Testing to fugitive emissions standards:
Which ones and why?

Which of the
various methods
and standards

for low fugitive
emission
applications are
most appropriate
for a valve? Is the
decision based on
the type or design?
Is it based on the
geographic market
the valves are
being sold into or
on the application?
With ISO 15848-

1, which of the
various tightness,
endurance and
temperature
classes should be
applied?
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his article provides guidelines for valve

manufacturers, engineering companies

and end users on which standard to apply,

and when and how the different tech-
niques of the standards should be applied. Driv-
ers for testing, such as the environmental laws,
industry standards, end user specifications and
responsibility are the basis for the development
of the valve test standards and impact the type
and standard method that is applied.

Overview of fugitive emissions test
standards

The American Petroleum Institute (API) has standards
for different types of valves, such as API 624 for Rising
Stem Valves and API 641 Quarter-Turn Valves. APl 622
also provides test procedures and criteria for different
types of packing that can be used for different appli-
cations. The International Organization for Standard-
ization (1S0) has developed standard 1SO 15848-1 for
type testing, which has several different performance
classes to choose from for evaluation, and 1SO 15848-
2 for production testing. To obtain a certificate of com-
pliance with these standards, the valve manufacturer
must complete and pass prototype testing, typically
performed by an established 3rd-party testing facility.
A valve manufacturer must choose from different
testing procedures, acceptance criteria and test vari-
ables such as media, temperature, numbers of cycles
and numbers of thermal cycles. There are several dif-
ferent methods for acquiring leakage rate data, such

as the sniffing and bagging methods. After prototype
testing has been completed, the valve manufacturer
must ensure that all low emission valves can be
produced consistently. The testing procedures for
production and prototype valves can differ. If a valve
manufacturer makes a change to the valve, there

are certain situations that require new certification.
Which design parameters, packing type, or application
change require a retest for recertification?

Drivers for testing

The drivers for improved performance of valves to re-
duce emission of volatile organic compounds may be
classified as follows: (1) laws, (2) industry standards,
(3) end user specifications, and (4) engineering and
personal responsibility.

Laws: In the United States, the Clean Air Act and
subsequent amendments are federal law with the
goal to improve, strengthen, and accelerate programs
for the prevention and abatement of air pollution. It
is administered by the U.S. Environmental Protection
Agency (EPA) and is enforced by leak detection and
repair (LDAR) programs and enhanced consent de-
crees. In Europe, the EU Air Quality Directive 2008/50/
EC was a major legislation that integrated several
earlier directives and created a renewed focus. In
China, the 2014 Air Pollution Control Law was put

in place. Other countries have legislation in place,
and in the U.S., many local air quality districts have
been established to implement and enforce pollution
control initiatives.
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Industry standards: Various industry organiza-
tions, such as American Petroleum Institute
(API), International Organization for Standard-
ization (IS0), Manufacturers Standard Society
(MSS), Instrument Society of America (ISA)

and others develop new standards or enhance
existing standards to address industry needs.
End user specifications: Many major oil and
gas companies have developed type tests,
qualification requirements, general specifica-
tions and even project specifications to reduce
emissions. These specifications are enforced
through order contract requirements to valve
suppliers and, in some cases, include 5-year
warranty commitments.

Engineering responsibility: All of us in the
industry, and particularly engineers, have a
professional and personal responsibility to
protect our environment. The quality of the
environment is one of our legacies and we
must do our part to improve the performance
of our products and processes to maintain or
improve air quality. Responsible valve manu-
facturers take this responsibility seriously.

Prototype qualification of valves

To meet the industry demands, valve manufac-
turers are required to type test their designs to
standards such as API 641, ISO 15848-1, TA Luft,
or ANSI/ISA $93.00.01. This involves multiple
valves to be tested (usually 3rd party testing)
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and for various services - which all add up to
a substantial investment in money, time and
resources taken away from other important
design initiatives. The testing is required to
provide end users with valve purchase options
and for the manufacturer to do business in
the oil, gas and chemical markets. But the cost
is real to the manufacturer and is ultimately
shared with valve buyers and end users. API
has led standard development efforts to com-
ply with the US Clean Air Act using elements
of EPA Method 21. These include API 622 (Type
Testing of Process Valve Packing for Fugitive
Emissions, Second Edition). Initially developed
in 2006, it includes fixture testing for emissions
with 1510 mechanical cycles and 5 thermal
cycles and corrosion tests, as well as evalu-
ation of density and other packing material
composition and properties.

Incorrect application

The Third Edition is being finalized by the API
task group, which includes reduction of accep-
tance criteria to 100 ppmv maximum. APl 624
(Type Testing of Rising Stem Valves Equipped
with Graphite Packing for Fugitive Emissions,
First Edition, 2014) is currently applied to
“rising and rising/rotating stem” valves such
as gate, globe and rising-stem ball valves.
Some valve manufacturers have applied this
standard to quarter-turn valves at the urging
of end users and contractors, but that is an in-
correct application. API 624 is in the process of
being revised by the API task group. Currently,

Typical low emissions stem packing for
quarter-turn ball valve

the standard requires testing to 310 mechani-
cal cycles with 3 thermal cycles with accep-
tance criteria of 100 ppmv maximum with no
packing adjustments. The thermal cycle is
from ambient to 260°C (500°F). Leakage from
body-bonnet connections are included within
the scope. API 641 (Type Testing of Quarter-
turn Valves for Fugitive Emissions, 1st Edition)
was published in late 2016 and is applicable
to ball, butterfly and plug type valves. This
standard covers ASME B16.34 valves up to and
including 24 NPS and Class 1500. The testing
requires methane testing based on elements
of EPA Method 21 and requires 610 mechanical
cycles and 3 thermal cycles, with both static
and dynamic leakage measurements.

“Global method”

Valve qualification groups are defined based
on variables of the valve’s elevated tempera-
ture, pressure at elevated temperature, and
pressure at ambient temperature. Maximum
test temperature is 260°C (500°F). Acceptance
criteria is 100 ppmv maximum with no packing
adjustments. Leakage from body-bonnet joints
are included within the scope. 1SO 15848-1:
2015 (Industrial valves - measurement, test
and qualification procedures for fugitive emis-
sions - Part 1: Classification system and quali-
fication procedures for type testing of valves)
includes testing procedures for evaluation of
external leakage of valve stem seals and body
joints of isolating valves and control valves. It
requires 97% purity helium as the test media,
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except that an alternate method is specified
that permits the use of methane. Two specific
methods are noted, one called the “global”
method, which uses bagging and pulling a
vacuum or another local leakage measure-
ment technique (sniffing). The performance
class is defined by a combination of criteria for
“tightness”, “endurance” and “temperature”
classifications. Acceptance criteria depends

on the tightness classification and the media
and is different for body joints than for stem
packing. When the test fluid is helium, the
tightness classes are identified as Class AH,
Class BH and Class CH, and when the test fluid
is methane, the tightness classes are identified
as Class AM, Class BM and Class CM.

Challenging to compare overall
performance

A valve manufacturer may perform testing

for a specific tightness class, endurance class
(mechanical cycles and thermal cycles) and for
a test temperature. This is a comprehensive test
in which the various class designations may
be chosen based on both the valve type and
the intended application. The downside is that
it is not truly a uniform procedure for evalua-
tion of emission performance, which makes it
challenging for end users to compare overall
performance from one valve manufacturer to
another valve manufacturer. Different manu-
facturers may decide on different performance
classifications and, thus, end users must
evaluate the test results for the specific need.

End users in the United States are required to
provide documentation utilizing EPA Method 21
and methane as media, and so I1SO 15848-1 test-
ing is not typically accepted for consent decree
documentation of valves. IS0 15848-1: 2015 has
been approved by CEN as EN ISO 15848-1: 2015
with no modifications. In 2017, an amendment
was made to 1SO 15848-1: 2015 (called A1: 2017),
which clarifies temperature classifications and
qualification rules. CEN has also endorsed A1:
2017. An important aspect of the 1SO 15848-
1:2015 is that the method used is dependent

on the tightness class. A tightness class of AH
requires that a vacuum method be used, which
is described in Annex A, and is considered more
discriminating than a bagging method, also
described in Annex A. Tightness class BH and

Standards Comparison

CH permit either a vacuum method or bagging
method — both of which are considered the
“global method” or “total leak rate measure-
ment method”. ANSI/ISA SP93.00.01 (Standard
Method for the Evaluation of External Leakage
of Manual and Automated On-Off Valves) con-
tinues to be referenced and applied to valves.
Additional cycle requirements may be added to
this document by end users.

Application-driven

Manufacturers must decide what perfor-
mance classifications of 1SO 15848-1 to
apply. This is not always a straightforward
decision. It depends on the valve type and
design features but, most importantly, the
intended application of the valve. Since the

AH = 1.78 x 107 mbar. L/s

€01 = 205 (CC1 = 20,000) 2 per mm stem dia.

AM = 50 PPMV
BH = 1.78 x 10 mbar. L/s

ISO 15848-1 Helium OR Methane €02 = 1,500 (CC2 = 60,000) 3 per mm stem dia. 500 PPMV
BM = 100 PPMV
CH = 1.78 x 10* mbar. L/s

€03 = 2,500 (CC3 = 100,000) 4 per mm stem dia.

CM = 500 PPMV
A = 50 PPMV

ISO 15848-2 Helium 5 0 B = 100 PPMV 500 PPMV
C = 200 PPMV

API| 624 Methane 310 3 100 PPMV 100 PPMV

API 641 Methane 610 3 100 PPMV 100 PPMV

Unspecified

1 x 104 mbar. L/s per m

L/I\)ILL;Z? Helium Unspecified < 250°C stem dia. same
1 X 102 mbar. L/s per m

> 250°C . same
stem dia.
o ) A = 50 PPMV A = 50 PPMV

A 93.00.01 " Nlt'\rﬂoeg;r;,n:ellum, Unspecified > B o Uow A B = Ve Y

C = 500 PPMV C = 500 PPMV
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performance classifications are based on
shutoff, endurance and temperature, these
three factors must be considered. If the pri-
mary applications include processes with le-
thal gases, then a tightness Class AH should
be the goal. If the primary application is
process isolation or infrequent operation
(such as once per month), then endurance
Class Co1 should be applied. But if the valve
may be used in higher cycle applications,
then C02 and CO3 should be applied. If a
valve is used in a lower high-temperature
application, or even a temperature cyclic
application (such as for isomerization pro-
cesses or cryogenic loading), then a choice
must be made between t-196°C, t-46°C,
t-29°C, tRT, t200°C, t400°C. I1SO 15848-1 also
includes multiple endurance classifications
for control valves, with CC1 (20,000 cycles
with 2 thermal cycles), CC2 (60,000 with
3 thermal cycles) and CC3 (100,000 with 4
thermal cycles). Some valve types are used
for isolation, some for control, and some for
both, so deciding on a set of tests and con-
ditions for valves used in multiple applica-
tions requires careful thought. Three obvious
considerations are deciding what tempera-
ture classification is required, whether the
valve and packing design can meet that
classification and whether multiple clas-
sifications must be pursued. The application
of the valve may result in different packing
selection and design based on several fac-
tors. These include:
e Service conditions
e Application
e Mode of operation
e  Frequency of operation
e Service fluid compatibility
e Lethal services
e Temperature (high temperature and
cryogenic conditions)
e  Fire-test requirements
e  Stem position (horizontal may increase
side-loading)
Production testing of valves
ISO 15848-2 (Industrial valves - Measurement,
test and qualification procedures for fugitive
emissions - Part 2, Production acceptance test
of valves) is the most significant industry stan-
dard that addresses production testing in a
valve manufacturing environment. The equip-
ment is expensive from a valve manufacturer’s
standpoint because it includes helium sniffing,
but the use of helium within a production
environment is relatively safe. While this pro-
vides the end user with a level of confidence
in stem packing and bolted joints, it does not
produce specific documentation that is accept-
able to auditors in the U.S. who are applying
EPA Method 21 using methane gas as the test

Valve World June 2018

media. However, valve production data for
specific valves can support type testing data.
Some manufacturers have set up fugitive emis-
sions labs dedicated to performing production
testing using the helium sniffing method. This
lab permits both production testing when
specified by an end user, engineering company
or contractor, but also serves as a validation of
designs or packing changes.

Major considerations in valve selection
Valve operation types fall into two broad catego-
ries - (1) rising or rising-rotating stems, and (2)
quarter-turn (part-turn) stems. Rising and rising-
rotating stems are normally used in gate, globe,
and rising stem ball valves. These designs are
considered the most susceptible to stem leak-
age, since the stem is exposed to the service
fluid and then drawn through the packing dur-
ing the valve operation. These valve designs are
the most prevalently used in refineries. Quarter-
turn valves, which include most ball valves,
offset butterfly valves and plug valves are

often considered significantly less susceptible
to stem leakage due to the short quarter-turn
rotation and the service fluid not being drawn
through the packing during the valve operation.

However, if not properly designed, manufac-
tured or maintained, quarter-turn designs
are still possibilities for release of emissions.
Particularly for ISO 15848-1 requirements, end
users and engineering companies should
compare the tightness, endurance and tem-
perature classifications that a manufacturer
has applied for testing. Compare with the
application requirements and compare with
each other, making sure that the needs of the
application are met.

Variables that require retesting

Variables that may require a retest or

requalification are:

e  Body/bonnet or other pressure con-
taining bolted joint changes

e  Packing chamber design changes

e Packing manufacturer and type
changes

e  Changes by the packing manufactur-
ers in their product

e Changes to required tightness,
endurance or temperature rating and
application of the valve

e Changes in standards, using A1:2017
of 1SO 15848-1 as an example




