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MEASUREMENT, ANALYSIS AND CALCULATION

SECTION1I General

1. The guideline specify smooth LNG quantity determination for loading LNG at Hibiki LNG
terminal, and aims at standardization of LNG measurement, analysis and calculation

procedure.

2. Supplier or either Customer may request changes to the methods and procedures contained in
this guideline and in other attachment. When such a request is made, Supplier and Customer

shall promptly meet to discuss revised methods and procedure.

3. The SI system of units is used throughout this guideline. The relevant conversion factors are

given in paragraphs 39 and 41, Section III.

SECTION II Methods of Measurement and Analysis

4. Following completion of LNG Ship and before loading of the first cargo of LNG into the
LNG ship in question, Customer shall cause the ship owner to provide the certified Tank
Calibration Table by internationally qualified independent surveyor. The tank table resulting
from the calibration of each cargo shall correlate the volume using 0.001 cubic metre as the
smallest unit with the tank depth using 1 milimetre as the smallest unit. The tank tables shall
clearly indicate the temperature and density of liquefied natural gas to which they relate and

any corrections to be applied for any changes from the reference parameters specified.

5. Supplier and Customer shall have the right to be present at the time each cargo tank is

calibrated pursuant to paragraph 4 of this Section.

6. If any cargo tank in any LNG Ship is internally modified in such a way or suffers damage or
distortion of such a nature as to cause a prudent expert reasonably to question the validity of
a tank table specified in paragraph 4 of this Section or based on any re-calibration provided
for in this paragraph, either Supplier or Customer may require recalibration of such a cargo
tank in the same manner as specified in paragraph 4 of this Section during any period when
the LNG Ship is out of service for scheduled inspection and/or repairs. Except as specified in

this paragraph, no other recalibration of such a tank shall be required.



Liquid Level, Temperature and Pressure Measuring Equipment

10.

Customer shall cause each cargo tank in the LNG Ship to be provided with main liquid level
gauging devices, each capable of determining the liquid level of LNG to within an accuracy
equal to or better than plus or minus seven point five (+ or - 7.5) millimetres from the top to
the bottom of the cargo tanks. Customer shall also cause each cargo tank to be provided with

auxiliary liquid level gauging devices with accuracy comparable to that of the main gauge.

Customer shall cause each cargo tank in the LNG Ship to be provided with a minimum of
five (5) temperature measuring devices. One such measuring device shall be located in the
vapour space at the top of each cargo tank, one near the bottom of each cargo tank and the
remainder distributed at appropriate intervals from the top to the bottom of the cargo tank.
These devices shall be used to determine the average temperatures of the liquid cargo and the
vapour in the cargo tank, and shall have an accuracy equal to or better than plus or minus zero
point two (+ or - 0.2) degrees Celsius in the temperature range, minus one hundred and sixty
five (- 165) degrees Celsius to minus one hundred and forty five (- 145) degrees Celsius, and
an accuracy equal to or better than plus or minus one point five (+ or - 1.5) degrees Celsius
in the temperature range, above minus one hundred and forty five (- 145) degrees Celsius to

plus forty (+ 40) degrees Celsius.

Customer shall cause the LNG Ship to be provided with pressure measuring equipment
capable of determining the absolute pressure of the vapour in each cargo tank and the common
vapour line with an accuracy equal to or better than plus or minus one (+ or - 1) percent of

the measuring range.

The density of the LNG shall be calculated by Supplier using the method specified in
paragraph 40, Section III.

Measurement Procedures

11.

(a) Using the main liquid level gauging device specified in paragraph 7 of this Section, the
liquid level of each cargo tank in an LNG Ship shall be determined by taking five (5) readings
with a time interval of fifteen (15) seconds between each or any lesser of such readings as
may from time to time be agreed. The arithmetic mean value of the five (5) readings or any

lesser number of readings if agreed shall be used for invoicing purpose. The mean of the



12.

liquid level readings shall be corrected for list and trim and temperature effects on the level
gauge when converting the mean liquid level value into the volume contained in the cargo
tank.

During the period in which the readings are taken the cargo tank being measured shall remain
closed. Unless otherwise agreed between Customer and Supplier, No LNG cargo, ballast,
boil off gas, fuel oil or other cargo transfer operations should be carried out, on the LNG
Ship for the entire duration of such measurement. The gas master valve to the engine room

and ships manifold valves must be shut before any measurements are taken.

(b) Ifthe main liquid level gauging device in a cargo tank fails to operate correctly, then the
liquid level shall be determined using the auxiliary liquid level gauging device. If both main
and auxiliary liquid level gauging devices fail to operate correctly, then Supplier and
Customer shall discuss and agree on whatever other appropriate method may be available to

ascertain the liquid level of the cargo in the cargo tank.

(c) Upon each occasion of loading of a cargo, the liquid level of each cargo tank in the LNG
Ship shall be determined as specified in this paragraph, both immediately after completing
Gassing-Up Services and immediately after loading of the LNG. By use of the levels so
ascertained and the appropriate tank tables specified in paragraph 4 of this Section, the total
volume of liquid cargo in each cargo tank both before and after loading shall be calculated
using zero point zero zero one (0.001) cubic metre as the smallest unit. The total volume of
liquid cargo before loading shall then be subtracted from the equivalent total after loading
and the resulting figure, ignoring any fraction of a cubic metre, shall be taken as the volume

of liquid cargo delivered.

(a) The average temperature of the liquid cargo in an LNG Ship shall be determined
immediately after loading by means of such of the temperature measuring devices specified
in paragraph 8 of this Section as, on the occasion in question, are known, by reference to the
liquid level measuring devices, to be then fully immersed in the liquid. This determination
shall be made by taking the temperature readings of the temperature measuring devices in
question to the nearest zero point zero one (0.01) degree Celsius, subject to the CTMS
facility/system onboard the ship, and if more than two (2) of the devices are immersed in the

liquid, by averaging these readings in degrees Celsius, and rounding to one (1) decimal place.

(b) The average temperature of the vapour in an LNG Ship shall be immediately determined

before loading or Cool-Down by means of such of the temperature measuring devices
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14.

specified in paragraph 8 of this Section, on the occasion in question, are known, by reference
to the liquid level measuring devices, to be then fully surrounded by the vapour. This
determination shall be made by taking the temperature readings of the temperature measuring
devices in questions to the nearest zero point one (0.1) degree Celsius, and if more than two
(2) of the devices are fully surrounded by the vapour, by averaging these readings in

degrees Celsius, and rounding to a whole degree Celsius.

The pressure of the vapour in an LNG Ship shall be determined immediately before loading
or Cool-Down by means of the pressure measuring equipment specified in paragraph 9 of
this Section. Such determination shall be made by taking the pressure readings of the pressure
measuring devices to the nearest zero point one (0.1) kilopascal, then averaging these

readings and rounding to one (1) decimal place.

The density of liquid cargo loaded to an LNG Ship shall be calculated using the method
specified in paragraph 10.

Measurement of LNG for Gassing-Up and Cool-Down

15.

16.

17.

18.

The volume and quantity of LNG to be used for Gassing-Up and Cool-Down shall be measured
by Gassing-Up table and Cool-Down table (hereinafter referred to “Cool-Down Table”). Prior to

signing the contract, Customer shall provide the Supplier with Cool-Down Table.

In case the quantity of LNG to be used for Gassing-Up and Cool-Down is determined by MMBtu
on the basis of the Cool-Down Table, Customer and Supplier shall not make any corrections even
if there are differences between the actual density and heating value (Mass Based) of LNG
delivered by Supplier and a density and heating value (Mass Based) of LNG on the Cool-Down
Table.

In case the quantity of LNG to be used for Gassing-Up and Cool-Down is determined by unit of
cubic metre or kilogram on the basis of the Cool- Down Table, the volume or mass (weight) shall
be determined first and it shall be converted into unit of MMBtu. The conversion into heating
value shall be made on the basis of the density and heating value (Mass Based) of LNG which
are measured by Hibiki LNG terminal during Gassing-Up and Cool-Down.

In case the quantity of LNG to be used for Gassing-Up and Cool-Down is not determined using
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20.

the two methods mentioned above, it shall be determined on the basis of the specific condition

agreed between Customer and Supplier.

In case the temperature of ship’s tank is not mentioned in the Cool-Down Table, the quantity of
LNG to be used for Gassing-Up and Cool-Down shall be calculated by the figure of linear

interpolation mentioned in the Cool-Down Table.

Gross heating value of LNG to be delivered by Gassing-Up and Cool-Down shall be certified by

an independent surveyor who is appointed by Customer and Supplier.

Measurement of boil off gas consumed by LNG Ship

21.

22.

In case Customer requests and Supplier accepts to use boil off gas as LNG Ship’s fuel during the
LNG loading operations at the Hibiki LNG terminal, this boil off gas quantity will be accounted
for in the Quantity Delivered.

The quantity (Qb) of boil off gas consumed by LNG Ship during the LNG loading operations

shall be calculated using the following formula:

Q0p X Mg X 55.575

= 1,055.12
in which:

Mger = The mass of LNG vapours expressed in kilograms at fifteen (15) degrees Celsius and
101.325 kPa, rounded to zero (0) decimal places, consumed by the LNG Ship as a
fuel for LNG Ship purpose and for her power generation only during LNG cargo
loading. MER shall be determined by deducting relevant gas flowmeter readings
immediately before loading commences from relevant gas flowmeter readings
immediately after loading is completed. Gas flowmeter used for this purpose shall

have adequate accuracy and shall be certified.

The number “1/1,055.12” in the formula in paragraph 22 of this Section represents the
conversion factor of MJ into MMBtu, as defined in paragraph 39 of Section III.

The number “55.575” in the formula in paragraph 22 of this Section represents the gross



23.

24.

heating value of the methane in MJ/kg, as defined in paragraph 44 of Section IV.

Gas flowmeter used for determination of boil off gas consumed by LNG Ship in paragraph 22 of

this Section shall comply with ISO 19970:2017 in respect of calibration, verification and accuracy.

The quantity (Qb) of boil off gas consumed by LNG Ship during the LNG loading operations

shall be certified by an independent surveyor who is appointed by Customer and Supplier.

Sampling and Analysis Procedures

25.

26.

27.

Representative samples of the LNG loaded to an LNG Ship shall be obtained by Supplier
during the loading of the LNG ship. The samples shall be taken from an appropriate point in
Supplier’s loading lines. The method of sampling shall be basically in accordance with the
procedure specified in ISO 8943-91 (Refrigerated light hydrocarbon fluids-sampling of
liquefied Natural Gas-continuous method) or any later versions thereof. In principle, analyses

shall be carried out on samples obtained only during the period of stable loading.

Compositional analyses of LNG loaded shall be carried out on samples of LNG taken
pursuant to paragraph 25 of this Section after they have been converted to the gaseous phase
at the prevailing ambient temperature conditions. For this purpose, a liquid sample stream
shall be tapped from an appropriate point in the Supplier’s loading lines, which shall
subsequently be conveyed to a continuously operating vaporiser. Precautions shall be taken
to avoid any partial vaporisation of the liquid sample before it reaches the vaporiser. The
liquid hold-up time of the sample stream between the take-off point and point of vaporisation
shall be kept to a minimum. Adequate heat transfer in the vaporiser shall guarantee complete
vaporisation of the liquid samples. The method, location and equipment for sampling and
vaporisation, together with the quantities of samples to be taken shall be agreed between

Supplier and Customer on the basis of ISO §943-91.

The vaporised liquid samples shall be used for:

(@) collection of aggregate samples during the loading period as specified in paragraph 25
of this Section;

and

(b) spot samples during loading to be analysed by means of gas chromatographic analysis.
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29.

30.

Aggregate samples as specified under paragraph 27 (a) of this Section obtained during the
loading period, as provided for in paragraph 26 of this Section, shall be collected in a gas

holder. In principle, time proportional samples shall be used.

After loading, adequate portions of the gas collected in the gas holders shall be directly
transferred to two (2) sample bottles. One (1) for analysis and the other for retention for
not more than ten (10) days. Supplier and Customer have the right to use one (1) of the
retained samples for analysis, if they so requests during ten (10) days after loading. If
sampling fails for some reason, whereby both the spot and aggregate samples are not

obtainable, Supplier and the Customer concerned shall discuss measures.

The compositional analyses of the aggregate samples as determined by a gas
chromatographic method, namely GPA 2261-90 or any later versions thereof, shall be used
to calculate the Gross Heating Value (Mass Based) and the density of the LNG at its
temperature immediately after loading. The calculation procedures for the determination
of the Gross Heating Value (Mass Based) and density are given in paragraphs 37 —41, Section
III. Before the sample is analysed, the reference standard gas must be run to calculate the
response factor. The compositions of the samples shall be determined by peak area of the
unattenuated signals from the detector of all components eluted in the chromatographic
analysis. All fractions eluted as from normal hexane shall be added together and considered
as normal hexane. The compositions shall be expressed in molar fractions normalised to one.
Duplicate runs shall be made on the standard gas and the samples to determine that the

repeatabilities of the measurements are as follows:

(@) for methane, within zero point five (0.5) percent of peak area;

(b)  for each component with the concentration of equal to or more than zero point five

(0.5) mol percent, within one (1) percent of peak area; and

(c) for each component with the concentration of less than zero point five (0.5) mol
percent, either within one (1) percent or one (1) millimetre, whichever is the greater,
of peak height, or within one (1) percent of peak area. The limitation for the component
of below zero point five (0.5) mol percent is available as an option. The use of this

component limit of less than zero point five (0.5) mol percent is optional.
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32.

33.

34.

When the repeatabilities are within the above limit, the calculated results of such

duplicate runs shall be averaged. If not, the determination shall be repeated.

The compositional spot analyses as specified in paragraph 27 (b) of this Section shall serve
the purpose of checking for compositional anomalies during loading and as fall-back
reference in case of obvious doubt on the results of the compositional analyses obtained from
the aggregate samples. The spot analyses shall be carried out on an off-line chromatograph.

The frequency of analysis shall be carried out every three hours during the loading.

The alarm and online type of temperature recorder at the outlet of the vapouriser shall be
provided by Supplier for the purpose of continuous check on compositional anomalies which

may be caused by an improper functioning of the vapouriser.

The data obtained from the measurements and analyses described in this guideline shall be
processed by using the calculation methods, formulae, constants and physical data as

specified in this guideline.

The gas chromatograph shall be calibrated using a gas to be supplied by Supplier, having a

composition similar to the LNG loaded.



SECTION III Calculations

35. The calculation procedures contained in this Section are generally in accordance with IP
251/76 as found in the Institute of Petroleum Measurement Manual, Part XII, the Static
Measurement of Refrigerated Hydrocarbon Liquids, Section 1, while using the physical
constants for Hi and Mi derived from ISO 6578:1991.

36. In Sections III and IV, each of the following notations shall have the following meaning:
d= density of liquid cargo loaded at the prevailing composition and temperature
T1, in kg/m3, rounded to two (2) decimal places, calculated according to the

method specified in paragraph 40 of this Section.

Hi= Gross Heating Value (Mass Based) of component "i" in MJ/kg. For data see
paragraph 44, Section IV.

Hm

Gross Heating Value (Mass Based) of the liquid cargo loaded in MJ/kg,
calculated according to the method specified in paragraph 37 of this Section,

rounded to four (4) decimal places.

Hv=  Gross Heating Value (Volume Based) of the LNG loaded in MJ/ m’S, calculated
according to the method specified in paragraph 41 of this Section.

K1= volume correction in m3/kmol at temperature Tl obtained by linear

interpolation from paragraph 46, Section IV, rounded to six (6) decimal places.

K2= volume correction in m3/kmol at temperature Tl obtained by linear interpolation

from paragraph 47, Section IV, rounded to six (6) decimal places.

Mi= molecular mass of component "i" in kg/kmol according to paragraph 44,
Section I'V.
P=  average absolute pressure of vapour in an LNG Ship immediately before

loading or Cool-Down in kilopascals, rounded to one (1) decimal place, as

specified in paragraph 13, Section II.



Qg=

Qb=

Fg=

Fc=

Tl=

Tv=

number of MMBtu contained in the LNG, ignoring any fraction of ten (10)
MMBtu.

number of MMBtu contained in the LNG loaded during Gassing-Up Services,
ignoring any fraction of ten (10) MMBtu.

number of MMBtu contained in the LNG loaded during Cool-Down Services,
ignoring any fraction of ten (10) MMBtu.

number of MMBtu contained in the boil off gas consumed by LNG Ship during
the LNG loading operations, ignoring any fraction of ten (10) MMBtu.

quantity of LNG loaded into the LNG Ship during Gassing-Up Services in kg,

a whole number.

quantity of LNG loaded into the LNG Ship during Cool-Down Services in kg,

a whole number.

weighted average temperature of liquid cargo in an LNG Ship immediately
after loading, calculated with weights proportional to the respective volume of
liquid cargo in each tank, in degrees Celsius, rounded to one (1) decimal place,

as specified in paragraph 12 (a), Section II.

average temperature of the vapour in an LNG Ship immediately before loading
or Cool-Down in degrees Celsius, rounded to a whole degree Celsius as

specified in paragraph 12 (b), Section IL.

volume of liquid cargo loaded in m3, ignoring any fraction of a cubic metre,

as specified in paragraph 11(c), Section II.

molar volume of component "i" in m3/kmol at T1 obtained by linear

interpolation from paragraph 45, Section IV, rounded to six (6) decimal places.

volume of LNG used for Gassing-Up Services in m3, ignoring any fraction of

a cubic metre.



Ve=  volume of LNG used for Cool-Down Services in m3, ignoring any fraction of

a cubic metre.

Xi=  molar fraction of component "i" of samples taken from the Supplier’s loading
lines, rounded to four (4) decimal places, determined by gas chromatographic
analysis as specified in paragraph 26, Section II.

Xm = the value of Xi for methane.

Xn= the value of Xi for nitrogen.

Btu Calculation of the Quantity of LNG

37.

38.

39.

The number of MMBtu contained in the Quantity Delivered shall be calculated using the

following formula :

L x(dexH V x 881> P ><377) b
U= T055.12 MoV X 7315 + Tv “ 101325 <0/ 7) T g Qe
in which
XixMixHi
i Z)
> (Xix Mi)
The number 37.7 in the formula in paragraph 37 of this Section represents the gross heating

value of the vapour in MJ/m3 at 15 degrees Celsius and 101.325 kilopascals.

The derivation of the conversion factor 1/1,055.12 in the formula in paragraph 37 of this
Section for the conversion of MJ into MMBtu is obtained by GPA2145-75 and [P251/76 as

follows :

Q) q (2) the gross heating value (measured at temperature T and pressure P), contained

in a given quantity of gas.

. 60°F . _ 1 15T .
(i) q (14.696 psia) in MJ = o006 q(101.325 kPa) inMJ.....(1)



(iii) 1 MMBtu corresponds to 1,055.06 M1J.

60°F

1,055.06 (14.696psia) inMIJ......(2)

: 60°F .
(iv) q (14.696 psia) in MMBtu =

(V) (1) and (2) combined, yield :

60°F . _ 1 15C .
q (14.696 psia) in MMBtu 105512 q(101.325 kPa) in MJ

Hence the number of MJ derived shall be divided by 1,055.12 to obtain the number of
MMBHtu for invoicing purposes.

Density Calculation Formula

40. The density of the liquid cargo which is used in the Btu calculations in paragraph 37 of this
Section shall be calculated from the following formula:
Y(Xi x Mi)

(K2 —K1) X Xn
0.0425

d=

EXixVi)]—|K1+ X Xm

In the application of the formula, no intermediate rounding shall be made if the accuracy of
d is thereby affected. If the temperature Tl exceeds -140°C, the values of Vi, K1 and K2
shall be taken as those at -140°C.

Calculation of Gross Heating Value (Volume Based)
41. The calculation of the Gross Heating Value (Volume Based) in MJ/m?S for this guideline

shall be derived from the same composition analysis as is used for the purposes of calculating

the Gross Heating Value (Mass Based) Hm and the following formula shall apply:

Hy = 0.0424 X Z(Xl X M; X HL)M]/m?’S

The derivation of the conversion factor 0.0424 for the conversion of MJ/kmol into

MJ/m3S is obtained as follows:

(i) molar gross heating value= % (X;x Mjx H;) MJ/kmol



(i) 1 kmol = 23.6m3S

(iii) Hy = 516 X N(X; X M; X H)MJ/m3S ;or

Hy = 0.0424 x ¥.(X; X M; x H;) M]/m3S

Btu Calculation of the Quantity of LNG used for Gassing-Up and Cool-Down

42. In case the quantity of LNG to be used for Gassing-Up and Cool-Down is dertermined by
unit of cubic metre on the basis of the Cool-Down Table, the number of MMBtu contained

in the quantity shall be calculated as follows :

(i) 1 MMBtu corresponds to 1,055.12 MJ as specified in paragraph 39 of this

Section

(i) Qg=- 0515 —XxVgxdxHm MMBTU

1

XVexdxHm MMBTU
1,055.12

(i) Qc=

43. In case the quantity of LNG to be used for Gassing-Up and Cool-Down is dertermined by
unit of kilogram on the basis of the Cool-Down Table, the number of MMBtu contained in
the quantity shall be calculated as follows :

(i) 1 MMBtu corresponds to 1,055.12 MJ as specified in paragraph 39 of this

Section

(i) Qg=r———xFgxHm MMBTU

1
1,055.12

(i) Qc= x Fc x Hm MMBTU



SECTION 1V Data

44. Values of Hi and Mi

Gro:: ﬁ;:;lﬁ:s‘;:lue ((:nmponen;:t) Relative mol/sculsr mass M;

see annex kg/kmol

] Hy i IMJ/kg) ¢
at 101,325 kPa (1,013 25 bar) CHy 16,042 6
and 16 °C CoHg 30,069 4
CH, 55,558 C3Hg 44,096 2
CoHg 51,925 n-CqHyp 58,123 0
C3Hg 50,389 -C4Hqg 58,1230
n-CqHyg 49,541 n-CeHrp 72,149 8
i-CqH1o 49,397 ~CeHyp 72,1498
H-C5H|2 49,051 ﬂ—CﬁHM 86,176 6
i-CgHyg 48,939 n-CyHqg 100,203 4
n-CgHyg 48,716 CsHg 28,053 6
n-CyHyg 48,475 CaHg 42,080 4
CoHg 50,315 C4Hg (mean) 56,107 2
CaHe 48,950 Ny 28,013 4
C4Hg tmean) 48,296 CO, 44,009 8
HgS 16,519 HyS 34,076 0

Source: ISO 6578:1991 [Refrigerated hydrocarbon liquids - Static measurement - Calculation

procedure |

45. Value of Vi (in cubic metre/kmol)

Table B.7
Component | Molecul Molar volume ¥;, m3/kmol
(see mass M;
annex F} kg/mol -180°C | —175°C | —170°C | —165°C | —160°C | —155°C | —160°C | —145°C | —140°C
CH,4 8! 16,042 6 0,035 771 | 0,036 315 | 0,036 891 | 0,037 500 | 0,038 149 | 0,038 839 | 0,039 580 | 0,040 375 | 0,041 237
C,Hg!3l 30,069 4 0,046 324 | 0,046 716 | 0,047 116 | 0,047 524 | 0,047 942 | 0,048 369 | 0,048 806 | 0,049 253 | 0,049 711

C3Hgl3l 44,096 2 0,060 731 | 0,067 164 | 0,061 602 | 0,062 046 | 0,062 497 | 0,062 953 | 0,063 417 | 0,063 887 | 0,064 364
n-CqHygl3l 58,123 0 0,074 997 | 0,075 459 | 0,075 926 | 0,076 398 | 0,076 875 | 0,077 359 | 0,077 847 | 0,078 342 | 0,078 843
CqHqp3! 58,123 0 0,076 384 | 0,076 868 | 0,077 366 | 0,077 851 | 0,078 352 | 0,078 859 | 0,079 374 | 0,079 896 | 0,080 425
n-CgHyp 14 72,149 8 0,089 498 | 0,090 016 | 0,090 536 | 0,091 058 | 0,091 583 | 0,092 111 | 0,092 642 | 0,093 177 | 0,093 715
iCgHp 4 72,149 8 0,089 576 | 0,080 107 | 0,090 642 | 0,091 179 | 0,091 721 | 0,092 267 | 0,092 817 | 0,093 372 | 0,093 930
n-CgHqql4 86,176 6 0,10273 | 0,10326 | 0,10380 | 0,10434 | 0,10489 | 0,10645 | 0,10602 | 0,10659 | 0,107 16

No[3! 28,0134 | 0,038408 | 0,039 949 | 0,041 788 | 0,044 043 | 0,047 019 | 0,051 022 | 0,055 897 | 0,061 767 | 0,089 064
0,41 31,998 8 - - 0,0298 | 0,03061 | 003151 | 0,03252 | 0,033 67 - -
NOTES

1 The exact molar volume at any temperature is obtained by interpolation, assuming exact linearity between adjacent values in the table,

2 The above values of ¥; are the best available at the time of publication and may be amended in the light of work in progress.

Source: ISO 6578:1991 [ Refrigerated hydrocarbon liquids - Static measurement -

Calculation procedure |

Note: For intermediate temperatures a linear interpolation shall be applied.



46. Volume Correction Factor, Kl

Table C.1 — Correction factor &,

Molecular
mass kq % 103, m3/kmol
of mixture
Y M; | —180°c | —m7s°c | —17m°c | -185°C | —160°C | -185°C | -180°C | —145°C | —140°C
16 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01
17 0,13 0,15 0,16 0,18 0,21 0,24 0,28 0,33 0,38
18 0,25 0,29 0,33 0,37 0,4 0,47 0,56 0,66 0,76
19 0,37 0,41 0,45 0,51 0,58 0,67 0.7 0,87 1.01
20 0,47 0,52 0,59 0,67 0,76 0,86 0,98 1,10 1,30
21 0,55 0,62 0,70 0,79 0,89 1,00 1,13 1,29 1,45
22 0,64 0,72 0,81 0,90 1,01 117 1,32 1,52 1.7
23 0,72 0,82 0,92 1,02 1,15 1,33 1,63 1,68 1,84
24 0,81 0,92 1,04 1,16 1,30 1,47 1,66 1,87 2,13
25 0,88 1,00 1,12 1,26 1.4 1,58 1,78 2,00 2,27
26 0,95 1,07 1,19 1,33 1,50 1,68 1,89 2,13 2,41
7 1,01 1,13 1,26 1,41 1,58 1.78 1,9 2,24 2,53
28 1,06 1,18 1,32 147 1.64 1.84 2,06 2,32 2,62
29 1,1 1,23 1,37 1,54 1,72 1,82 2,15 2,42 2,73
30 1,16 1,29 1,43 1,60 1,79 2,00 2,24 2,51 2,83
Source: ISO 6578:1991 I Refrigerated hydrocarbon liquids - Static measurement -

Calculation procedure |

Note: For intermediate temperatures a linear interpolation shall be applied.

47. Volume Correction Factor, K2

Table C.2 — Correction factor k,

Molecular
mass kg x 103, m3/kmol
of mixture
LM | -wosc | —amsec | —mwoc | —wsec | -we0ec | -msec | —s0°c | -mBec | -1a0°cC
16 0 -0,01 -0,01 -0,01 -0,02 -0,08 —0,04 -0,05 -0,07
17 0,1 0,15 0,21 0,29 0,46 0,68 0,91 1,21 1,60
18 0,26 0,32 0,32 0,63 0,67 0,84 1,05 1,34 1.80
19 0,40 0,47 0,57 0.7 0,88 1,13 1,32 1,76 2,22
20 0,56 0,62 0,7 0,88 1,06 1.3 1.62 2,03 2,45
21 0,67 0,76 0,87 1,01 1.16 1,48 1,85 2,26 2,79
22 0,78 0,90 1,01 1,16 1,27 1,65 2,09 2,51 3,13
23 0,88 1,03 1,15 1,30 1,42 1.85 2,33 2,81 3,49
2 0,98 1,13 127 1,45 1,60 2,06 2,58 3n 3,74
% 1,07 1,22 138 1,61 1,89 298 2,73 3,29 3,97
26 1,15 1,31 1.50 174 2,04 2,44 2,92 3,48 4,19
2 1.22 1.40 161 1,87 2,19 2,60 3,10 3,71 4,46
28 1,31 1,50 1,72 1,99 2,33 2,77 331 3,95 4,74
29 1,38 1,59 1,83 2,12 2,48 2,95 35 4,19 5,03
30 1,47 1,68 1,93 2,24 2,63 3,12 3,72 4,45 5,34
Source: ISO 6578:1991 I Refrigerated hydrocarbon liquids - Static measurement -

Calculation procedure |

Note: For intermediate temperatures a linear interpolation shall be applied.



SCHEDULE 1
METHODS OF TESTING IMPURITIES

Supplier may from time to time, as Supplier or Customer requires, perform analyses for impurities
on the samples using the following test methods or any later versions thereof, or any methods

which may be agreed between Supplier and Customer:

(a) for establishing the hydrogen sulphide content:
(i) JIS K2301 1980 6.2.2 (Methylene Blue-Absorptiometry Method) ; or
(ii) ISO 10739:2004 (Natural Gas — Determination of Compounds using Gas
Chromatography) ; or
(iii) JIS K2301 2011 7.2.2  (Methylene Blue-Absorptiometry Method)

(b) for establishing the total sulphur content:

(i) JIS K2301 1992 6.2.1 (Barium perchlorate precipitation titration method by
oxyhydrogen burning method) ., or 6.2.2 (Dimethylsulfonazo III
absorption spectrophotometry by any method described in
6.2.1(3) ; or

(ii) ISO 19739:2004 (Natural Gas — Determination of Compounds using Gas
Chromatography) ; or

(iii) JIS K2301 2011 7.1.5 (Ultraviolet fluorescence method) ; or

(iv) JIS K2541 1992 Section 4 (Oxidative Microcoulometry)



