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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Coalbed Methane (CBM) is an unconventional form of natural gas and refers to methane-rich gases that
naturally exist in coal seams and surrounding rocks, see also Reference [31]. It is defined as a methane-
rich gas naturally occurring in coal seams (and surrounding rock) typically comprising of 80 % to 95 %
methane with lower proportions of ethane, propane, nitrogen and carbon dioxide (see ISO 18875).

At present, CBM is explored and developed in the United States, Canada, Australia, Russia, India, China
and a few other countries.

Ty
and
dod
proj

carbon dioxide, but the composition of coalbed methane varies widely around the ¥
ument aims to promote communication and coordination among countries and support t
oress of unconventional natural gas exploration, development, production and custody ty

1cal CBM contains 80 % to 95 % or more methane and a small portion of ethane, propang, nitrogen

vorld. This
he smooth
ansfer.
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Natural gas — Coalbed methane quality designation and
the applicability of ISO/TC 193 current standards

1 Scope

This_ document surveys the quality designation of CBM all around the world, and analyses whether
[SOYTC 193 standards for sampling, test and calculation methods are applicable to CBM.

2 |Normative references

Thd following documents are referred to in the text in such a way that sonie _or all of their content
corfstitutes requirements of this document. For dated references, only thé/edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

1S0{14532, Natural gas — Vocabulary

[S0[18875, Coalbed methane exploration and development — Terms and definitions

3 |Terms and definitions

For|the purposes of this document, the terms and.définitions given in ISO 14532, ISO 188}5 and the
follpwing apply.

NOTE Specific coalbed methane or coal gas“mine terms are given in national documents, such as
GB/|T 31537130l

[SO[and IEC maintain terminological databases for use in standardization at the following addresses:

— | ISO Online browsing platform: available at https://www.iso.org/obp

— | IEC Electropedia: availableat https://www.electropedia.org/

31
normal reference conditions
ref¢rence conditionsef pressure, temperature, and humidity (state of saturation) equal to 101,325 kPa
and 273,15 K for.agas in the dry state

[SOURCE: 1S6:14532:2014, 2.6.1.3]

ISQ standard reference conditions

snce conditions of nressure temperature g D1,325 kPa
and 288,15 K for a real gas in the dry state

[SOURCE: ISO 14532:2014, 2.6.1.4]

3.3

direct sampling

sampling in situations where there is a direct connection between the natural gas to be sampled and
the analytical unit

[SOURCE: 1SO 14532:2014, 2.3.1.1]

©1S0 2022 - All rights reserved 1


https://www.iso.org/obp
https://www.electropedia.org/
https://standardsiso.com/api/?name=0898a9f80f059e074af93b7c7e035772

ISO/TR 7262:2022(E)

3.4

indirect sampling
sampling in situations where there is no direct connection between the natural gas to be sampled and
the analytical unit

[SOURCE: ISO 14532:2014, 2.3.1.2]

3.5

representative sample
sample having the same composition as the natural gas sample when the latter is considered as
ahomogeneous whole

[SOURCE:

3.6
gas chron]
GC metho
method of

Note 1 to e
properties
rates and aj

[SOURCE:

3.7
main com

SO 14532:2014, 2.3.4.2]

atographic method
i
analysis by which the components of a gas mixture are separated using,gas chromatogra

htry: The sample is passed in a stream of carrier gas through a column that‘has different reten

relative to the components of interest. Different components pass thrgugh the column at diffe
e detected as they elute from the column at different times.

SO 14532:2014, 2.2.2.1]

ponent

major component

componen
[SOURCE:
3.8

F whose content influences physical properties

SO 14532:2014, 2.5.2.2.1]

trace component

trace cony
componen

[SOURCE:

3.9
total sulfy
total amou

[SOURCE:

3.10
compress
ratio of thd

tituent
[ present at very low levels

SO 14532:2014, 2.5.2.2.3]
r
nt of sulfur foundin coal bed methane

SO 14532:201%4, 2.5.2.3.14]

on factor

the same ma

volume of an arbitrary mass of gas at a specified pressure and temperature to the volu

[SOURCE: ISO 14532:2014, 2.6.2.2]

3.11
density

mass of gas divided by its volume at specified conditions of pressure and temperature

[SOURCE: ISO 14532:2014, 2.6.3.1]

phy

tion
rent

e of
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3.12

relative density
ratio of the mass of a gas contained within an arbitrary volume to the mass of dry air of standard
composition that would be contained in the same volume at the same reference conditions

[SO

URCE: ISO 14532:2014, 2.6.3.2]

Note 1 to entry: The relative density is also defined in ISO 6976.

3.13
Wobbe index

cal¢rific value on a volumetric basis at specified reference conditions, divided by the square

reld

3.1
wa
teny

Not]
this

[SO

31
wa
ma

Not]

Not]
for

Not
[SO

31
hyc
HC
ten]

Not]
pre
inv
the
obs
(mef

tive density at the same specified metering reference conditions

[SOERCE: [SO 14532:2014, 2.6.4.3]

fer dew point
perature at a specified pressure at which water vapour condensation ifitiates

e 1 to entry: For any pressure lower than the specified pressure, there istig condensation of wate
water dew point temperature.

URCE: ISO 14532:2014, 2.6.5.1.1]

J
fer content
5s concentration of the total amount of water contained in a gas

e 1 to entry: Water content is expressed in units mass per unit volume.

P 2 to entry: For gas below the water dew point; this means water in the form of both liquid and
bas above the water dew point, this means,gnly water vapour.

e 3 to entry: Water content can be alsoexpressed as mole or volume fraction.
URCE: ISO 14532:2014, 2.6.5,1.2]

b
Irocarbon dew point

DP

perature at a specified pressure at which hydrocarbon vapour condensation initiates

e 1 to entry: lmchemical thermodynamics, the “true” hydrocarbon dew point is the temperature
ssure) at which the fugacity of the gas and liquid phases is identical. Since measurement of th
lves reduction of the system temperature, this equates to the temperature at which the first ap
liquid pliase occurs. At this point, the quantity of liquid phase is infinitesimally small. Since no in
brver is able to detect this infinitesimally small amount, the measured value by a chilled mirror
asured hydrocarbon dew point) differs from the “true” hydrocarbon dew point. Depending

root of the

[ vapours at

vapour; but

(at a stated
e dew point
pearance of
btrument or
instrument
on the gas

con

positiomand the semnsitivity of the detection systent of theautomatic hydrocarbomr-dew=-point th

lled-mirror

instrument or the observer (manual chilled mirror instrument), the measured hydrocarbon dew point can be
considerably lower than the “true” hydrocarbon dew point.

[SO

URCE: 1SO 14532:2014, 2.6.5.2.1]
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3.17

potential hydrocarbon liquid content

PHLC

property of natural gas defined as the amount of the condensable liquid (in milligrams) at the pressure,
p, and temperature, T, per unit volume of gas at normal conditions, that is, at a temperature of 0 °C and
a pressure of 101,325 kPa obtained by passing a representative sample of the gas through an apparatus
where it is first brought to the pressure, p, and then cooled to the temperature, T

Note 1 to entry: It is necessary to take care that only gas, not a two-phase mixture, has been withdrawn from the
pipeline.

[SOURCE: ISO 14532:2014, 2.6.5.2.3]

4 Symbols, abbreviations and units

4.1 Symbols and units

Symbol Meaning and units

d Relative density

H, Molar basis calorific value(kl/mol)

H, Mass basis calorific value (MJ/kg)

Hy, Volumetric basis calorific value (M]/m3)
M Mass per mole (kg/kmol)

p (Absolute) pressure (kPa)

T Celsius temperature (°C)

Tobs Thermodynamic (absolute) temperature (K)
|4 (Gas) volume (m3)

w Wobbe index (mumber) (M]/m3)

Z Compression factor

p Density (kg/m3)

4.2 Abbyreviations

Abbreviations Meaning

CBM Coalbed methane

5 Applicability of sampling standard

ISO 10715 provides concise guidelines for the collection, conditioning and handling of representative
samples of processed natural gas streams. It also contains guidelines for sampling strategy, probe
location and the handling and design of sampling equipment. According to ISO 10715, the factors
affecting sampling representativeness include sampling material and equipment, sample containers,
sampling method, heavy hydrocarbon condensate and flow characteristics of gas sources.

NOTE Specific CBM sampling standards exist at national levell2].

4 © IS0 2022 - All rights reserved
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CBM is a kind of unconventional natural gas, which falls into the category of natural gas. It is basically
free of heavy hydrocarbon and organic sulfur compounds. The composition of CBM is simpler than that
of natural gas.

Therefore, ISO 10715 is applicable to the direct and indirect sampling of CBM.

6

6.1

Applicability of test and calculation standard

General

Thi
of (

required and it is unlikely that all the parameters listed in this document will be used.

6.2

6.2

CB]
nor

con

Lim
nat
NB
(for

5 clause deals with the various parameters which may be referred to in a designation of
BM. The parameters actually selected will depend upon the purpose for which the des

Gas composition

1 General

1 is composed primarily of methane and ethane with smaller ameunts of propane, but

the quality
ignation is

ane and of

-combustible gases, carbon dioxide and nitrogen, the approximate content of each component is

6.2

shown in Table 1. The relevant ISO/TC 193 test standards for.fmajor and minor components$ and trace
stituents and whether these standards are applicable to,6BM are shown in Table 2, 3 and|4.
its are not given in this document, but limits on CBM cemponents or properties are given|in Chinese
jonal standard GB/T 26569:2011[2¢] and GB/T 26127:2010[2Z], Chinese energy industry standard
T 10035:2006, Australian standard AS 4564-2011[28], New Zealand Standard NZS 5442:2008[22]
more information, see Annex A and Bibliography).
Table 1 — Approximate content of each component of CBM
Component Unit Approximate content range
Methane mol% 50 to 99
Ethane mol% 0,1to5
Propane mol% Oto1l
Butahes mol% Oto1l
Pentanes mol% 0to 0,5
Nitrogen mol% 0,1to 40
Carbon dioxide mol% 0,1to 15
Hydrogen mol% 0to0,1
Oxygen mol% Oto5
Carbon monoxide mol% Oto1l
HL};UIII lllU‘ln/U 0 tU C 5
Argon mol% 0to 0,5
Sulfur hydrogen mg/m3 0to 20
Total sulfur mg/m3 0to 20
.2 Major components
Table 2 presents the main components of coalbed methane.
5
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Table 2 — Major components of CBM

Component Unit Relevant ISO/TC 193 standards Whetherggl\p;llicable to
Methane mol% ISO 6974 (all parts), ISO 23978 Yes
Ethane mol% ISO 6974 (all parts),ISO 23978 Yes
Propane mol% ISO 6974 (all parts), ISO 23978 Yes
Butanes mol% ISO 6974 (all parts) Yes
Pentanes mol% ISO 6974 (all parts) Yes
Nitrogen mol% ISO 6974 (all partsJ, ISO 23978 Not exactly
Carbon diokide mol% ISO 6974 (all parts), ISO 6975, ISO 23978 Not exactly
a) Methane
ISO 6974-4,1S0O 6974-5, ISO 6974-6, and ISO 23978 are suitable for the determination-6f methane in|the
range of 7% % to 100 %, 34 % to 100 %, 40 % to 100 %, and 50 % to 100 %, respectiyely.
Generally, fhe methane content in CBM is basically above 80 %, also above 50 % in some CBM with High
nitrogen of oxygen content. There is no case in which methane content in CBM’is lower than 34 %.
Therefore,|ISO 6974-4, ISO 6974-5, ISO 6974-6 and ISO 23978 are able to' meet and applicable to|the
determinafion of methane content in CBM. ISO 6974-1, [SO 6974-2, and\SO 6974-3 are also applicable to
the deternjination of methane content in CBM.
b) Ethane
ISO 6974-4, ISO 6974-5, ISO 6974-6 and ISO 23978 are suitable for the determination of ethane in|the
range of 0,001 % to 10 %, 0,1 % to 23 %, 0,002 % to 15 %;and 0,02 % to 20 %, respectively.
Generally, the ethane content in CBM is basically lower than 5 %, and in a few exceptions, not higher
than 23 %
Therefore,|ISO 6974-4, ISO 6974-5, ISO 697426 and ISO 23978 are able to meet and applicable to|the
determination of ethane content in CBM..ISO 6974-1, ISO 6974-2 and ISO 6974-3 are also applicablg to
the deternjination of ethane content in. CBM.
Q) Propane
ISO 6974-4, 1SO 6974-5, ISO 6974-6 and ISO 23978 are suitable for the determination of propane infthe
range of 0,001 % to 3 %, 0,05,% to 10 %, 0,001 % to 5 % and 0,02 % to 10 %, respectively.
Generally, the propane‘¢ontent in CBM is basically lower than 1 %, and in a few exceptions, not higher
than 10 %
Therefore,| ISO §974-4, ISO 6974-5, ISO 6974-6 and ISO 23978 are able to meet and applicable to|the
determinafion of propane content in CBM. ISO 6974-1, ISO 6974-2 and ISO 6974-3 are also applicablg to
the determination-ofpropane-contentin-CBM-
d) Butanes

ISO 6974-4, ISO 6974-5 and ISO 6974-6 are suitable for the determination of butanes in the range of

0,001 % to

1%, 0,01 % to 2 % and 0,000 1 % to 1 % respectively.

Generally, the butanes content in CBM is basically lower than 1 %, usually not higher than 2 %.

Therefore, ISO 6974-4, ISO 6974-5, and ISO 6974-6 are able to meet and applicable to the determination
of butanes content in CBM. ISO 6974-1, ISO 6974-2, and ISO 6974-3 are also applicable to the
determination of butanes content in CBM.

e)

Pentanes

© IS0 2022 - All rights reserved
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[SO 6974-4, 1SO 6974-5, and ISO 6974-6 are suitable for the determination of pentanes in the ranges of
0,001 % to 0,5 %, 0,005 % to 0.35 %, and 0,000 1 % to 0,5 %, respectively.

Generally, CBM does not contain pentanes. Pentanes are contained in some CBM but the content is
basically below 0,5 %.

Therefore, ISO 6974-4, 1SO 6974-5 and ISO 6974-6 are able to meet and applicable to the determination
of pentanes content in CBM. ISO 6974-1, ISO 6974-2, and ISO 6974-3 are also applicable to the
determination of pentanes content in CBM.

f)

Nitrogen

1IN0

raniges of 0,001 % to 15 %, 0,1 % to 22 %, 0,007 % to 40 %, and 0,02 % to 10 %, respectivély.

Nit
nity

The
the
als
in (
app

g)

ISO
int

Car
cas

The
to 1
ISO
the
ISO
ver

6.2
Tah

6974-4, 1SO 6974-5, ISO 6974-6 and ISO 23978 are suitable for the determination of nitr

ogen content in CBM varies greatly. It's common from less than 0,1 % to 40%In som
ogen content is as high as 50 % or so.

refore, ISO 6974-4,1S0 6974-5,1S0O 6974-6 and ISO 23978 are basically able to meet and aj
determination of nitrogen content in CBM in most cases. ISO 6974-1,15S0 6974-2, and ISO
applicable to the determination of nitrogen content in CBM. However, when the nitrog
BM is above 40 %, its concentration exceeds the upper detection limit of ISO 6974. In th
licability of ISO 6974 (all parts) to CBM detection needs to be tested and verified.

Carbon dioxide

6974-4,1S0 6974-5, 1SO 6974-6 and ISO 23978 are suitable for the determination of carh
he range of 0,001 % to 10 %, 0,05 % to 15 %, 0,001% to 10 % and 0,02 % to 30 %, resped

bon dioxide content in CBM also varies greatly It's common from less than 0,1 % to 15
ps, the carbon dioxide content in CBM is higheér than15 %.

refore, ISO 6974-4, ISO 6974-5, ISO 697446 and ISO 23978 are basically able to meet and
he determination of carbon dioxidetecontent in CBM in most cases. ISO 6974-1, ISO 6
6974-3 are also applicable to the'determination of carbon dioxide content in CBM. How|
carbon dioxide content in CBM is-above 15 %, its concentration exceeds the upper detect
6974. In this case, the applicability of ISO 6974 (all parts) to CBM detection needs to be
fied.

3 Minor components

le 3 presents the minority parts of coalbed methane.

Table 3 — Minor components of CBM

bgen in the

e CBM, the

plicable to
6974-3 are
en content
s case, the

on dioxide
tively.

0. In a few

applicable
D74-2, and
ever, when
jon limit of
tested and

Component Unit Relevant ISO/TC 193 standards

Whether applicable to CBM

mol% ISO 6974-6, 1SO 6975 Yes

Hy

ogen

Oxygen

mol% ISO 6974-6,1S0 6975 Not exact

ly

Carbon monoxide

mol% ISO 6974-6 Yes

Hel

ium mol% ISO 6974-6,1S0 6975 Yes

Argon

mol% ISO 6975 Yes

a)

Hydrogen

The scopes of ISO 6974-4 and ISO 6974-5 do not include the determination of hydrogen. Both ISO 6974-6
and ISO 6975 are suitable for the determination of hydrogen in the range of 0,001 % to 0,5 %.

Generally, the hydrogen content in CBM is not higher than 0,1 %.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=0898a9f80f059e074af93b7c7e035772

ISO/TR 7262:2022(E)

Therefore, [SO 6974-6 and I1SO 6975 are applicable to the determination of hydrogen content in CBM.
ISO 6974-1, ISO 6974-2, and ISO 6974-3 are also applicable to the determination of hydrogen content in
CBM.
b) Oxygen

The scopes of ISO 6974-4 and I1SO 6974-5 do not include the determination of oxygen. ISO 6974-6 and
ISO 6975 are suitable for the determination of oxygen in the range of 0,007 % to 5 %, and 0,001 % to
0,5 %, respectively.

Generally, the oxygen content in CBM is not higher than 5 %. The cases that the oxygen content exceeds

5% may b

Therefore,
range of 0,
of oxygen
exceeds th
any more.

It is suggq
developed
natural ga
standard s

Note 1 to eq
problems r¢

C)

The scope
ISO 6974-6

Ca

A small anf

Therefore,
ISO 6974-2

d) He

The scope
ISO 6975 4
0,5 %, resy

Generally,

Therefore,
ISO 6974-]
CBM.

P due to the introduction of air during exploration and development.

ISO 6974-6 and ISO 6975 are applicable to the determination of oxygen content in CBM’in
D01 % to 5 %. SO 6974-1, ISO 6974-2, and ISO 6974-3 are also applicable to the determinat
content in CBM. However, when the oxygen content in CBM is above 5 %, its(concentraf
e upper detection limit of ISO 6974. In this case, ISO 6974 (all parts) are not d@pplicable to Q

psted that an international, special standard for oxygen content determination will
so as to accurately determine higher oxygen content in conventional and unconventid
s. New test methods for oxygen are developed at the same time to further improve
ystem.

try It is necessary to warn that if the oxygen content in rfatural gas is high, there can be sa
lated to explosion and so on.

'bon monoxide

5 of ISO 6974-4 and ISO 6974-5 do not include the determination of carbon monox
is suitable for the determination of carboirmonoxide in the range of 0,001 % to 1 %.

ount of CBM contains carbon monoxidé:which is less than 1 %.

[SO 6974-6 is applicable to the determination of carbon monoxide content in CBM. ISO 697
,and ISO 6974-3 are also applicable to the determination of carbon monoxide contentin C

Jlium

b of ISO 6974-4 and 150.6974-5 do not include the determination of helium. ISO 6974-6
re suitable for the detérmination of helium in the range of 0,002 % to 0,5 % and 0,001 9
ectively.

the helium content in CBM is less than 0,5 %.

ISO 6974-6 and ISO 6975 are applicable to the determination of helium content in C

the
ion
ion
BM

be
nal
the

fety

ide.

-1,

BM.

hnd
b to

BM.

, ISO16974-2, and 1SO 6974-3 are also applicable to the determination of helium contenft in

e)

Argon

The scopes of ISO 6974-4, ISO 6974-5 and 1SO 6974-6 do not include the determination of argon.
ISO 6975 is suitable for the determination of argon in the range of 0,001 % to 0,5 %.

Generally, the argon content in CBM is less than 0,5 %.

Therefore,

ISO 6975 is applicable to the determination of argon content in CBM.

6.2.4 Trace constituents

The traces

that can usually be found in coalbed methane are listed in Table 4.
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Table 4 — Trace constituents of CBM

Constituent Unit Relevant ISO/TC 193 standards | Whether applicable to CBM
Hydrogen sulfide mg/m3 IS0 19739, ISO 23978 Yes
Total sulfur mg/m3 IS0 16960, ISO 20729 Yes
Mercury ng/m3 1SO 6978-1,1S0 6978-2 Yes
a) Hydrogen sulfide

There are several methods for the determination of sulfur compounds described in annexes of

ISO
usi

range of 0,5 mg/m3 to 600 mg/m3. Annex D “GC method using ED” and Annex E “GC mefhod U

are

Anfpex F “GC method using AED”, Annex G “GC methods using column switching.dnd’FPD”, a

“GC
sul

SO
Ger
hig
The
b)

ISO
of 1

Ger
The

0)

Mej
CBI
neg

ISO|
sa
sa
to §
20
m3
or f

ner.

i

& capilary column and SCD” are both SUI4be for the cetermination of hydrogen SV

C method

g capillary column and SCD” are both suitable for the determination of hydrogen-sulfide in the

both suitable for the determination of hydrogen sulfide in the range of 0,1 mg/m? to 1

method using capillary column and PFPD” are all applicable to the detérmination o
ide, but do not specify the detection ranges.

23978 are suitable for the determination of hydrogen sulfide in the fange of 0,02 % to 10

erally, the hydrogen sulfide content in CBM is less than 6 mg/m3,and about 20 mg/m3

refore, ISO 19739 and ISO 23978 are applicable to the defermination of hydrogen sulfide

Total sulfur

Ising MSD”
D0 mg/m3.
nd Annex [
[ hydrogen
%.

when it is

in CBM.

16960 and ISO 20729 are suitable for the determination of total sulfur content in CBM in the range

mg/m3 to 200 mg/m3and 1 mg/m3to 150 mg/m3, respectively.

erally, the total sulfur content in CBM is less than 6 mg/m3, and about 20 mg/m3 when it

refore, ISO 16960 and ISO 20729 areboth applicable to the determination of total sulfur
Mercury

‘cury in CBM has not been-feported in the literature. On the one hand, there may be few
1 contains mercury; Onthe’other hand, mercury content may not be tested as an index. |
d for mercury detectien; 1SO 6978-1 and ISO 6978-2 are both applicable to CBM.

6978-1 specifies a-method for the determination of total mercury content in natural g
pling methodcat-pressures up to 40 MPa by chemisorption on iodine-impregnated silig
pling methed-is suitable for the determination of mercury content within the range of|
,000 pg/m¥in natural gas. This method is applicable to sampled gas volumes containin
ng hydregen sulfide (absolute content) and less than a total liquid hydrocarbon condenss
under’the sampling conditions. The collected mercury is determined by measuring the 3
luorescence of mercury vapor at 253,7 nm.

is higher.
n CBM.

cases that
f there is a

as using a
a gel. This
0,1 pg/m3
o less than
te of 10 g/
bsorbance

There are two issues with ISO 6978-1. Firstly, this standard specifies that the mixed solution of 15 %
potassium hydroxide (KOH) and 0,5 % stannous chloride (SnCl,) is used as the reducing solution; as
15 % potassium hydroxide (KOH) is an alkaline solution with high concentration, it is easy to cause
injury if there is an operation mistake during its use. Secondly, the concentration of the mercury
standard solution is 1,000 g/1 as specified. However, a solution with lower concentration could reduce

the

error caused by multistage dilution.

Therefore, revising ISO 6978-1 by adding an alkaline solution with lower concentration as the basic
reducing solution and relaxing the concentration requirements for mercury standard solutions makes

the

standard more operable.
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6.3 Gas

properties

6.3.1 General

Physical properties and whether the relevant ISO/TC 193 standards are applicable to CBM are shown in

Table 5.
Table 5 — Physical properties of CBM
roperties Unit Relevant ISO/TC 193 standards Whethergﬁpnplllcable to

Molar basij calorific value, H, M]/mol ISO 6976, 1SO 15971 Yes
Mass basis|calorific value, H,, MJ/kg IS0 6976, 1SO 15971 Yes
Volumetric pasis calorific value, H, M]/m3 ISO 6976, 1S0O 15971 Yes
Relative density, p - ISO 6976, 1SO 15970 Yés
Wobbe number, W M]J/m3 ISO 6976, 1S0O 15971 Yes
Water dew|point °C[K] IS0 6327,1S0O 18453 Yes
Water content mg/m3 1SO 10101-1, ISO 18453

ISO 10101-2

Yes
1SO 10101-3
ISO 11541

Hydrogen dew point °C[K] ISO 23874 Yes
Liquid hydfocarbon content mg/m3 1SO.6570 Yes

6.3.2 Calorific value, relative density and Wobbe nitmber

ISO 6976
relative de
and other
The methd
reference

Mole fract|
chromatog

The metho|
values, tog

Methods a

The methg
applicable

bpecifies methods for the calculation*of gross calorific value, net calorific value, den;
nsity, gross Wobbe index and net Wobbe index of natural gases, natural gas substitt
combustible gaseous fuels when\the composition of the gas by mole fraction is kno
ds specified provide the means of calculating the properties of the gas mixture at nor
onditions.

ions by definition sum(to unity. Guidance on the achievement of this requirement by
raph analysis is available in ISO 6974-1 and ISO 6974-2.

ds of calculationequire values for various physical properties of the pure components; th
ether with asseciated uncertainties, are provided in tables and their sources are identifig

Fe given forfestimating the standard uncertainties of calculated properties.

ds of’ealculation of the values of properties on either a molar, mass or volume basis
to-any natural gas, natural gas substitute or other combustible fuel that is normally gase

ity,
Ites
.
mal

gas

ese
d.

are
bus,

miscturas faor which
HHee eSOt

the

except th

it far nranartiac an thao ualiima hacic tha mathad ic ractrictad +0
t—o—Ppropertes—ohtne—vortHieoasiSteemeaIsTestetea—+o

compression factor at normal reference conditions is greater than 0,9.

Example calculations are given in ISO 6976:2016, Annex D for the methods of calculation as listed in
that same document.

ISO 6976 is applicable to the calculation of calorific value, relative density and Wobbe number of CBM.

In addition, ISO 15970 is applicable to the calculation of relative density of CBM, and ISO 15971 is
applicable to the calculation of calorific value and Wobbe number of CBM.
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6.3.3 Water dew point and water content

ISO 6327 describes a method for determination of water dew point of natural gas by cooled surface
condensation hygrometers, which is applicable to the determination of water dew point of natural gas
and similar gases. The water dew point of processed natural gases in transmission lines normally lies
between -25 °C and +5 °C, which corresponds to water concentrations of 50 pl/1 to 200 pl/1 (volume
fraction), according to the pressure of the gas.

ISO 6327 and ISO 18453, 1SO 10101-1, ISO 10101-3, ISO 10101-3, ISO 11541 are all able to and applicable

tot

he determination and conversion of water dew point and water content.

Chi
det
esp
larg

6.3

ISO|
or
cal
def
ma
Maj
me

Th
n-P
and

CB]

ISO|
the
giv

hese experts detecting water dew point in recent years found that the results of water

re deviation in measurement results.

4 Hydrogen dew point and Hydrocarbon liquid content

23874 describes the performance requirements for analysis of treated natural gas of tr3
pipeline quality in sufficient detail so that the hydrocarboncdewpoint temperatu
ulated using an appropriate equation of state. It can be applied to gases that have
point temperatures (cricondentherms) between 0 °C and ~50 °C. The pressures at W
ximum dewpoint temperatures are calculated are in the range 2 MPa (20 bar) to 5 MP|
or components are measured using [SO 6974 (all parts)and the ranges of components
hsured are as defined in [SO 6974-1.

procedure given in ISO 23874 covers the measufement of hydrocarbons in the range
entane, which is quantitatively measured using<ISO 6974 (all parts), is used as a bridge
all C6 and higher hydrocarbons are measuredrelative to n-pentane.

/l basically does not contain C6 and C6+,Therefore, ISO 23874 is applicable to CBM.

6570 describes the principles of,-and general requirements for, two gravimetric m|
determination of the potential-hydrocarbon liquid content of natural gas, or simila
bn pressure and temperature. Two methods are specified in ISO 6570 to determine the

condensate in a sample gas:

Thd
aut

N0

Method A: a manual weighing method;

Method B: an indifegtautomatic weighing method based on the indication of the pressure
caused by the acciimulation of condensate in a vertical tube.

manual weighing method is a reference method for the indirect automatic method. T
bmatic méthod is suitable for semi-continuous control.

6570\s applicable to CBM.

1IN0

/TR 111501is npplirnh]p to CBM and describesthree means of quim;\fing hydrnrarhnn dex

ermination of natural gas treated by triethylene glycol dehydration process are not
ecially by chilled mirror method which is often disturbed by triethylene glycol droplets

dew point
accurate,
, causing a

Insmission
re can be
maximum
hich these
A (50 bar).
hat can be

C5 to C12.

romponent

ethods for
I gas, at a
amount of

difference

he indirect

7 point and

hydrocarbon content of natural gas. The first one is cooled mirror method determining hydrocarbon
dew point and hydrocarbon content, including visual method and automatic measurement method. The
second one is the gas chromatographic method, by which the composition of gas is analyzed and used
to calculate the hydrocarbon dew point; And the third one is the gravimetric method to determine the
potential hydrocarbon liquid content.

At present, commercial instruments for hydrocarbon dew point determination of natural gas by
visual or automatic measurement methods have been widely used. The Chinese national standard
GB/T 27895[33] uses cooled mirror method to determine the hydrocarbon dew point of natural gas.
There is no corresponding ISO standard. An ISO standard for the determination of hydrocarbon dew
point of CBM is therefore missing and may well be developed.
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6.4 Solid particulate matter

The solid particulate matter in CBM has an impact on the safe transportation, utilization and accuracy
of gas metering. It is necessary to accurately determine the solid particulate matter in CBM and natural
gas. For more information about solid particulate matter in CBM, refer to Annex B of this document.

China has developed the national standard GB/T 27893[32], which specifies the method for
determination of particles content in natural gas by membrane weighing method. The measurement
pressure range is between 0,1 MPa and 6 MPa. The measurement range is 0,1 mg/m3 to 100 mg/m3. If
the membrane trap and the entire sampling and trapping system can withstand higher pressures, the
measurement pressure can also be increased to the corresponding pressure

ISO/TC 1938 has no corresponding standard method.
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Technical requirements and test methods for CBM

This annex gives the quality designations as wi

acce

and

Bedides, the quality designations and test methods in Australian standard AS 4564-2011[24
Zedland Standard NZS 5442:2008[22] may also be adaptable to CBM as indicat€d in the sco

twq standards.

Chipese standards mainly give requirement on methane content fraetion, superior calo
hydrogen sulfide, total sulfur and water dew point of CBM (see Table AZ1;A.2 and A.3), while
New Zealand standards (see Table A.4 and A.5) give requirement'on Wobbe Index, relati

and

sta 1dardNB/T 10035[38], The tables a
additional requirements and instructions.

ell as the test methods on CBM components or
oL and-Chinese-energy industry
re given for information and are incomplete in termSs|o

hydrogen sulfide, total sulfur, and water dew point of general natutal gas.

Table A.1 — Quality designations and test‘ methods in GB 26569:2011

properties

f footnotes

il and New
be of these

Fific value,
Australian
ve density,

Items Class 1 Class 11 Class III Class IV
Methane content fraction, y ,% >90 =83~90 >50~83 >30~50
Superior calorific value, MJ/m3 >34,0 >31,4~34 >22,3~31,4 | =215,5~22,3
Hydrogen sulfide,mg/m3 <6
Total sulfur (calculated with <100

sulfur), mg/m3

Water dew point,°C

Under the pressure of the custody transfer point, the watel
dew point is 5 °C lower than the minimum ambient temper
ature under the transportation condition,

Table A.2 — Quality designations and test methods in GB/T 26127:2010

Items Class1 Class I
Methane content fraction, y ,% >90 >83~90
Superi6r calorific value, MJ/m3 >34 >31,4~34
Total'sulfur (calculated with sul- <15
3 _ 0
fur), mg/m
Hydrogen sulfide,mg/m3 <12
Unubr CIIC pr\,oour\, U LIIC L‘L‘lo LUd-'y' tranﬂlbr pUinL’ cIre
Water dew point,°C water dew pointis 5 °Clower than the minimum ambient

temperature under the transportation condition.

Table A.3 — Quality designations and test methods in NB/T 10035:2006

Items Class1 ClassII
rSr1;13perior calorific value, MJ/ >36,0 >31,4
Hydrogen sulfide, mg/m3 <6 <20
Carbon dioxide, y, % <2,0 <3,0

© IS0 2022 - All rights reserved
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Table A.3 (continued)

Items

Class 1 | Class II

Total sulfur (calculated with
sulfur), mg/m3

<60

5 um filter is installed in the natural gas pipeline into which

Particles CBM is injected
Under the pressure of the custody transfer point, the water
Water dew point,°C dew point is 5 °C lower than the minimum ambient temper-

ature under the transportation condition.

Table A.4 — Quality designations and test methods in AS 4564-2011

Charadteristics and components Limita Test or calculationyméthods
Wobbe Indgx € Minimum............ 46,0 MJ/m3 ISO 6974
Maximum........... 52,0 M]/m3 ISO 6975
1SO 6976
Oxygen Maximum............. 0,2 mol% ISO 6974
Hydrogen Maximum............ 0,1 mol% ISO 6975
Hydrogen qulfide Maximum............ 5,7 mg/m3 ISO 6326
Total sulfuf (calculated with sulfur) d Maximum......... 50 mg/m3 ISO 6326
Water content Maximum dewpoint 0 °C at\the
highest MAOP in the relevant 150 10101
transmission system(in any ASTM D1142[41]
case,no more than 112,0 mg/m3)
Hydrocarbpn dewpoint temperature Maximum......., 2-26at 3 500 kPa| ISO 6975 with an appropriat¢
gauge equation of state
Total inertjgas © Maximumes....... 7,0 mol%

a  ISO sta

hdard reference conditions apply for the mieasurement of all gas properties listed in this table ex¢ept

hydrocarbop dewpoint temperature.
¢ The Wopbe Index and relative density limits in this specification imply a calorific value range of (35,2 to 46,5) M]/m3.
d  limit foif total sulfur applies after odorant-addition.
¢ The totdl halogen test is required only for non-petroleum-based gases.
Table A.5-~Quality designations and test methods in NZS 5442
Chardcteristics and.cemponents Limita Test or calculation methods
ISO 6974
Minimum............ 46,0 MJ/m3
Wobbe Index ¢ ) ISO 6975
Maximum........... 52,0 MJ/m3
ISO 6976
1566974
ISO 6975
Relative density ¢ Maximum............ 0,80
[SO 6976
ASTM D1070[49]

a  [SO standard reference conditions apply for the measurement of all gas properties listed in this table except
hydrocarbon dewpoint temperature.

¢ The Wobbe Index and relative density limits in this specification imply a calorific value range of (35,2 to 46,5) MJ/m3.
d  The limit for total sulfur applies after odorant addition.

¢ The total halogen test is required only for non-petroleum-based gases.

14
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Characteristics and components Limita Test or calculation methods

Oxygen Maximum............. 1,0 mol% ISO 6974

- for gas to be transported through medium |Maximum............ 0,1 mol%

and low pressure systems only

- in all other cases

Hydrogen Maximum............ 0,1 mol% ISO 6975

Hydrogen sulfide Maximum............ 5 mg/m3 ISO 6326

Totial sulfur (calculated with sulfur) d Maximum......... 50 mg/m? 1SO 6326

Walter Maximum......... 100 mg/m3 ISO 10101

Totfal halogens (calculated with Cl) € Maximum......... 25 mg/m3

Hyg@lrocarbon dewpoint temperature Maximum......2 °C at 5,0 MPa 150 694 Wth an appropriate

equation of sthte

Minimum.............. 2°C

Terpperature —
Maximum........... 40 °C

a |ISO standard reference conditions apply for the measurement of all gas\properties listed in this fable except
hydrocarbon dewpoint temperature.

¢ | The Wobbe Index and relative density limits in this specification imply 4 calorific value range of (35,2 to 4¢,5) MJ/m3.
The limit for total sulfur applies after odorant addition.

¢ | The total halogen test is required only for non-petroleum-based.gases.
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Annex B
(informative)

The issue of particulate matter in CBM

mining destroys the integrity of coal petrography, pulverized coal will inevitably be imi
When the particle size of pulverized coal is less than 1 mm, it can enter the surface gather
ortation pipeline network with the gas to form a gas-solid two-phase flow[3&l, Affected
h as geological conditions and extraction methods, CBM is often carried with'splid impuri
Jverized coal and sand when CBM is transported from the wellhead to the surface gathei

s pipeline carries trace PM, the PM carried by the gas in the CBM surface gathering
tion system features large fluctuation in mass concentration[33l, Phe PM content in CB]
ch higher than that in conventional natural gas.

, content, and components of PM in CBM

is extracted, it goes from underground to single wells, well groups, gas gathering stati
plant, and to downstream pipelines and users. As-RPM is continuously deposited and remo
n equipment, its size and content will decrease‘successively. The typical size distribuf
st from a gas gathering station in Jincheng,sShanxi: the size ranges from a few tenths
e to a few hundred micrometres, with a majority of tens of micrometres[3¢l. The PM conf
xi CBM per cubic meter mainly ranges fxom a few milligrams to a few hundred milligrams

[ components of CBM include pulverized coal and inorganic minerals. Among them, inorgd
nclude quartz, plagioclase, microgdline, hematite, mica, chlorite, calcite, magnetite, gyps
dominated by quartz and plagioclasel35l. The specific composition is closely related to
the gas production block~The chemical composition of the PM is mainly Al,0O5, Fe,05, S
ccompanied with elemental’ C and some impurities[3@l.

imentation of CBM PM in surface gathering and transportation system
equent impact

groups;gas gathering stations, and processing plant in sequence, such as wellhead va
pf single wells, surface gas pipelines, and compressor systems in gas gathering stationg

xed
ing

by
ties
ing
nal
hnd
 is

bns,
ved
ion
bf a

ent
37].

Inic
LLim,
the
i0,,

is extracted, PM will deposit in the surface gathering and transportation system of single

ves
, dS

well as pip

elines and processing equipment of processing plant, etc.

Due to the special occurrence characteristics of CBM and the adopted fracturing technology, a large
amount of fine dust is inevitably mixed in the feed gas, which poses severe challenges to the surface
gathering and transportation and downstream processing. Some PM will deposit in pipelines and erode
valves, instruments, and other components. If micron-level impurities enter the compressor, they are
easy to deposit on the cylinder and valve plate, causing abrasion of the cylinder or damage to the valve
plate, resulting in production accidents such as abnormal shutdown of the compressor[32]. PetroChina
Coalbed Methane Branch of Huabei Oilfield Company suffered serious accumulation of pulverized coal
in the early stage of mining in Jincheng, Shanxi, which damaged compressor pistons and cylinders and
caused instrument failure, causing a great impact on normal productionl[3¢l.

During the development of CBM, some CBM not only carries PM, but also liquids such as free water.
Sometimes, there is much more liquid than PM. These pulverized coal and droplets will deposit in
pipelines and erode valves, instruments, and other components. Relevant studies have shown that: PM
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