptions.]

CCR 8§ 4002.3. Vehicle-Tank Meters. (3.31.). UR.2.2. Ticket Printer; Customer Ticket.

Vehicle-mounted metering systems shall be equipped with a ticket printer which shall be
used for all sales where product is delivered through the meter. A copy of the ticket issued
by the device shall be left with the customer at the time of delivery or as otherwise specified
by the customer.

[Nonretroactive as of January 1, 1995.]

Note: Authority cited: Sections 12027 and 12107, Business and Professions Code.
Reference: Section 12107, Business and Professions Code

UR.2.2.1. Exceptions for the Sale of Aviation Fuel. — The provisions of UR.2.2. Ticket
Printer, Customer Ticket shall not apply to vehicle-mounted metering systems used
solely for the delivery of aviation fuel into aircraft and for aircraft-related operations.

(Added 1999)

UR.2.3. Ticket in Printing Device. — A ticket shall not be inserted into a device equipped
with a ticket printer until immediately before a delivery is begun, and in no case shall a
ticket be in the device when the vehicle is in motion while on a public street, highway, or
thoroughfare.

UR.2.4. Credit for Flood Volume. — The volume of product necessary to flood the system
as marked on the air eliminator shall be individually recorded on the pickup ticket of each
seller affected.

UR.2.5. Automatic Temperature Compensation for Refined Petroleum Products.

UR.2.5.1. When to be Used. — In a state that does not prohibit, by law or regulation, the
sale of temperature-compensated product, a device equipped with an activated
automatic-temperature compensator shall be connected, operable, and in use at all
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times. An electronic or mechanical automatic temperature-compensating device or
system may not be removed or deactivated, nor may a compensated device be
replaced with an uncompensated device or system, without the written approval of the
responsible weights and measures jurisdiction.

Note: This requirement does not specify the method of sale for products measured through a meter.
(Amended 2009)

UR.2.5.2. Period of Use. — When fuel is bought or sold on an automatic temperature
compensation basis, it shall be bought or sold using this basis over at least a
consecutive 12-month period unless otherwise agreed to by both the buyer and seller in
writing.

(Added 2009)

UR.2.5.3. Invoices. — An invoice based on a reading of a device that is equipped with
an automatic temperature compensator shall show that the volume delivered has been
adjusted to the volume at 15 °C for liters or the volume at 60 °F for gallons and decimal
subdivisions or fractional equivalents thereof.

(Added 2007)
UR.2.6. Clearing the Discharge Hose.

UR.2.6.1. Records. — Whenever, prior to delivery, a different product is pumped
through the discharge hose to avoid contamination, a record including the date, time,
original product, new product, and gallons pumped shall be maintained. These records
shall be kept for a period of 12 months and available for inspection by the weights and
measures authority having jurisdiction over the system.

(Added 2018)
UR.3. Maintenance Requirements.

UR.3.1. Use of Adjustments. — Whenever a device is adjusted, all enabled linearization
factors shall be verified to determine that the errors are in tolerance and any adjustments
which are made shall be made so as to bring performance errors as close as practicable to
zero value. The verification of enabled linearization factors shall be done through physical
testing or a combination of physical testing and empirical analysis.

(Added 2016)
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Section 3.32. Liquefied Petroleum Gas and Anhydrous Ammonia
Liquid-Measuring Devices?

A. Application

A.1. General. — This code applies to devices used for the measurement of liquefied petroleum
gas and anhydrous ammonia in the liquid state, whether such devices are installed in a
permanent location or mounted on a vehicle. For retail motor-fuel devices, see Appendix D,
definition of “liquefied petroleum gas retail motor-fuel device.”

(Amended 2022)

A.2. Devices Used to Measure Other Liquid Products not Covered in Specific Codes. —
Insofar as they are clearly appropriate, the requirements and provisions of the code may be
applied to devices used for the measurement of other liquids that do not remain in a liquid
state at atmospheric pressures and temperatures.

A.3. Exceptions. — This code does not apply to mass flow meters. (Also see Section 3.37.
Code for Mass Flow Meters.)

(Added 1994)
A.4. Additional Code Requirements. — In addition to the requirements of this code, LPG and
Anhydrous Ammonia Liquid-Measuring Devices shall meet the requirements of Section 1.10.
General Code.

S. Specifications
S.1. Design of Indicating and Recording Elements and of Recorded Representations.

S.1.1. Primary Elements.

S.1.1.1. General. — A device shall be equipped with a primary indicating element and
may also be equipped with a primary recording element.

Note: Vehicle-mounted metering systems shall be equipped with a primary recording element as required
by paragraph UR.2.6. Ticket Printer; Customer Ticket.

S.1.1.2. Units. — A device shall indicate, and record if the device is equipped to record,
its deliveries in terms of liters, gallons, quarts, pints, or binary-submultiple or decimal
subdivisions of the liter or gallon.

(Amended 1987)

1Title amended 1986.
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S.1.1.3. Value of Smallest Unit. — The value of the smallest unit of indicated delivery,
and recorded delivery if the device is equipped to record, shall not exceed the
equivalent of:

() 0.5 L (1 pt) on retail devices; or

(b) 5L (1 gal) on wholesale devices.
(Amended 1987)

S.1.1.4. Advancement of Indicating and Recording Elements. — Primary indicating
and recording elements shall be susceptible to advancement only by the mechanical
operation of the device. However, a device may be cleared by advancing its elements
to zero, but only if:

(a) the advancing movement, once started, cannot be stopped until zero is reached,;
or

(b) in the case of indicating elements only, such elements are automatically
obscured until the elements reach the correct zero position.

S.1.1.5. Money-Values, Mathematical Agreement. — Any digital money-value
indication and any recorded money-value on a computing-type device shall be in
mathematical agreement with its associated quantity indication or representation to
within 1 cent of money-value; except that a stationary retail computing-type device must
compute and indicate to the nearest 1 cent of money-value. (Also see

Section 1.10. General Code, G-S.5.5. Money-Values, Mathematical Agreement.)

(Amended 1984 and 1988)

S.1.1.6. Printed Ticket. — Any printed ticket issued by a device of the computing type
on which there is printed the total computed price, shall have printed clearly thereon the
total volume of the delivery in terms of liters or gallons, and the appropriate decimal
fraction of the liter or gallon, and the corresponding price per liter or gallon.

(Added 1979) (Amended 1987)
S.1.2. Graduations.

S.1.2.1. Length. — Graduations shall be so varied in length that they may be
conveniently read.

S.1.2.2. Width. — In any series of graduations:

(a) the width of a graduation shall in no case be greater than the width of the
minimum clear interval between graduations;

(b) the width of main graduations shall be not more than 50 % greater than the width
of subordinate graduations; and

(c) graduations shall in no case be less than 0.2 mm (0.008 in) in width.
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S.1.2.3. Clear Interval between Graduations. — The clear interval shall be not less
than 1.0 mm (0.04 in). If the graduations are not parallel, the measurement shall be
made:

(a) along the line of relative movement between the graduations at the end of the
indicator; or

(b) if the indicator is continuous, at the point of widest separation of the graduations.
S.1.3. Indicators.

S.1.3.1. Symmetry. — The index of an indicator shall be symmetrical with respect to the
graduations, at least throughout that portion of its length associated with the
graduations.

S.1.3.2. Length. — The index of an indicator shall reach to the finest graduations with
which it is used, unless the indicator and the graduations are in the same plane, in
which case the distance between the end of the indicator and the ends of the
graduations, measured along the line of graduations, shall be not more than 1.0 mm
(0.04 in).

S.1.3.3. Width. — The width of the index of an indicator in relation to the series of
graduations with which it is used shall be not greater than:

(a) the width of the narrowest graduation;* and
[*Nonretroactive as of January 1, 2002]

(Amended 2001)
(b) the width of the minimum clear interval between graduations.

When the index of an indicator extends along the entire length of a graduation, that
portion of the index of the indicator that may be brought into coincidence with the
graduation shall be of the same width throughout the length of the index that coincides
with the graduation.

S.1.3.4. Clearance. — The clearance between the index of an indicator and the
graduations shall in no case be more than 1.5 mm (0.06 in).

S.1.3.5. Parallax. — Parallax effects shall be reduced to the practicable minimum.
S.1.4. For Retail Devices Only.

S.1.4.1. Indication of Delivery. — A retail device shall automatically show on its face
the initial zero condition and the quantity delivered up to the nominal capacity of the
device. However, the following requirements shall apply:

(a) For electronic devices manufactured prior to January 1, 2006, the first 0.03 L (or
0.009 gal) of a delivery and its associated total sales price need not be indicated.
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(b) For electronic devices manufactured on or after January 1, 2006, the
measurement, indication of delivered quantity, and the indication of total sales
price shall be inhibited until the fueling position reaches conditions necessary to
ensure that the delivery starts at zero.

[Nonretroactive as of January 1, 2006]

(Amended 2016)
S.1.4.2. Return to Zero.

(a) Primary indicating elements shall be readily returnable to a definite zero
indication.

(b) Primary recording elements on a stationary retail device shall be readily
returnable to a definite zero indication if the device is equipped to record.

(c) Means shall be provided to prevent the return of primary indicating elements and
of primary recording elements if these are returnable to zero, beyond their correct
zero position.

(d) Primary indicating elements shall not be resettable to zero during a delivery.
(Amended 1990 and 2016)

S.1.5. For Stationary Retail Devices Only.

S.1.5.1. Display of Unit Price and Product Identity. — A device of the computing type
shall display on each face the unit price at which the device is set to compute or to
deliver, and there shall be conspicuously displayed on each side of the device the
identity of the product that is being dispensed.

Except for dispensers used exclusively for fleet sales and other price contract sales, all
of the unit prices at which that product is offered for sales shall meet the following
conditions:

(a) For a system that applies a discount prior to the delivery, all unit prices shall be
displayed or shall be capable of being displayed on the dispenser through a
deliberate action of the purchaser prior to the delivery of the product. It is not
necessary that all of the unit prices be simultaneously displayed prior to the
delivery of the product.

[Nonretroactive as of January 1, 2016]

(b) For a system that offers post-delivery discounts on fuel sales, display of pre-
delivery unit price information is exempt from (a) above, provided the system
complies with S.1.5.5. Recorded Representations for Transactions Where a
Post-Delivery Discount(s) is Provided.

Note: When a product is offered at more than one unit price, display of the unit price
information may be through the deliberate action of the customer: 1) using controls on
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the device; 2) through the customer’s use of personal or vehicle-mounted electronic
equipment communicating with the system; or 3) verbal instructions by the customer.

(Amended 2016)

S.1.5.2. Money-Value Computations. — A computing device shall compute the total
sales price at any single-purchase unit price (excluding fleet sales and other price
contract sales) for which the product is offered for sale at any delivery possible within
either the measurement range of the device or the range of the computing elements,
whichever is less. The analog money-value indication shall not differ from the
mathematically computed money-value (quantity x unit price = sales price), for any
delivered quantity, by an amount greater than the values shown in Table 1. Money-
Value Divisions and Maximum Allowable Variations for Money-Value Computations on
Mechanical Analog Computers.

(Amended 1995)

Table 1. Money-Value Divisions and Maximum Allowable Variations for
Money-Value Computations on Mechanical Analog Computers

Monev- Maximum Maximum
Unit Price | Unit Price: To Valug Allowable Allowable
From and Including S Variation: Design Variation: Field
Division
Test Test
$0.25/liter or
0 $1.00/gallon 1¢ + 10 +1¢
$0.25/liter or | $0.75/liter or
$1.00/gallon | $3.00/gallon | 1¢°r2¢ + 10 +20
$0.75/liter or | $2.50/liter or
$3.00/gallon | $10.00/gallon | 1€ °r2¢ + 10 +20
$0.75/liter or | $2.50/liter or L
$3.00/gallon | $10.00/gallon S 270 50

S.1.5.2.1. Money-Value Divisions, Analog. — The value of the graduated intervals
representing money-values on a computing-type device with analog indications shall
be as follows:

(a) Not more than 1 cent at all unit prices up to and including $0.25 per liter or
$1.00 per gallon.

(b) Not more than 2 cents at unit prices greater than $0.25 per liter or $1.00 per
gallon up to and including $0.75 per liter or $3.00 per gallon.

(c) Not more than 5 cents at all unit prices greater than $0.75 per liter or
$3.00 per gallon.

(Amended 1984)
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S.1.5.2.2. Money-Value Divisions, Digital. — A computing-type device with digital
indications shall comply with the requirements of paragraph G.-S.5.5. Money-
Values, Mathematical Agreement, and the total price computation shall be based on
guantities not exceeding 0.01 gal intervals for devices indicating in U.S. customary
units and 0.05 L for devices indicating in metric units.

S.1.5.2.3. Money-Value Divisions, Auxiliary Indications. — In a system equipped
with auxiliary indications, all indicated money-value divisions shall be identical.
[Nonretroactive as of January 1, 1985.]

S.1.5.3. Agreement Between Indications.

(a) When a quantity value indicated or recorded by an auxiliary element is a derived
or computed value based on data received from a device, the value may differ
from the quantity value displayed on the dispenser, provided that the following
conditions are met:

(1) All total values for an individual sale that are indicated or recorded by the
system agree, and

(2) Within each element, the values indicated or recorded meet the formula
(quantity x unit price = total sale price) to the closest cent.

(b) When a system applies a post-delivery discount(s) to a fuel’s unit price through
an auxiliary element, the total volume of the delivery shall be in agreement
between all elements in the system.

[Nonretroactive as of January 1, 2016]

(Added 2016)

S.1.5.4. Recorded Representations. — Except for fleet sales and other price contract
sales and for transactions where a post-delivery discount is provided, a receipt
providing the following information shall be available through a built-in or separate
recording element for all transactions conducted with point-of-sale systems or devices
activated by debit cards, credit cards, and/or cash:

(a) the total volume of the delivery;
(b) the unit price;
(c) the total computed price; and

(d) the product identity by name, symbol, abbreviation, or code number.
(Added 2014) (Amended 2016)

S.1.5.5. Recorded Representations for Transactions Where a Post-Delivery

Discount(s) is Provided. — Except for fleet sales and other price contract sales, a
printed receipt providing the following information shall be available through a built-in or
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separate recording element that is part of the system for transactions involving a post-
delivery discount:

(a) the product identity by name, symbol, abbreviation, or code number;

(b) transaction information as shown on the dispenser at the end of the delivery and
prior to any post-delivery discount(s), including the:

(1) total volume of the delivery;
(2) unit price; and
(3) total computed price of the fuel sale.
(c) an itemization of the post-delivery discounts to the unit price; and

(d) the final total price of the fuel sale after all post-delivery discounts are applied.
(Added 2016)

S.1.5.6. Transaction Information, Power Loss. — In the event of a power loss, the
information needed to complete any transaction in progress at the time of the power
loss (such as the quantity and unit price, or sales price) shall be determinable for at
least 15 minutes at the device or another on-site device accessible to the customer.
[Nonretroactive as of January 1, 2017]

(Added 2016)

S.1.5.7. Totalizers for Retail Motor-Fuel Dispensers. — Retail motor-fuel dispensers
shall be equipped with a nonresettable totalizer for the quantity delivered through the
metering device.

[Nonretroactive as of January 1, 2017]

(Added 2016)
S.1.6. For Wholesale Devices Only.

S.1.6.1. Travel of Indicator. — A wholesale device shall be readily operable to deliver
accurately any quantity from 180 L (50 gal) to the capacity of the device. If the most
sensitive element of the indicating system uses an indicator and graduations, the
relative movement of these parts corresponding to a delivery of 4 L (1 gal) shall be not
less than 5 mm (0.20 in).

(Amended 1987)
S.2. Design of Measuring Elements.
S.2.1. Air/Vapor Elimination. — A measuring system shall be equipped with an effective
air/vapor eliminator or other automatic means to prevent the passage of air/vapor through

the meter. Vent lines from the air/vapor eliminator shall be made of appropriate non-
collapsible material.
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(Amended 2016 and 2018)

S.2.2. Provision for Sealing. — For devices and systems in which the configuration or
calibration parameters can be changed by use of a removable digital storage device,
security shall be provided for those parameters as specified in G-S.8.2. Devices and
Systems Adjusted Using Removable Digital Storage Devices. For parameters adjusted
using other means, the following applies.

Adequate provision shall be made for an approved means of security (e.g., data change
audit trail) or for physically applying a security seal in such a manner that requires the
security seal to be broken before an adjustment or interchange can be made of:

(a) any measuring or indicating element;

(b) any adjustable element for controlling delivery rate, when such rate tends to affect
the accuracy of deliveries; and

(c) any metrological parameter that will affect the metrological integrity of the device or
system.

When applicable, the adjusting mechanism shall be readily accessible for purposes of
affixing a security seal.

Audit trails shall use the format set forth in Table S.2.2. Categories of Device and Methods
of Sealing.*
[*Nonretroactive as of January 1, 1995]

(Amended 2006 and 2019)
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Table S.2.2. Categories of Device and Methods of Sealing

Categories of Device

Methods of Sealing

Category 1: No remote configuration
capability.

Seal by physical seal or two event
counters: one for calibration parameters
and one for configuration parameters.

Category 2: Remote configuration
capability, but access is controlled by
physical hardware.

The device shall clearly indicate that it is in
the remote configuration mode and record
such message if capable of printing in this
mode or shall not operate while in this
mode.

The hardware enabling access for remote
communication must be on-site. The
hardware must be sealed using a physical
seal or an event counter for calibration
parameters and an event counter for
configuration parameters. The event
counters may be located either at the
individual measuring device or at the
system controller; however, an adequate
number of counters must be provided to
monitor the calibration and configuration
parameters of the individual devices at a
location. If the counters are located in the
system controller rather than at the
individual device, means must be
provided to generate a hard copy of the
information through an on-site device.

Category 3: Remote configuration
capability access may be unlimited or
controlled through a software switch (e.g.,
password).

The device shall clearly indicate that it is in
the remote configuration mode and record
such message if capable of printing in this
mode or shall not operate while in this
mode.

An event logger is required in the device;
it must include an event counter

(000 to 999), the parameter ID, the date
and time of the change, and the new
value of the parameter. A printed copy of
the information must be available on
demand through the device or through
another on-site device. The information
may also be available electronically. The
event logger shall have a capacity to
retain records equal to 10 times the
number of sealable parameters in the
device, but not more than 1000 records
are required. (Note: Does not require
1000 changes to be stored for each
parameter.)

[Nonretroactive as of January 1, 1995]
(Table Added 2006) (Amended 2016)
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S.2.3. Directional Flow Valves. — A measuring system shall be equipped with a valve or
other effective means, automatic in operation and installed in or adjacent to the measuring
element, to prevent reversal of flow of the product being measured.

(Amended 1982)

S.2.4. Maintenance of Liquid State. — A device shall be so designed and installed that the
product being measured will remain in a liquid state during the passage through the meter.

S.2.5. Zero-Set-Back Interlock.

S.2.5.1. Zero-Set-Back Interlock, Electronic Stationary Meters (Other than
Stationary Retail Motor- Fuel Dispensers) and Electronic Vehicle-Mounted Meters.
- A device shall be so constructed that after an individual delivery or multiple deliveries
at one location have been completed, an automatic interlock system shall engage to
prevent a subsequent delivery until the indicating element and, if equipped, recording
element have been returned to their zero position.

[Nonretroactive as January 1, 2021]

(Added 2019) (Amemded 2021)

S.2.5.2. Zero-Set-Back Interlock for Stationary Retail Motor-Fuel Devices. — A
device shall be constructed so that:

(a) after a delivery cycle has been completed by moving the starting lever to any
position that shuts off the device, an automatic interlock prevents a
subsequent delivery until the indicating elements and recording elements, if
the device is equipped and activated to record, have been returned to their
zero positions;

(b) the discharge nozzle cannot be returned to its designed hanging position (that
IS, any position where the tip of the nozzle is placed in its designed receptacle
and the lock can be inserted) until the starting lever is in its designed shut-off
position and the zero-set-back interlock has been engaged; and

(c) in a system with more than one dispenser supplied by a single pump, an
effective automatic control valve in each dispenser prevents product from
being delivered until the indicating elements on that dispenser are in a correct
zero position.

[Nonretroactive as of January 1, 2017]
(Added 2016)

S.2.6. Automatic Timeout.
S.2.6.1. Electronic Stationary (Other than Stationary Retail Motor-Fuel
Dispensers) and Electronic Vehicle-Mounted Meters. — For individual deliveries, if
there is no product flow for three minutes the transaction must be completed before

additional product flow is allowed. The three-minute timeout shall be a sealable feature
on an indicator.
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[Nonretroactive as of January 1, 2021]
(Added 2021)

S.2.6.2. Automatic Timeout Pay-at-Pump Retail Motor-Fuel Devices — Once a
device has been authorized, it must deauthorize within three minutes if not activated.
Reauthorization of the device must be performed before any product can be dispensed.
If the time limit to deauthorize the device is programmable, it shall not accept an entry
greater than three minutes.

[Nonretroactive as of January 1, 2022]

(Added 2021)

S.2.7. Thermometer Well. For test purposes, means shall be provided to determine the
temperature of the liquid either:

(a) in the liquid chamber of the meter; or

(b) in the meter inlet or discharge line and immediately adjacent to the meter.
(Amended 1987) (Renumbered 2019)

S.2.8. Automatic Temperature Compensation. (Formerly CCR 4001.Exceptions.S.2.6.)
CCR §4002.4. (3.32).8 4002.4. Liquefied Petroleum Gas and Anhydrous Ammonia Liquid-

Measuring Devices. (3.32.) (a) Temperature Compensation.

All liquefied petroleum gas measuring devices with a manufacturer's maximum rated flow
capacity exceeding 20 gallons per minute shall be equipped with automatic means to correct
the volume delivered to the volume at 60°F. The automatic temperature compensator shall be
connected, operable and in use at all times.

(Adopted, 4 CCR 4002.4.)
S.3 Design of Discharge Lines and Discharge Line Valves.

S.3.1. Diversion of Measured Liquid. — No means shall be provided by which any
measured liquid can be diverted from the measuring chamber of the meter or the discharge
line therefrom. However, two or more delivery outlets may be permanently installed if
means are provided to insure that:

(a) liquid can flow from only one such outlet at one time; and

(b) the direction of flow for which the mechanism may be set at any time is definitely and
conspicuously indicated.

In addition, a manually controlled outlet that may be opened for the purpose of emptying a
portion of the system to allow for repair and maintenance operations shall be permitted.
Effective means shall be provided to prevent the passage of liquid through any such outlet
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during normal operation of the device and to indicate clearly and unmistakably when the
valve controls are so set as to permit passage of liquid through such outlet.

(Amended 1975)

CCR §4002.4. Liquefied Petroleum Gas and Anhydrous Ammonia Liquid-Measuring
Devices. (3.32.). (b).

The provisions of Handbook 44, Section 3.32., S.3.1, Liquefied Petroleum Gas and
Anhydrous Ammonia Liquid-Measuring Devices Code shall not apply to equipment located
at wholesale loading terminals when used exclusively for the purpose of filling transports
utilizing the spray fill, or when the delivery is being made simultaneously to truck and trailer
from one meter when the product being delivered into the truck and trailer is being
purchased by the same person.

(Adopted, 4 CCR 4002.4)

S.3.2. Delivery Hose. — The delivery hose of a retail device shall be of the wet-hose type
with a shutoff valve at its outlet end.

S.4. Marking Requirements.

S.4.1. Limitation of Use. — If a device is intended to measure accurately only products
having particular properties, or to measure accurately only under specific installation or
operating conditions, or to measure accurately only when used in conjunction with specific
accessory equipment, these limitations shall be clearly and permanently stated on the
device.

S.4.2. Discharge Rates. — A device shall be marked to show its designed maximum and
minimum discharge rates. The marked minimum discharge rate shall not exceed:

(a) 20 L (5 gal) per minute for stationary retail devices; or

(b) 20 % of the marked maximum discharge rate for other retail devices and for
wholesale devices.

(Amended 1987)

Note: Also see example in Section 3.30. Liquid-Measuring Devices Code, paragraph S.4.4.1. Discharge Rates.
(Added 2003)

S.4.3. Location of Marking Information; Retail Motor-Fuel Dispensers. — The marking
information required in General Code, paragraph G-S.1. Identification shall appear as
follows:

(a) within 60 cm (24 in) to 150 cm (60 in) from the base of the dispenser;

(b) either internally and/or externally provided the information is permanent and easily
read; and
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(c) on a portion of the device that cannot be readily removed or interchanged (i.e., not
on a service access panel).

The use of a dispenser key or tool to access internal marking information is permitted for
retail motor-fuel dispensers.
[Nonretroactive as of January 1, 2003]

(Added 2006)

S.4.4. Temperature Compensation. — If a device is equipped with an automatic
temperature compensator, the primary indicating elements, recording elements, and
recorded representation shall be clearly and conspicuously marked to show that the volume
delivered has been adjusted to the volume at 15 °C (60 °F).

N. Notes

N.1. Test Liquid. — A device shall be tested with the liquid to be commercially measured or with
a liquid of the same general physical characteristics.

N.2. Vaporization and Volume Change. — Care shall be exercised to reduce to a minimum,
vaporization and volume changes.

N.3. Test Drafts. — Test drafts should be equal to at least the amount delivered by the device
in one minute at its normal discharge rate.

(Amended 1982)
N.4. Testing Procedures.

N.4.1. Normal Tests. — The “normal”’ test of a device shall be made at the maximum
discharge flow rate developed under the conditions of the installation. Any additional tests
conducted at flow rates down to and including one-half the sum of the maximum discharge
flow rate and the rated minimum discharge flow rate shall be considered normal tests.

(Amended 1998)

N.4.1.1. Automatic Temperature Compensation. [NOT ADOPTED - CCR § 4001.
Exceptions.]

CCR 8§ 4002.4. Liquefied Petroleum Gas and Anhydrous Ammonia Liquid-
Measuring Devices. (3.32.). (c).

Wholesale Deices Equipped With Automatic Temperature Compensating Systems. On
wholesale devices equipped with automatic temperature compensating systems, normal
tests:

(1) Shall be conducted with the temperature compensating system connected and
operating by comparing the compensated volume indicated or recorded to the actual
delivered volume corrected to 60°F; and
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(2) May be conducted with the temperature compensating system deactivated,
comparing the uncompensated volume indicated or recorded to the actual delivered
volume.

The first test shall be performed with the automatic temperature compensating system
operating in the “as found” condition. On devices that indicate or record both the
compensated and uncompensated volume for each delivery, the tests in (1) and (2) may
be performed as a single test.

(Adopted, 4 CCR 4002.4)

N.4.2. Special Tests. — “Special” tests shall be made to develop the operating
characteristics of a device and any special elements and accessories attached to or
associated with the device. Any test except as set forth in N.4.1. Normal Tests shall be
considered a special test.

N.4.2.1. For Motor-Fuel Devices. — A motor-fuel device shall be so tested at a
minimum discharge rate of:

(a) 20 L (5 gal) per minute; or
(b) the minimum discharge rate marked on the device, whichever is less.

N.4.2.2. For Other Retail Devices. — A retail device other than a motor-fuel device shall
be tested at a minimum discharge rate of the:

(a) minimum discharge rate that can be developed under the conditions of
installation; or

(b) minimum discharge rate marked on the device, whichever is greater.
(Amended 1973)

N.4.2.3. For Wholesale Devices. — “Special” tests on a wholesale device shall
include a test at, or slightly above, the minimum discharge rate marked on the device.
In no case shall the test be performed at a flow rate less than the minimum discharge
rate marked on the device.

(Amended 1987 and 2017)
N.4.3. Money-Value Computation Tests.

N.4.3.1. Laboratory Design Evaluation Tests. — In the conduct of laboratory design
evaluation tests, compliance with paragraph S.1.5.2. Money-Value Computations shall
be determined by using the cone gear as a reference for the total quantity delivered.
The indicated delivered quantity shall agree with the cone gear representation with the
index of the indicator within the width of the graduation. The maximum allowable
variation of the indicated sales price shall be as shown in Table 1. Money-Value
Divisions and Maximum Allowable Variations for Money-Value Computations on
Mechanical Analog Computers.
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N.4.3.2. Field Tests. — In the conduct of field tests to determine compliance with
paragraph S.1.5.2. Money-Value Computations the maximum allowable variation in the
indicated sales price shall be as shown in Table 1. Money-Value Divisions and
Maximum Allowable Variations for Money-Value Computations on Mechanical Analog
Computers.

(Added 1984)

N.4.4. Repeatability Tests . — Tests for repeatability should include a minimum of three
consecutive test drafts of approximately the same size and be conducted under controlled
conditions where variations in factors such as temperature, pressure, and flow rate are
reduced to the extent that they will not affect the results obtained. When conducting the
tests, the discharge rates shall be within the minimum and maximum discharge rates as
marked by the manufacturer. For devices equipped with an automatic temperature
compensator, results shall be based on the uncompensated (gross) volume (e.g., with the
temperature compensator deactivated).

(Amended 2019)

N.5. Temperature Correction. — Adjustments shall be made for any changes in volume
resulting from the differences in liquid temperatures between time of passage through the
meter and time of volumetric determination in the prover. When adjustments are necessary,
appropriate petroleum measurement tables should be used.

T. Tolerances
T.1. Application.

T.1.1. To Underregistration and to Overregistration. — The tolerances hereinafter
prescribed shall be applied to errors of underregistration and errors of overregistration,
whether or not a device is equipped with an automatic temperature compensator.

T.2. Tolerance Values. — The maintenance and acceptance tolerances for normal and special
tests shall be as shown in Table T.2. Accuracy Classes and Tolerances for LPG and
Anhydrous Ammonia Liquid-Measuring Devices.

(Amended 2003)

Table T.2. Accuracy Classes and Tolerances for LPG and Anhydrous
Ammonia Liquid-Measuring Devices

Accuracy L Acceptance | Maintenance | Special Test
Application
Class Tolerance Tolerance Tolerance
Anhydrous ammonia, LPG
1.0 (including vehicle-mounted 0.6 % 1.0% 1.0%
meters)

(Added 2003)
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T.3. Repeatability. — When multiple tests are conducted at approximately the same flow rate
and draft size, the range of the test results for the flow rate shall not exceed 40 % of the
absolute value of the maintenance tolerance and the results of each test shall be within
applicable tolerance. (Also see N.4.4. Repeatability Tests)

(Added 1992) (Amended 1997, 2001, and 2019)

T.4. Automatic Temperature-Compensating Systems. — The difference between the meter
errors (expressed as a percentage) determined with and without the automatic temperature-
compensating system activated shall not exceed:

(a) 1.0 % for mechanical automatic temperature-compensating systems; and
(b) 0.5 % for electronic automatic temperature-compensating systems.

The delivered quantities for each test shall be approximately the same size. The results of
each test shall be within the applicable acceptance or maintenance tolerance.

(Added 1991) (Amended 1992, 1996, and 1997)
UR. User Requirements
UR.1. Installation Requirements.

UR.1.1. Discharge Rate. — A device shall be so installed that the actual maximum
discharge rate will not exceed the rated maximum discharge rate. If necessary, means for
flow regulation shall be incorporated in the installation, in which case this shall be fully
effective and automatic in operation.

UR.1.2. Length of Discharge Hose. — The length of the discharge hose on a stationary
motor-fuel device shall not exceed 5.5 m (18 ft), measured from the outside of the housing
of the device to the inlet end of the discharge nozzle, unless it can be demonstrated that a
longer hose is essential to permit deliveries to be made to receiving vehicles or vessels.
Unnecessarily remote location of a device shall not be accepted as justification for an
abnormally long hose.

(Amended 1991)
UR.2. Use Requirements.

UR.2.1. Return of Indication and Recording Elements to Zero. — The primary indicating
elements (visual), and the primary recording elements when these are returnable to zero,
shall be returned to zero before each delivery.

UR.2.2. Condition of Fill of Discharge Hose. — The discharge hose shall be completely
filled with liquid before the “zero” condition is established prior to the start of a commercial
delivery, whether this condition is established by resetting the primary indicating elements
to zero indication or by recording the indications of the primary indicating elements. (Also
see UR.2.1. Return of Indication and Recording Elements to Zero.)

3-68



UR.2.3. Vapor-Return Line. — [NOT ADOPTED - CCR § 4001. Exceptions.]

CCR 8§ 4002.4. Liquefied Petroleum Gas and Anhydrous Ammonia Liquid-Measuring
Devices. (3.32.)(d).

Vapor-Return Line. During any metered delivery of liquefied petroleum gas from a
supplier's tank to a receiving container, there shall be no vapor-return line from the
receiving container to the supplier's tank.

(Adopted, 4 CCR 4002.4)
UR.2.4. Temperature Compensation.

UR.2.4.1. Use of Automatic Temperature Compensators. — If a device is equipped
with an automatic temperature compensator, this shall be connected, operable, and in
use at all times. Such automatic temperature compensator may not be removed, nor
may a compensated device be replaced with an uncompensated device, without the
written approval of the weights and measures authority having jurisdiction over the
device.

UR.2.4.2. Temperature Compensated Sale. — All sales of liquefied petroleum gas in a
liquid state, when the quantity is determined by an approved measuring system
equipped with a temperature-compensating mechanism, or by weight and converted to
liters or gallons, or by a calibrated container, shall be in terms of liters or the U.S. gallon
of 231 in% at 15 °C (60 °F).

(Added 1984)

UR.2.4.3. Invoices. — Any invoice based on a reading of a device that is equipped with
an automatic temperature compensator or based on a weight converted to gallons, or
based on the volume of a calibrated container, shall have shown thereon that the
volume delivered has been adjusted to the volume at 15 °C (60 °F).

(Amended 1984)

UR.2.4.4. Automated Temperature-Compensating Systems. — Means for
determining the temperature of measured liquid in an automatic temperature-
compensating system shall be so designed and located that, in any “usual and
customary” use of the system, the resulting indications and/or recorded representations
are within applicable tolerances.

(Added 1987)

UR.2.5. Ticket in Printing Device. — A ticket shall not be inserted into a device equipped
with a ticket printer until immediately before a delivery is begun, and in no case shall a
ticket be in the device when the vehicle is in motion while on a public street, highway, or
thoroughfare.

UR.2.6. Ticket Printer; Customer Ticket. — Vehicle-mounted metering systems shall be
equipped with a ticket printer. The ticket printer shall be used for all sales; a copy of the
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ticket issued by the device shall be left with the customer at the time of delivery or as
otherwise specified by the customer.

(Added 1992)

UR.2.7. For Stationary Retail Computing-Type Systems Only, Installed After
January 1, 2017.

UR.2.7.1. Unit Price and Product Identity.

(a) The following information shall be conspicuously displayed or posted on the face
of a retail dispenser used in a direct sale:

(1) except for unit prices resulting from any post-delivery discount and dispensers
used exclusively for fleet sales, other price contract sales, and truck refueling
(e.g., truck stop dispensers used only to refuel trucks), all of the unit prices at
which the product is offered for sale; and

(2) in the case of a computing-type device or money-operated type device, the
unit price at which the dispenser is set to compute.

Provided that the dispenser complies with S.1.5.1. Display of Unit Price and
Product Identity, it is not necessary that all the unit prices be simultaneously
displayed or posted.

(b) The following information shall be conspicuously displayed or posted on each
side of a retail dispenser used in a direct sale:

(1) The identity of the product in descriptive commercial terms; and

(2) The identity of the grade, brand, blend, or mixture that a multi-product
dispenser is set to deliver.

(Added 2016)

CCR 8 4002.4. Liquefied Petroleum Gas and Anhydrous Ammonia Liquid-
Measuring Devices. (3.32.) (e) Signs.

Any retail liquefied petroleum gas dispenser, with the exception of those mounted on a
motor vehicle, shall display a sign showing the price schedule of all transactions. The
sign shall be where it is plainly discernable to the customer. All letters, figures or
numerals used to express the price schedule shall be at least three-quarters of an inch
in height.

(Adopted, 4 CCR 4002.4)
UR.2.7.2. Computing Device. — Any computing device used in an application where a
product or grade is offered for sale at one or more unit prices shall be used only for

sales for which the device computes and displays the sales price for the selected
transaction. The following exceptions apply:
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(a) Fleet sales and other price contract sales are exempt from this requirement.

(b) A truck stop dispenser used exclusively for refueling trucks is exempt from this
requirement provided that:

(1) all purchases of fuel are accompanied by a printed receipt of the transaction
containing the applicable price per unit of measure, the total quantity
delivered, and the total price of the sale; and

(2) unless a dispenser complies with S.1.5.1. Display of Unit Price, the price
posted on the dispenser and the price at which the dispenser is set to
compute shall be the highest price for any transaction which may be
conducted.

(c) A dispenser used in an application where a price per unit discount is offered
following the delivery is exempt from this requirement, provided the following
conditions are satisfied:

(1) the unit price posted on the dispenser and the unit price at which the
dispenser is set to compute shall be the highest unit price for any transaction;

(2) all purchases of fuel are accompanied by a receipt recorded by the system for
the transaction containing:

a. the product identity by name, symbol, abbreviation, or code number;

b. transaction information as shown on the dispenser at the end of the
delivery and prior to any post-delivery discount including the:

1. total volume of the delivery;
2. unit price; and

3. total computed price of the fuel sale prior to post-delivery discounts
being applied.

c. an itemization of the post-delivery discounts to the unit price; and

d. the final total price of the fuel sale after all post-delivery discounts are
applied.

(Added 2016)
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Section 3.33. Hydrocarbon Gas Vapor-Measuring Devices!

A. Application

A.l. General. — This code applies to devices used for the measurement of hydrocarbon gas
in the vapor state, such as propane, propylene, butanes, butylenes, ethane, methane, natural
gas, and any other hydrocarbon gas/air mix.

(Amended 1984, 1986, 1988, and 1991)

A.2. Exceptions. — This code does not apply to:

(a) Liquid-measuring devices used for dispensing liquefied petroleum gases in liquid form.
(Also see Section 3.32. Code for Liquefied Petroleum Gas and Anhydrous Ammonia
Liquid-Measuring Devices.)

(b) Natural, liquefied petroleum, and manufactured-gas-vapor meters when these are
operated in a public utility system.

(c) Mass flow meters. (Also see Section 3.37. Code for Mass Flow Meters.)
(Added 1994)

A.3. Additional Code Requirements. — In addition to the requirements of this code,

Hydrocarbon Gas Vapor-Measuring Devices shall meet the requirements of Section 1.10.
General Code.

S. Specifications
S.1. Design of Indicating and Recording Elements and of Recorded Representations.
S.1.1. Primary Elements.

S.1.1.1. General. — A device shall be equipped with a primary indicating element and
may also be equipped with a primary recording element.

S.1.1.2. Units. — A volume-measuring device shall indicate, and record if equipped to
record, its deliveries in terms of cubic meters or cubic feet, or multiple or decimal
subdivisions of cubic meters or cubic feet.

(Amended 1972 and 1991)

S.1.1.3. Value of Smallest Unit. — The value of the smallest unit of indicated delivery,
and recorded delivery if the device is equipped to record, shall not exceed:

1Title changed 1986.
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(a) 1 m3 (1000 dm?) (100 ft3) when the maximum rated gas capacity is less than
280 m3/h (10 000 ft¥/h);

(b) 10 m?3 (1000 ft3) when the maximum rated gas capacity is 280 m3/h (10 000 ft3/h)
up to, but not including, 1700 m3/h (60 000 ft3/h); and

(c) 100 m? (10 000 ft3) when the maximum rated gas capacity is 1700 m3/h
(60 000 ft3/h) or more.

(Amended 1972, 1988, and 1991)

S.1.1.4. Advancement of Indicating and Recording Elements. — Primary indicating
and recording elements shall advance digitally or continuously and be susceptible to
advancement only by the mechanical operation of the device.

S.1.1.5. Proving Indicator. — Devices rated less than 280 m3/h (10 000 ft3/h) gas
capacity shall be equipped with a proving indicator measuring 0.025, 0.05, 0.1, 0.2, or
0.25 m? per revolution, (1, 2, 5, or 10 ft3 per revolution) for testing the meter. Devices
with larger capacities shall be equipped as follows:

(a) Devices rated 280 m? (10 000 ft3) up to but not including 1700 m3/h (60 000 ft3/h)
gas capacity shall be equipped with a proving indicator measuring not greater
than 1 m® (100 ft®) per revolution.

(b) Devices rated 1700 m3h (60 000 ft3/h) gas capacity or more shall be equipped
with a proving indicator measuring not more than 10 m?3 (1000 ft3) per revolution.

The test circle of the proving indicator shall be divided into ten equal parts.
Additional subdivisions of one or more of such equal parts may be made.

(Amended 1973 and 1988)
S.1.2. Graduations.

S.1.2.1. Length. — Graduations shall be so varied in length that they may be
conveniently read.

S.1.2.2. Width. — In any series of graduations, the width of a graduation shall in no case
be greater than the width of the minimum clear interval between graduations, and in no
case should it exceed 1.0 mm (0.04 in) for indicating elements and 0.5 mm (0.02 in) for
proving circles.

S.1.2.3. Clear Interval Between Graduations. — The clear interval shall be not less
than 1.0 mm (0.04 in). If the graduations are not parallel, the measurement shall be
made:

(a) along the line of relative movement between the graduations at the end of the
indicator; or

(b) if the indicator is continuous, at the point of widest separation of the graduations.



S.1.3. Indicators.

S.1.3.1. Symmetry. — The index of an indicator shall be symmetrical with respect to the
graduations, at least throughout that portion of its length associated with the
graduations.

S.1.3.2. Length. — The index of an indicator shall reach to the finest graduations with
which it is used.

S.1.3.3. Width. — The width of the index of an indicator in relation to the series of
graduations with which it is used shall be not greater than the:

(a) width of the narrowest graduation;* and
[*Nonretroactive as of January 1, 2002]

(Amended 2001)
(b) width of the minimum clear interval between graduations.

When the index of an indicator extends along the entire length of a graduation, that
portion of the index of the indicator that may be brought into coincidence with the
graduation shall be of the same width throughout the length of the index that coincides
with the graduation.

S.1.3.4. Clearance. — The clearance between the index of an indicator and the
graduations shall in no case be more than 1.5 mm (0.06 in).

S.1.3.5. Parallax. — Parallax effects shall be reduced to the practicable minimum.
S.2. Design of Measuring Elements.

S.2.1. Pressure Regulation. — The vapor should be measured at a normal gauge pressure
(psig) of:
(Amended 1991)

(a) 2740 Pa £ 685 Pa (11 in of water column (0.40 psig) = 2.75 in of water column
(0.10 psig)) for liquefied petroleum gas vapor; or

(b) 1744 Pa £ 436 Pa (7 in of water column (0.25 psig) = 1.75 in of water column
(0.06 psig)) for natural and manufactured gas.

When vapor is measured at a pressure other than what is specified above for the specific

product, a volume multiplier shall be applied within the meter or to the billing invoice based
on the following equation:
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Where:
VPM=Volume pressure multiplier
AAP = Assumed atmospheric pressure in Pa or psia
GP =Gauge pressure in Pa or psig
NGP=Normal gauge pressure in Pa or psig

Figure 1 - Image of Equation to Determine the Volume Pressure Multiplier.

The assumed atmospheric pressure is to be taken from Table 2. Corrections for Altitude,
U.S. Customary Units and Table 2M. Corrections for Altitude, Metric Units.

When liquefied petroleum gas vapor is measured at a pressure of 6900 Pa (1 psig) or
more, the delivery pressure shall be maintained within £ 1725 Pa (x 0.25 psig).

Pressure variations due to regulator lock off shall not increase the operating pressure by
more than 25 %.

(Amended 1980, 1984, and 1991)

S.2.2. Provision for Sealing. — For devices or systems in which the configuration or
calibration parameters can be changed by use of a removable digital storage device,
security shall be provided for those parameters as specified in G-S.8.2. Devices and
Systems Adjusted Using Removable Digital Storage Devices. For parameters adjusted
using other means, the following applies.

Adequate provision shall be made for applying security seals in such a manner that no
adjustment or interchange can be made of any measurement element.

(Amended 2019)

S.2.3. Maintenance of Vapor State. — A device shall be so designed and installed that the
product being measured will remain in a vapor state during passage through the meter.

S.2.4. Automatic Temperature Compensation. — A device may be equipped with an
adjustable automatic means for adjusting the indication and registration of the measured
volume of vapor product to the volume at 15 °C (60 °F).



S.3. Design of Discharge Lines.

S.3.1. Diversion of Measured Vapor. - No means shall be provided by which any
measured vapor can be diverted from the measuring chamber of the meter or the discharge
line therefrom.

S.4. Marking Requirements.

S.4.1. Limitations of Use. — If a device is intended to measure accurately only products
having particular properties, or to measure accurately only under specific installation or
operating conditions, or to measure accurately only when used in conjunction with specific
accessory equipment, these limitations shall be clearly and permanently stated on the
device.

S.4.2. Discharge Rates. — A device shall be marked to show its rated gas capacity in cubic
meters per hour or cubic feet per hour.

S.4.3. Temperature Compensation. — [NOT ADOPTED - CCR § 4001. Exceptions.]
84002.5. Hydrocarbon Gas Vapor-Measuring Device 3.33. Temperature Compensation.

If a device is equipped with an automatic temperature compensator, this shall be indicated
on the badge or immediately adjacent to the badge of the device and on the register.

(Adopted, 4 CCR 4002.5.)

S.4.4. Badge. — A badge affixed in a prominent position on the front of the device shall
show the manufacturer’'s name, serial number and model number of the device, and
capacity rate of the device for the particular products that it was designed to meter as
recommended by the manufacturer.

N. Notes

N.1. Test Medium. — The device shall be tested with air or the product to be measured.
(Amended 1991)

N.2. Temperature and Volume Change. — Care should be exercised to reduce to a minimum
any volume changes. The temperature of the air, bell-prover oil, and the meters under test
should be within 1 °C (2 °F) of one another. The devices should remain in the proving room for
at least 16 hours before starting any proving operations to allow the device temperature to
approximate the temperature of the proving device.

N.3. Test Drafts. — Except for low-flame tests, test drafts shall be at least equal to one
complete revolution of the largest capacity proving indicator and shall in no case be less than
0.05 m3 or 2 ft3. All flow rates shall be controlled by suitable outlet orifices.

(Amended 1973 and 1991)
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Table 1. Capacity of Low-Flow Test Rate Orifices with Respect to Device Capacity

Metric Units -
Rated Capacity

Metric Units -
Low-Flow Test Rate

U.S. Customary
Units -
Rated Capacity

U.S. Customary
Units —
Low-Flow Test Rate

Up to and including

Up to and including

rate

3 3
S 3 0.007 m3h 250 f3/h 0.25 ft3/h
Over 7 m%h up to Over 250 ft3/h up to
and including 0.014 m3/h and including 0.50 ft3/n
14 m3/h 500 ft3/h
Over 14 m3/h 0.1 % of capacity Over 500 f3/h 0.1 % of capacity

rate

N.4. Test Procedures. — If a device is equipped with an automatic temperature compensator,
the proving device reading shall be corrected to 15 °C (60 °F), using an approved table.

(Amended 1972)

N.4.1. Normal Tests. — The normal test of a device shall be made at a rate not to exceed
the capacity rate given on the badge of the meter.

(Amended 1988)

N.4.1.1. Automatic Temperature Compensation. — If a device is equipped with an
automatic temperature compensator, the quantity of the test draft indication of the
standard shall be corrected to 15 °C (60 °F).

N.4.2. Special Tests. — “Special’ tests shall be made to develop the operating
characteristics of a device and any special elements and accessories attached to or

associated with the device. Any test except as set forth in N.4.1. Normal Tests shall be
considered a special test.

N.4.2.1. Slow Test. — The device shall be tested at a rate not less than 20 % of the
marked capacity rate, or (at the check rate) not less than the minimum flow rate if
marked on the device, whichever is less.

(Amended 1988)

N.4.2.2. Low-Flame Test. — The device shall be tested at an extremely low-flow rate as
given in Table 1 Capacity of Low-Flow Test Rate Orifices with Respect to Device
Capacity. The test shall consist of passing air at a pressure of 375 Pa (1.5 in water
column) through the meter for not less than 60 minutes. The meter shall continue to
advance at the conclusion of the test period.

(Amended 1990 and 1991)

N.4.2.3. Pressure Regulation Test. — On devices operating at a pressure of 6900 Pa
(1 psig) or more, a pressure regulation test shall be made at both the minimum and
maximum use load to determine the proper operation of the regulator and the proper



sizing of the piping and dispensing equipment. These tests may include a test of
24 hours during which the pressure is recorded.

(Added 1984)

N.4.3. Repeatability Tests. — Tests for repeatability should include a minimum of three
consecutive test drafts of approximately the same size and be conducted under controlled
conditions where variations in factors such as temperature, pressure, and flow rate are
reduced to the extent that they will not affect the results obtained. When conducting the
tests, the minimum discharge rate shall be the minimum flow rate marked on the device or
at least 20% of the marked capacity rate, whichever is less, and the maximum discharge
rates shall not exceed the capacity rate as marked by the manufacturer.

Note: The repeatability test will not be performed at the low-flame flow rate for these devices as the time
required would be unrealistic.

(Amended 2019)

N.5. Temperature Correction. — Corrections shall be made for any changes in volume
resulting from the difference in air temperatures between time of passage through the device
and time of volumetric determination in the proving device.

N.6. Frequency of Test. — A hydrocarbon gas vapor-measuring device shall be tested before
installation and allowed to remain in service for 10 years from the time last tested without being
retested, unless a test is requested by:

(a) the purchaser of the product being metered,;
(b) the seller of the product being metered; or
(c) the weights and measures official.
T. Tolerances

T.1. Tolerance Values on Normal Tests and on Special Tests Other Than Low-Flame
Tests. - Maintenance and acceptance tolerances for normal and special tests for hydrocarbon
gas vapor-measuring devices shall be as shown in Table T.1. Accuracy Classes and
Tolerances for Hydrocarbon Gas Vapor-Measuring Devices.

(Amended 1981 and 2003)

3-79



Table T.1. - Accuracy Classes and Tolerances for Hydrocarbon
Gas Vapor-Measuring Devices

o Acceptance | Maintenance
Accuracy Class Application ToIeFr)ance T(I)Ierance
Gases at low pressure (for example, 0 0
3.0 LPG vapor) - Overregistration 1.5% 1.5%
3.0 Gases at low pressure (for example, 0 0
LPG vapor) - Underregistration 3.0% 3.0%

(Added 2003)

T.2. Repeatability. — When multiple tests are conducted at approximately the same flow rate
and draft size, the range of the test results for the flow rate shall not exceed 0.9 % and the

results of each test shall be within the applicable tolerance. Also see N.4.3. Repeatability Test.

(Added 2002) (Amended 2019)
UR. User Requirements

UR.1. Installation Requirements.

UR.1.1. Capacity Rate. — A device shall be so installed that the actual maximum flow rate
will not exceed the capacity rate except for short durations. If necessary, means for flow
regulation shall be incorporated in the installation, in which case this shall be fully effective
and automatic in operation.

UR.1.2. Leakage. — The metering system shall be installed and maintained as a pressure-
tight and leak-free system.

§ 4002.5. Hydrocarbon Gas Vapor-Measuring Devices. 3.33. Leak Test.

Leak Test Each meter shall be submitted to a pressure leak test not to exceed the
manufacturer's maximum rated pressure.

(Adopted, 4 CCR 4002.5.)

UR.2. Use Requirements.

UR.2.1. Automatic Temperature Compensation. — A compensated device may not be
replaced with an uncompensated device without the written approval of the weights and
measures authority having jurisdiction over the device.

UR.2.2. Invoices. — A customer purchasing hydrocarbon gas measured by a vapor meter
shall receive from the seller an invoice for each billing period. The invoice shall clearly and
separately show the following:

(a) The opening and closing meter readings and the dates of those readings.



(b) The altitude correction factor.
(c) The total cubic meters (cubic feet) billed, corrected for elevation.
(d) The charge per cubic meter (cubic foot) after correction for elevation.

(e) All periodic charges independent of the measured gas, such as meter charges,
meter reading fees, service charges or a minimum charge for a minimum number of
cubic meters (cubic feet).

() The total charge for the billing period.

If the vapor meter is equipped with an automatic temperature compensator, or any other
means are used to compensate for temperature, the invoice shall show that the volume has
been adjusted to the volume at 15 °C (60 °F).

(Amended 1988 and 1991)

8 4002.5. Hydrocarbon Gas Vapor-Measuring Devices. 3.33. Retention of Customer
Invoices.

Any person engaging in the sale of hydrocarbon gas vapor shall retain a record of:
(1) each individual hydrocarbon gas vapor meter billing invoice, and

(2) the applicable rate schedule for a period of not less than 12 months and shall make
them available at reasonable times for inspection and copying by the customer and the
county sealer of weights and measures.

(Adopted, 4 CCR 4002.5.)
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UR.2.3. Correction for Elevation. — The metered volume of gas shall be corrected for
changes in the atmospheric pressure with respect to elevation to the standard pressure of
101.56 kPa (14.73 psia). The appropriate altitude correction factor from

Table 2M. Corrections for Altitude, Metric Units or Table 2. Corrections for Altitude, U.S.
Customary Units shall be used. ((The table is modified from NBS Handbook 117,
Examination of Vapor-Measuring Devices for Liquefied Petroleum Gas.)

(Amended 1988)

Elevation correction factors (ACF) were obtained by using the following equation:

GF of gas + AAP

base pressure

ACF =

Figure 2 - Equation for Determining Elevation (Altitude) Correction Factors

GP =gauge pressure
AAP =assumed atmospheric pressure
base pressure = 101.560 kPa = 14.73 psia

2740 Pa =11 in of water column = 0.397 psig

1744 Pa =7 in of water column = 0.253 psig
(Amended 1988)

UR.2.4. Valves and Test Tee. — All gas meter installations shall be provided with a shut-off
valve located adjacent to and on the inlet side of the meter. In the case of a single meter
installation utilizing a liquefied petroleum gas tank, the tank service valve may be used in
lieu of the shut-off valve. All gas meter installations shall be provided with a test tee
located adjacent to and on the outlet side of the meter.

[Nonretroactive as of January 1, 1990]

(Added 1989)

UR.2.5. Use of Auxiliary Heated Vaporizer Systems. — Automatic temperature
compensation shall be used on hydrocarbon gas vapor meters equipped with an auxiliary
heated vaporizer system unless there is sufficient length of underground piping to provide
gas at a uniform temperature to the meter inlet. When required by weights and measures
officials, a thermometer well (appropriately protected against freezing) shall be installed
immediately up-stream of the meter.

(Added 1990)



Table 2M. Corrections for Altitude, Metric Units

Elevation
(meters)

-50 to 120

Above 120 to 300

Above 300 to 470

Above 470 to 650

Above 650 to 830

Above 830 to 1020

Above 1020 to 1210

Above 1210 to 1400

Above 1400 to 1590

Above 1590 to 1790

Above 1790 to 2000

Above 2000 to 2210

Above 2210 to 2420

Above 2420 to 2640

Above 2640 to 2860

Above 2860 to 3080

Above 3080 to 3320

Above 3320 to 3560

Above 3560 to 3800

Above 3800 to 4050

Above 4050 to 4310

Above 4310 to 4580

Altitude
Correction
Factor:
2.74 kPa
Gauge
Pressure

1.02
1.00
0.98
0.96
0.94
0.92
0.90
0.88
0.86
0.84
0.82
0.80
0.78
0.76
0.74
0.72
0.70
0.68
0.66
0.64
0.62
0.60

Altitude
Correction
Factor:
1.74 kPa
Gauge
Pressure

1.01
0.99
0.97
0.95
0.93
0.91
0.89
0.87
0.85
0.83
0.81
0.79
0.77
0.75
0.73
0.71
0.69
0.67
0.65
0.63
0.61
0.59
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Altitude
Correction
Factor
(kPa)

100.85
98.82
96.79
94.76
92.73
90.70
88.66
86.63
84.60
82.57
80.54
78.51
76.48
74.45
72.41
70.38
68.35
66.32
64.29
62.26
60.23
58.20

Assumed
Atmospheric
Pressure
Plus
Gauge
Pressure :
2.74 kPa

103.59
101.56
99.53
97.50
95.47
93.44
91.40
89.37
87.34
85.31
83.28
81.25
79.22
77.19
75.15
73.12
71.09
69.06
67.03
65.00
62.97
60.94

Assumed
Atmospheric
Pressure
Plus
Gauge
Pressure :
1.74 kPa

102.58
100.54
98.51
96.48
94.45
92.42
90.39
88.36
86.33
84.29
82.26
80.23
78.20
76.17
74.15
72.12
70.08
68.05
66.01
63.98
61.95
59.92




Table 2. Corrections for Altitude, U.S. Customary Units

Elevation
(feet)

-150 to 400

Above 400 to 950

Above 950 to 1,550

Above 1,550 to 2,100

Above 2,100 to 2,700

Above 2,700 to 3,300

Above 3,300 to 3,950

Above 3,950 to 4,550

Above 4,550 to 5,200

Above 5,200 to 5,850

Above 5,850 to 6,500

Above 6,500 to 7,200

Above 7,200 to 7,900

Above 7,900 to 8,600

Above 8,600 to 9,350

Above 9,350 to 10,100

Above 10,100 to 10,850

Above 10,850 to 11,650

Above 11,650 to 12,450

Above 12,450 to 13,250

Above 13,250 to 14,100

Above 14,100 to 14,950

Altitude
Correction
Factor: 11

inch WC

1.02
1.00
0.98
0.96
0.94
0.92
0.90
0.88
0.86
0.84
0.82
0.80
0.78
0.76
0.74
0.72
0.70
0.68
0.66
0.64
0.62
0.60

Altitude
Correction
Factor: 7

inch WC

1.01
0.99
0.97
0.95
0.93
0.91
0.89
0.87
0.85
0.83
0.81
0.79
0.77
0.75
0.73
0.71
0.69
0.67
0.65
0.63
0.61
0.59

Assumed
Atmospheric
Pressure

(psia)

14.64
14.35
14.05
13.76
13.46
13.17
12.87
12.58
12.28
11.99
11.69
11.40
11.10
10.81
10.51
10.22

9.92

9.63

9.33

9.04

8.75

8.45

Assumed
Atmospheric
Pressure
Plus Gauge
Pressure: 11
inch WC

(psia)
15.04

14.74
14.45
14.15
13.86
13.56
13.27
12.97
12.68
12.38
12.09
11.79
11.50
11.20
10.91
10.61
10.32
10.03

9.73

9.44

9.14

8.85

Assumed
Atmospheric
Pressure
Plus Gauge
Pressure: 7
inch WC

(psia)
14.89

14.60
14.30
14.01
13.71
13.42
13.12
12.83
12.53
12.24
11.94
11.65
11.35
11.06
10.76
10.47
10.17

9.88

9.58

9.29

9.00

8.70
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Section 3.34. Cryogenic Liquid-Measuring Devices

A. Application

A.l. General. — This code applies to devices used for the measurement of cryogenic liquids
such as, but not limited to oxygen, nitrogen, hydrogen, and argon.

(Amended 1986 and 1995)
A.2. Exceptions. — This code does not apply to the following:

(a) Devices used for dispensing liquefied petroleum gases (for which see Section 3.32.
Code for Liquefied Petroleum Gas and Anhydrous Ammonia Liquid-Measuring
Devices).

(b) Devices used solely for dispensing a product in connection with operations in which the
amount dispensed does not affect customer charges.

(c) Devices used solely for dispensing liquefied natural gas.

(d) Mass flow meters. (Also see Section 3.37. Code for Mass Flow Meters.)
(Added 1994)

A.3. Additional Code Requirements. — In addition to the requirements of this code,
Cryogenic Liquid- Measuring Devices shall meet the requirements of Section 1.10. General
Code.

S. Specifications
S.1. Design of Indicating and Recording Elements and of Recorded Representations.
S.1.1. Primary Elements.

S.1.1.1. General. — A device shall be equipped with a primary indicating element and
may also be equipped with a primary recording element.

S.1.1.2. Units. — A device shall indicate and record, if equipped to record, its deliveries
in terms of: kilograms or pounds; liters or gallons of liquid at the normal boiling point of
the specific cryogenic product; cubic meters (cubic feet) of gas at a normal temperature
of 21 °C (70 °F) and an absolute pressure of 101.325 kPa (14.696 psia); or decimal
subdivisions or multiples of the measured units cited above.

(Amended 2002)
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S.1.1.3. Value of Smallest Unit. — The value of the smallest unit of indicated delivery,
and recorded delivery, if the device is equipped to record, shall not exceed the
equivalent of:
(a) for small delivery devices:

1L

(2) 0.1 gal;

(3) 1 kg;

(4) 11b;

(5) 0.1 m3of gas; or

(6) 10 ft3 of gas.

(b) for large delivery devices:

(1) 10L;

(2) 1 gal;

(3) 10 kg;

(4) 10 Ib;

(5) 1 m3 of gas; or

(6) 100 ft® of gas.
(Amended 2002)
S.1.1.4. Advancement of Indicating and Recording Elements. — Primary indicating
and recording elements shall be susceptible to advancement only by the normal

operation of the device. However, a device may be cleared by advancing its elements
to zero, but only if:

(a) the advancing movement, once started, cannot be stopped until zero is reached,;
or

(b) in the case of indicating elements only, such elements are automatically
obscured until the elements reach the correct zero position.

S.1.1.5. Return to Zero. — Primary indicating and recording elements shall be readily
returnable to a definite zero indication. Means shall be provided to prevent the return of
primary indicating elements and of primary recording elements beyond their correct zero
position.

S.1.2. Graduations.

S.1.2.1. Length. — Graduations shall be so varied in length that they may be
conveniently read.
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S.1.2.2. Width. — In any series of graduations, the width of a graduation shall in no case
be greater than the width of the minimum clear interval between graduations, and the
width of main graduations shall be not more than 50 % greater than the width of
subordinate graduations. Graduations shall in no case be less than 0.2 mm (0.008 in)
in width.

S.1.2.3. Clear Interval Between Graduations. — The clear interval shall be no less
than 1.0 mm (0.04 in). If the graduations are not parallel, the measurement shall be
made:

(a) along the line of relative movement between the graduations at the end of the
indicator; or

(b) if the indicator is continuous, at the point of widest separation of the graduations.
(Also see S.1.3.6. Travel of Indicator.)
S.1.3. Indicators.

S.1.3.1. Symmetry. — The index of an indicator shall be symmetrical with respect to the
graduations, at least throughout that portion of its length associated with the
graduations.

S.1.3.2. Length. — The index of an indicator shall reach to the finest graduations with
which it is used, unless the indicator and the graduations are in the same plane, in
which case the distance between the end of the indicator and the ends of the
graduations, measured along the line of the graduations, shall be not more than 1.0 mm
(0.04 in).

S.1.3.3. Width. — The width of the index of an indicator in relation to the series of
graduations with which it is used shall be not greater than the:

(a) width of the narrowest graduation;* and
[*Nonretroactive as of January 1, 2002]

(Amended 2001)
(b) width of the minimum clear interval between graduations.

When the index of an indicator extends along the entire length of a graduation, that
portion of the index of the indicator that may be brought into coincidence with the
graduation shall be of the same width throughout the length of the index that coincides
with the graduation.

(Amended 2001)

S.1.3.4. Clearance. — The clearance between the index of an indicator and the
graduations shall in no case be more than 1.5 mm (0.06 in).

S.1.3.5. Parallax. — Parallax effect shall be reduced to the practicable minimum.
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S.1.3.6. Travel of Indicator. — If the most sensitive element of the primary indicating
element uses an indicator and graduations, the relative movement of these parts
corresponding to the smallest indicated value shall be not less than 0.5 mm (0.20 in).

S.1.4. Computing-Type Device.

S.1.4.1. Printed Ticket. — Any printed ticket issued by a device of the computing type
on which there is printed the total computed price shall have printed clearly thereon also
the total quantity of the delivery and the price per unit.

S.1.4.2. Money-Value Computations. — Money-value computations shall be of the full-
computing type in which the money-value at a single unit price, or at each of a series of
unit prices, shall be computed for every delivery within either the range of measurement
of the device or the range of the computing elements, whichever is less. Value
graduations shall be supplied and shall be accurately positioned. The total price shall
be computed on the basis of the quantity indicated when the value of the smallest
division indicated is equal to or less than the values specified in S.1.1.3. Value of
Smallest Unit.

S.1.4.3. Money-Values, Mathematical Agreement. — Any digital money-value
indication and any recorded money-value on a computing type device shall be in
mathematical agreement with its associated quantity indication or representation to
within 1 cent of money-value.

S.2. Design of Measuring Elements.

S.2.1. Air/Vapor Elimination. — A measuring system shall be equipped with an effective
air/vapor eliminator or other automatic means to prevent the passage of air/vapor through
the meter. Vent lines from the air/vapor eliminator shall be made of appropriate non-
collapsible material. (Also see Section T. Tolerances.)

(Amended 2018)

S.2.2. Directional Flow Valves. — A valve or valves or other effective means, automatic in
operation, to prevent the reversal of flow shall be installed in or adjacent to the measuring
device.

(Amended 1978)

S.2.3. Maintenance of Liquid State. — A device shall be so designed that the product
being measured will remain in a liquid state during passage through the device.

S.2.4. Automatic Temperature or Density Compensation. — A device shall be equipped
with automatic means for adjusting the indication and/or recorded representation of the
measured quantity of the product, to indicate and/or record in terms of: kilograms or
pounds; or liters or gallons of liquid at the normal boiling point of the specific cryogenic
product; or the equivalent cubic meters (cubic feet) of gas at a normal temperature of 21 °C
(70 °F) and an absolute pressure of 101.325 kPa (14.696 Ib/in? absolute). When a
compensator system malfunctions, the indicating and recording elements may indicate and
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record in uncompensated volume if the mode of operation is clearly indicated, e.g., by a
marked annunciator, recorded statement, or other obvious means.*
[*Nonretroactive as of January 1, 1992]

(Amended 1991 and 2002)

S.2.5. Provision for Sealing. — For devices or systems in which the configuration or
calibration parameters can be changed by use of a removable digital storage device,
security shall be provided for those parameters as specified in G-S.8.2. Devices and
Systems Adjusted Using Removable Digital Storage Devices. For parameters adjusted
using other means, the following applies.

Adequate provision shall be made for an approved means of security (e.g., data change
audit trail) or for physically applying a security seal in such a manner that requires the
security seal to be broken before an adjustment or interchange cam be made of:

(a) any measuring or indicating element;

(b) any adjustable element for controlling delivery rate when such rate tends to affect
the accuracy of deliveries;

(c) any automatic temperature or density compensating system; and

(d) any metrological parameter that will affect the metrological integrity of the device or
system.

When applicable, any adjusting mechanism shall be readily accessible for purposes of
affixing a security seal.

Audit trails shall use the format set forth in Table S.2.5. Categories of Device and Methods
of Sealing.*
[*Nonretroactive as of January 1, 1995]

(Amended 2006 and 2019)
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Table S.2.5. Categories of Device and Methods of Sealing

Categories of Device

Methods of Sealing

Category 1: No remote configuration
capability.

Seal by physical seal or two event counters:
one for calibration parameters and one for
configuration parameters.

Category 2: Remote configuration
capability, but access is controlled by
physical hardware.

The device shall clearly indicate that it is in
the remote configuration mode and record
such message if capable of printing in this
mode or shall not operate while in this
mode.

The hardware enabling access for remote
communication must be on-site. The
hardware must be sealed using a physical
seal or an event counter for calibration
parameters and an event counter for
configuration parameters. The event
counters may be located either at the
individual measuring device or at the system
controller; however, an adequate number of
counters must be provided to monitor the
calibration and configuration parameters of
the individual devices at a location. If the
counters are located in the system controller
rather than at the individual device, means
must be provided to generate a hard copy of
the information through an on-site device.

Category 3: Remote configuration
capability access may be unlimited or
controlled through a software switch (e.g.,
password).

The device shall clearly indicate that it is in
the remote configuration mode and record
such message if capable of printing in this
mode or shall not operate while in this
mode.

An event logger is required in the device; it
must include an event counter (000 to 999),
the parameter ID, the date and time of the
change, and the new value of the parameter.
A printed copy of the information must be
available on demand through the device or
through another on-site device. The
information may also be available
electronically. The event logger shall have a
capacity to retain records equal to 10 times
the number of sealable parameters in the
device, but not more than 1000 records are
required. (Note: Does not require

1000 changes to be stored for each
parameter.)

[Nonretroactive as of January 1, 1995]
(Table Added 2006) (Amended 2016)
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S.3. Design of Discharge Lines and Discharge Line Valves.

S.3.1. Diversion of Measured Liquid. — No means shall be provided by which any
measured liquid can be diverted from the measuring chamber of the device or the
discharge line therefrom, except that a manually controlled outlet that may be opened for
purging or draining the measuring system shall be permitted. Effective means shall be
provided to prevent the passage of liquid through any such outlet during normal operation
of the device and to indicate clearly and unmistakably when the valve controls are so set as
to permit passage of liquid through such outlet.

S.3.2. Discharge Hose. — The discharge hose of a measuring system shall be of the
completely draining dry-hose type.

S.4. Marking Requirements.

S.4.1. Limitation of Use. — If a measuring system is intended to measure accurately only
liquids having particular properties, or to measure accurately only under specific installation
or operating conditions, or to measure accurately only when used in conjunction with
specific accessory equipment, these limitations shall be clearly and permanently marked on
the device.

S.4.2. Discharge Rates. — A meter shall be marked to show its designed maximum and
minimum discharge rates.

S.4.3. Temperature or Density Compensation. — Devices equipped with an automatic
temperature or density compensator, shall be clearly and conspicuously marked on the
primary indicating elements, recording elements, and recorded representations to show
that the quantity delivered has been adjusted to the conditions specified in S.2.4. Automatic
Temperature or Density Compensation.

N. Notes

N.1. Test Liquid. — A meter shall be tested with the liquid to be commercially measured
except that, in a type evaluation examination, nitrogen may be used.

N.2. Vaporization and Volume Change. — Care shall be exercised to reduce to a minimum
vaporization and volume changes. When testing by weight, the weigh tank and transfer
systems shall be pre-cooled to liquid temperature prior to the start of the test to avoid the
venting of vapor from the vessel being weighed.

N.3. Test Drafts.

N.3.1. Gravimetric Test. — Weight test drafts shall be equal to at least the amount
delivered by the device in 2 minutes at its maximum discharge rate, and shall in no case be
less than 907 kg (2000 Ib).

N.3.2. Transfer Standard Test. — When comparing a meter with a calibrated transfer
standard, the test draft shall be equal to at least the amount delivered by the device in
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two minutes at its maximum discharge rate, and shall in no case be less than 180 L (50 gal)
or equivalent thereof. When testing uncompensated volumetric meters in a continuous
recycle mode, appropriate corrections shall be applied if product conditions are abnormally
affected by this test mode.

(Amended 1976)

N.4. Density. — Temperature and pressure of the metered test liquid shall be measured during
the test for the determination of density or volume correction factors when applicable. For
Liquid Density and Volume Correction Factors (with respect to temperature and pressure) the
publications shown in Table N.4. Density or Volume Correction Factors shall apply.

(Amended 1986 and 2004)

Table N.4. Density or Volume Correction Factors

Cryogenic Liquid Publication

Tegeler, Ch., Span, R., Wagner, W. “A New Equation of State for
Argon Covering the Fluid Region for Temperatures from the
Melting Line to 700 K at Pressures up to 1000 Mpa.” J. Phys.
Chem. Ref. Data, 28(3):779-850, 1999.

Argon

Smukala, J., Span, R., Wagner, W. “New Equation of State for
Ethylene Covering the Fluid Region for Temperatures from the
Melting Line to 450 k at Pressures up to 300 Mpa.” J. Phys.
Chem. Ref. Data, 29(5):1053-1122, 2000.

Ethylene

Span, R., Lemmon, E.W., Jacobsen, R.T, Wagner, W., and
Yokozeki, A. “A Reference Thermodynamic Property
Formulation for Nitrogen.” J. Phys. Chem. Ref. Data, Volume 29,
Number 6, pp. 1361-1433, 2000.

Nitrogen

Schmidt, R., Wagner, W. “A New Form of the Equation of State
Oxygen for Pure Substances and its Application to Oxygen.” Fluid Phase
Equilib., 19:175-200, 1985

Leachman, J. W., Jacobsen, R. T., Lemmon, E.W., and
Penoncello, S.G. “Fundamental Equations of State for
Parahydrogen, Normal Hydrogen, and Orthohydrogen” J. Phys.
Chem. Ref. Data, Volume 38, Number 3, pp. 565, 2009.

Hydrogen

Note: A complete database program containing all of the most recent equations for calculating
density for various cryogenic liquids is available in “NIST Reference Fluid Thermodynamic and
Transport Properties Database (REFPROP)” at www.nist.gov/srd. There is a fee for
download of this database.

(Added 2004)
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N.5. Testing Procedures.

N.5.1. Normal Tests. — The “normal” tests of a device shall be made over a range of
discharge rates that may be anticipated under the conditions of installation.

N.5.2. Special Tests. — Any test except as set forth in N.5.1. Normal Tests shall be
considered a “special” test. Tests shall be conducted, if possible, to evaluate any special
elements or accessories attached to or associated with the device. A device shall be
tested at a minimum discharge rate of:

(a) 50 % of the maximum discharge rate developed under the conditions of installation,
or the minimum discharge rate marked on the device, whichever is less; or

(b) the lowest discharge rate practicable under conditions of installation.

Special tests may be conducted to develop any characteristics of the device that are not
normally anticipated under the conditions of installation.

N.5.3. Repeatability Tests. — Tests for repeatability should include a minimum of three
consecutive test drafts of approximately the same size and be conducted under controlled
conditions where variations in factors such as temperature, pressure, and flow rate are
reduced to the extent that they will not affect the results obtained. When conducting the
tests, the discharge rates shall be within the minimum and maximum discharge rates as
marked by the manufacturer. For devices equipped with an automatic temperature or
density compensator, results shall be based on either:

(1) all runs conducted with the compensated (net) volume (e.g., with the temperature or
density compensator activated); or

(2) all runs conducted with the uncompensated (gross) volume (e.g., with the
temperature or density compensator deactivated).

(Amended 2019)

N.6. Temperature Correction. — Corrections shall be made for any changes in volume
resulting from the differences in liquid temperature between time of passage through the meter
and time of volumetric determination of test draft.

N.7. Automatic Temperature or Density Compensation. — When a device is equipped with
an automatic temperature or density compensator, the compensator shall be tested by
comparing the quantity indicated or recorded by the device (with the compensator connected
and operating) with the actual delivered quantity corrected to the normal boiling point of the
cryogenic product being measured or to the normal temperature and pressure as applicable.
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T. Tolerances
T.1. Application.

T.1.1. To Underregistration and to Overregistration. — The tolerances hereinafter
prescribed shall be applied to errors of underregistration and errors of overregistration.

T.2. Tolerance Values. — The maintenance and acceptance tolerances for normal and special
tests shall be as shown in Table T.2. Accuracy Classes and Tolerances for Cryogenic Liquid-
Measuring Devices.

(Amended 2003)

Table T.2. Accuracy Classes and Tolerances for Cryogenic Liquid-Measuring Devices

Accuracy
Class

Acceptance | Maintenance | Special Test

Application
PP Tolerance Tolerance Tolerance

Cryogenic products; liquefied
2.5 compressed gases other 1.5 % 2.5 % 2.5 %
than liquid carbon dioxide

(Added 2003)

T.3. On Tests Using Transfer Standards. — To the basic tolerance values that would
otherwise be applied, there shall be added an amount equal to two times the standard
deviation of the applicable transfer standard when compared to a basic reference standard.

(Added 1976)

T.4. Repeatability. — When multiple tests are conducted at approximately the same flow rate
and draft size, the range of the test results for the flow rate shall not exceed 40 % of the
absolute value of the maintenance tolerance and the results of each test shall be within the
applicable tolerance. Also see N.5.3. Repeatability Tests.

(Added 2001) (Amended 2019)
UR. User Requirements
UR.1. Installation Requirements.

UR.1.1. Discharge Rate. — A device shall be so installed that the actual maximum
discharge rate will not exceed the rated maximum discharge rate. If necessary, means for
flow regulation shall be incorporated in the installation.

UR.1.2. Length of Discharge Hose. — The discharge hose shall be of such a length and
design as to keep vaporization of the liquid to a minimum.

UR.1.3. Maintenance of Liquid State. — A device shall be so installed and operated that

the product being measured shall remain in the liquid state during passage through the
meter.
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UR.2. Use Requirements.

UR.2.1. Return of Indicating and Recording Elements to Zero. — The primary indicating
elements (visual) and the primary recording elements shall be returned to zero immediately
before each delivery.

UR.2.2. Condition of Discharge System. — The discharge system, up to the measuring
element, shall be precooled to liquid temperatures before a “zero” condition is established
prior to the start of a commercial delivery.

UR.2.3. Vapor Return Line. — A vapor return line shall not be used during a metered
delivery.

(Amended 1976)

UR.2.4. Drainage of Discharge Line. — On a dry-hose system, upon completion of a
delivery, the vendor shall leave the discharge line connected to the receiving container with
the valve adjacent to the meter in the closed position and the valve at the discharge line
outlet in the open position for a period of at least:

(a) 1 minute for small delivery devices; and
(b) 3 minutes for large delivery devices

to allow vaporization of some product in the discharge line to force the remainder of the
product in the line to flow into the receiving container.

(Amended 1976)

UR.2.5. Conversion Factors. — Established conversion values (Also see references in
Table N.4. Density or Volume Correction Factors.) shall be used whenever metered liquids
are to be billed in terms of:

(a) kilograms or pounds based on a meter indication of liters, gallons, cubic meters of
gas, or cubic feet of gas;

(b) cubic meters or cubic feet of gas based on a meter indication of liters or gallons,
kilograms, or pounds; or

(c) liters or gallons based on a meter indication of kilograms or pounds, cubic meters of
gas or cubic feet of gas.

All sales of cryogenics shall be based on either kilograms or pounds, liters or gallons of
liquid at NBP,* cubic meters of gas or cubic feet of gas at NTP™.

(Amended 1986)

1 See Appendix D, Definitions.
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UR.2.6. Temperature or Density Compensation.

UR.2.6.1. Use of Automatic Temperature or Density Compensators. — If a device is
equipped with an automatic temperature or density compensator, this shall be
connected, operable, and in use at all times. Such automatic temperature or density
compensator may not be removed, nor may a compensated device be replaced with an
uncompensated device, without the written approval of the weights and measures
authority having jurisdiction over the device.

UR.2.6.2. Tickets or Invoices. — Any written invoice or printed ticket based on a
reading of a device that is equipped with an automatic temperature or density
compensator shall have shown thereon that the quantity delivered has been adjusted to
the quantity at the NBP of the specific cryogenic product or the equivalent volume of
gas at NTP.

UR.2.6.3. Printed Ticket. — Any printed ticket issued by a device of the computing type
on which there is printed the total computed price, the total quantity of the delivery, or
the price per unit, shall also show the other two values (either printed or in clear hand
script).

UR.2.6.4. Ticket in Printing Device. — A ticket shall not be inserted into a device
equipped with a ticket printer until immediately before a delivery is begun, and in no
case shall a ticket be in the device when the vehicle is in motion while on a public street,
highway, or thoroughfare.

UR.2.7. Pressure of Tanks with Volumetric Metering Systems without Temperature
Compensation. — When the saturation pressure of the product in the vendor’s tank
exceeds 240 kPa (35 psia), a correction shall be applied to the written invoice or printed
ticket using the appropriate tables as listed in Table N.4. Density or Volume Correction
Factors; or the saturation pressure shall be reduced to 207 kPa (30 psia) (if this can be
safely accomplished) prior to making a delivery.

(Added 1976)
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Section 3.35. Milk Meters

A. Application

A.l. General. — This code applies to devices used for the measurement of milk; generally
applicable to, but not limited to, meters used in dairies, milk processing plants, and cheese
factories, to measure incoming bulk milk.

A.2. Exceptions. — This code does not apply to mass flow meters. (Also see Section 3.37.
Code for Mass Flow Meters.)

(Added 1994)

A.3. Additional Code Requirements. — In addition to the requirements of this code, Milk
Meters shall meet the requirements of Section 1.10. General Code.

S. Specifications

S.1. Design of Indicating and Recording Elements and of Recorded Representations.

S.1.1. Primary Elements.

S.1.1.1. General. — A meter shall be equipped with a primary indicating element and
may also be equipped with a primary recording element.

S.1.1.2. Units.

(a) A meter shall indicate, and record if the meter is equipped to record, its deliveries
in terms of liters or gallons. Fractional parts of the liter shall be in terms of
decimal subdivisions. Fractional parts of the gallon shall be in terms of either
decimal or binary subdivisions.

(b) When it is an industry practice to purchase and sell milk by weight based upon
1.03 kg/L (8.6 Ib/gal), the primary indicating element may indicate in kilograms or
pounds. The weight value division shall be a decimal multiple or submultiple of
1, 2, or 5. Fractional parts of the kilogram or pound shall be in decimal
subdivisions. (Also see S.4.5. Conversion Factor.)

S.1.1.3. Value of Smallest Unit. — The value of the smallest unit of indicated quantity

and recorded quantity, if the meter is equipped to record, shall not exceed the
equivalent of:

(@) 0.5L or 0.5 kg (1 pt or 1 Ib) when measuring quantities less than or equal to
4000 L or 4000 kg (1000 gal or 8600 Ib); or

(b) 5L or 5 kg (1 gal or 10 Ib) when measuring quantities in excess of 4000 L or

4000 kg (1000 gal or 8600 Ib).
(Amended 1989)
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S.1.1.4. Advancement of Indicating and Recording Elements. — Primary indicating
and recording elements shall be susceptible to advancement only by the mechanical
operation of the meter. However, a meter may be cleared by advancing its elements to
zero, but only if:

(a) the advancing movement, once started, cannot be stopped until zero is reached,;
or

(b) in the case of indicating elements only, such elements are automatically
obscured until the elements reach the correct zero position.

S.1.1.5. Return to Zero. — Primary indicating elements and primary recording elements,
if the device is equipped to record, shall be readily returnable to a definite zero
indication. Means shall be provided to prevent the return of the primary indicating
elements and the primary recording elements, if the device is so equipped, beyond their
correct zero position.

S.1.1.6. Indication of Measurement. — A meter shall be constructed to show
automatically its initial zero condition and the volume measured up to the nominal
capacity of the device.

S.1.2. Graduations.

S.1.2.1. Length. — Graduations shall be so varied in length that they may be
conveniently read.

S.1.2.2. Width. — In any series of graduations, the width of a graduation shall in no case
be greater than the width of the minimum clear interval between graduations, and the
width of main graduations shall be not more than 50 % greater than the width of
subordinate graduations. Graduations shall in no case be less than 0.2 mm (0.008 in)
in width.

S.1.2.3. Clear Interval between Graduations. — The clear interval shall be not less
than 1.0 mm (0.04 in). If the graduations are not parallel, the measurement shall be
made:

(a) along the line of relative movement between the graduations at the end of the
indicator; or

(b) if the indicator is continuous, at the point of widest separation of the graduations.
S.1.3. Indicators.

S.1.3.1. Symmetry. — The index of an indicator shall be symmetrical with respect to the
graduations, at least throughout that portion of its length associated with the
graduations.
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S.1.3.2. Length. — The index of an indicator shall reach to the finest graduations with
which it is used, unless the indicator and the graduations are in the same plane, in
which case the distance between the end of the indicator and the ends of the
graduations, measured along the line of graduations, shall be not more than 1.0 mm
(0.04 in).

S.1.3.3. Width. — The width of the index of an indicator in relation to the series of
graduations with which it is used shall be not greater than:

(a) the width of the narrowest graduation;* and
[*Nonretroactive as of January 1, 2002]

(Amended 2001)
(b) the width of the minimum clear interval between graduations.

When the index of an indicator extends along the entire length of a graduation, that
portion of the index of the indicator that may be brought into coincidence with the
graduation shall be of the same width throughout the length of the index that coincides
with the graduation.

S.1.3.4. Clearance. — The clearance between the index of an indicator and the
graduations shall in no case be more than 1.5 mm (0.06 in).

S.1.3.5. Parallax. — Parallax effects shall be reduced to the practicable minimum.

S.1.3.6. Travel of Indicator. — If the most sensitive element of the primary indicating
element utilizes an indicator and graduations, the relative movement of these parts
corresponding to the smallest indicated value shall be not less than 5 mm (0.20 in).

S.1.4. Computing-Type Devices.

S.1.4.1. Display of Unit Price. — In a device of the computing type, means shall be
provided for displaying on the outside of the device, and in close proximity to the display
of the total computed price, the price per unit at which the device is set to compute.

S.1.4.2. Printed Ticket. — If a computing-type device issues a printed ticket which
displays the total computed price, the ticket also shall have printed clearly thereon the
total quantity of the delivery, the appropriate fraction of the quantity, and the price per
unit of quantity.

(Amended 1989)

S.1.4.3. Money-Value Computations. — Money-value computations shall be of the full-
computing type in which the money-value at a single unit price, or at each of a series of
unit prices, shall be computed for every delivery within either the range of measurement
of the device or the range of the computing elements, whichever is less. Value
graduations shall be supplied and shall be accurately positioned. The value of each
graduated interval shall be 1 cent.
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S.1.4.4. Money-Values, Mathematical Agreement. — Any digital money-value
indication and any recorded money-value on a computing-type device shall be in
mathematical agreement with its associated quantity indicating or representation to
within 1 cent of money-value.

S.2. Design of Measuring Elements.

S.2.1. Air/Vapor Elimination. — A measuring system shall be equipped with an effective
air/vapor eliminator or other automatic means to prevent the passage of air/vapor through
the meter. Vent lines from the air/vapor eliminator shall be made of appropriate non-
collapsible material.

(Amended 2017)

S.2.2. Maintaining Flooded Condition. — The vent on the vapor eliminator shall be
positioned or installed in such a manner that the vapor eliminator cannot easily be emptied
between uses.

S.2.3. Provision for Sealing. — For devices and systems in which the configuration or
calibration parameters can be changed by use of a removable digital storage device,
security shall be provided for those parameters as specified in G-S.8.2. Devices and
Systems Adjusted Using Removable Digital Storage Devices. For parameters adjusted
using other means, the following applies.

Adequate provision shall be made for an approved means of security (e.g., data change
audit trail) or for physically applying a security seal in such a manner that requires the
security seal to be broken before an adjustment or interchange can be made of any:

(a) measuring element or indicating element;

(b) adjustable element for controlling delivery rate, when such rate tends to affect the
accuracy of deliveries; and

(c) metrological parameter that will affect the metrological integrity of the device or
system.

When applicable, the adjusting mechanism shall be readily accessible for purposes of
affixing a security seal.

Audit trails shall use the format set forth in Table S.2.3. Categories of Device and Methods
of Sealing.*
[*Nonretroactive as of January 1, 1995]

(Amended 2006 and 2019)
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Table S.2.3. Categories of Device and Methods of Sealing

Categories of Device

Methods of Sealing

Category 1: No remote
configuration capability.

Seal by physical seal or two event counters: one for
calibration parameters and one for configuration
parameters.

Category 2: Remote
configuration capability, but
access is controlled by physical
hardware.

The device shall clearly indicate
that it is in the remote
configuration mode and record
such message if capable of
printing in this mode or shall not
operate while in this mode.

The hardware enabling access for remote
communication must be on-site. The hardware must be
sealed using a physical seal or an event counter for
calibration parameters and an event counter for
configuration parameters. The event counters may be
located either at the individual measuring device or at
the system controller; however, an adequate number of
counters must be provided to monitor the calibration
and configuration parameters of the individual devices
at a location. If the counters are located in the system
controller rather than at the individual device, means
must be provided to generate a hard copy of the
information through an on-site device.

Category 3: Remote
configuration capability access
may be unlimited or controlled
through a software switch (e.qg.,
password).

The device shall clearly indicate
that it is in the remote
configuration mode and record
such message if capable of
printing in this mode or shall not
operate while in this mode.

An event logger is required in the device; it must include
an event counter (000 to 999), the parameter ID, the
date and time of the change, and the new value of the
parameter. A printed copy of the information must be
available on demand through the device or through
another on-site device. The information may also be
available electronically. The event logger shall have a
capacity to retain records equal to 10 times the number
of sealable parameters in the device, but not more than
1000 records are required. (Note: Does not require
1000 changes to be stored for each parameter.)

[Nonretroactive as of January 1, 1995]

(Table Added 2006) (Amended 2016)

S.2.4. Directional Flow Valves. — Valves intended to prevent reversal of flow shall be

automatic in operation.

S.3. Design of Intake Lines.

S.3.1. Diversion of Liquid to be Measured. — No means shall be provided by which any
liquid can be diverted from the supply tank to the receiving tank without being measured by
the device. A manually controlled outlet that may be opened for purging or draining the
measuring system shall be permitted. Effective means shall be provided to prevent
passage of liquid through any such outlet during normal operation of the measuring system.

(Amended 1994)

3-99




CCR Title 4, Div. 9, CCR 8§ 4000., 4001. and 4002.
2023 Edition of NIST HB 44 Section 3.35. Milk Meters

S.3.2. Intake Hose. — The intake hose shall be:
(a) of the dry-hose type;
(b) adequately reinforced;

(c) not more than 6 m (20 ft) in length unless it can be demonstrated that a longer hose
is essential to permit transfer from a supply tank; and

(d) connected to the pump at horizontal or above to permit complete drainage of the
hose.

(Amended 1991)
S.4. Marking Requirements.

S.4.1. Limitation of Use. — If a meter is intended to measure accurately only liquids having
particular properties, or to measure accurately only under specific installation or operating
conditions, or to measure accurately only when used in conjunction with specific accessory
equipment, these limitations shall be clearly and permanently stated on the meter.

S.4.2. Discharge Rates. — A meter shall be marked to show its designed maximum and
minimum discharge rates. The marked minimum discharge rate shall not exceed 20 % of
the marked maximum discharge rate.

Note: Also see example in Section 3.30. Liquid-Measuring Devices Code, paragraph S.4.4.1. Discharge Rates.
(Added 2003)

S.4.3. Measuring Components. — All components that affect the measurement of milk that
are disassembled for cleaning purposes shall be clearly and permanently identified with a
common serial number.

S.4.4. Flood Volume. — When applicable, the volume of product (to the nearest minimum
division of the meter) necessary to flood the system when dry shall be clearly,
conspicuously, and permanently marked on the air eliminator.

S.4.5. Conversion Factor. — When the conversion factor of 1.03 kg/L (8.6 Ib/gal) is used to
convert the volume of milk to weight, the conversion factor shall be clearly marked on the
primary indicating element and recorded on the delivery ticket.

N. Notes
N.1. Test Liquid.

(a) A meter shall be tested with the liquid to be commercially measured or with a liquid of
the same general physical characteristics. Following a satisfactory examination, the
weights and measures official should attach a seal or tag indicating the product used
during the test.

(Amended 1989)
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(b) A milk measuring system shall be tested with the type of milk to be measured when the
accuracy of the system is affected by the characteristics of milk (e.qg., positive
displacement meters).

(Added 1989)

N.2. Evaporation and Volume Change. — Care shall be exercised to reduce to a minimum,
evaporation losses and volume changes resulting from changes in temperature of the test
liquid.

N.2.1. Temperature Correction. — Corrections shall be made for any changes in volume
resulting from the differences in liquid temperatures between time of passage through the
meter and time of volumetric determination in the test measure. When adjustments are
necessary, appropriate tables should be used.

N.3. Test Drafts. — Test drafts should be equal to at least the amount delivered by the device
in one minute at its maximum discharge rate, and shall in no case be less than 400 L or 400 kg
(100 gal or 1 000 Ib).

(Amended 1989)
N.4. Testing Procedures.

N.4.1. Normal Tests. — The “normal” test of a meter shall be made at the maximum
discharge rate that may be anticipated under the conditions of the installation. The
“‘normal” test shall include a determination of the effectiveness of the air elimination system.

N.4.2. Special Tests. — “Special’ tests shall be made to develop the operating
characteristics of a device and any special elements and accessories attached to or
associated with the device. Any test except as set forth in N.4.1. Normal Tests shall be
considered a special test.

N.4.3. System Capacity. — The test of a milk-metering system shall include the verification
of the volume of product necessary to flood the system as marked on the air eliminator.

N.4.4. Repeatability Tests. — Tests for repeatability should include a minimum of three
consecutive test drafts of approximately the same size and be conducted under controlled
conditions where variations in factors such as temperature, pressure, and flow rate are
reduced to the extent that they will not affect the results obtained. When conducting the
tests, the discharge rates shall be within the minimum and maximum discharge rates as
marked by the manufacturer.

(Amended 2019)

T. Tolerances
T.1. Application.

T.1.1. To Underregistration and to Overregistration. — The tolerances hereinafter
prescribed shall be applied to errors of underregistration and errors of overregistration.
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T.2. Tolerance Values. — Maintenance and acceptance tolerances shall be as shown in
Table 1. Tolerances for Milk Meters.

(Amended 1989)

Table 1. Tolerances for Milk Meters

Indication (gallons) Maintenance (gallons) Acceptance (gallons)
100 0.5 0.3
200 0.7 0.4
300 0.9 0.5
400 1.1 0.6
500 1.3 0.7
Over 500 _ Add 0.002 gallon per _ Add 0.001 gallon per
indicated gallon over 500 indicated gallon over 500

(Added 1989)

T.3. Repeatability. — When multiple tests are conducted at approximately the same flow rate

and draft size, the range of the test results for the flow rate shall not exceed 40 % of the
absolute value of the maintenance tolerance and the results of each test shall be within the
applicable tolerance. Also see N.4.4. Repeatability Tests.

(Added 2002) (Amended 2019)
UR. User Requirements
UR.1. Installation Requirements.

UR.1.1. Plumb and Level Condition. — A device installed in a fixed location shall be
installed plumb and level, and the installation shall be sufficiently strong and rigid to
maintain this condition.

UR.1.2. Discharge Rate. — A meter shall be so installed that the actual maximum

discharge rate will not exceed the rated maximum discharge rate. If necessary, means for

flow regulation shall be incorporated in the installation, in which case this shall be fully
effective and automatic in operation.

UR.1.3. Unit Price. — There shall be displayed on the face of a device of the computing
type the unit price at which the device is set to compute.

UR.1.4. Intake Hose. — The intake hose shall be so installed as to permit complete
drainage and that all available product is measured following each transfer.
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UR.2. Use Requirements.

UR.2.1. Return of Indicating and Recording Elements to Zero. — The primary indicating
elements (visual), and the primary recording elements when these are returnable to zero,
shall be returned to zero before each transfer.

UR.2.2. Printed Ticket. — Any printed ticket issued by a device of the computing type on
which there is printed the total computed price, the total quantity, or the price per unit of
guantity, shall also show the other two values (either printed or in clear script).

(Amended 1989)

UR.2.3. Ticket in Printing Device. — A ticket shall not be inserted into a device equipped
with a ticket printer until immediately before a transfer is begun. If the meter is mounted on
a vehicle, in no case shall a ticket be in the device when the vehicle is in motion while on a
public street, highway, or thoroughfare.

UR.2.4. Credit for Flood Volume. — The volume of product necessary to flood the system
as marked on the air eliminator shall be individually recorded on the ticket of each transfer
affected.
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Section 3.36. Water Meters

A. Application

A.1l. General. — This code applies to devices used for the measurement of water; generally
applicable to, but not limited to, utilities type meters installed in residences or business
establishments and meters installed in batching systems.

(Amended 2002)
A.2. Exceptions. — This code does not apply to:

(a) water meters mounted on vehicle tanks (for which see Section 3.31. Vehicle-Tank
Meters); or

(b) mass flow meters. (Also see Section 3.37. Mass Flow Meters.)
(Added 1994)

A.3. Additional Code Requirements. — In addition to the requirements of this code, Water
Meters shall meet the requirements of Section 1.10. General Code.

S. Specifications
S.1. Design of Indicating and Recording Elements and of Recorded Representations.
S.1.1. Primary Elements.

S.1.1.1. General. — A water meter shall be equipped with a primary indicating element
and may also be equipped with a primary recording element. Such elements shall be
visible at the point of measurement or be stored in non-volatile and non-resettable
memory. The display may be remotely located provided it is readily accessible to the
customer.

(Amended 2002)

S.1.1.2. Units. — A water meter shall indicate and record, if the device is equipped to
record, its deliveries in terms of liters, gallons or cubic feet or binary or decimal
subdivisions thereof except batch plant meters, which shall indicate deliveries in terms
of liters, gallons or decimal subdivisions of the liter or gallon only.

S.1.1.3. Value of Smallest Unit. — The value of the smallest unit of indicated delivery
and recorded delivery, if the device is equipped to record, shall not exceed the
equivalent of:

(a) 50 L (10 gal or 1 ft3) on utility type meters, sizes 1 in and smaller; or

(b) 500 L (100 gal or 10 ft3) on utility-type meters, sizes 1% in and 2 in; or
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(c) 0.2 L (*ho gal or Y ft3) on batching meters delivering less than 375 L/min
(100 gal/min or 13 ft 3/min); or

(d) 5 L (1 gal or Y ft3) on batching meters delivering 375 L/min (100 gal/min or
13 ft3/min) or more.

(Amended 2009)

S.1.1.4. Advancement of Indicating and Recording Elements. — Primary indicating
and recording elements shall advance only by the designed operation of the device, as
intended by the manufacturer.

(Amended 2021)

S.1.1.5. Return to Zero. — If the meter is so designed that the primary indicating
elements are readily returnable to a definite zero indication, means shall be provided to
prevent the return of these elements beyond their correct zero position.

S.1.1.6. Proving Indicator. — Utility-type meters shall be equipped with a proving
indicator. The individual graduations on a mechanical (analog) proving indicator shall
indicate volumes no larger than %100 of the value of the smallest unit of indicated delivery
required in S.1.1.3. Value of Smallest Unit. For electronic (digital) proving indications,
the smallest unit of volume displayed shall be no larger than %10 of the value of the
smallest unit of indicated delivery required in S.1.1.3.

(Added 2009)
S.1.2. Graduations.

S.1.2.1. Length. — Graduations shall be so varied in length that they may be
conveniently read.

S.1.2.2. Width. — In any series of graduations, the width of a graduation shall in no case
be greater than the width of the minimum clear interval between graduations, and the
width of main graduations shall be not more than 50 % greater than the width of
subordinate graduations. Graduations shall in no case be less than 0.2 mm (0.008 in)
in width.

S.1.2.3. Clear Interval Between Graduations. — The clear interval shall not be less
than 1.0 mm (0.04 in). If the graduations are not parallel, the measurement shall be
made:

(a) along the line of relative movement between the graduations at the end of the
indicator; or

(b) if the indicator is continuous, at the point of widest separation of the graduations.
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S.1.3. Indicators.

S.1.3.1. Symmetry. — The index of an indicator shall be symmetrical with respect to the
graduations, at least throughout that portion of its length associated with the
graduations.

S.1.3.2. Length. — The index of an indicator shall reach to the finest graduations with
which it is used, the width of the minimum clear interval between graduations, and the
width of main graduations shall be not more than 50 % greater than the width of
subordinate graduations. Graduations shall in no case be less than 0.2 mm (0.008 in)
in width.

S.1.3.3. Width. — The width of the index of an indicator in relation to the series of
graduations with which it is used shall not be greater than:

(a) the width of the narrowest graduation;* and
[*Nonretroactive as of January 1, 2002]

(Amended 2001)
(b) the width of the minimum clear interval between graduations.

When the index of an indicator extends along the entire length of a graduation, that
portion of the index of the indicator that may be brought into coincidence with the
graduation shall be of the same width throughout the length of the index that coincides
with the graduation.

S.1.3.4. Clearance. — The clearance between the index of an indicator and the
graduations shall in no case be more than 1.5 mm (0.06 in).

S.1.3.5. Parallax. — Parallax effects shall be reduced to the practicable minimum.
S.2. Design of Measuring Elements.

S.2.1. Provision for Sealing. — For devices or systems in which the configuration or
calibration parameters can be changed by use of a removable digital storage device,
security shall be provided for those parameters as specified in G-S.8.2. Devices and
Systems Adjusted Using Removable Digital Storage Devices. For parameters adjusted
using other means, the following applies.

Adequate provision shall be made for an approved means of security (e.g., data change
audit trail) or for physically applying a security seal in such a manner that requires the
security seal to be broken before an adjustment or interchange can be made of:

(a) any measuring or indicating element;

(b) any adjustable element for controlling delivery rate when such rate tends to affect
the accuracy of deliveries; and
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(c) any metrological parameter that will affect the metrological integrity of the device or

system.

When applicable, the adjusting mechanism shall be readily accessible for purposes of

affixing a security seal.

Audit trails shall use the format set forth in Table S.2.1. Categories of Device and Methods

of Sealing.*

*[Nonretroactive as of January 1, 2019]

(Amended 2018 and 2019)

Table S.2.1. Categories of Device and Methods of Sealing

Categories of Device

Method of Sealing

Category 1: No remote
configuration capability.

Seal by physical seal or two event counters: one for
calibration parameters and one for configuration
parameters.

Category 2: Remote configuration
capability, but access is controlled
by physical hardware.

The device shall clearly indicate
that it is in the remote configuration
mode and record such message if
capable of printing in this mode or

shall not operate while in this mode.

The hardware enabling access for remote
communication must be on-site. The hardware must
be sealed using a physical seal or an event counter for
calibration parameters and an event counter for
configuration parameters. The event counters may be
located either at the individual measuring device or at
the system controller; however, an adequate number
of counters must be provided to monitor the calibration
and configuration parameters of the individual devices
at a location. If the counters are located in the system
controller rather than at the individual device, means
must be provided to generate a hard copy of the
information through an on-site device.

Category 3: Remote configuration
capability access may be unlimited
or controlled through a software
switch (e.g., password).

The device shall clearly indicate
that it is in the remote configuration
mode and record such message if
capable of printing in this mode or

shall not operate while in this mode.

An event logger is required in the device; it must
include an event counter (000 to 999), the parameter
ID, the date and time of the change, and the new
value of the parameter. A printed copy of the
information must be available on demand through the
device or through another on-site device. The
information may also be available electronically. The
event logger shall have a capacity to retain records
equal to 10 times the number of sealable parameters
in the device, but not more than 1000 records are
required. (Note: Does not require 1000 changes to be
stored for each parameter.)

[Nonretroactive as of January 1, 2019]

(Table Added 2018)
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S.2.2. Batching Measuring Systems Only.

S.2.2.1. Air/Vapor Elimination, Batching Measuring Systems. — Batching measuring
systems shall be equipped with an effective air/vapor eliminator or other automatic
means to prevent the passage of air/vapor through the meter. Vent lines from the
air/vapor eliminator shall be made of appropriate non-collapsible material.

(Amended 2017)

S.2.2.2. Directional Flow Valves. — Valves intended to prevent reversal of flow shall be
automatic in operation.

S.2.3. Multi-Jet Meter Identification. — Multi-Jet water meters shall be clearly and
permanently marked as such on the device or identified on the Certificate of Conformance.

(Added 2003)
S.3. Markings

S.3.1. Location of Marking Information; Utility Type Meters. — All required markings,
including those required by G-S.1. Identification, shall be either on the meter body or
primary indicator.

[Nonretroactive as of January 1, 2013]

(Added 2012)

S.3.2. Meter Size and Directional Flow Marking Information. — A water meter shall be
clearly and indelibly marked with the following information:

(a) meter size on the indicator face plate; and

(b) water flow direction.
[Nonretroactive as of January 1, 2022]

(Added 2021)
N. Notes
N.1. Test Liquid. — A meter shall be tested with water.

N.2. Evaporation and Volume Change. — Care shall be exercised to reduce to a minimum,
evaporation losses and volume changes resulting from changes to temperature of the test
liquid.

N.3. Test Drafts. — Test drafts should be equal to at least the amount delivered by the device
in two minutes and in no case less than the amount delivered by the device in one minute at
the actual maximum flow rate developed by the installation. The test draft sizes shown in
Table N.4.1. Flow Rate and Draft Size for Water Meters Normal Tests, shall be followed as
closely as possible.

(Amended 2003)
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N.4. Testing Procedures.

N.4.1. Normal Tests. — The normal test of a meter shall be made at the maximum
discharge rate developed by the installation. Meters with maximum gallon per minute
ratings higher than the values specified in Table N.4.1. Flow Rate and Draft Size for Water
Meters Normal Tests may be tested up to the meter rating, with meter indications no less
than those shown.

(Amended 1990, 2002, and 2003)

Table N.4.1. Flow Rate and Draft Size for Water Meters Normal Tests

Meter Size Rate of Flow | Maximum Rate Meter | Maximum Rate Meter
(inches) (gal/min) Indication/Test Draft Indication/Test Draft
(gal) (ft°)
Less than 5/s 8 50 5
5/8 15 50 5
Ya 25 50 5
1 40 100 10
1% 80 300 40
2 120 500 40
3 250 500 50
4 350 1000 100
6 700 1000 100

(Table Added 2003)

N.4.2. Special Tests. — Special tests to develop the operating characteristics of meters
may be made according to the rates and quantities shown in Table N.4.2.a. Flow Rate and
Draft Size for Water Meters Special Tests and Table N.4.2.b. Flow Rate and Draft Size for
Utility Type Water Meters Special Tests.

(Amended 2003 and 2010)
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Table N.4.2.a. Flow Rate and Draft Size for Batching Water Meters Special Tests

Intermediate

Intermediate

Minimum

Minimum Rate

Minimum Rate

Meter | Intermediate Rate Meter Rate Meter Rate of Meter Meter
Size Rate of Flow | Indication/Test | Indication/Test Flow Indication/Test | Indication/Test
H P 3 3
(inches) (gal/min) Draft (gal) Draft (ft°) (gal/min) Draft (gal) Draft (ft°)
Less
than or
2 10 1 Y, 5 1
equal to
5g
A 3 10 1 1 5 1
1 4 10 1 Y 5 1
1% 8 50 5 1% 10 1
2 15 50 5 2 10 1
3 20 50 5 4 10 1
4 40 100 10 7 50 5
6 60 100 10 12 50 5

(Table Added 2003) (Table Amended 2010)

Table N.4.2.b. Flow Rate and Draft Size for Utility Type Water Meters Special Tests

Intermediate Intermediate Minimum Minimum Minimum Rate
Mgter Intermediate Rate Meter Rate Meter Rate of Rate Meter Meter
_ Slﬁe Rate of Flow | Indication/Test | Indication/Test Flow Indication/Test | Indication/Test
inches i 3
( )| (gal/min) Draft (gal) Draft (ft3) (gal/min) Draft (gal) Draft (ft3)
Less 2 10 1 . 5 1
than 5/ 4
5/ 2 10 1 Ya 5 1
S5s X ¥4 2 10 1 Ya 5 1
E7) 3 10 1 Y, 5 1
1 4 10 1 Y 5 1
1% 8 100 10 1% 100 10
2 15 100 10 2 100 10

(Table Added 2010)

N.4.3. Batching Meter Tests. — Tests on batching meters should be conducted at the
maximum and intermediate rates only.
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N.4.4. Repeatability Tests. — Tests for repeatability should include a minimum of three
consecutive test drafts of approximately the same size and be conducted under controlled
conditions where variations in factors such as temperature, pressure, and flow rate are
reduced to the extent that they will not affect the results obtained. When conducting the
tests, the minimum flow rate shall be at least the minimum rate specified in Table N.4.2.a.,
and the maximum discharge rates shall not exceed the maximum discharge rate developed
under the conditions of the installation.

(Amended 2019)

T. Tolerances

T.1. Tolerance Values. — Maintenance and acceptance tolerances shall be as shown in
Table T.1. Accuracy Classes and Tolerances for Water Meters.

Table T.1. Accuracy Classes and Tolerances for Water Meters

Tolerance for
Special Tests
Conducted at the
Minimum Flow
Rate

Accuracy o Acceptance | Maintenance
Class Application Tolerance Tolerance

Water, Other Than
15 Multi-Jet Water Meters 1.5% 1.5% 1.5%
Overregistration

Water, Other Than
15 Multi-Jet Water Meters 1.5% 1.5% 50%
Underregistration

Water, Multi-Jet Water
1.5 Meters 1.5% 1.5% 3.0%
Overregistration

Water, Multi-Jet Water
1.5 Meters 1.5% 1.5% 3.0%
Underregistration

(Table Added 2003)
(Amended 2003)
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T.1.1. Repeatability. — When multiple tests are conducted at approximately the same flow
rate, each test shall be within the applicable tolerances and the range of test results shall
not exceed the values shown in Table T.1.1. Repeatability. Also see N.4.4. Repeatability
Tests.

(Added 2002) (Amended 2010)

Table T.1.1. Repeatability

Batching Meters | Utility-Type Meters

Normal Flow Rates 0.6 % 0.6 %
Intermediate Flow Rates 0.6 % 2.0%
Minimum Flow Rate 1.3% 4.0 %

(Table Added 2010)
UR. User Requirements
UR.1. Batching Meters Only.

UR.1.1. Strainer. — A filter or strainer shall be provided if it is determined that the water
contains excessive amounts of foreign material.

UR.1.2. Siphon Breaker. — An automatic siphon breaker or other effective means shall be
installed in the discharge piping at the highest point of outlet, in no case below the top of
the meter, to prevent siphoning of the meter and permit rapid drainage of the pipe or hose.

UR.1.3. Provision for Testing. — Acceptable provisions for testing shall be incorporated
into all meter systems. Such provisions shall include a two-way valve, or manifold valving,
and a pipe or hose installed in the discharge line accessible to the proper positioning of the
test measure.

UR.2. Accessibility of Customer Indication. — An unobstructed standing space of at least
76 cm (30 in) wide, 91 cm (36 in) deep, and 198 cm (78 in) high shall be maintained in front of
an indication intended for use by the customer to allow for reading the indicator. The customer
indication shall be readily observable to a person located within the standing space without
necessity of a separate tool or device.

(Added 2008)
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Section 3.37. Mass Flow Meters

A. Application

A.l. Liquids. — This code applies to devices that are designed to dynamically measure the
mass, or the mass and density of liquids. It also specifies the relevant examinations and tests
that are to be conducted.

(Amended 1997)

A.2. Vapor (Gases). — This code applies to devices that are designed to dynamically measure
the mass of hydrocarbon gas in the vapor state. Examples of these products are propane,
propylene, butanes, butylenes, ethane, methane, natural gas and any other hydrocarbon
gas/air mix.

A.3. Additional Code Requirements. — In addition to the requirements of this code, Mass
Flow Meters shall meet the requirements of Section 1.10. General Code.

S. Specifications
S.1. Indicating and Recording Elements.

S.1.1. Indicating Elements. — A measuring assembly shall include an indicating element.
Indications shall be clear, definite, accurate, and easily read under normal conditions of
operation of the instrument.

S.1.2. Compressed Natural Gas and Liguefied Natural Gas Dispensers. — Except for
fleet sales and other price contract sales, a compressed or liquefied natural gas dispenser
used to refuel vehicles shall be of the computing type and shall indicate the quantity, the
unit price, and the total price of each delivery. The dispenser shall display the mass
measured for each transaction either continuously on an external or internal display
accessible during the inspection and test of the dispenser, or display the quantity in mass
units by using controls on the device.

(Added 1994) (Amended 2016)
S.1.3. Units.

S.1.3.1. Units of Measurement. — Deliveries shall be indicated and recorded in grams,
kilograms, metric tons, pounds, tons, and/or liters, gallons, quarts, pints and decimal
subdivisions thereof. The indication of a delivery shall be on the basis of apparent mass
versus a density of 8.0 g/cm3. The volume indication shall be based on the mass
measurement and an automatic means to determine and correct for changes in product
density.

(Amended 1993 and 1997)
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S.1.3.1.1. Compressed Natural Gas Used as an Engine Fuel. [NOT ADOPTED -
CCR 8 4001. Exceptions.]

CCR §4002.10. Mass Flow Meters. (3.37.), S.1.3.1.1. Compressed Natural Gas
Used as an Engine Fuel.

When compressed natural gas is dispensed as an engine fuel, the delivered quantity
shall be indicated in “gasoline gallon equivalent (GGE) units.” (Also see Appendix D
definitions.)

(Adopted, 4 CCR 4002.10.)

S.1.3.1.2.Liquefied Natural Gas Used as an Engine Fuel. [NOT ADOPTED - CCR
§ 4001. Exceptions.]

CCR § 4002.10. Mass Flow Meters. (3.37.). S.1.3.1.2. Liquefied Natural Gas
Used as an Engine Fuel.

When liquefied natural gas is dispensed as an engine fuel, the delivered quantity
shall be indicated in “diesel gallon equivalent (DGE) units.” (Also, see Appendix D
definitions.)

(Adopted, 4 CCR 4002.10.)
S.1.3.2. Numerical Value of Quantity-Value Divisions. — The value of a scale interval
shall be equal to:

(@1, 2,or5;or

(b) a decimal multiple or submultiple of 1, 2, or 5.

S.1.3.3. Maximum Value of Quantity-Value Divisions. - The maximum value of the
guantity-value division shall not exceed the following:
(a) For compressed natural gas dispensed as an engine fuel:
(1) 0.001 for gasoline gallon equivalent (GGE) units; or
(2) 0.001 diesel gallon equivalent (DGE) units; or
(3) 0.001 kg or 0.001 Ib for mass units.

(b) For liquefied natural gas dispensed as an engine fuel:
(1) 0.001 for diesel gallon equivalent (DGE) units; or

(2) 0.001 kg or 0.001 Ib for mass units.

(c) For all other gases or liquids, a maximum value not greater than 0.2 % of the
minimum measured quantity.

(Amended 1994, 2019, and 2021)
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S.1.3.4. Values Defined. — Indicated values shall be adequately defined by a sufficient
number of figures, words, symbols, or combinations thereof. A display of “zero” shall be
a zero digit for all displayed digits to the right of the decimal mark and at least one to the
left.

S.2. Operating Requirements.
S.2.1. Return to Zero. — Except for measuring assemblies in a pipeline:

(a) One indicator and the primary recording elements, if the device is equipped to
record, shall be provided with a means for readily returning the indication to zero
either automatically or manually.

(b) It shall not be possible to return primary indicating elements, or primary recording
elements, beyond the correct zero position.

(Amended 1993)

S.2.2.Indicator Reset Mechanism. — The reset mechanism for the indicating element shall
not be operable during a delivery. Once the zeroing operation has begun, it shall not be
possible to indicate a value other than the latest measurement, or “zeros” when the zeroing
operation has been completed.

S.2.3. Non-resettable Indicator. — An instrument may also be equipped with a non-
resettable indicator if the indicated values cannot be construed to be the indicated values of
the resettable indicator for a delivered quantity.

S.2.4. Provisions for Power Loss.

S.2.4.1. Transaction Information. — In the event of a power loss, the information
needed to complete any transaction in progress at the time of the power loss (such as
the quantity and unit price, or sales price) shall be determinable for at least 15 minutes
at the dispenser or at the console if the console is accessible to the customer.

(Added 1993)

S.2.4.2. User Information. — The device memory shall retain information on the
guantity of fuel dispensed and the sales price totals during power loss.

(Added 1993)
S.2.5. Display of Unit Price and Product Identity.

S.2.5.1. Unit Price. — A computing or money-operated device shall be able to display
on each face the unit price at which the device is set to compute or to dispense.

(Added 1993)

S.2.5.2. Product Identity. — A device shall be able to conspicuously display on each
side the identity of the product being dispensed.

(Added 1993)
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S.2.5.3. Selection of Unit Price. — Except for dispensers used exclusively for fleet
sales, other price contract sales, and truck refueling (e.g., truck stop dispensers used
only to refuel trucks), when a product or grade is offered for sale at more than one unit
price through a computing device, the selection of the unit price shall be made prior to
delivery using controls on the device or other customer-activated controls. A system
shall not permit a change to the unit price during delivery of a product.

[Nonretroactive as of January 1, 1998]
(Added 1997)

S.2.5.4. Agreement Between Indications. — When a quantity value indicated or
recorded by an auxiliary element is a derived or computed value based on data
received from a retail motor-fuel dispenser, the value may differ from the quantity value
displayed on the dispenser, provided the following conditions are met:

(a) all total money-values for an individual sale that are indicated or recorded by the
system agree; and

(b) within each element the values indicated or recorded meet the formula (quantity
X unit price = total sales price) to the closest cent.

[Nonretroactive as of January 1, 1998]
(Added 1997)

S.2.6. Money-Value Computations. — A computing device shall compute the total sales
price at any single-purchase unit price (i.e., excluding fleet sales, other price contract sales,
and truck stop dispensers used only to refuel trucks) for which the product being measured
is offered for sale at any delivery possible within either the measurement range of the
device or the range of the computing elements, whichever is less.

(Added 1993)

S.2.6.1. Auxiliary Elements. — If a system is equipped with auxiliary indications, all
indicated money-value and quantity divisions of the auxiliary element shall be identical
with those of the primary element.

(Added 1993)

S.2.6.2. Display of Quantity and Total Price. — When a delivery is completed, the total
price and quantity for that transaction shall be displayed on the face of the dispenser for
at least 5 minutes or until the next transaction is initiated by using controls on the device
or other user-activated controls.

(Added 1993)
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S.2.7. Recorded Representations, Point-of-Sale Systems. — The sales information
recorded by cash registers when interfaced with a retail motor-fuel dispenser shall contain
the following information for products delivered by the dispenser:

(a) the total volume of the delivery;
(b) the unit price;
(c) the total computed price; and

(d) the product identity by name, symbol, abbreviation, or code number.

[Nonretroactive as of January 1, 1986]
(Added 1993)

S.2.8. Indication of Delivery. — The device shall automatically show on its face the initial
zero condition and the quantity delivered (up to the nominal capacity). However, the first
0.03 L (0.009 gal) of a delivery and its associated total sales price need not be indicated.

[Nonretroactive as of January 1, 1998]
(Added 1997)

S.2.9. Automatic Timeout — Pay-At-Retail Motor-Fuel Devices. — Once a retail motor-
fuel device has been authorized, it must deauthorize within two minutes if not activated.
Reauthorization of the retail motor-fuel device must be performed before product is
delivered. If the time limit to deauthorize the retail motor-fuel device is programmable, it
shall not accept an entry greater than two minutes.

[Nonretroactive as of January 1, 2020]
(Added 2019)
S.3. Measuring Elements and Measuring Systems.

S.3.1. Maximum and Minimum Flow-Rates.

(a) The ratio of the maximum to minimum flow-rates specified by the manufacturer for
devices measuring liquefied gases shall be 5:1 or greater.

(b) The ratio of the maximum to minimum flow-rates specified by the manufacturer for
devices measuring other than liquefied gases shall be 10:1 or greater.

S.3.2. Adjustment Means. — An assembly shall be provided with the means to change the
ratio between the indicated quantity and the quantity of liquid measured by the assembly.
A bypass on the measuring assembly shall not be used for these means.

S.3.2.1. Discontinuous Adjusting Means. — When the adjusting means changes the
ratio between the indicated quantity and the quantity of measured liquid in a
discontinuous manner, the consecutive values of the ratio shall not differ by more
than 0.1 %.
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S.3.3. Air/Vapor Elimination. — A measuring system shall be equipped with an effective
air/vapor eliminator or other automatic means to prevent the measurement of air/vapor.
Vent lines from the air/vapor eliminator shall be made of appropriate non-collapsible
material.

(Amended 1999 and 2017)
S.3.3.1. Air/Vapor Elimination on Loading Rack Liquid Measuring Systems.

(a) A loading rack measuring system shall be equipped with an effective air/vapor
eliminator or other automatic means to prevent the passage of air/vapor through
the meter unless the system is designed or operationally controlled by a means
such that neither air nor vapor can enter the system.

(b) Vent lines from the air/vapor eliminator shall be made of appropriate non-
collapsible material.

(Added 1995) (Amended 2017)

S.3.4. Maintenance of Liquid State. — A liquid-measuring device shall be installed so that
the measured product remains in a liquid state during passage through the instrument.

S.3.5. Provision for Sealing. — For devices or systems in which the configuration or
calibration parameters can be changed by use of a removable digital storage device,
security shall be provided for those parameters as specified in G-S.8.2. Devices and
Systems Adjusted Using Removable Digital Storage Devices. For parameters adjusted
using other means, the following applies.

Adequate provision shall be made for an approved means of security (e.g., data change
audit trail) or physically applying security seals in such a manner that no adjustment or
interchange can be made of:

(a) any measuring or indicating element;

(b) any adjustable element for controlling delivery rate when such rate tends to affect
the accuracy of deliveries;

(c) the zero-adjustment mechanism; and

(d) any metrological parameter that will affect the metrological integrity of the device or
system.

When applicable, the adjusting mechanism shall be readily accessible for purposes of
affixing a security seal.

Audit trails shall use the format set forth in Table S.3.5. Categories of Device and Methods
of Sealing.*

[*Nonretroactive as of January 1, 1995]

(Amended 1992, 1995, 2006, and 2019)
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Table S.3.5. Categories of Device and Methods of Sealing

Categories of Device

Methods of Sealing

Category 1: No remote
configuration capability.

Seal by physical seal or two event counters: one for
calibration parameters and one for configuration
parameters.

Category 2: Remote configuration
capability, but access is controlled
by physical hardware.

The device shall clearly indicate that
it is in the remote configuration
mode and record such message if
capable of printing in this mode or
shall not operate while in this mode.

[The hardware enabling access for remote
communication must be on-site. The hardware must
be sealed using a physical seal or an event counter
for calibration parameters and an event counter for
configuration parameters. The event counters may
be located either at the individual measuring device
or at the system controller; however, an adequate
number of counters must be provided to monitor the
calibration and configuration parameters of the
individual devices at a location. If the counters are
located in the system controller rather than at the
individual device, means must be provided to
generate a hard copy of the information through an
on-site device.]*

[*Nonretroactive as of January 1, 1996]

Category 3: Remote configuration
capability access may be unlimited
or controlled through a software
switch (e.g., password).

[Nonretroactive as of
January 1, 1995]

The device shall clearly indicate that
it is in the remote configuration
mode and record such message if
capable of printing in this mode or
shall not operate while in this mode.

[Nonretroactive as of
January 1, 2001]

An event logger is required in the device; it must
include an event counter (000 to 999), the parameter
ID, the date and time of the change, and the new
value of the parameter. A printed copy of the
information must be available on demand through the
device or through another on-site device. The
information may also be available electronically. The
event logger shall have a capacity to retain records
equal to 10 times the number of sealable parameters
in the device, but not more than 1000 records are
required. (Note: Does not require 1000 changes to
be stored for each parameter.)

[Nonretroactive as of January 1, 1995]

(Table Added 1995) (Amended 1995, 1998, 1999, 2006, and 2016)
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S.3.6. Automatic Density Correction.

(a) An automatic means to determine and correct for changes in product density shall
be incorporated in any mass flow metering system that is affected by changes in the
density of the product being measured.

(b) Volume-measuring devices with automatic temperature compensation used to
measure natural gas as a motor vehicle engine fuel shall be equipped with an
automatic means to determine and correct for changes in product density due to
changes in the temperature, pressure, and composition of the product.

(Amended 1994 and 1997)

S.3.7. Pressurizing the Discharge Hose. — The discharge hose for compressed natural
gas shall automatically pressurize prior to the device beginning to register the delivery.

(Added 1993)

S.3.8. Zero-Set-Back Interlock, Retail Motor-Fuel Devices. — A device shall be
constructed so that:

(a) after a delivery cycle has been completed by moving the starting lever to any
position that shuts off the device, an automatic interlock prevents a subsequent
delivery until the indicating elements, and recording elements if the device is
equipped and activated to record, have been returned to their zero positions;

(b) the discharge nozzle cannot be returned to its designed hanging position (that is,
any position where the tip of the nozzle is placed in its designed receptacle and the
lock can be inserted) until the starting lever is in its designed shut-off position and
the zero-set-back interlock has been engaged; and

(c) in a system with more than one dispenser supplied by a single pump, an effective
automatic control valve in each dispenser prevents product from being delivered
until the indicating elements on that dispenser are in a correct zero position.

(Added 1993)
S.4. Discharge Lines and Valves.

S.4.1. Diversion of Measured Product. — No means shall be provided by which any
measured product can be diverted from the measuring instrument. However, two or more
delivery outlets may be permanently installed and operated simultaneously, provided that
any diversion of flow to other than the intended receiving receptacle cannot be readily
accomplished or is readily apparent. Such means include physical barriers, visible valves,
or indications that make it clear which outlets are in operation, and explanatory signs if
deemed necessary.

An outlet that may be opened for purging or draining the measuring system, or for

recirculating product if recirculation is required in order to maintain the product in a
deliverable state shall be permitted. Effective automatic means shall be provided to
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prevent the passage of liquid through any such outlet during normal operation of the
measuring system and to inhibit meter indications (or advancement of indications) and
recorded representations while the outlet is in operation.

(Amended 2002 and 2006)

S.4.2. Pump-Discharge Unit. — A pump-discharge unit for liquids equipped with a flexible
discharge hose shall be of the wet-hose type.

(Added 1993)

S.4.3. Directional Flow Valves. — If a reversal of flow could result in errors that exceed
the tolerance for the minimum measured quantity, a valve or valves or other effective
means, automatic in operation (and equipped with a pressure limiting device, if necessary)

to prevent the reversal of flow shall be properly installed in the system. (Also see N.1.
Minimum Measured Quantity.)

S.4.4. Discharge Valves. — A discharge valve may be installed on a discharge line only if
the system is a wet-hose type. Any other shutoff valve on the discharge side of the
instrument shall be of the automatic or semiautomatic predetermined-stop type or shall be
operable only:

(a) by means of a tool (but not a pin) entirely separate from the device; or
(b) by means of a security seal with which the valve is sealed open.

S.4.5. Antidrain Means. — In a wet-hose type device, effective means shall be provided to
prevent the drainage of the hose between transactions.

S.4.6. Other Valves. — Check valves and closing mechanisms that are not used to define
the measured quantity shall have relief valves (if necessary) to dissipate any abnormally
high pressure that may arise in the measuring assembly.

S.5. Markings. — A measuring system shall be legibly and indelibly marked with the following
information:

(a) pattern approval mark (i.e., type approval number);

(b) name and address of the manufacturer or his trademark and, if required by the weights
and measures authority, the manufacturer’s identification mark in addition to the
trademark;

(c) model identifier or product name selected by the manufacturer;

(d) nonrepetitive serial number;
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(e) the accuracy class of the meter as specified by the manufacturer consistent with
Table T.2. Accuracy Classes for Mass Flow Meter Applications Covered in NIST
Handbook 44, Section 3.37 Mass Flow Meters;*

[*Nonretroactive as of January 1, 1995]
(Added 1994)

(f) maximum and minimum flow rates in pounds per unit of time;

(g9) maximum working pressure;

(h) applicable range of temperature if other than — 10 °C to + 50 °C;

(i) minimum measured quantity; and

() product limitations, if applicable.

S.5.1. Location of Marking Information; Retail Motor-Fuel Dispensers. — The marking
:cr(;fgvr::tion required in General Code, paragraph G-S.1. Identification shall appear as

(a) within 60 cm (24 in) to 150 cm (60 in) from the base of the dispenser;

(b) either internally and/or externally provided the information is permanent and easily
read; and

(c) on a portion of the device that cannot be readily removed or interchanged (i.e., not
on a service access panel).

[Nonretroactive as of January 1, 2003]

The use of a dispenser key or tool to access internal marking information is permitted for
retail liquid and compressed gas-measuring devices.

(Added 2006) (Amended 2019)

S.5.2.Marking of Equivalent Conversion Factors for Compressed Natural Gas. [NOT
ADOPTED - CCR § 4001. Exceptions.]

CCR 8 4002.10. Mass Flow Meters. (3.37.). S.5.2. Marking of Gasoline Volume
Equivalent Conversion Factors for Compressed Natural Gas.

A device dispensing compressed natural gas shall have the statement “1 Gasoline Gallon
Equivalent (GGE) equals 5.66 Ib of Compressed Natural Gas” permanently and
conspicuously marked on the face of the dispenser.

(Adopted, 4 CCR 4002.10.)
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S.5.3.Marking of Equivalent Conversion Factor for Liquefied Natural Gas. [NOT
ADOPTED - CCR § 4001. Exceptions.]

CCR 8 4002.10. Mass Flow Meters. (3.37.). S.5.3. Marking of Diesel Volume Equivalent
Conversion Factors for Liquefied Natural Gas.

A device dispensing liquefied natural gas shall have the statement “1 Diesel Gallon
Equivalent (DGE) equals 6.06 Ib of Liquefied Natural Gas” permanently and conspicuously
marked on the face of the dispenser

(Adopted, 4 CCR 4002.10.)
S.6.Printer. — When an assembly is equipped with means for printing the measured quantity,
the following conditions apply:

(a) the scale interval shall be the same as that of the indicator;

(b) the value of the printed quantity shall be the same value as the indicated quantity;

(c) the printed quantity shall also include the mass value if the mass is not the indicated
guantity;

[Nonretroactive as of January 1, 2021]

(d) a quantity for a delivery (other than an initial reference value) cannot be recorded until
the measurement and delivery has been completed;

(e) the printer is returned to zero when the resettable indicator is returned to zero; and

() the printed values shall meet the requirements applicable to the indicated values.
(Amended 2016)

S.6.1. Printed Receipt. — Any delivered, printed quantity shall include an identification
number, the time and date, and the name of the seller. This information may be printed by
the device or pre-printed on the ticket.

S.7. Totalizers for Retail Motor-Fuel Devices. — Retail motor-fuel dispensers shall be
equipped with a nonresettable totalizer for the quantity delivered through the metering device.

[Nonretroactive as of January 1, 1998]
(Added 1997)
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N. Notes

N.1. Minimum Measured Quantity. — The minimum measured quantity shall be specified by
the manufacturer.

N.2. Test Medium.

N.2.1. Liquid-Measuring Devices. — The device shall be tested with the liquid that the
device is intended to measure or another liquid with the same general physical
characteristics.

N.2.2.Vapor-Measuring Devices. — The device shall be tested with air or the product to be
measured.

N.3. Test Drafts. — The minimum test shall be one test draft at the maximum flow rate of the
installation and one test draft at the minimum flow rate. More tests may be performed at these
or other flow rates. (Also see T.3. Repeatability.)

N.4. Minimum Measured Quantity. — The device shall be tested for a delivery equal to the
declared minimum measured quantity when the device is likely to be used to make deliveries
on the order of the minimum measured quantity.

N.5. Motor-Fuel Dispenser. — When a device is intended for use as a liquid motor-fuel
dispenser, the type evaluation test shall include a test for accuracy using five starts and stops
during a delivery to simulate the operation of the automatic shut-off nozzle. This test may be
conducted as part of the normal inspection and test of the meter.

N.6. Testing Procedures.

N.6.1. Normal Tests. — The normal test of a meter shall be made at the maximum
discharge rate developed by the installation. Any additional tests conducted at flow rates
down to and including the rated minimum discharge flow rate shall be considered normal
tests.

(Added 1999)

N.6.2. Special Tests. — “Special” tests shall be made to develop the operating
characteristics of a device and any special elements and accessories attached to or
associated with the device. Any test except as set forth in N.6.1. Normal Tests shall be
considered a special test. Special tests of a measuring system shall be made to develop
operating characteristics of the measuring systems during a split compartment delivery.
Also see Table T.2. Accuracy Classes and Tolerances for Mass Flow Meters.

(Added 1999)

N.6.3. Repeatability Tests. — Tests for repeatability should include a minimum of three
consecutive test drafts of approximately the same size and be conducted under controlled
conditions where variations in factors such as temperature, pressure, and flow rate are
reduced to the extent that they will not affect the results obtained. When conducting the
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tests, the discharge rates shall be within the minimum and maximum discharge rates as
marked by the manufacturer.

(Amended 2019)
T. Tolerances
T.1. Tolerances, General.

(a) The tolerances apply equally to errors of underregistration and errors of
overregistration.

(b) The tolerances apply to all products at all temperatures measured at any flow rate
within the rated measuring range of the meter.

(Amended 1999)

T.2. Tolerances. — The tolerances for mass flow meters for specific liquids, gases, and
applications are listed in Table T.2. Accuracy Classes and Tolerances for Mass Flow Meters.

(Amended 1994 and 1999)
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Table T.2. Accuracy Classes and Tolerances for Mass Flow Meters

Accuracy
Class

Application or Commodity Being Measured

Acceptance
Tolerance

Maintenance
Tolerance

Special
Tolerance

0.3

Large capacity motor-fuel dispensers (maximum discharge flow
rates greater than 100 L/min or 25 gal/min)

Heated products (other than asphalt) at temperatures greater
than 50 °C (122 °F)

Asphalt at temperatures equal to or below 50 °C (122 °F)
Loading rack meters

Vehicle-tank meters

Home heating oll

Milk and other food products

All other liquid applications not shown in the table where the
minimum delivery is at least 700 kg (1500 Ib)

0.2%

0.3%

0.5%

0.3A

Asphalt at temperatures greater than 50 °C (122 °F)

0.3 %

0.3%

0.5%

0.5

Small capacity (retail) motor-fuel dispensers
Agri-chemical liquids

All other liguid applications not shown in the table where the
minimum delivery is less than 700 kg or 1500 Ib

0.3%

0.5%

0.5%

1.0

Anhydrous ammonia
LP Gas (including vehicle-tank meters)

0.6 %

1.0 %

1.0 %

2.0

Compressed natural gas as a motor-fuel
All other hydrocarbon gases and any other hydrocarbon gas/air
mix applications not shown in the table

15%

2.0%

2.0%

2.5

Cryogenic liquid meters
Liquefied compressed gases other than LP Gas

1.5%

25%

25 %

(Added 1994) (Amended 1999, 2001, 2013 and 2022)
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T.3. Repeatability. — When multiple tests are conducted at approximately the same flow rate
and draft size, the range of the test results for the flow rate shall not exceed 40 % of the
absolute value of the maintenance tolerance and the results of each test shall be within the
applicable tolerance. Also see N.6.3 Repeatability Tests.

(Amended 1992, 1994, 2001, and 2019)

T.4. Type Evaluation Examinations for Liquid-Measuring Devices. — For type evaluation
examinations, the tolerance values shall apply under the following conditions:

(a) with any one liquid within the range of liquids;
(b) at any one liquid temperature and pressure within the operating range of the meter; and

(c) at all flow rates within the range of flow rates.
(Added 1993) (Amended 1994)

UR. User Requirements
UR.1. Selection Requirements.

UR.1.1. Discharge Hose-Length. — The length of the discharge hose on a retail motor-fuel
device shall not exceed 4.6 m (15 ft) unless it can be demonstrated that a longer hose is
essential to permit deliveries to be made to receiving vehicles or vessels.

[Nonretroactive as of January 1, 1998]

(Added 1997)
UR.1.2.Minimum Measured Quantity.
(a) The minimum measured quantity shall be specified by the manufacturer.

(b) The minimum measured quantity appropriate for a transaction may be specified by
the weights and measures authority. A device may have a minimum measured
guantity smaller than that specified by the weights and measures authority; however,
the device must perform within the performance requirements for the declared
minimum measured quantity.

UR.2. Installation Requirements.

UR.2.1. Manufacturer’s Instructions. — A device shall be installed in accordance with the
manufacturer’s instructions, and the installation shall be sufficiently secure and rigid to
maintain this condition.

(Added 1997)
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UR.2.2. Discharge Rate. — A device shall be installed so that the actual maximum
discharge rate will not exceed the rated maximum discharge rate. Automatic means of flow
regulation shall be incorporated in the installation if necessary.

(Added 1997)

UR.2.3. Low-Flow Cut-Off Valve. — If a metering system is equipped with a programmable
or adjustable “low-flow cut-off” feature:

(a) the low-flow cut-off value shall not be set at flow rates lower than the minimum
operating flow rate specified by the manufacturer on the meter; and

(b) the system shall be equipped with flow control valves which prevent the flow of
product and stop the indicator from registering product flow whenever the product
flow rate is less than the low-flow cut-off value.

(Added 1992)
UR.3. Use of Device.

UR.3.1. Unit Price and Product Identity for Retail Dispensers. — The following
information shall be conspicuously displayed or posted on the face of a retail dispenser
used in direct sale:

(a) except for dispensers used exclusively for fleet sales, other price contract sales, and
truck refueling (e.g., truck stop dispensers used only to refuel trucks), all of the unit
prices at which the product is offered for sale; and

(b) in the case of a computing type or money-operated type, the unit price at which the
dispenser is set to compute.

(Added 1993)

UR.3.1.1.Marking of Equivalent Conversion Factors for Compressed Natural Gas.
[NOT ADOPTED - CCR § 4001. Exceptions.]

§ 4002.10. Mass Flow Meters. (3.37.). UR.3.1.1. Marking of Equivalent Conversion
Factor for Compressed Natural Gas.

A device dispensing compressed natural gas shall have the statement “1 Gasoline
Gallon Equivalent (GGE) ) equals 5.66 Ib of Compressed Natural Gas” permanently and
conspicuously marked on the face of the dispenser.

(Adopted, 4 CCR 4002.10.)
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U.R.3.1.2. Marking of Equivalent Conversion Factor for Liquefied Natural Gas. [NOT
ADOPTED - CCR § 4001. Exceptions.]

§ 4002.10. Mass Flow Meters. (3.37.). U.R.3.1.2. Marking of Equivalent Conversion
Factor for Liquefied Natural Gas.

A device dispensing liquefied natural gas shall have the statement “1 Diesel Gallon
Equivalent (DGE) equals 6.06 Ib of Liquefied Natural Gas” permanently and
conspicuously marked on the face of the dispenser.

(Adopted, 4 CCR 4002.10.)

UR.3.2. Vapor-Return Line. — During any metered delivery of liquefied petroleum gas and
other liquids from a supplier’s tank to a receiving container, there shall be no vapor-return
line from the receiving container to the supplier’s tank:

(a) in the case of any receiving container to which normal deliveries can be made
without the use of such vapor-return line; or

(b) in the case of any new receiving container when the ambient temperature is below
90 °F.
(Added 1993)

UR.3.3. Ticket Printer; Customer Ticket. — Vehicle-mounted metering systems shall be
equipped with a ticket printer which shall be used for all sales where product is delivered
through the meter. A copy of the ticket issued by the device shall be left with the customer
at the time of delivery or as otherwise specified by the customer.

(Added 1994)

UR.3.4. Printed Ticket. — The total price, the total quantity of the delivery, and the price
per unit shall be printed on any ticket issued by a device of the computing type and
containing any one of these values.

(Added 1993)

UR.3.5. Ticket in Printing Device. — A ticket shall not be inserted into a device equipped
with a ticket printer until immediately before a delivery is begun, and in no case shall a
ticket be in the device when the vehicle is in motion while on a public street, highway, or
thoroughfare.

(Added 1993)

UR.3.6. Steps After Dispensing. — After delivery to a customer from a retail motor-fuel
device:

(a) the starting lever shall be returned to its shutoff position and the zero-set-back
interlock engaged; and
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(b) the discharge nozzle shall be returned to its designed hanging position unless the
primary indicating elements, and recording elements, if the device is equipped and
activated to record, have been returned to a definite zero indication.

(Added 1993)

UR.3.7. Return of Indicating and Recording Elements to Zero. — The primary indicating
elements (visual), and the primary recording elements when these are returnable to zero,
shall be returned to zero immediately before each delivery. Exceptions to this requirement
are totalizers on key-lock-operated or other self-operated dispensers and the primary
recording element if the device is equipped to record.

(Added 1995) (Amended 1997)

UR.3.8. Return of Product to Storage, Retail Compressed and Liquefied Natural Gas
Dispensers. — Provisions at the site shall be made for returning product to storage or
disposing of the product in a safe and timely manner during or following testing operations.
Such provisions may include return lines, or cylinders adequate in size and number to
permit this procedure.

(Added 1998) (Amended 2016)
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Section 3.38. Carbon Dioxide Liquid-Measuring Devices

A. Application

A.1. General. — This code applies to liquid-measuring devices used for the measurement of
liquid carbon dioxide.

A.2. Exceptions. — This code does not apply to devices used solely for dispensing a product in
connection with operations in which the amount dispensed does not affect customer charges.

A.3. Additional Code Requirements. — In addition to the requirements of this code, Carbon
Dioxide Liquid-Measuring Devices shall meet the requirements of Section 1.10. General Code.

A.4. Type Evaluation. — The National Type Evaluation Program will accept for type evaluation
only those devices that comply with all requirements of this code.

(Added 1998)
S. Specifications
S.1. Design of Indicating and Recording Elements and of Recorded Representations.
S.1.1. Primary Elements.

S.1.1.1. General. — A device shall be equipped with a primary indicating element and
may also be equipped with a primary recording element.

S.1.1.2. Units. — A device shall indicate and record, if equipped to record, its deliveries
in terms of pounds or kilograms or decimal subdivisions or multiples thereof.

S.1.1.3. Value of Smallest Unit. — The value of the smallest unit of indicated delivery,
and recorded delivery, if the device is equipped to record, shall not exceed the equivalent
of:

(a) for small delivery devices:

(1) 1 kilogram; or
(2) 1 pound

(b) for large delivery devices:

(1) 10 kilograms; or
(2) 10 pounds

S.1.1.4. Advancement of Indicating and Recording Elements. — Primary indicating
and recording elements shall be susceptible to advancement only by the normal

3-135



CCR Title 4, Div. 9, CCR § 4000.
2023 Edition of NIST HB 44 Section 3.38. Carbon Dioxide Liquid-Measuring Devices

operation of the device. However, a device may be cleared by advancing its elements
to zero, but only if:

(a) the advancing movement, once started, cannot be stopped until zero is reached,;
or

(b) in the case of indicating elements only, such elements are automatically
obscured until the elements reach the correct zero position.

S.1.1.5. Return to Zero. — Primary indicating and recording elements shall be readily
returnable to a definite zero indication. Means shall be provided to prevent the return of
primary indicating elements and of primary recording elements beyond their correct zero
position.

S.1.2. Graduations.

S.1.2.1. Length. — Graduations shall be so varied in length that they may be
conveniently read.

S.1.2.2. Width. — In any series of graduations, the width of a graduation shall in no case
be greater than the width of the minimum clear interval between graduations. The width
of main graduations shall be not more than 50 % greater than the width of subordinate
graduations. Graduations shall in no case be less than 0.2 mm (0.008 in) in width.

S.1.2.3. Clear Interval Between Graduations. — The clear interval shall be not less
than 1.0 mm (0.04 in). If the graduations are not parallel, the measurement shall be
made:

(a) along the line of relative movement between the graduations at the end of the
indicator; or

(b) if the indicator is continuous, at the point of widest separation of the graduations.

(Also see S.1.3.6. Travel of Indicator.)
S.1.3. Indicators.

S.1.3.1. Symmetry. — The index of an indicator shall be of the same shape as the
graduations at least throughout that portion of its length associated with the
graduations.

S.1.3.2. Length. — The index of an indicator shall reach to the finest graduations with
which it is used, unless the indicator and the graduations are in the same plane, in
which case the distance between the end of the indicator and the ends of the
graduations, measured along the line of the graduations, shall be not more than 1.0 mm
(0.04 in).
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S.1.3.3. Width. — The width of the index of the indicator in relation to the series of
graduations with which it is used shall be not greater than:

(a) the width of the narrowest graduation;* and
[*Nonretroactive as of January 1, 2002]
(Amended 2001)

(b) the width of the minimum clear interval between graduations.

When the index of an indicator extends along the entire length of a graduation, that
portion of the index of the indicator that may be brought into coincidence with the
graduation shall be of the same width throughout the length of the index that coincides
with the graduation.

S.1.3.4. Clearance. — The clearance between the index of an indicator and the
graduations shall in no case be more than 1.5 mm (0.06 in).

S.1.3.5. Parallax. — Parallax effects shall be reduced to the practicable minimum.

S.1.3.6. Travel of Indicator. — If the most sensitive element of the primary indicating
element utilizes an indicator and graduations, the relative movement of these parts
corresponding to the smallest indicated value shall be no less than 5 mm (0.20 in).

S.1.4. Computing-Type Devices.

S.1.4.1. Printed Ticket. — Any printed ticket issued by a device of the computing type
on which there is printed the total computed price shall have printed clearly thereon also
the total quantity of the delivery and the price per unit.

S.1.4.2. Money-Value Computations. — Money-value computations shall be of the full-
computing type in which the money-value at a single unit price, or at each of a series of
unit prices, shall be computed for every delivery within either the range of measurement
of the device or the range of the computing elements, whichever is less.

The total price shall be computed on the basis of the quantity indicated when the value
of the smallest division indicated is equal to or less than the value specified in S.1.1.3.
Value of Smallest Unit.

S.1.4.3. Money-Values, Mathematical Agreement. — Any digital money-value
indication and any recorded money-value on a computing-type device shall be in
mathematical agreement with its associated quantity indication or representation to
within 1 cent of money-value.

S.2. Design of Measuring Elements.
S.2.1. Air/Vapor Elimination. — A measuring system shall be equipped with an effective

air/vapor eliminator or other automatic means to prevent the passage of air/vapor through

3-137



CCR Title 4, Div. 9, CCR § 4000.
2023 Edition of NIST HB 44 Section 3.38. Carbon Dioxide Liquid-Measuring Devices

the meter. Vent lines from the air/vapor eliminator shall be made of appropriate non-
collapsible material. (Also see Section T. Tolerances.)

(Amended 2016 and 2018)

S.2.2. Reverse Flow Measurement. — Effective means, automatic in operation, shall be
installed to prevent reverse flow measurement.

S.2.3. Maintenance of Liquid State. — A device shall be so designed that the product
being measured will remain in a liquid state during passage through the device.

S.2.4. Automatic Temperature or Density Compensation. — A volumetric device shall be
equipped with automatic means for adjusting the indication and recorded representation of
the measured quantity of the product to indicate or record the quantity of the product
measured in terms of pounds.

S.2.5. Provision for Sealing. — For devices and systems in which the configuration or
calibration parameters can be changed by use of a removable digital storage device,
security shall be provided for those parameters as specified in G-S.8.2. Devices and
Systems Adjusted Using Removable Digital Storage Devices. For parameters adjusted
using other means, the following applies.

Adequate provision shall be made for an approved means of security (e.g., data change
audit trail) or for physically applying a security seal in such a manner that requires the
security seal to be broken before an adjustment or interchange can be made of:

(a) any measuring or indicating element;

(b) any adjustable element for controlling delivery rate when such rate tends to affect
the accuracy of deliveries;

(c) any automatic temperature or density compensating system; and

(d) any metrological parameter that will affect the metrological integrity of the device or
system.

When applicable any adjusting mechanism shall be readily accessible for purposes of
affixing a security seal.

Audit trails shall use the format set forth in Table S.2.5. Provision for Sealing.*
[*Nonretroactive as of January 1, 1995]
(Amended 2006 and 2019)
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Table S.2.5. - Categories of Device and Methods of Sealing

Categories of Device

Methods of Sealing

Category 1: No remote
configuration capability.

Seal by physical seal or two event counters: one for
calibration parameters and one for configuration
parameters.

Category 2: Remote
configuration capability, but
access is controlled by physical
hardware.

The device shall clearly indicate
that it is in the remote
configuration mode and record
such message if capable of
printing in this mode or shall not
operate while in this mode.

The hardware enabling access for remote
communication must be on-site. The hardware must be
sealed using a physical seal or an event counter for
calibration parameters and an event counter for
configuration parameters. The event counters may be
located either at the individual measuring device or at
the system controller; however, an adequate number of
counters must be provided to monitor the calibration
and configuration parameters of the individual devices
at a location. If the counters are located in the system
controller rather than at the individual device, means
must be provided to generate a hard copy of the
information through an on-site device.

Category 3: Remote
configuration capability access
may be unlimited or controlled
through a software switch (e.qg.,
password).

The device shall clearly indicate
that it is in the remote
configuration mode and record
such message if capable of
printing in this mode or shall not
operate while in this mode.

An event logger is required in the device; it must include
an event counter (000 to 999), the parameter ID, the
date and time of the change, and the new value of the
parameter. A printed copy of the information must be
available on demand through the device or through
another on-site device. The information may also be
available electronically. The event logger shall have a
capacity to retain records equal to 10 times the number
of sealable parameters in the device, but not more than
1000 records are required. (Note: Does not require
1000 changes to be stored for each parameter.)

[Nonretroactive as of January 1, 1995]

(Table Added 2006) (Amended 2016)

S.3. Design of Discharge Lines and Discharge Line Valves.

S.3.1. Diversion of Measured Liquid. — No means shall be provided by which any
measured liquid can be diverted from the measuring chamber of the device or the
discharge line therefrom, except that a manually controlled outlet that may be opened for
purging or draining the measuring system shall be permitted. Effective means shall be
provided to prevent the passage of liquid through any such outlet during normal operation
of the device and to indicate clearly and unmistakably when the valve controls are so set as
to permit passage of liquid through such outlet.
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S.3.2. Discharge Hose. — The discharge hose of a measuring system shall be of a wet
hose type with a shutoff valve at its outlet end.

S.4. Marking Requirements.

S.4.1. Limitation of Use. — If a measuring system is intended to measure accurately only
liquids having particular properties, or to measure accurately only under specific installation
or operating conditions, or to measure accurately only when used in conjunction with
specific accessory equipment, these limitations shall be clearly and permanently marked on
the device.

S.4.2. Discharge Rates. — A meter shall be marked to show its designed maximum and
minimum discharge rates. The marked minimum discharge rate shall not exceed 20 % of
the marked maximum discharge rate.

Note: Also see example in Section 3.30. Liquid-Measuring Devices Code,
paragraph S.4.4.1. Discharge Rates.
(Note Added 2003)

N. Notes
N.1. Test Liquid. — The test liquid shall be carbon dioxide in a compressed liquid state.

N.2. Vaporization and Volume Change. — Care shall be exercised to reduce vaporization
and volume changes to a minimum. When testing by weight, the weigh tank and transfer
systems shall be pre-cooled to liquid temperature prior to the start of the test to avoid the
venting of vapor from the vessel being weighed.

N.3. Test Drafts.

N.3.1. Gravimetric Test. — Weight test drafts shall be equal to at least the amount
delivered by the device in 2 minutes at its maximum discharge rate.

N.3.2. Transfer Standard Test. — When comparing a meter with a calibrated transfer
standard, the test draft shall be equal to at least the amount delivered by the device in
two minutes at its maximum discharge rate.

N.3.3. Volumetric Prover Test Drafts. — Test drafts shall be equal to at least the amount
delivered in one minute at its normal discharge rate.

N.4. Testing Procedures.

N.4.1. Normal Tests. — The “normal” test of a device shall be made at the maximum
discharge flow rate developed under the conditions of installation. Any additional tests
conducted at flow rates down to and including one-half of the sum of the maximum
discharge flow rate and the rated minimum discharge flow rate shall be considered normal
tests.
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N.4.2. Special Tests. — Any test except as set forth in N.4.1. Normal Tests shall be
considered a special test. Tests shall be conducted, if possible, to evaluate any special
elements or accessories attached to or associated with the device. A device shall be
tested at a minimum discharge rate of:

(a) not less than the marked minimum discharge rate or 20 % of the maximum rated
discharge rate of the device, whichever is less; or

(b) the lowest discharge rate practicable under the conditions of installation.

“Special” tests may be conducted to develop any characteristics of the device anticipated
under the conditions of installation.

N.4.3. Density. — Temperature and pressure of the metered test liquid shall be measured
during the test for the determination of density or volume correction when applicable. The
appropriate correction values shall apply as specified in Table N.4.4.

N.4.4. Automatic Temperature or Density Compensation. — If a device is equipped with
an automatic temperature or density compensator, the compensator shall be tested by
comparing the quantity indicated or recorded by the device (with the compensator
connected and operating) with the actual delivered quantity. The appropriate correction
values shall apply as specified in Table N.4.4. Automatic Temperature or Density
Compensation.

Table N.4.4. Automatic Temperature or Density Compensation

Liquid Liqu!d Vapor | Vapor

Temp °F Pressure|Pressure Densit Density Densitv | Densit Vapor
b PSIA | PSIG Y| (b- y Y| Displacement %
Ib/gal Ib/cu ft | Ib/gal
oz)/gal

-30.00 | 177.89 | 163.19 9.127 9-2.0 1.989 | 0.266 2.9
-29.75 | 178.75 | 164.05 9.122 9-2.0 1.999 | 0.267 2.9
-29.50 | 179.62 | 164.92 9.117 9-1.9 2.008 | 0.268 2.9
-29.25 | 180.49 | 165.79 9.113 9-1.8 2.018 | 0.270 3.0
-29.00 | 181.36 | 166.67 9.108 9-1.7 2.028 | 0.271 3.0
-28.75 | 182.24 | 167.54 9.103 9-17 2.038 | 0.272 3.0
-28.50 | 183.12 | 168.42 9.098 9-1.6 2.048 | 0.274 3.0
-28.25 | 184.00 | 169.31 9.094 9-15 2.058 | 0.275 3.0
-28.00 | 184.89 | 170.19 9.089 9-1.4 2.067 | 0.276 3.0
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Liquid

- |Pressure|Pressure Liqu!d Density Vapqr Vapqr Vapor
Temp °F PSIA PSIG Dlzr;srtly (Ib- [I)be/nS'R' Dlir/}snly Displacement %
ga oz)/gal cu ga
-27.75 | 185.78 | 171.08 9.084 9-1.3 2.077 0.278 3.1
-27.50 | 186.67 | 171.98 9.080 9-1.3 2.087 0.279 3.1
-27.25 | 187.57 | 172.87 9.075 9-1.2 2.098 0.280 3.1
-27.00 | 188.47 | 173.77 9.070 9-11 2.108 0.282 3.1
- 26.75 | 189.37 | 174.67 9.065 9-1.0 2.118 0.283 3.1
-26.50 | 190.28 | 175.58 9.061 9-1.0 2.128 0.284 3.1
-26.25 | 191.18 | 176.49 9.056 9-0.9 2.138 | 0.286 3.2
-26.00 | 192.10 | 177.40 9.051 9-0.8 2.148 0.287 3.2
-25.75 | 193.01 | 178.32 9.046 9-0.7 2.159 0.289 3.2
- 2550 | 193.93 | 179.23 9.041 9-0.7 2.169 0.290 3.2
-25.25 | 194.85 | 180.16 9.037 9-0.6 2.179 0.291 3.2
-25.00 | 195.78 | 181.08 9.032 9-05 2.190 0.293 3.2
-24.75 | 196.70 | 182.01 9.027 9-04 2.200 0.294 3.3
-2450 | 197.64 | 182.94 9.022 9-04 2.211 0.296 3.3
-24.25 | 198.57 | 183.87 9.017 9-0.3 2.221 0.297 3.3
-24.00 | 199.51 | 184.81 9.013 9-0.2 2.232 0.298 3.3
-23.75 | 200.45 | 185.75 9.008 9-0.1 2.243 | 0.300 3.3
-23.50 | 201.39 | 186.70 9.003 9-0.0 2.253 0.301 3.3
-23.25 | 202.34 | 187.64 8.998 9-0.0 2.264 0.303 34
-23.00 | 203.29 | 188.60 8.993 8-15.9 2.275 0.304 3.4
-22.75 | 204.25 | 189.55 8.989 8-15.8 | 2.286 | 0.306 34
-22.50 | 205.20 | 190.51 8.984 8-15.7 2.296 0.307 3.4
-22.25 | 206.16 | 191.47 8.979 8-15.7 2.307 0.308 3.4
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Liquid

- |Pressure|Pressure Liqu!d Density Vapqr Vapqr Vapor
Temp °F PSIA PSIG Dlzr;srtly (Ib- [I)be/nS'R' Dlir/}snly Displacement %
ga oz)/gal cu ga
-22.00 | 207.13 | 192.43 8.974 8-15.6 2.318 0.310 3.5
-21.75 | 208.09 | 193.40 8.969 8-155 2.329 0.311 3.5
-21.50 | 209.06 | 194.37 8.964 8-154 2.340 0.313 3.5
-21.25 | 210.04 | 195.34 8.959 8-154 2.351 0.314 3.5
-21.00 | 211.02 | 196.32 8.955 8-15.3 2.362 0.316 3.5
-20.75 | 212.00 | 197.30 8.950 8-15.2 2.374 0.317 3.5
-20.50 | 212.98 | 198.28 8.945 8-15.1 2.385 0.319 3.6
-20.25 | 213.97 | 199.27 8.940 8-15.0 2.396 0.320 3.6
-20.00 | 214.96 | 200.26 8.935 8-15.0 | 2.407 | 0.322 3.6
-19.75 | 215.95 | 201.26 8.930 8-14.9 2.419 0.323 3.6
-19.50 | 216.95 | 202.25 8.925 8-14.8 2.430 0.325 3.6
-19.25 | 217.95 | 203.25 8.920 8-14.7 2.441 0.326 3.7
-19.00 | 218.95 | 204.26 8.915 8-14.6 2.453 0.328 3.7
-18.75 | 219.96 | 205.27 8.911 8-14.6 2.464 0.329 3.7
-18.50 | 220.97 | 206.28 8.906 8-145 2.476 0.331 3.7
-18.25 | 221.99 | 207.29 8.901 8-14.4 2.488 0.333 3.7
-18.00 | 223.01 | 208.31 8.896 8-143 | 2499 | 0.334 3.8
-17.75 | 224.03 | 209.33 8.891 8-14.3 2.511 0.336 3.8
-17.50 | 225.05 | 210.36 8.886 8-14.2 2.523 0.337 3.8
-17.25 | 226.08 | 211.38 8.881 8-14.1 2.534 0.339 3.8
-17.00 | 227.11 | 212.42 8.876 8-14.0 2.546 0.340 3.8
-16.75 | 228.15 | 213.45 8.871 8-13.9 2.558 0.342 3.9
-16.50 | 229.18 | 214.49 8.866 8-13.9 2.570 0.344 3.9
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Liquid Liqu!d Vapor | Vapor
Temp °F Pressure(Pressure Density Density Density | Density _ Vapor
PSIA PSIG Ib/gal (Ib- Ib/cu ft | lb/gal Displacement %
oz)/gal
-16.25 | 230.23 | 215.53 8.861 8-13.8 | 2582 | 0.345 3.9
-16.00 | 231.27 | 216.58 8.856 8-13.7 2.594 0.347 3.9
-15.75 | 232.32 | 217.62 8.851 8-13.6 | 2.606 | 0.348 3.9
- 1550 | 233.37 | 218.68 8.846 8-135 2.618 0.350 4.0
-15.25 | 234.43 | 219.73 8.841 8-135 2.630 0.352 4.0
-15.00 | 235.49 | 220.79 8.836 8-13.4 2.643 0.353 4.0
-14.75 | 236.55 | 221.86 8.831 8-13.3 2.655 0.355 4.0
-14.50 | 237.62 | 222.92 8.826 8-13.2 2.667 0.357 4.0
-14.25 | 238.69 | 223.99 8.821 8-13.1 2.680 0.358 4.1
-14.00 | 239.76 | 225.07 8.816 8-13.1 2.692 0.360 4.1
- 13.75 | 240.84 | 226.14 8.811 8-13.0 2.704 0.362 4.1
-13.50 | 241.92 | 227.22 8.806 8-12.9 2.717 0.363 4.1
-13.25 | 243.00 | 228.31 8.801 8-12.8 2.729 0.365 4.1
-13.00 | 244.09 | 229.39 8.796 8-12.7 2.742 0.367 4.2
-12.75 | 245.18 | 230.49 8.791 8-12.7 2.755 0.368 4.2
-12.50 | 246.28 | 231.58 8.786 8-12.6 2.767 0.370 4.2
-12.25 | 247.37 | 232.68 8.781 8-125 2.780 0.372 4.2
-12.00 | 248.48 | 233.78 8.776 8-12.4 2.793 0.373 4.3
-11.75 | 249.58 | 234.89 8.771 8-12.3 2.806 0.375 4.3
-11.50 | 250.69 | 236.00 8.765 8-12.2 2.819 0.377 4.3
-11.25 | 251.80 | 237.11 8.760 8-12.2 2.832 0.379 4.3
-11.00 | 252.92 | 238.22 8.755 8-12.1 2.845 0.380 4.3
- 10.75 | 254.04 | 239.34 8.750 8-12.0 2.858 0.382 4.4
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Liquid

- |Pressure|Pressure Liqu!d Density Vapqr Vapqr Vapor
Temp °F PSIA PSIG Dlzr;srtly (Ib- [I)be/nS'R' Dlir/}snly Displacement %
ga oz)/gal cu ga
-10.50 255.16 | 240.47 8.745 8-11.9 2.871 0.384 4.4
-10.25 | 256.29 | 241.60 8.740 8-11.8 2.884 0.386 4.4
- 10.00 | 257.42 | 242.73 8.735 8-11.8 2.897 0.387 4.4
-9.75 258.56 | 243.86 8.730 8-11.7 2911 0.389 4.5
-9.50 259.70 | 245.00 8.725 8-11.6 2.924 0.391 4.5
-9.25 260.84 | 246.14 8.719 8-11.5 2.937 0.393 4.5
-9.00 261.98 | 247.29 8.714 8-11.4 2.951 0.394 4.5
- 8.75 263.13 | 248.44 8.709 8-11.3 2.964 0.396 4.5
- 8.50 264.29 | 249.59 8.704 8-11.3 2.978 0.398 4.6
- 8.25 265.44 | 250.75 8.699 8-11.2 2.991 0.400 4.6
-8.00 266.60 | 251.91 8.694 8-11.1 | 3.005 | 0.402 4.6
- 7.75 267.77 | 253.07 8.688 8-11.0 | 3.019 0.404 4.6
- 7.50 268.93 | 254.24 8.683 8-10.9 | 3.032 0.405 4.7
-7.25 270.11 | 25541 8.678 8-10.8 | 3.046 0.407 4.7
-7.00 271.28 | 256.59 8.673 8-10.8 | 3.060 | 0.409 4.7
-6.75 272.46 | 257.76 8.668 8 -10.7 3.074 0.411 4.7
- 6.50 273.64 | 258.95 8.662 8-10.6 | 3.088 | 0.413 4.8
-6.25 274.83 | 260.13 8.657 8-10.5 | 3.102 0.415 4.8
- 6.00 276.02 | 261.32 8.652 8-10.4 | 3.116 0.417 4.8
-5.75 277.21 | 262.52 8.647 8-10.3 | 3.130 0.418 4.8
-5.50 278.41 | 263.72 8.641 8-10.3 | 3.144 0.420 4.9
-5.25 279.61 | 264.92 8.636 8-10.2 3.159 0.422 4.9
-5.00 280.82 | 266.12 8.631 8-10.1 | 3.173 0.424 4.9
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Liquid

- |Pressure|Pressure Liqu!d Density Vapqr Vapqr Vapor
Temp °F PSIA PSIG Dlzr;srtly (Ib- [I)be/nS'R' Dlir/}snly Displacement %
ga oz)/gal cu ga

-4.75 282.03 | 267.33 8.626 8-10.0 | 3.187 0.426 4.9
- 4.50 283.24 | 268.55 8.620 8-9.9 3.202 0.428 5.0
-4.25 284.46 | 269.76 8.615 8-9.8 3.216 0.430 5.0
- 4.00 285.68 | 270.98 8.610 8-9.8 3.231 0.432 5.0
-3.75 286.90 | 272.21 8.604 8-9.7 3.245 0.434 5.0
- 3.50 288.13 | 273.44 8.599 8-9.6 3.260 0.436 51
-3.25 289.37 | 274.67 8.594 8-95 3.275 0.438 5.1
- 3.00 290.60 | 275.91 8.589 8-94 3.289 0.440 51
-2.75 291.84 | 277.15 8.583 8-9.3 3.304 0.442 5.1
- 2.50 293.09 | 278.39 8.578 8-9.2 3.319 0.444 5.2
-2.25 294.33 | 279.64 8.573 8-9.2 3.334 0.446 5.2
-2.00 295.58 | 280.89 8.567 8-9.1 3.349 0.448 5.2
-1.75 296.84 | 282.14 8.562 8-9.0 3.364 0.450 5.3
-1.50 298.10 | 283.40 8.556 8-8.9 3.379 0.452 5.3
-1.25 299.36 | 284.67 8.551 8-8.8 3.395 0.454 5.3
-1.00 300.63 | 285.93 8.546 8-8.7 3.410 0.456 5.3
-0.75 301.90 | 287.21 8.540 8-8.6 3.425 0.458 5.4
- 0.50 303.18 | 288.48 8.535 8-8.6 3.440 0.460 5.4
-0.25 304.46 | 289.76 8.530 8-85 3.456 | 0.462 54

0.00 305.74 | 291.74 8.524 8-84 3.471 0.464 5.4

0.25 307.03 | 292.33 8.519 8-8.3 3.487 | 0.466 5.5

0.50 308.32 | 293.62 8.513 8-8.2 3.503 0.468 5.5

0.75 309.61 | 294.92 8.508 8-8.1 3.518 | 0.470 5.5
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Liquid

- |Pressure|Pressure Liqu!d Density Vapqr Vapqr Vapor
Temp °F PSIA PSIG Dlzr;srtly (Ib- [I)be/nS'R' Dlir/}snly Displacement %
ga oz)/gal cu ga
1.00 310.91 | 296.21 8.502 8-8.0 3.534 0.472 5.6
1.25 312.21 | 297.52 8.497 8-8.0 3.550 0.475 5.6
1.50 313.52 | 298.82 8.491 8-7.9 3.566 0.477 5.6
1.75 314.83 | 300.13 8.486 8-7.8 3.582 0.479 5.6
2.00 316.15 | 301.45 8.480 8-7.7 3.598 0.481 5.7
2.25 317.46 | 302.77 8.475 8-76 3.614 0.483 5.7
2.50 318.79 | 304.09 8.469 8-75 3.630 | 0.485 5.7
2.75 320.11 | 305.42 8.464 8-74 3.646 0.487 5.8
3.00 321.45 | 306.75 8.458 8-7.3 3.662 | 0.490 5.8
3.25 322.78 | 308.08 8.453 8-72 3.679 0.492 5.8
3.50 324.12 | 309.42 8.447 8-72 3.695 0.494 5.8
3.75 325.46 | 310.77 8.442 8-71 3.712 0.496 5.9
4.00 326.81 | 312.11 8.436 8-7.0 3.728 0.498 5.9
4.25 328.16 | 313.46 8.431 8-6.9 3.745 0.501 5.9
4.50 329.52 | 314.82 8.425 8-6.8 3.761 0.503 6.0
4.75 330.88 | 316.18 8.420 8-6.7 3.778 0.505 6.0
5.00 332.24 | 317.54 8.414 8-6.6 3.795 0.507 6.0
5.25 333.61 | 318.91 8.408 8-6.5 3.812 0.510 6.1
5.50 334.98 | 320.28 8.403 8-6.4 3.829 | 0.512 6.1
5.75 336.35 | 321.66 8.397 8-64 3.846 0.514 6.1
6.00 337.73 | 323.04 8.392 8-6.3 3.863 | 0.516 6.2
6.25 339.12 | 324.42 8.386 8-6.2 3.880 0.519 6.2
6.50 340.51 | 325.81 8.380 8-6.1 3.897 0.521 6.2
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Liquid

- |Pressure|Pressure Liqu!d Density Vapqr Vapqr Vapor
Temp °F PSIA PSIG Dlzr;srtly (Ib- [I)be/nS'R' Dlir/}snly Displacement %
ga oz)/gal cu ga
6.75 341.90 | 327.20 8.375 8-6.0 3.915 | 0.523 6.3
7.00 343.30 | 328.60 8.369 8-5.9 3.932 0.526 6.3
7.25 344.70 | 330.00 8.363 8-5.38 3.949 | 0.528 6.3
7.50 346.10 | 33141 8.358 8-5.7 3.967 0.530 6.3
7.75 347.51 | 332.82 8.352 8-5.6 3.984 | 0.533 6.4
8.00 348.92 | 334.23 8.346 8-55 4.002 0.535 6.4
8.25 350.34 | 335.65 8.341 8-54 4.020 0.537 6.4
8.50 351.76 | 337.07 8.335 8-54 4.038 0.540 6.5
8.75 353.19 | 338.49 8.335 8-54 4.038 | 0.540 6.5
9.00 354.62 | 339.92 8.323 8-52 4.073 0.545 6.5
9.25 356.06 | 341.36 8.318 8-5.1 4.091 | 0.547 6.6
9.50 357.49 | 342.80 8.312 8-5.0 4.110 0.549 6.6
9.75 358.94 | 344.24 8.306 8-4.9 4.128 0.552 6.6
10.00 360.38 | 345.69 8.300 8-4.8 4.146 0.554 6.7
10.25 361.84 | 347.14 8.295 8-4.7 4.164 0.557 6.7
10.50 363.29 | 348.60 8.289 8-4.6 4.183 0.559 6.7
10.75 | 364.75 | 350.06 8.283 8-45 4201 | 0.562 6.8
11.00 366.22 | 351.52 8.277 8-44 4.220 0.564 6.8
11.25 367.68 | 352.99 8.271 8-4.3 4.238 0.567 6.8
11.50 369.16 | 354.46 8.266 8-4.2 4.257 0.569 6.9
11.75 370.64 | 355.94 8.260 8-4.2 4.276 0.572 6.9
12.00 372.12 | 357.42 8.254 8-41 4.295 0.574 7.0
12.25 373.60 | 358.91 8.248 8-4.0 4.314 0.577 7.0
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Liquid

- |Pressure|Pressure Liqu!d Density Vapqr Vapqr Vapor
Temp °F PSIA PSIG Dlzr;srtly (Ib- [I)be/nS'R' Dlir/}snly Displacement %
ga oz)/gal cu ga
12.50 | 375.09 | 360.40 8.242 8-39 4333 | 0.579 7.0
12.75 376.59 | 361.89 8.236 8-3.8 4.352 0.582 7.1
13.00 | 378.09 | 363.39 8.230 8-3.7 4371 | 0.584 7.1
13.25 379.59 | 364.89 8.224 8-3.6 4.390 0.587 7.1
13.50 381.10 | 366.40 8.219 8-35 4.410 0.589 7.2
13.75 382.61 | 367.91 8.213 8-34 4.429 0.592 7.2
14.00 384.13 | 369.43 8.207 8-33 4.449 0.595 7.2
14.25 385.65 | 370.95 8.201 8-3.2 4.468 0.597 7.3
14.50 387.17 | 372.48 8.195 8-31 4.488 0.600 7.3
14.75 388.70 | 374.01 8.189 8-3.0 4.508 0.603 7.4
15.00 390.24 | 375.54 8.183 8-29 4.527 0.605 7.4
15.25 391.78 | 377.08 8.177 8-28 4.547 0.608 7.4
15.50 393.32 | 378.62 8.171 8-27 4.567 0.611 7.5
15.75 394.87 | 380.17 8.165 8-26 4.587 0.613 7.5
16.00 396.42 | 381.72 8.159 8-25 4608 | 0.616 7.5
16.25 397.98 | 383.28 8.153 8-24 4.628 0.619 7.6
16.50 399.54 | 384.84 8.147 8-23 4.648 0.621 7.6
16.75 401.10 | 386.41 8.141 8-22 4.669 0.624 7.7
17.00 402.67 | 387.98 8.134 8-22 4.689 0.627 7.7
17.25 404.25 | 389.55 8.128 8-21 4.710 0.630 7.7
17.50 405.82 | 391.13 8.122 8-20 4.731 0.632 7.8
17.75 407.41 | 392.71 8.116 8-1.9 4.751 0.635 7.8
18.00 409.00 | 394.30 8.110 8-1.8 4772 | 0.638 7.9
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Liquid Liquid Vapor | Vapor
Temb °F Pressure(Pressure Densit Density Density | Densit Vapor
P PSIA PSIG y (Ib- y y Displacement %
Ib/gal Ib/cu ft | Ib/gal
oz)/gal

18.25 410.59 | 395.89 8.104 8-1.7 4.793 0.641 7.9
18.50 412.19 | 397.49 8.098 8-1.6 4.814 0.644 7.9
18.75 413.79 | 399.09 8.092 8-15 4.835 0.646 8.0
19.00 415.39 | 400.70 8.085 8-14 4.857 0.649 8.0
19.25 417.00 | 402.31 8.079 8-13 4.878 0.652 8.1
19.50 418.62 | 403.92 8.073 8-1.2 4.900 0.655 8.1
19.75 420.24 | 405.54 8.067 8-11 4.921 0.658 8.2
20.00 421.86 | 407.17 8.061 8-1.0 4.943 0.661 8.2

N.4.5. Repeatability Tests. — Tests for repeatability should include a minimum of three
consecutive test drafts of approximately the same size and be conducted under controlled
conditions where variations in factors such as temperature, pressure, and flow rate are
reduced to the extent that they will not affect the results obtained. When conducting the tests,
the discharge rates shall be within the minimum and maximum discharge rates as marked by
the manufacturer. For devices equipped with an automatic temperature or density
compensator, results shall be based on tests with either:

(2) all runs conducted with the compensated (net) volume (e.g., with the temperature or

density compensator activated); or

(2) all runs conducted with the uncompensated (gross) volume (e.g., with the temperature
or density compensator deactivated).

(Amended 2019)

T.1. Application.

T. Tolerances

T.1.1. To Underregistration and to Overregistration. — The tolerances hereinafter
prescribed shall be applied to errors of underregistration and errors of overregistration.

T.2. Tolerance Values. — The maintenance and acceptance tolerances for normal and special
tests shall be as shown in Table T.2. Accuracy Classes and Tolerances for Carbon Dioxide
Liquid-Measuring Devices.
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Table T.2. Accuracy Classes and Tolerances for Carbon Dioxide Liquid-Measuring

Devices
Accuracy L Acceptance Maintenance Special Test
Application
Class Tolerance Tolerance Tolerance
2.5 Liquid Carbon dioxine 15% 25% 25%

(Table Added 2003) (Amended 2003)

T.2.1. Repeatability. — When multiple tests are conducted at approximately the same flow
rate and draft size, the range of the test results for the flow rate shall not exceed 40 % of
the absolute value of the maintenance tolerance and the results of each test shall be within
the applicable tolerance. Also see N.4.5. Repeatability Tests.

(Added 2002) (Amended 2019)

T.3. On Tests Using Transfer Standards. — To the basic tolerance values that would
otherwise be applied, there shall be added an amount equal to two times the standard
deviation of the applicable transfer standard when compared to a basic reference standard.

UR. User Requirements
UR.1. Installation Requirements.

UR.1.1. Discharge Rate. — A device shall be so installed that the actual maximum
discharge rate will not exceed the rated maximum discharge rate. If necessary, means for
flow regulation shall be incorporated in the installation.

UR.1.2. Length of Discharge Hose. — The discharge hose shall be of such a length and
design as to keep vaporization of the liquid to a minimum.

UR.1.3. Maintenance of Liquid State. — A device shall be so installed and operated that
the product being measured shall remain in the liquid state during passage through the
meter.

UR.2. Use Requirements.

UR.2.1. Return of Indicating and Recording Elements to Zero. — The primary indicating
elements (visual) and the primary recording elements shall be returned to zero immediately
before each delivery.

UR.2.2. Condition of Discharge System. — The discharge hose, up to the valve at the
end of the discharge hose, shall be completely filled and pre-cooled to liquid temperatures
before a “zero” condition is established and prior to the start of a commercial delivery.
Means shall be provided to fill the discharge hose with liquid prior to the start of a delivery.

UR.2.3. Vapor Equalization Line. — A vapor equalization line shall not be used during a
metered delivery unless the quantity of vapor displaced from the buyer’s tank to the seller's
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tank is deducted from the metered quantity. The appropriate correction values shall apply
as specified in Table N.4.4.

UR.2.4. Temperature or Density Compensation.

UR.2.4.1. Use of Automatic Temperature or Density Compensators. — Devices
equipped with an automatic temperature or density compensator shall have the
compensator connected, operable, and in use at all times. Such automatic temperature
or density compensator may not be removed.

UR.2.4.2. Tickets or Invoices. — Any written invoice or printed ticket based on a
reading of a device that is equipped with an automatic temperature or density
compensator shall have shown thereon that the quantity delivered has been
temperature or density compensated.

UR.2.5. Ticket in Printing Device. — A ticket shall not be inserted into a device equipped
with a ticket printer until immediately before a delivery is begun, and in no case shall a
ticket be in the device when the vehicle is in motion while on a public street, highway, or
thoroughfare.

UR.2.6. Sale by Weight. — All quantity determinations shall be made by means of an
approved and sealed weighing or measuring device. All sales shall be stated in kilograms
or pounds.
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Section 3.39. Hydrogen Gas-Measuring Devices

A. Application

A.l. General. — This code applies to devices that are used for the measurement of hydrogen
gas in the vapor state used as a vehicle fuel.

A.2. Exceptions. — This code does not apply to:

(a) Devices used solely for dispensing a product in connection with operations in which the
amount dispensed does not affect customer charges.

(b) The wholesale delivery of hydrogen gas.
(c) [NOT ADOPTED - CCR 8 4001. Exceptions.]

(d) Systems that measure pressure, volume, and temperature with a calculating device to
determine the mass of gas accumulated in or discharged from a tank of known volume.

A.3. Additional Code Requirements. — In addition to the requirements of this code, Hydrogen
Gas-Measuring Devices shall meet the requirements of Section 1.10. General Code.

A.4. Type Evaluation. — [NOT ADOPTED - CCR § 4001. Exceptions.]

§ 4002.9. Hydrogen Gas-Measuring Devices (3.39.). A.4.Type Evaluation. The National
Type Evaluation Program (NTEP) or California Type Evaluation Program (CTEP) will accept
for type evaluation only those hydrogen gas-measuring devices that comply with all applicable
requirements of this device article.

(Adopted, 4 CCR 4002.9.)
S. Specifications

S.1. Indicating and Recording Elements.

S.1.1. Indicating Elements. — A measuring assembly shall include an indicating element
that continuously displays measurement results relative to quantity and total price.
Indications shall be clear, definite, accurate, and easily read under normal conditions of
operation of the device.

S.1.2. Vehicle Fuel Dispensers. — A hydrogen gas dispenser used to fuel vehicles shall
be of the computing type and shall indicate the mass, the unit price, and the total price of
each delivery.
S.1.3. Units.

S.1.3.1. Units of Measurement. — Deliveries shall be indicated and recorded in
kilograms and decimal subdivisions thereof.
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S.1.3.2. Numerical Value of Quantity-Value Divisions. — The value of an interval (i.e.,
increment or scale division) shall be equal to:

(@1, 2,or5;or
(b) a decimal multiple or submultiple of 1, 2, or 5.

Examples: quantity-value divisions may be 10, 20, 50, 100; or 0.01, 0.02, 0.05;
or 0.1, 0.2, or 0.5; etc.

S.1.3.3. Maximum Value of Quantity-Value Divisions. — The maximum value of the
guantity-value division shall not be greater than 0.5% of the minimum measured
guantity.

S.1.3.4. Values Defined. — Indicated values shall be adequately defined by a sufficient

number of figures, words, symbols, or combinations thereof. A display of “zero” shall be
a zero digit for all displayed digits to the right of the decimal mark and at least one to the
left.

S.1.4. Value of Smallest Unit. — The value of the smallest unit of indicated delivery, and
recorded delivery if the device is equipped to record, shall not exceed the equivalent of:

(a) 0.001 kg on devices with a marked maximum flow rate of 30 kg/min or less; or
(b) 0.01 kg on devices with a marked maximum flow rate of more than 30 kg/min.
S.2. Operating Requirements.
S.2.1. Return to Zero.

(a) The primary indicating and the primary recording elements, if the device is equipped
to record, shall be provided with a means for readily returning the indication to zero
either automatically or manually.

(b) It shall not be possible to return primary indicating elements, or primary recording
elements, beyond the correct zero position.

S.2.2. Indicator Reset Mechanism. — The reset mechanism for the indicating element
shall not be operable during a delivery. Once the zeroing operation has begun, it shall not
be possible to indicate a value other than the latest measurement, or “zeros” when the
zeroing operation has been completed.

S.2.3. Provision for Power Loss.

S.2.3.1. Transaction Information. — In the event of a power loss, the information
needed to complete any transaction in progress at the time of the power loss (such as
the quantity and unit price, or sales price) shall be determinable for at least 15 minutes
at the dispenser or at the console if the console is accessible to the customer.
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S.2.3.2. User Information. — The device memory shall retain information on the
guantity of fuel dispensed and the sales price totals during power loss.

Display of Unit Price and Product Identity.

S.2.4.1. Unit Price. — A computing or money-operated device shall be able to display
on each face the unit price at which the device is set to compute or to dispense.

S.2.4.2. Product Identity. — A device shall be able to conspicuously display on each
side the identity of the product being dispensed.

S.2.4.3. Selection of Unit Price. — When a product is offered for sale at more than on
unit price through a computing device, the selection of the unit price shall be made prior
to delivery using controls on the device or other customer-activated controls. A system
shall not permit a change to the unit price during delivery of a product.

S.2.4.4. Agreement Between Indications. — All quantity, unit price, and total price
indications within a measuring system shall agree for each transaction.

Money-Value Computations. — A computing device shall compute the total sales price

at any single-purchase unit price for which the product being measured is offered for sale at
any delivery possible within either the measurement range of the device or the range of the
computing elements, whichever is less.

S.2.6.

S.2.5.1. Auxiliary Elements. — If a system is equipped with auxiliary indications, all
indicated money value and quantity divisions of the auxiliary element shall be identical
with those of the primary element.

S.2.5.2. Display of Quantity and Total Price. — When a delivery is completed, the total
price and quantity for that transaction shall be displayed on the face of the dispenser for
at least 5 minutes or until the next transaction is initiated by using controls on the device
or other user-activated controls.

Recorded Representations, Point of Sale Systems. — A printed receipt shall be

available through a built-in or separate recording element for transactions conducted with
point-of-sale systems or devices activated by debit cards, credit cards, and/or cash. The
printed receipt shall contain the following information for products delivered by the dispenser:

S.2.7.

(a) the total mass of the delivery;

(b) the unit price;

(c) the total computed price; and

(d) the product identity by name, symbol, abbreviation, or code number.

Indication of Delivery. — The device shall automatically show on its face the initial zero

condition and the quantity delivered (up to the nominal capacity).
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S.2.8. Automatic Timeout — Pay-At-Vehicle Fuel Dispensers. — Once a vehicle fuel
dispenser has been authorized, it must deauthorize within two minutes if not activated.
Reauthorization of the vehicle fuel dispenser must be performed before any product is
delivered. If the time limit to deauthorize the vehicle fuel dispenser is programmable, it shall
not accept an entry greater than two minutes.

[Nonretroactive as of January 1, 2020]
(Added 2019)

S.3. Design of Measuring Elements and Measuring Systems.

S.3.1. Maximum and Minimum Flow-Rates. — The ratio of the maximum to minimum
flow-rates specified by the manufacturer for devices measuring gases shall be 10:1 or
greater.

S.3.2. Adjustment Means. — An assembly shall be provided with means to change the
ratio between the indicated quantity and the quantity of gas measured by the assembly. A
bypass on the measuring assembly shall not be used for these means.

S.3.2.1. Discontinuous Adjusting Means. — When the adjusting means changes ratio
between the indicated quantity and the quantity of measured gas in a discontinuous
manner, the consecutive values of the ratio shall not differ by more than 0.1 %.

S.3.3. Provision for Sealing. — For devices and systems in which the configuration or
calibration parameters can be changed by use of a removable digital storage device,
security shall be provided for those parameters as specified in G-S.8.2. Devices and
Systems Adjusted Using Removable Digital Storage Devices. For parameters adjusted
using other means, the following applies.

Adequate provision shall be made for an approved means of security (e.g., data change
audit trail) or physically applying security seals in such a manner that no adjustment can be
made of:

(a) each individual measurement element;

(b) any adjustable element for controlling delivery rate when such rate tends to affect
the accuracy of deliveries;

(c) the zero-adjustment mechanism; and

(d) any metrological parameter that detrimentally affects the metrological integrity of the
device or system.

When applicable, the adjusting mechanism shall be readily accessible for purposes of affixing
a security seal. Audit trails shall use the format set forth in Table S.3.3. Categories of Device
and Methods of Sealing.

(Amended 2019)

3-156



CCR Title 4, Div. 9, CCR 88 4000., 4001., 4002.9
2023 Edition of NIST HB 44 Section 3.39. Hydrogen Gas-Measuring Devices

Table S.3.3. Categories of Device and Methods of Sealing

Categories of Device

Method of Sealing

Category 1: No remote
configuration capability.

Seal by physical seal or two event counters: one for
calibration parameters and one for configuration
parameters.

Category 2: Remote
configuration capability, but
access is controlled by physical
hardware.

The device shall clearly indicate
that it is in the remote
configuration mode and record
such message if capable of
printing in this mode or shall not
operate while in this mode.

The hardware enabling access for remote
communication must be on-site. The hardware must be
sealed using a physical seal or an event counter for
calibration parameters and an event counter for
configuration parameters. The event counters may be
located either at the individual measuring device or at
the system controller; however, an adequate number of
counters must be provided to monitor the calibration and
configuration parameters of the individual devices at a
location. If the counters are located in the system
controller rather than at the individual device, means
must be provided to generate a hard copy of the
information through an on-site device.

Category 3: Remote
configuration capability access
may be unlimited or controlled
through a software switch (e.g.,
password).

The device shall clearly indicate
that it is in the remote
configuration mode and record
such message if capable of
printing in this mode or shall not
operate while in this mode.

An event logger is required in the device; it must include
an event counter (000 to 999), the parameter ID, the
date and time of the change, and the new value of the
parameter. A printed copy of the information must be
available on demand through the device or through
another on-site device. The information may also be
available electronically. The event logger shall have a
capacity to retain records equal to 10 times the number
of sealable parameters in the device, but not more than
1000 records are required. (Note: Does not require
1000 changes to be stored for each parameter.)

(Amended 2016)

S.3.4. Automatic Density Correction.

(a) An automatic means to determine and correct for changes in product density shall
be incorporated in any hydrogen gas-measuring system where measurements are
affected by changes in the density of the product being measured.

(b) Volume-measuring devices with automatic temperature compensation used to
measure hydrogen gas as a vehicle fuel shall be equipped with an automatic means
to determine and correct for changes in product density due to changes in the
temperature, pressure, and composition of the product.

S.3.5. Pressurizing the Discharge Hose. — The discharge hose for hydrogen gas shall
automatically pressurize to a pressure equal to or greater than the receiving vessel prior to
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the device beginning to register the delivery. The indications shall not advance as a result
of the initial pressurization or the purging/bleeding of the discharge hose.

S.3.6. Zero-Set-Back Interlock, Retail Vehicle Fuel Devices.
(a) A device shall be constructed so that:

(1) when the device is shut-off at the end of a delivery an automatic interlock
prevents a subsequent delivery until the indicating element and recording
elements, if the device is equipped and ac-tivated to record, have been returned
to their zero positions; and

(2) it shall not be possible to return the discharge nozzle to its start position unless
the zero set back interlock is engaged or becomes engaged.

(b) For systems with more than one:

(1) dispenser supplied by a single measuring element, an effective automatic control
valve in each dispenser prevents product from being delivered until the indicating
elements on that dispenser are in a correct zero position; or

(2) hose supplied by a single measuring element, effective automatic means must
be provided to prevent product from being delivered until the indicating
element(s) corresponding to each hose are in a correct zero position.

S.4. Discharge Lines and Valves.

S.4.1. Diversion of Measured Product. — No means shall be provided by which any
measured product can be diverted from the measuring device.

S.4.2. Directional Flow Valves. — If a reversal of flow could result in errors that exceed the
tolerance for the minimum measured quantity, a valve or valves or other effective means,
automatic in operation (and equipped with a pressure limiting device, if necessary) to
prevent the reversal of flow shall be properly installed in the system. (Also see N.1.
Minimum Measured Quantity.)

S.4.3. Other Valves. — Check valves and closing mechanisms that are not used to define
the measured quantity shall have relief valves (if necessary) to dissipate any abnormally
high pressure that may arise in the measuring assembly.

S.5. Markings. — A measuring system shall be conspicuously, legibly, and indelibly marked
with the following information:

(a) pattern approval mark (i.e., type approval number);
(b) name and address of the manufacturer or his trademark and, if required by the weights

and measures authority, the manufacturer's identification mark in addition to the
trademark;
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(c) model designation or product name selected by the manufacturer;
(d) nonrepetitive serial number;

(e) the accuracy class of the device as specified by the manufacturer consistent with Table
T.2. Accuracy Classes and Tolerances for Hydrogen-Gas Measuring Devices;

() maximum and minimum flow rates in kilograms per unit of time;

(g) maximum working pressure;

(h) applicable range of ambient temperature if other than - 10 °C to + 50 °C,;
(i) minimum measured quantity; and

()) product limitations (such as fuel quality), if applicable.

S.5.1. Location of Marking Information; Hydrogen-Fuel Dispensers. — The marking
information required in General Code, paragraph G S.1. Identification shall appear as
follows:

(a) within 60 cm (24 in) to 150 cm (60 in) from the base of the dispenser;

(b) either internally and/or externally provided the information is permanent and easily
read; and accessible for inspection; and

(c) on a portion of the device that cannot be readily removed or interchanged (i.e., not
on a service access panel).

The use of a dispenser key or tool to access internal marking information is permitted for
retail hydrogen-measuring devices.

§ 4002.9. S.5.2. Location of Accuracy Class 2.0, 3.0, 5.0, 7.0, and 10.0 Information. -
An additional Accuracy Class statement shall be placed adjacent to the quantity display on
the face for the dispenser and shall be conspicuously, legibly, and indelibly marked with a
statement such as “The Accuracy Class of this dispenser is XX.0 and represents the
accuracy of the delivery expressed as a plus or minus percentage of the delivered
quantity”. The lettering shall be in Helvetica or Arial Bold font type, in all capitals, and no
less than 3/16 inch (0.48 cm) in height.

Note: The XX.0 is the Accuracy Class as stated on the NTEP Certificate of Conformance or
CTEP Certificate of Approval and is part of the identification information required in
paragraph S.5. The rating represents the allowable limits of error expressed as a plus and
minus value.

EXAMPLE:
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THE ACCURACY CLASS OF THIS
DISPENSER IS 3.0 AND
REPRESENTS THE ACCURACY
OF THE DELIVERY EXPRESSED

AS A PLUS OR MINUS
PERCENTAGE OF THE
DELIVERED QUANTITY.

Figure 1 - "THE ACCURACY CLASS OF THIS DISPENSER IS 3.0 AND
REPRESENTS THE ACCURACY OF THE DEVIVERY EXPRESSED AS A
PLUS OR MINUS PRECENTAGE OF THE DELIVERED QUANTITY.”

(Adopted, 4 CCR 4002.10.)

S.6. Printer. — When an assembly is equipped with means for printing the measured quantity,
the printed information must agree with the indications on the dispenser for the transaction and
the printed values shall be clearly defined.

S.6.1. Printed Receipt. — Any delivered, printed quantity shall include an identification
number, the time and date, and the name of the seller. This information may be printed by
the device or pre-printed on the ticket.

S.7. Totalizers for Vehicle Fuel Dispensers. — Vehicle fuel dispensers shall be equipped
with a nonresettable totalizer for the quantity delivered through each separate measuring
device.

S.8. Minimum Measured Quantity. — The minimum measured quantity shall satisfy the
conditions of use of the measuring system as follows:

(a) Measuring systems having a maximum flow rate less than or equal to 4 kg/min shall
have a minimum measured quantity not exceeding 0.5 kg.

(b) Measuring systems having a maximum flow rate greater than 4 kg/min but not greater
than 12 kg/min shall have a minimum measured quantity not exceeding 1.0 kg.
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N. Notes

N.1. Minimum Measured Quantity. — The minimum measured quantity shall be specified by
the manufacturer.

N.2. Test Medium. — The device shall be tested with the product commercially measured
except that, in a type evaluation examination, hydrogen gas as specified in NIST Handbook
130 shall be used.

N.3. Test Drafts. — The minimum test shall be one test draft at twice the declared minimum
measured quantity and one test draft at approximately five times the minimum measured
guantity or 4 kg, whichever is greater. More tests may be performed over the range of normal
guantities dispensed. (Also see T.3. Repeatability.)

The test draft shall be made at flows representative of that during normal delivery. The
pressure drop between the dispenser and the proving system shall not be greater than that for
normal deliveries. The control of the flow (e.g., pipework or valve(s) size, etc.) shall be such
that the flow of the measuring system is maintained within the range specified by the
manufacturer.

N.4. Tests.

N.4.1. Master Meter (Transfer) Standard Test. — When comparing a measuring system
with a calibrated transfer standard, the minimum test shall be one test draft at the declared
minimum measured quantity and one test draft at approximately ten times the minimum
measured quantity or 1 kg, whichever is greater. More tests may be performed over the range
of normal quantities dispensed.

N.4.1.1. Verification of Master Metering Systems. — A master metering system used
to verify a hydrogen gas-measuring device shall be verified before and after the
verification process. A master metering system used to calibrate a hydrogen gas-
measuring device shall be verified before starting the calibration and after the calibration
process.

N.4.2. Gravimetric Tests. — The weight of the test drafts shall be equal to at least twice the
amount delivered by the device at the declared minimum measured quantity and one test
draft at approximately five times the minimum measured quantity or 4 kg, whichever is
greater. More tests may be performed over the range of normal quantities dispensed.

N.4.3. PVT Pressure Volume Temperature Test. — The minimum test with a calibrated
volumetric standard shall be one test draft at twice the declared minimum measured
guantity and one test draft at approximately five times the minimum measured quantity or 4
kg, whichever is greater. More tests may be performed over the range of normal quantities
dispensed.
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N.5. Minimum Measured Quantity. — The device shall be tested for a delivery equal to the
declared minimum measured quantity when the device is likely to be used to make deliveries
on the order of the declared minimum measured quantity.

N.6. Testing Procedures.

N.6.1. General. — The device or system shall be tested under normal operating conditions
of the dispenser.

The test draft shall be made at flows representative of that during normal delivery. The
pressure drop between the dispenser and the proving system shall not be greater than that
for normal deliveries. The control of the flow (e.g., pipework or valve(s) size, etc.) shall be
such that the flow of the measuring system is maintained within the range specified by the
manufacturer.

N.6.2. Repeatability Tests. — Tests for repeatability should include a minimum of three
consecutive test drafts of approximately the same size and be conducted under controlled
conditions where variations in factors are reduced to minimize the effect on the results
obtained. When conducting the tests, the discharge rates shall be within the minimum and
maximum discharge rates as marked by the manufacturer.

(Amended 2019)

N.7. Density. — Temperature and pressure of hydrogen gas shall be measured during the test
for the determination of density or volume correction factors when applicable. For the
thermophysical properties of hydrogen the following publications shall apply: for density
calculations at temperatures above 255 K and pressures up to 120 MPa, a simple relationship
may be used that is given in the publication of Lemmon et al., J. Res. NIST, 2008.
Calculations for a wider range of conditions and additional thermophysical properties of
hydrogen are available free of charge online at the “NIST Chemistry WebBook, NIST Standard
Reference Database Number 69” webbook.nist.gov/chemistry, or available for purchase
from NIST as the computer program NIST Standard Reference Database 23 “NIST Reference
Fluid Thermodynamic and Transport Properties Database (REFPROP): Version 10.0”
www.nist.gov/srd/refprop. These calculations are based on the reference Leachman, J.W.,
Jacobsen, R.T, Lemmon, E.W., and Penoncello, S.G. “Fundamental Equations of State for
Parahydrogen, Normal Hydrogen, and Orthohydrogen" published in the Journal of Physical
and Chemical Reference Data (www.nist.gov/publications/fundamental-equations-state-
parahydrogen-normal-hydrogen-and-orthohydrogen?pub_id=832374).

T. Tolerances
T.1. Tolerances, General.
(a) The tolerances apply equally to errors of underregistration and errors of overregistration.

(b) The tolerances apply to all products at all temperatures measured at any flow rate within
the rated measuring range of the device.
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T.2. Tolerances. — The tolerances for hydrogen gas measuring devices are listed in Table T.2.
Accuracy Classes and Tolerances for Hydrogen Gas-Measuring Devices. (Proposed
tolerance values are based on previous work with compressed gas products and will be
confirmed based on performance data evaluated by the U.S. National Work Group.)

(NIST HB 44) Table T.2. [NOT ADOPTED - CCR § 4001. Exceptions.]
Accuracy Classes and Tolerances for Hydrogen Gas-Measuring Devices

§ 4002.9. Hydrogen Gas-Measuring Devices (3.39.) Table T.2.

Table T.2. Accuracy Classes and Tolerances for Hydrogen Gas-Measuring Devices

Accuracy Class Application or Acceptance Maintenance
Commodity Being Tolerance Tolerance
Measured

2.0 Hydrogen Gas as a 1.5% 2.0%
Vehicle Fuel

3.0 Hydrogen Gas as a 2.0% 3.0%
Vehicle Fuel

5.0 Hydrogen Gas as a 4.0% 5.0%
Vehicle Fuel

7.0 Hydrogen Gas as a 5.0% 7.0%
Vehicle Fuel

10.0 Hydrogen Gas as a 5.0% 10.0%
Vehicle Fuel

In Table T.2., above, the tolerance values for Accuracy Class 10.0 hydrogen gas-measuring
devices are applicable to devices installed prior to January 1, 2018.

T.3. Repeatability. — When multiple tests are conducted at approximately the same flow rate
and draft size, the range of the test results for the flow rate shall not exceed 40 % of the
absolute value of the maintenance tolerance and the results of each test shall be within the
applicable tolerance. Also see N.6.2. Repeatability Tests.

(Amended 2019)

T.4. Tolerance Application on Test Using Transfer Standard Test Method. — To the basic
tolerance values that would otherwise be applied, there shall be added an amount equal to two
times the standard deviation of the applicable transfer standard when compared to a basic
reference standard.

T.5. Tolerance Application in Type Evaluation Examinations for Devices. — For type
evaluation examinations, the tolerance values shall apply under the following conditions:

(a) at any temperature and pressure within the operating range of the device, and

(b) for all quantities greater than the minimum measured quantity.
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UR. User Requirements
UR.1. Selection Requirements.

UR.1.1. Computing-Type Device; Retail Dispenser. — A hydrogen gas dispenser used to
refuel vehicles shall be of the computing type and shall indicate the mass, the unit price,
and the total price of each delivery.

UR.1.2. Discharge Hose-Length. — The length of the discharge hose on a retail fuel
dispenser:

(a) shall not exceed 4.6 m (15 ft) unless it can be demonstrated that a longer hose is
essential to permit deliveries to be made to receiving vehicles or vessels;

(b) shall be measured from its housing or outlet of the discharge line to the inlet of the
discharge nozzle; and

(c) shall be measured with the hose fully extended if it is coiled or otherwise retained or
connected inside a housing.

An unnecessarily remote location of a device shall not be accepted as justification for an
abnormally long hose.

UR.1.3. Minimum Measured Quantity.
(a) The minimum measured quantity shall be specified by the manufacturer.

(b) The minimum measured quantity appropriate for a transaction may be specified by
the weights and measures authority. A device may have a declared minimum
measured quantity smaller than that specified by the weights and measures
authority; however, the device must perform within the performance requirements for
the declared or specified minimum measured quantity up to deliveries at the
maximum measurement range.

(c) The minimum measured quantity shall satisfy the conditions of use of the measuring
system as follows:

(1) measuring systems having a maximum flow rate less than or equal to 4 kg/min
shall have a minimum measured quantity not exceeding 0.5 kg; and

(2) measuring systems having a maximum flow rate greater than 4 kg/min but not
greater than 12 kg/min shall have a minimum measured quantity not exceeding
1.0 kg.
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UR.2. Installation Requirements.

UR.2.1. Manufacturer’s Instructions. — A device shall be installed in accordance with the
manufacturer’s instructions, and the installation shall be sufficiently secure and rigid to
maintain this condition.

UR.2.2. Discharge Rate. — A device shall be installed so that after initial equalization the
actual maximum discharge rate will not exceed the rated maximum discharge rate.
Automatic means of flow regulation shall be incorporated in the installation if necessary.

UR.2.3. Low-Flow Cut-Off Valve. — If a measuring system is equipped with a
programmable or adjustable "low-flow cut-off"' feature:

(a) the low-flow cut-off value shall not be set at flow rates lower than the minimum
operating flow rate specified by the manufacturer on the measuring device; and

(b) the system shall be equipped with flow control valves which prevent the flow of
product and stop the indicator from registering product flow whenever the product
flow rate is less than the low-flow cut-off value.

UR.3. Use of Device.

UR.3.1. Unit Price and Product Identity for Retail Dispensers. — The unit price at which
the dispenser is set to compute shall be conspicuously displayed or posted on the face of a
retail dispenser used in direct sale.

UR.3.2. Vehicle-mounted Measuring Systems Ticket Printer.

UR.3.2.1. Customer Ticket. — Vehicle-mounted measuring systems shall be equipped
with a ticket printer which shall be used for all sales where product is delivered through
the device. A copy of the ticket issued by the device shall be left with the customer at
the time of delivery or as otherwise specified by the customer.

UR.3.2.2. Ticket in Printing Device. — A ticket shall not be inserted into a device
equipped with a ticket printer until immediately before a delivery is begun, and in no
case shall a ticket be in the device when the vehicle is in motion while on a public street,
highway, or thoroughfare.

UR.3.3. Printed Ticket. — The total price, the total quantity of the delivery, and the price
per unit shall be printed on any ticket issued by a device of the computing type and
containing any one of these values.

UR.3.4. Steps After Dispensing. — After delivery to a customer from a retail dispenser:

(a) the device shall be shut-off at the end of a delivery, through an automatic interlock
that prevents a subsequent delivery until the indicating elements and recording
elements, if the device is equipped and activated to record, have been returned to
their zero positions; and
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(b) the discharge nozzle shall not be returned to its start position unless the zero set-
back interlock is engaged or becomes engaged by the act of disconnecting the
nozzle or the act of returning the discharge nozzle.

UR.3.5. Return of Indicating and Recording Elements to Zero. — The primary indicating
elements (visual), and the primary recording elements shall be returned to zero
immediately before each delivery.

UR.3.6. Return of Product to Storage, Retail Hydrogen Gas Dispensers. — Provisions
at the site shall be made for returning product to storage or disposing of the product in a
safe and timely manner during or following testing operations. Such provisions may include
return lines, or cylinders adequate in size and number to permit this procedure.

UR.3.7. Conversion Factors. — Established correction values. (Also see references in

N.7. Density.) shall be used whenever measured hydrogen gas is billed. All sales shall be
based on kilograms.
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Section 3.40. Electric Vehicle Fueling Systems.
A. Application

A.l. General. — This code applies to devices, accessories, and systems used for the
measurement of electricity dispensed in vehicle fuel applications wherein a quantity
determination or statement of measure is used wholly or partially as a basis for sale or upon
which a charge for service is based.

CCR 84002.11. Electrical Vehicle Fueling Systems. (3.40.). A.l1.1. Effective Date for AC
EVSE. All AC EVSE used for commercial purposes shall comply with all requirements of this
article in accordance with the following:

(a) All AC EVSE installed prior to January 1, 2021, shall comply with the requirements of this
article by January 1, 2031.

(b) All AC EVSE installed on or after January 1, 2021, shall comply with the requirements of
this article upon installation.

(Adopted, 4 CCR 4002.11.)

CCR 84002.11. Electrical Vehicle Fueling Systems. (3.40.) A.1.2. Effective Date for DC
EVSE. Effective Dates for DC EVSE. — All DC EVSE used for commercial purposes shall
comply with all requirements of this article in accordance with the following:

(a) All DC EVSE installed prior to January 1, 2023, shall comply with the requirements of
this article by January 1, 2033.

(b) All DC EVSE installed on or after January 1, 2023, shall comply with the requirements
of this article upon installation.

(Adopted, 4 CCR 4002.11.)
A.2. Exceptions. — This code does not apply to:

(a) The use of any measure or measuring device owned, maintained, and used by a public
utility or municipality only in connection with measuring electricity subject to the
authority having jurisdiction such as the Public Utilities Commission.

(b) Electric Vehicle Supply Equipment (EVSES) used solely for dispensing electrical energy
in connection with operations in which the amount dispensed does not affect customer
charges or compensation.

(c) The wholesale delivery of electricity.
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A.3. Additional Code Requirements. — In addition to the requirements of this code, Electric
Fueling Systems shall meet the requirements of Section 1.10. General Code.

A.3.1. Electric Vehicle Supply Equipment (EVSE) with Integral Time-Measuring
Devices. — An EVSE that is used for both the sale of electricity as vehicle fuel and used to
measure time during which services (e.g., vehicle parking) are received. These devices
shall also meet the requirements of Section 5.55. Timing Devices.

A.4. Type Evaluation. [NOT ADOPTED - CCR 8§ 4001. Exceptions.].

CCR 84002.11. Electrical Vehicle Fueling Systems. (3.40.), A.4. Type Evaluation. The
National Type Evaluation Program (NTEP) or California Type Evaluation Program (CTEP) will
accept for type evaluation only those EVSEs that comply with all requirements of this article
and have received safety certification by a nationally recognized testing laboratory (NRTL).

(Adopted, 4 CCR 4002.11.)
S. Specifications
S.1. Primary Indicating and Recording Elements.

S.1.1. Electric Vehicle Supply Equipment (EVSE). — An EVSE used to charge electric
vehicles shall be of the computing type and shall indicate the electrical energy, the unit
price, and the total price of each transaction.

(a) EVSEs capable of applying multiple unit prices over the course of a single
transaction shall also be capable of indicating the start and stop time, the total
guantity of energy delivered, the unit price, and the total price for the quantity of
energy delivered during each discrete phase corresponding to one of the multiple
unit prices.

(b) EVSEs capable of applying additional fees for time-based and other services shall
also be capable of indicating the total time measured; the unit price(s) for the
additional time-based service(s); the total computed price(s) for the time measured;
and the total transaction price, including the total price for the energy and all
additional fees.

S.1.2. EVSE Indicating Elements. — An EVSE used to charge electric vehicles shall
include an indicating element that accumulates continuously and displays, for a minimum of
15 seconds at the activation by the user and at the start and end of the transaction, the
correct measurement results relative to quantity and total price. Indications shall be clear,
definite, accurate, and easily read under normal conditions of operation of the device. All
indications and representations of electricity sold shall be clearly identified and separate
from other time-based fees indicated by an EVSE that is used for both the sale of electricity
as vehicle fuel and the sale of other separate time-based services (e.g., vehicle parking).

S.1.2.1. Multiple EVSEs Associated with a Single Indicating Element. — A system
with a single indicating element for two or more EVSESs shall be provided with means to
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display information from the individual EVSE(s) selected or displayed, and shall be
provided with an automatic means to indicate clearly and definitely which EVSE is
associated with the displayed information.

S.1.3. EVSE Units.

S.1.3.1. EVSE Units of Measurement. — EVSE units used to charge electric vehicles
shall be indicated and recorded in kilowatt-hours (kWh) and decimal subdivisions
thereof.

(Amended 2022)

S.1.3.2. EVSE Value of Smallest Unit. - [NOT ADOPTED - CCR § 4001.
Exceptions.].

CCR 84002.11. Electrical Vehicle Fueling Systems. (3.40.), S.1.3.2. EVSE Value of
Smallest Unit. The value of the smallest unit of indicated delivery by an EVSE, and
recorded delivery if the EVSE is equipped to record, shall be no greater than 0.0005 MJ
or 0.0001 kWh.

(Adopted, 4 CCR 4002.11.)

S.1.3.3. Values Defined. — Indicated values shall be adequately defined by a sufficient
number of figures, words, symbols, or combinations thereof. An indication of “zero”
shall be a zero digit for all displayed digits to the right of the decimal mark and at least
one to the left.

S.2. EVSE Operating Requirements.
S.2.1. EVSE Return to Zero.

(a) The primary indicating and the primary recording elements of an EVSE used to
charge electric vehicles, if the EVSE is equipped to record, shall be provided with a
means for readily returning the indication to zero either automatically or manually.

(b) It shall not be possible to return primary indicating elements, or primary recording
elements, beyond the correct zero position.

S.2.2. EVSE Indicator Zero Reset Mechanism. — The reset mechanism for the indicating
element of an EVSE used to charge electric vehicles shall not be operable during a
transaction. Once the zeroing operation has begun, it shall not be possible to indicate a
value other than: the latest measurement; “all zeros;” blank the indication; or provide other
indications that cannot be interpreted as a measurement during the zeroing operation.

S.2.3. EVSE Provision for Power Loss.

S.2.3.1. Transaction Information. — In the event of a power loss, the information
needed to complete any transaction (i.e., delivery is complete and payment is settled) in
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progress at the time of the power loss (such as the quantity and unit price, or sales
price) shall be determinable through one of the means listed below or the transaction
shall be terminated without any charge for the electrical energy transfer to the vehicle:

(a) at the EVSE;

(b) at the console, if the console is accessible to the customer;
(c) via on site internet access; or

(d) through toll-free phone access.

For EVSEs in parking areas where vehicles are commonly left for extended periods, the
information needed to complete any transaction in progress at the time of the power
loss shall be determinable through one of the above means for at least eight hours.

S.2.3.2. Transaction Termination. — In the event of a power loss, either:
(a) the transaction shall terminate at the time of the power loss; or

(b) the EVSE may continue charging without additional authorization if the EVSE is
able to determine it is connected to the same vehicle before and after the supply
power outage.

In either case, there must be a clear indication on the receipt provided to the customer
of the interruption, including the date and time of the interruption along with other
information required under S.2.6. EVSE Recorded Representations.

S.2.3.3. User Information. — The EVSE memory, or equipment on the network
supporting the EVSE, shall retain information on the quantity of fuel dispensed and the
sales price totals during power loss.

S.2.4. EVSE Indication of Unit Price and Equipment Capacity and Type of Voltage.
S.2.4.1. Unit Price. - [NOT ADOPTED - CCR § 4001. Exceptions.].

CCR 84002.11. Electrical Vehicle Fueling Systems. (3.40.), S.2.4.1. Unit Price. An
EVSE shall be able to indicate on each face the unit price at which the EVSE is set to
compute or to dispense at any point in time during a transaction. A computing EVSE
shall display the unit price in whole cents (e.g., $0.12) or tenths of one cent (e.qg.,
$0.119) on the basis of price per megajoule (MJ) or kilowatt-hour (kwh). In cases where
the electrical energy is unlimited or free of charge, this fact shall be clearly indicated in
place of the unit price.

S.2.4.2. Equipment Capacity and Type of Voltage. [NOT ADOPTED - CCR 8§ 4001.
Exceptions.].
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CCR 8§ 4002.11. Electrical Vehicle Fueling Systems. (3.40), S.2.4.2. Equipment
Capacity and Type of Voltage. — An EVSE shall be able to conspicuously display on
each face the maximum rate of energy transfer (i.e., maximum power) and the type of
current associated with each unit price offered (e.g., 7 kW AC, 25 kW DC, etc.).

S.2.4.3. Selection of Unit Price. — When electrical energy is offered for sale at more
than one unit price through an EVSE, the selection of the unit price shall be made prior
to delivery through a deliberate action of the purchaser to select the unit price for the
fuel delivery. Except when the conditions for variable price structure have been
approved by the customer prior to the sale, a system shall not permit a change to the
unit price during delivery of electrical energy.

Note: When electrical energy is offered at more than one unit price, selection of the unit price may be
through the deliberate action of the purchaser: 1) using controls on the EVSE; 2) through the purchaser’s
use of personal or vehicle-mounted electronic equipment communicating with the system; or 3) verbal
instructions by the customer.

S.2.4.4. Agreement Between Indications. — All quantity, unit price, and total price
indications within a measuring system shall agree for each transaction.

S.2.5. EVSE Money-Value Computations. — An EVSE shall compute the total sales price
at any single-purchase unit price for which the electrical energy being measured is offered
for sale at any delivery possible within either the measurement range of the EVSE or the
range of the computing elements, whichever is less.

S.2.5.1. Money-Value Divisions Digital. — An EVSE with digital indications shall
comply with the requirements of paragraph G-S.5.5. Money-Values, Mathematical
Agreement, and the total price computation shall be based on quantities not exceeding
0.5 MJ or 0.1 kWh.

S.2.5.2. Auxiliary Elements. — If a system is equipped with auxiliary indications, all
indicated money value and quantity divisions of the auxiliary element shall be identical
to those of the primary element.

S.2.6. EVSE Recorded Representations. — A receipt, either printed or electronic,
providing the following information shall be available at the completion of all transactions:

(a) the total quantity of the energy delivered with unit of measure;

(b) the total computed price of the energy sale;
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(c) the unit price of the energy, and for systems capable of applying multiple unit prices
for energy during a single transaction, the following additional information is
required:

(1) the start and stop time of each phase during which one of the multiple unit prices
was applied;

(2) the unit price applied during each phase;
(3) the total quantity of energy delivered during each phase;
(4) the total purchase price for the quantity of energy delivered during each phase,;

(d) the maximum rate of energy transfer (i.e., maximum power) and type of current (e.g.,
7 kW AC, 25 kW DC, etc.);

(e) any additional separate charges included in the transaction (e.g., charges for parking
time) including:

(1) the time and date when the service begins and the time and date when the
service ends; or the total time interval purchased, and the time and date that the
service either begins or ends;

(2) the unit price applied for the time-based service;

(3) the total purchase price for the quantity of time measured during the complete
transaction;

() the final total price of the complete transaction including all items;
(9) the unique EVSE identification number;
(h) the business name; and

(i) the business location.

S.2.7. Indication of Delivery. - [NOT ADOPTED - CCR § 4001. Exceptions.].

CCR 84002.11. Electrical Vehicle Fueling Systems. (3.40.), S.2.7. Indication of Delivery.
The EVSE shall automatically display on its face the initial zero condition and the quantity
delivered (up to the capacity of the indicating elements).

(Adopted, 4 CCR 4002.11.)

S.2.8. Automatic Timeout — Pay-At-EVSE. — Once an EVSE has been authorized, it
must deauthorize within two minutes if not activated. Reauthorization of the EVSE must be
performed before any electrical energy is delivered and/or timing charges assessed. If the
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time limit to deauthorize the EVSE is programmable, it shall not accept an entry greater
than two minutes.

[Nonretroactive as of January 1, 2020]
(Added 2019)

S.3. Design of Measuring Elements and Measuring Systems.

S.3.1. Metrological Components. — An EVSE measuring system shall be designed and
constructed so that metrological components are adequately protected from environmental
conditions likely to be detrimental to accuracy. The system shall be designed to prevent
undetected access to adjustment mechanisms and terminal blocks by providing for
application of a physical security seal or an audit trail.

S.3.2. Terminals. — The terminals of the EVSE system shall be arranged so that the
possibility of short circuits while removing or replacing the cover, making connections, or
adjusting the system, is minimized.

S.3.3. Provision for Sealing. — For devices and systems in which the configuration or
calibration parameters can be changed by use of a removable digital storage device,
security shall be provided for those parameters as specified in G-S.8.2. Devices and
Systems Adjusted Using Removable Digital Storage Devices. For parameters adjusted
using other means, the following applies.

Adequate provision shall be made for an approved means of security (e.g., data change
audit trail) or physically applying security seals in such a manner that no adjustment can be
made of:

(a) each individual measurement element;

(b) any adjustable element for controlling voltage or current when such control tends to
affect the accuracy of deliveries;

(c) any adjustment mechanism that corrects or compensates for energy loss between
the system and vehicle connection; and

(d) any metrological parameter that detrimentally affects the metrological integrity of the
EVSE or system.

When applicable, the adjusting mechanism shall be readily accessible for purposes of
affixing a security seal. Audit trails shall use the format set forth in Table S.3.3. Categories
of Device and Methods of Sealing.

(Amended 2019)
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Table S.3.3. Categories of Device and Methods of Sealing

Categories of Device

Method of Sealing

Category 1: No remote
configuration capability.

Seal by physical seal or two event counters: one for
calibration parameters and one for configuration
parameters.

Category 2: Remote configuration
capability, but access is controlled
by physical hardware.

The device shall clearly indicate
that it is in the remote configuration
mode and record such message if
capable of printing in this mode or
shall not operate while in this
mode.

The hardware enabling access for remote
communication must be on-site. The hardware must
be sealed using a physical seal or an event counter
for calibration parameters and an event counter for
configuration parameters. The event counters may
be located either at the individual measuring EVSE
or at the system controller; however, an adequate
number of counters must be provided to monitor the
calibration and configuration parameters of the
individual EVSEs at a location. If the counters are
located in the system controller rather than at the
individual EVSE, means must be provided to
generate a copy of the information through an on-
site device; this information may be provided
electronically in lieu of or in addition to a hard copy
at the time of inspection.

Category 3: Remote configuration
capability access may be unlimited
or controlled through a software
switch (e.g., password).

The device shall clearly indicate
that it is in the remote configuration
mode and record such message if
capable of printing in this mode or
shall not operate while in this
mode.

An event logger is required in the device; it must
include an event counter (000 to 999), the
parameter ID, the date and time of the change, and
the new value of the parameter. The event logger
information may be provided electronically in lieu of
or in addition to a hard copy at the time of
inspection, provided the event logger information is
retained in the system for future reference. The
event logger shall have a capacity to retain records
equal to 10 times the number of sealable
parameters in the EVSE, but not more than 1000
records are required. (Note: Does not require 1000
changes to be stored for each parameter.)

(Amended 2021)

S.3.4. Data Storage and Retrieval.

(a) EVSE data accumulated and indicated shall be unalterable and accessible.

(b) Values indicated or stored in memory shall not be affected by electrical, mechanical,
or temperature variations, radio-frequency interference, power failure, or any other
environmental influences to the extent that accuracy is impaired.
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(c) Memory and/or display shall be recallable for a minimum of three years. A
replaceable battery shall not be used for this purpose.

S.3.5. Temperature Range for System Components. - [NOT ADOPTED - CCR § 4001.
Exceptions.].

CCR 84002.11. Electrical Vehicle Fueling Systems. (3.40.), S.3.5. Temperature Range
for System Components. EVSEs shall be accurate and correct over the temperature
range of -40 °C to + 85 °C (-40 °F to 185 °F). If the system or any measuring system
components are not capable of meeting these requirements, the temperature range over
which the system is capable shall be stated on the National Type Evaluation Program
(NTEP) Certificate of Conformance (CC) or California Type Evaluation Program (CTEP)
Certificate of Approval (COA), conspicuously, legibly, and indelibly marked on the EVSE,
and installations shall be limited to the narrower temperature limits.

(Adopted, 4 CCR 4002.11.)

S.4. Connections.

S.4.1. Diversion of Measured Electricity. — No means shall be provided by which any
measured electricity can be diverted from the measuring device.

S.4.1.1. Unauthorized Disconnection. — Means shall be provided to automatically
terminate the transaction in the event that there is an unauthorized break in the
connection with the vehicle.

S.4.2. Directional Control. — If a reversal of energy flow could result in errors that exceed
the tolerance for the minimum measured quantity, effective means, automatic in operation

to prevent or account for the reversal of flow shall be properly installed in the system. (See
N.3. Minimum Test Draft [Size])

S.5. Markings. — The following identification and marking requirements are in addition to the
requirements of Section 1.10. General Code, paragraph G-S.1. Identification.

S.5.1. Location of Marking Information; EVSE. — The marking information required in
General Code, paragraph G-S.1. Identification shall appear as follows:

(a) within 60 cm (24 in) to 150 cm (60 in) from ground level; and

(b) on a portion of the EVSE that cannot be readily removed or interchanged (e.g., not
on a service access panel).

S.5.2. EVSE Identification and Marking Requirements. - [NOT ADOPTED - CCR §
4001. Exceptions.].

CCR 84002.11. Electrical Vehicle Fueling Systems. (3.40.), S.5.2. EVSE Identification
and Marking Requirements. In addition to all the marking requirements of Section 1.10.
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General Code, paragraph G-S.1. Identification, each EVSE shall have the following
information conspicuously, legibly, and indelibly marked:

(a) voltage rating;

(b) maximum current deliverable;

(c) type of current (AC or DC or, if capable of both, both shall be listed);

(d) minimum measured quantity (MMQ); and

(e) temperature limits, if narrower than and within -40 °C to + 85 °C (-40 °F to 185 °F).

S.5.3. Abbreviations and Symbols. — The following abbreviations or symbols may appear
on an EVSE system.

(a) VAC = volts alternating current;

(b) VDC = volts direct current;

(c) MDA = maximum deliverable amperes;
(d) J = joule.

S.6. Printer. — When a system is equipped with means for printing the measured quantity, the
printed information must agree with the indications on the EVSE for the transaction and the
printed values shall be clearly defined.

S.6.1. Printed Receipt. — Any delivered, printed quantity shall include an EVSE
identification number that uniquely identifies the EVSE from all other EVSESs within the
seller’s facility, the time and date, and the name of the seller. This information may be
printed by the EVSE system or pre-printed on the ticket.

S.7. Totalizers for EVSE Systems. — EVSE systems shall be designed with a nonresettable
totalizer for the quantity delivered through each separate measuring device. Totalizer
information shall be adequately protected and unalterable. Totalizer information shall be
provided by the system and readily available on site or via on site internet access.

S.8. Minimum Measured Quantity (MMQ). — The minimum measured quantity shall satisfy
the conditions of use of the measuring system as follows:

(a) Measuring systems shall have a minimum measured quantity not exceeding 2.5 MJ or
0.5 kwh.

N. Notes

N.1. No Load Test. — A no load test may be conducted on an EVSE measuring system by
applying rated voltage to the system under test and no load applied.

N.2. Starting Load Test. - [NOT ADOPTED - CCR 8§ 4001. Exceptions.].
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CCR 84002.11. Electrical Vehicle Fueling Systems. (3.40.), N.2. Starting Load Test. A
system starting load test may be conducted by applying rated voltage and 0.5-ampere load.

(Adopted, 4 CCR 4002.11.)

N.3. Minimum Test Draft (Size). — Full and light load tests shall require test of the EVSE System
for a delivery of the minimum measured quantity as declared by the manufacturer.

N.4. EVSE System Test Loads. — EVSE measuring system testing shall be accomplished by
connecting the test load and test standard at the point where the fixed cord is connected to the
vehicle. Losses in the cord between the EVSE under test and the test standard should be
automatically corrected for in the EVSE quantity indication for direct comparison to the test
standard and also while the EVSE is in normal operation. For EVSESs that require a customer-
supplied cord, system testing shall be accomplished by connecting the test load and test
standard at the point where the customer’s cord is connected to the EVSE.

N.5. Test of an EVSE System.

N.5.1. Performance Verification in the Field. — Testing in the field is intended to validate
the transactional accuracy of the EVSE system. The following testing is deemed sufficient
for a field validation.

N.5.2. Accuracy Testing. — The testing methodology compares the total energy delivered
in a transaction and the total cost charged as displayed/reported by the EVSE with that
measured by the measurement standard.

(a) For AC systems:

(1) Accuracy test of the EVSE system at a load of not less than 85 % of the
maximum deliverable amperes (expressed as MDA) as determined from the pilot
signal for a total energy delivered of at least twice the minimum measured
guantity (MMQ). If the MDA would result in maximum deliverable power of
greater than 7.2 kW, then the test may be performed at 7.2 kW.

(2) Accuracy test of the EVSE system at a load of not greater than 10 % of the
maximum deliverable amperes (expressed as MDA) as determined from the pilot
signal for a total energy delivered of at least the minimum measured quantity

(MMQ).
(b) For DC systems (see note):

(1) Accuracy test of the EVSE system at a load of not less than 85 % of the
maximum deliverable amperes current (expressed as MDA) as determined from
the digital communication message from the DC EVSE to the test standard for a
total energy delivered of at least twice the minimum measured quantity (MMQ).

(2) Accuracy test of the EVSE system at a load of not more than 10 % of the
maximum deliverable amperes (expressed as MDA) as determined from the
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digital communication message from the DC EVSE to the test standard for a total
energy delivered of at least the minimum measured quantity (MMQ).

All DC EVSE are Exempt from this requirement until January 1, 2028.
(Amended 2022)

Note: For DC systems it is anticipated that an electric vehicle may be used as the test load.
Under that circumstance, testing at the load presented by the vehicle shall be sufficient.

N.6. Repeatability Tests. — Tests for repeatability shall include a minimum of three
consecutive tests at the same load, similar time period, etc., and be conducted under
conditions where variations in factors are reduced to minimize the effect on the results
obtained.

T. Tolerances
T.1. Tolerances, General.

(a) The tolerances apply equally to errors of underregistration and errors of
overregistration.

(b) The tolerances apply to all deliveries measured at any load within the rated measuring
range of the EVSE.

(c) Where instrument transformers or other components are used, the provisions of this
section shall apply to all system components.

T.2. Load Test Tolerances. [NOT ADOPTED - CCR § 4001. Exceptions.].

CCR 84002.11. Electrical Vehicle Fueling Systems. (3.40.), T.2. Load Test Tolerances.
The tolerances for EVSE load tests shall be as shown in Table T.2. Accuracy Classes and
Tolerances for EVSE.

4002.11. Electrical Vehicle Fueling Systems. (3.40.), Table T.2.
(Adopted, 4 CCR 4002.11.)

Table T.2. Accuracy Classes and Tolerances for EVSE

Accuracy Application or Commodity Acceptance Maintenance
Class Being Measured Tolerance Tolerance
2.0 AC electricity as a vehicle fuel 1.0% 2.0%
5.0 DC electricity as a vehicle fuel 2.5 % 5.0%
2.0" DC electricity as a vehicle fuel 1.0 % 2.0%
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Accuracy Application or Commodity Acceptance Maintenance
Class Being Measured Tolerance Tolerance

“The tolerance values for Accuracy Class 5.0 DC EVSE are applicable to devices installed
prior to January 1, 2033.

“The tolerance values for Accuracy Class 2.0 DC EVSE are applicable to devices installed on
or after January 1, 2033.

(Adopted, 4 CCR 4002.11.)

T.2.1. EVSE Load Test Tolerances. - [NOT ADOPTED - CCR § 4001. Exceptions.].

T.3. Repeatability. — When multiple load tests are conducted at the same load condition, the
range of the load test results shall not exceed 25 % of the absolute value of the maintenance
tolerance and the results of each test shall be within the applicable tolerance.

T.4. Tolerance Application in Type Evaluation Examinations for EVSEs. — For type
evaluation examinations, the acceptance tolerance values shall apply under the following
conditions:

(a) at any temperature, voltage, load, and power factor within the operating range of the
EVSE, and

(b) regardless of the influence factors in effect at the time of the conduct of the
examination, and

(c) for all quantities greater than the minimum measured quantity.
T.5. No Load Test. — An EVSE measuring system shall not register when no load is applied.

T.6. Starting Load. — An EVSE measuring system shall register a starting load test at a
0.5 ampere (A) load.

UR. User Requirements
UR.1. Selection Requirements.

UR.1.1. Computing-Type Device; Retail EVSE. — An EVSE used to charge electric
vehicles shall be of the computing type and shall indicate the electrical energy, the unit
price, and the total price of each delivery.

UR.1.2. Connection Cord-Length. — An adequate means for cord management shall be in
use when the cord exceeds 25 ft in length.

UR.2. Installation Requirements.
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UR.2.1. Maximum Deliverable Current. — The marked maximum deliverable current shall
not exceed the total capacity in amperes of the EVSE or the thermal overload protectors of
the installation site.

UR.2.2. Manufacturer’s Instructions. — An EVSE shall be installed in accordance with the
manufacturer’s instructions, and the installation shall be sufficiently secure and rigid to
maintain this condition.

UR.2.3. Load Range. — An EVSE shall be installed so that the current and voltage will not
exceed the rated maximum values over which the EVSE is designed to operate
continuously within the specified accuracy. Means to limit current and/or voltage shall be
incorporated in the installation if necessary.

UR.2.4. Regulation Conflicts and Permit Compliance. — If any provision of Section
UR.2. Installation Requirements is less stringent than that required of a similar installation
by the serving utility, the installation shall be in accordance with those requirements of the
serving utility.

The installer of any EVSE shall obtain all necessary permits.

UR.2.5. Responsibility, Unattended EVSE. — An unattended EVSE shall have clearly and
conspicuously displayed thereon, or immediately adjacent thereto, adequate information
detailing the name, address, and phone number of the local responsible party for the
device.

UR.3. Use of EVSE.

UR.3.1. Unit Price for Retail EVSE Devices. — The unit price at which the EVSE is set to
compute shall be conspicuously displayed or posted on the face of the retail EVSE used in
direct sale.

UR.3.2. Return of Indicating and Recording Elements to Zero. — The primary indicating
elements (visual) and the primary recording elements shall be returned to zero immediately
before each transaction.

UR.3.3. EVSE Recorded Representations. — A receipt, either printed or electronic,
providing the following information shall be available at the completion of all transactions:

(a) the total quantity of the energy delivered with unit of measure;
(b) the total computed price of the energy sale;

(c) the unit price of the energy; and for systems capable of applying multiple unit prices
for energy during a single transaction, the following additional information is
required:

(1) the start and stop time of each phase during which one of the multiple unit prices
was applied,;
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(2) the unit price applied during each phase;
(3) the total quantity of energy delivered during each phase;
(4) the total purchase price for the quantity of energy delivered during each phase;

(d) the maximum rate of energy transfer (i.e., maximum power) and type of current (e.g.,
7 kW AC, 25 kW DC, etc.);

(e) any additional separate charges included in the transaction (e.g., charges for parking
time) including:

(1) the time and date when the service begins and the time and date when the
service ends; or the total time interval purchased, and the time and date that the
service either begins or ends;

(2) the unit price applied for the time-based service;

(3) the total purchase price for the quantity of time measured during the complete
transaction;

() the final total price of the complete transaction including all items;
(9) the unigue EVSE identification number;

(h) the business name; and

(i) the business location.

UR.3.4. EVSE in Operation. — The EVSE shall be permanently, plainly, and visibly
identified so that it is clear which EVSE and connector is in operation.

UR.3.5. Steps After Charging. — After delivery to a customer from a retail EVSE:

(a) the EVSE shall be shut-off at the end of a charge, through an automatic interlock
that prevents subsequent charging until the indicating elements and recording
elements, if the EVSE is equipped and activated to record, have been returned to
their zero positions; and

(b) the vehicle connector shall not be returned to its starting position unless the zero
set-back interlock is engaged or becomes engaged by the act of disconnecting from
the vehicle or the act of returning the connector to the starting position.

Appendix D. Definitions

The following includes new definitions to address Electric Vehicle Fueling Systems. Also
included are those definitions currently found in Appendix D that are intended to apply to these
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systems. The specific code(s) to which each definition applies is shown in [brackets] at the
end of the definition. Definitions for the General Code [1.10] apply to all codes in
Handbook 44.

A

alternating current (AC). — An electric current that reverses direction in a circuit at regular
intervals. [3.40]

ampere. — The practical unit of electric current. It is the quantity of current caused to flow by a
potential difference of one volt through a resistance of one ohm. One ampere (A) is equal to
the flow of one coulomb of charge per second. One coulomb (C) is the unit of electric charge
equal in magnitude to the charge of 6.24 x 108 electrons. [3.40]

audit trail. — An electronic count and/or information record of the changes to the values of the
calibration or configuration parameters of a device. [1.10, 2.20, 2.21, 2.24, 3.30, 3.37, 3.39,
3.40, 5.56(a)]

(Added 1993)
C

calibration parameter. — Any adjustable parameter that can affect measurement or
performance accuracy and, due to its nature, needs to be updated on an ongoing basis to
maintain device accuracy (e.g., span adjustments, linearization factors, and coarse zero
adjustments). [2.20, 2.21, 2.24, 3.30, 3.37, 3.39, 3.40, 5.56(a)]

(Added 1993)

configuration parameter. — Any adjustable or selectable parameter for a device feature that
can affect the accuracy of a transaction or can significantly increase the potential for fraudulent
use of the device and, due to its nature, needs to be updated only during device installation or
upon replacement of a component (e.g., division value [increment], sensor range, and units of
measurement). [2.20, 2.21, 2.24, 3.30, 3.37, 3.40, 5.56(a)]

(Added 1993)

creep. — A continuous apparent measurement of energy indicated by a system with operating
voltage applied and no power consumed (load terminals open circuited). [3.40]

current. — The rate of the flow of electrical charge past any one point in a circuit. The unit of
measurement is amperes (A) or coulombs (C) per second. [3.40]

D
direct current (DC). — An electric current that flows in one direction. [3.40]

E
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electric vehicle, plug-in. — A vehicle that employs electrical energy as a primary or secondary
mode of propulsion. Plug-in electric vehicles may be all-electric vehicles (EV’s) or plug-in
hybrid electric vehicles (PHEV’s). All-electric vehicles are powered by an electric motor and
battery at all times. All-electric vehicles may also be called battery-electric vehicles (BEV’s).
Plug-in hybrid electric vehicles employ both an electric motor and an internal combustion
engine that consumes either conventional or alternative fuel or a fuel cell. In a parallel type
hybrid-electric vehicle, either the electric motor or the engine may propel the vehicle. In a
series type hybrid-electric vehicle, the engine or fuel cell generates electricity that is then used
by the electric motor to propel the vehicle. EV’s, BEV’s, and PHEV’s are capable of receiving
and storing electricity via connection to an external electrical supply. Not all hybrid-electric
vehicles are of the plug-in type. Hybrid-electric vehicles that do not have the capability to
receive electrical energy from an external supply (HEV’s) generate electrical energy onboard
with the internal combustion engine, regenerative braking, or both. [3.40]

electric vehicle supply equipment (EVSE). — A device or system designed and used
specifically to transfer electrical energy to an electric vehicle, either as charge transferred via
physical or wireless connection, by loading a fully charged battery, or by other means. [3.40]

electricity as vehicle fuel - [NOT ADOPTED - CCR § 4001. Exceptions.].

CCR 84002.11. Electrical Vehicle Fueling Systems. (3.40.), Appendix D —Definitions.
Electricity as vehicle fuel. Electrical energy transferred to or stored onboard an electric
vehicle primarily for the purpose of propulsion. [3.40]

(Adopted, 4 CCR 4002.11.)
energy. — The integral of active power with respect to time. [3.40]

energy flow. — The flow of energy between line and load terminals (conductors) of an
electricity system. Flow from the line to the load terminals is considered energy delivered.
Energy flowing in the opposite direction (i.e., from the load to line terminals) is considered as
energy received. [3.40]

equipment, commercial. — Weights, measures, and weighing and measuring devices,
instruments, elements, and systems or portion thereof, used or employed in establishing the
measurement or in computing any basic charge or payment for services rendered on the basis
of weight or measure. As used in this definition, measurement includes the determination of
size, quantity, value, extent, area, composition (limited to meat and poultry), constituent value
(for grain), or measurement of quantities, things, produce, or articles for distribution or
consumption, purchased, offered, or submitted for sale, hire, or award. [1.10, 2.20, 2.21, 2.22,
2.24, 3.30, 3.31, 3.32, 3.33, 3.34, 3.35, 3.38, 3.40, 4.40, 5.51, 5.56.(a), 5.56.(b), 5.57, 5.58,
5.59]

(Added 2008)

event counter. — A nonresettable counter that increments once each time the mode that
permits changes to sealable parameters is entered and one or more changes are made to
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sealable calibration or configuration parameters of a device. [2.20, 2.21, 3.30, 3.37, 3.39, 3.40,
5.54, 5.56(a), 5.56(b), 5.57]

(Added 1993)

event logger. — A form of audit trail containing a series of records where each record contains the
number from the event counter corresponding to the change to a sealable parameter, the
identification of the parameter that was changed, the time and date when the parameter was
changed, and the new value of the parameter. [2.20, 2.21, 3.30, 3.37, 3.39, 3.40, 5.54, 5.56(a),
5.56(b), 5.57]

(Added 1993)

EVSE field reference standard. — A portable apparatus that is traceable to NIST and is used
as a standard to test EVSEs in commercial applications. This instrument is also known as a
portable standard or working standard. [3.40]

F

face. — That portion of a computing-type pump or dispenser which displays the actual
computation of price per unit, delivered quantity, and total sale price. In the case of some
electronic displays, this may not be an integral part of the pump or dispenser. [3.30, 3.40]

(Added 1987)
H

hertz (Hz). — Frequency or cycles per second. One cycle of an alternating current or voltage is
one complete set of positive and negative values of the current or voltage. [3.40]

J

megajoule (MJ). — An Sl unit of energy equal to 1 000 000 joules (J). [3.40]
K

kilowatt (kW). — A unit of power equal to 1000 watts (W). [3.40]

kilowatt-hour (kWh). — A unit of energy equal to 1000 watthours (W h). [3.40]
L

load, full. — A test condition with rated voltage, current at 100 % of test amps level, and power
factor of 1.0. [3.40]

load, light. — A test condition with rated voltage, current at 10 % of test amps level, and power
factor of 1.0. [3.40]
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M

master meter, electric. — An electric watthour meter owned, maintained, and used for
commercial billing purposes by the serving utility. All the electric energy served to a
submetered service system is recorded by the master meter. [3.40]

meter, electricity. — An electric watthour meter. [3.40]

metrological components. — Elements or features of a measurement device or system that
perform the measurement process or that may affect the final quantity determination or
resulting price determinations. This includes accessories that can affect the validity of
transactions based upon the measurement process. The measurement process includes
determination of quantities; the transmission, processing, storage, or other corrections or
adjustments of measurement data or values; and the indication or recording of measurement
values or other derived values such as price or worth or charges. [3.40]

minimum measured quantity (MMQ). — The smallest quantity delivered for which the
measurement is to within the applicable tolerances for that system. [3.37, 3.39, 3.40]

N

nationally recognized testing laboratory (NRTL). — A laboratory that conducts testing and
certification that is recognized by the Occupational Safety and Health Administration (OSHA).
[3.40]

nonresettable totalizer. — An element interfaced with the measuring or weighing element that
indicates the cumulative registration of the measured quantity with no means to return to zero.
[3.30, 3.37, 3.39, 3.40]

O

ohm (Q). — The practical unit of electric resistance that allows one ampere of current to flow
when the impressed potential is one volt. [3.40]

P
percent registration. — Percent registration is calculated as follows:

The percent registration equals the Wh measured by the EVSE divided by the WH measured
by the standard multiplied by 100.

Wh measured by EVSE
WH measured by standard

Fercent Registration = X100

Figure 1 - Equation for the Calculation of Percentage Registration.
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[3.40]

power factor (PF). — The ratio of “active power” to “apparent power” in an AC circuit. It
describes the efficient use of available power. [3.40] (Amended 2019)

primary indicating or recording elements. — The term “primary” is applied to those principal
indicating (visual) elements and recording elements that are designed to, or may, be used by
the operator in the normal commercial use of a device. The term “primary” is applied to any
element or elements that may be the determining factor in arriving at the sale representation
when the device is used commercially. (Examples of primary elements are the visual
indicators for meters or scales not equipped with ticket printers or other recording elements
and both the visual indicators and the ticket printers or other recording elements for meters or
scales so equipped.) The term “primary” is not applied to such auxiliary elements as, for
example, the totalizing register, or predetermined-stop mechanism on a meter or the means for
producing a running record of successive weighing operations, these elements being
supplementary to those that are the determining factors in sales representations of individual
deliveries or weights. (See “indicating element” and “recording element.”). [1.10, 3.40]

R

recorded representation. — The printed, electronically recorded, or other representation that
retains a copy of the quantity and any other required information generated by a weighing or
measuring device. [1.10, 3.40]

recording element. — An element incorporated, connected to, or associated with a weighing
or measuring device by means of which its performance relative to quantity or money value is
permanently recorded in a printed or electronic form. [1.10, 3.40]

remote configuration capability. — The ability to adjust a weighing or measuring device or
change its sealable parameters from or through some other device that is not itself necessary
to the operation of the weighing or measuring device or is not a permanent part of that device.
[2.20, 2.21, 2.24, 3.30, 3.37, 3.39, 3.40, 5.56(a)]

(Added 1993)

retail device. — A measuring device primarily used to measure electrical energy for the
purpose of sale to the end user. [3.40]

S

serving utility. — The utility distribution company that owns the master meter and sells electric
energy to the owner of a submeter system. [3.40]

starting load. — The minimum load above which the device will indicate energy flow
continuously. [3.40]

submeter. — A system furnished, owned, installed, and maintained by the customer who is
served through a utility owned master meter. [3.40]
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T

test accuracy — in-service. — The device accuracy determined by a test made during the
period that the system is in service. It may be made on the customer’s premises without

removing the system from its mounting or by removing the EVSE for testing either on the

premises or in a laboratory or shop. [3.40]

test amperes (TA). — The full load current (amperage) specified by the EVSE manufacturer for
testing and calibration adjustment. (Example: TA 30). [3.40]

thermal overload protector. — A circuit breaker or fuse that automatically limits the maximum
current in a circuit. [3.40]

U

unit price. — The price at which the electrical energy is being sold and expressed in whole
units of measurement. [1.10, 3.30, 3.40]

(Added 1992)
Vv

vehicle connector. — A device that by insertion into a vehicle inlet, establishes an electrical
connection to the electric vehicle for the purpose of providing power and information exchange,
with means for attachment of an electric vehicle cable. This device is a part of the vehicle
coupler. [3.40]

vehicle coupler. — A means enabling the connection, at will, of an electric vehicle cable to the
equipment. It consists of a vehicle connector and a vehicle inlet. [3.40]

vehicle inlet. — The part incorporated in, or fixed to the vehicle, which receives power from a
vehicle connector. [3.40]

volt. — The practical unit of electromotive force. One volt will cause one ampere to flow when
impressed across a resistance of one ohm. [3.40]

W

watt. — The practical unit of electric power. In an alternating-current (AC) circuit, the power in
watts is volts times amperes multiplied by the circuit power factor. [3.40]

watthour (Wh). — The practical unit of electric energy that is expended in one hour when the
average power consumed during the hour is one watt. [3.40]
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