OPERATING
SECTION
REPORT

A%K/G American Gas
Association

GAS
MEASUREMENT
MANUAL

MEASUREMENT OF
GAS PROPERTIES

PART NO. ELEVEN

CATALOG NO. XQ8304







A.G.A.
GAS MEASUREMENT MANUAL
(REVISED)

PART ELEVEN
MEASUREMENT OF GAS PROPERTIES

SECTION 11.1—SPECIFIC GRAVITY DETERMINATION

SECTION 11.2—HEATING VALUE OF GAS DETERMINATION
SECTION 11.3—GAS SAMPLING

SECTION 11.4—SULFUR DETERMINATION

SECTION 11.5—TEMPERATURE AND PRESSURE DETERMINATION
SECTION 11.6—SUPERCOMPRESSIBILITY DETERMINATION
SECTION 11.7—DENSITY DETERMINATION

SECTION 11.8—GAS ANALYSIS

SECTION 11.9—GAS ODORIZATION

SECTION 11.10—WATER VAPOR DETERMINATION

Prepared by the Distribution Measurement
and Transmission Measurement Committee
of the Operating Section

American Gas Association
1515 Wilson Boulevard
Arlington, Virginia 22209



Part
Part
Part
Part
Part
Part
Part

1
2
4
5
6
7
9

Part 10
Part 12
Part 13
Part 14

© 1988 AMERICAN GAS ASSOCIATION
All rights reserved

Other Manual Parts Published:

General (XQ1081)

Displacement Measurement (XZ0277)

Gas Turbine Metering (XQ0684)

Other Measurement Methods (XQ0483)

Auxiliary Devices (XQ0779)

Measurement Calculations and Data Gathering (XQ0379)
Design of Meter and Regulation Stations (XQ8803)
Pressure and Volume Control (XQ0584)

Meter Proving (XQ0278)

Distribution Metering Data (XQ0278)

Meter Repair & Selection (XQ0381)

Printed in the US.A.



CONTENTS

SECTION 11.1—SPECIFIC GRAVITY DETERMINATION

Page

INtroduction ... ... .ot 11.1.1
Defimition .. ... e 11.1.1
Specific Gravity Relationship to Gas Measurements ..............ueeeeneernnenn... 11.1.1
Effect of Specific Gravity Errors .........uuuuune et 11.1.1
Gas Sampling .. ...t e 11.1.2
Determining Specific Gravity by Laboratory Methods ............ ... ..ccoiiuveueen.... 11.1.2
Direct Welghing ... ... i 11.1.2
Gas ADAlYSIS ...t 11.1.2
Field Methods for Determining Specific Gravity ............c.cueeeeueeen e, 11.1.3
Effusion Method . ..... ... i 11.1.3
Weighing Method (Gravity Balance) ...............uuiiimin e 11.1.3
Centrifugal Method . ....... ... 11.1.7
Kinetic Energy Method . ... ... 11.1.7
Recording GravitOmeters .. ... .....uitiuun ettt et e e 11.1.9
Recording Weighers . ... i i e 11.1.10
Centrifugal Method . ........ ... . 11.1.12
Location and Calibration ............... .. it 11.1.12
Determination of the Specific Gravity of Gas that Contains Distillates .................. 11.1.12
ReferenICes .. .t 11.1.13

SECTION 11.2—-HEATING VALUE OF GAS DETERMINATION

Page

Terms and Definitions . ......... .. i 11.2.1
Calculating the Heating Value from Gas Analysis ............c.ccouieiiriiinannnnn.. 11.2.2
Total Heating Value Instruments ............. ... .. ittt e, 11.2.3
Recording Calorimeter ............oiuiiiiiiii e 11.2.3
Thermeter . ..o 11.2.6
Stoichiometric Combustion Calorimeter ............. .. ..ottt 11.2.7
Special Precautions . ... ...ttt 11.2.10
Chromatographs .. ... e 11.2.10
Sample SYSemM .. . ..o 11.2.11
Process Chromatograph ......... ...t i 11.2.12
L6703 115 o] | 1<) 11.2.13
Correction of Gas Heating Value for Water Vapor Content ...............couvuuioio... 11.2.13
Introduction .. ... ... 11.2.13
Water Vapor in Saturated Gas . ...ttt 11.2.14
Adjusting BTU for Water Vapor ...t e 11.2.16
Pressure Base ... ... 11.2.16
Temperature Base ... ... 11.2.16
Water Vapor Base . ...t 11.2.16
Saturated to Dry Conversion . ...ttt e 11.2.16
Dry to Saturated CONVETSION ... .......iiiiii ettt e e 11.2.17
Dry to Actual Water Vapor COnversion ...............ouutuuunt e, 11.2.17
Saturated to Actual Water Vapor Content CONVEIrSION ... .........uouuuuuareenunennin. 11.2.17

iii



SECTION 11.3—GAS SAMPLING

Page

It OQUCHIOM s ettt ettt e it e e e 11.3.1
Sampling Probes ........... . i P 11.3.1
Continuous On-Line Sampling . .....c.on it e 11.3.2
SPOt SAMPIIE . .o ottt e 11.34
Accumulative Sampling Over a Period of Time ....... .. ... oo i 11.34
Cleaning and Filling the Sample Cylinder ......... .o 11.3.5
Purging Schedule for the Sample Cylinder ......... ..o oo 11.3.5
Discharging of Sample Containers: The Complete Fluid Vaporization Method ............ 11.3.6
Sampling Materials .. ... ...t e 11.3.8
Determination of Water Vapor and Hydrogen Sulfide ........ ... ... ... oiiiiion, 11.3.8
Shipping Of SAMPIES . ...\ttt ittt e e 11.3.8

SECTION 11.4—SULFUR DETERMINATION

Page

IO QUCH 0T ot e et et ettt e e e e 11.4.1
Lead ACEtate PaPer .. ...ttt ittt e 11.4.2
Colorimetric Gas DeteClOrS .\ vttt et et ittt e e i e e 11.4.2
The Cadmium Sulfate TSt ..ttt i i it ittt i i i e 11.4.3
Methylene Blue Method .. ... 11.4.3
Total Sulfur Determination by Hydrogenation ....... ... ... .. oo, 11.4.4
Electrolytic TilrALOTS . .. ev vttt ettt ittt e e e 11.4.5
HaoS ANAIYZEIS . oottt ettt et e e e 11.4.8
ChromatograPhs ..t vttt ettt e e 11.4.8
R O OIICES .« o vttt et et e et ettt et e e 11.4.12

SECTION 11.5-TEMPERATURE AND PRESSURE DETERMINATION
TEMPERATURE DETERMINATION

Page

DEfINILIONS  + v ot vttt et et e e et e e e e e e 11.5.1
13 70Y o =3 =111 - R 11.5.1
ADbSOIute TRIMPETALUIE ..o\ ittt ettt aee e et ae e ine s ia e e 11.5.2
Temperature ReCOTders ... ... ... i e 11.5.2
Filled-System Temperature ReCOTAErS . ... ... vitririuririi it 11.5.2
Liquid-Filled Thermal System (Class I) ....... ... i 11.5.3
Vapor Pressure Thermal System (Class II) .. oo e 11.5.4
Gas-Filled Thermal System (Class III) ... .. i e 11.5.5
Mercury-Filled Thermal System (Class IV) ... ... ... v 11.5.5
GENETAl o ottt e e e e e e e e e 11.5.5
INStALAtION .« ot ot e e et e et e e e e 11.5.7
Operation and TESHIE . .. ...ttt e e 11.5.7
THE CRAIT .« oottt e e e e e e e e 11.5.7
Test and Inspection of the Recorder ........ ... ... i, 11.5.7
Field Test Procedure .. ..ottt et ettt e et e it it 11.5.8
SPOt ChECKS .ottt et e e 11.5.8
Constant Temperature Condition ............ .. ... i 11.5.8
Varying Temperature Conditions ............ ... i 11.5.8

iv



PRESSURE DETERMINATION

D TC) 4 LA e ' - 11.5.9
AtMOSPREriC PressUre .. .. it i e e 11.5.9
ADSOIULE PressUIe . ..ot i i e e e 11.5.9
Gauge PressUre .. ...t e e 11.5.10

Pressure Measuring Devices ... .. ittt e ittt e ettt e e e 11.5.10
Mechanical Pressure Gauges .. ..vv ittt ittt ittt et et ettt iannas 11.5.10

Bourdon TUbe ... i e e e 11.5.10
Diaphragm and Bellows ........... it i et e 11.5.10
Tests and Inspection of Pressure Gauges ..........ciuiiiiiniitninatenenernnen, 11.5.10
Deadweight Instruments .. ... ...ttt it i it e ittt et et et 11.5.10
Deadweight Gauge . ..ottt e ettt et e e 11.5.10
Deadwelght Tester . ..ot vttt e e e e e 11.5.12
Some Basic Rules for Use of Deadweight Instruments ............................. 11.5.12
Y 0 11 ) 10 T 1) - N 11.5.13
L 15 1 1< 1 P 11.5.13

SECTION 11.6 — SUPERCOMPRESSIBILITY DETERMINATION

Page
The Ideal Gas Law .. ...ttt i et ettt et e et ens 11.6.1
Deviation from the Ideal Gas Law ....... ...ttt et it et inens 11.6.1
Supercompressibility Determination by Test ... .. . i i e 11.6.3
Supercompressibility Manuals . ... e e 11.6.4
a3 £S5 13 0 Lot N 11.6.6
SECTION 11.7—DENSITY DETERMINATION
Page
118 o4 AR ot To ) o N 11.7.1
TS 00U o) o 11.7.1
L3 TS 15 2 11.7.1
Specific Welght ... e e e 11.7.1
Mass(M)- Wi gt(W) .ottt it e e e e 11.7.1
Engineering CommMentary .. ... ..ottt ettt ittt et et et enaeneeaens 11.7.1
Gas Density Measurement Methods ......... ... i i i i 11.7.2
Direct Methods ... e e 11.7.2
Indirect Methods . ... .. i i i e e e 11.7.2
Criteria for Selecting DensitOmeters .. ... .cov ittt i et ieiennenens 11.7.2
Installation and Practice ....... ... i i e e e 11.7.2
EXamiples ..o e e 11.7.5
Turbine Flowmeter Run (Typical) ... ... i i 11.7.6
Orifice Meter Run (Typical) . ... . o i e i e st e i 11.7.6
Primary Uses of Densitometers .. ...ttt i i ettt et et e 11.7.6
Field Calibration of Densitometers ... ...ttt ettt ettt et ee et et e 11.7.7
The PyCnoOmeter . ... ..ottt e e e e e 11.7.7
Secondary Transfer Standard for Calibrating On-Line Densitometers .................. 11.7.9
Gas Laws Applied to Calibration ........... it it eeei e 11.7.10
Mathematics of Gas Mass Density Measurement and Flow Metering .................... 11.7.10
Specific Gravity (G) ................. ... e e 11.7.12



Orifice Flow EqUation ... .......ceountommni i e iiiiaaa e
Base Volume Flow from Weight Flow and G ........ .. ... i i
Flow Equations for Turbine, Rotary, and Positive Displacement Meters ................
Flow System Coefficient Optimization-Utilizing the Mass Density Function ..............
Other Applications Related to Orifice Plate Flow Coefficient Correction ..............
Turbine Flowmeter K Factor COrrections ... .......o.urvriuninnninnrarrncnenen
Therms (Bnergy MEtering) .. .. ... oounuiunn ittt
Therms Flow/Mass Flow ...ttt e e it e i e i e
CONCIUSIOMS v vt et ettt et et e e e e e e
S o) (o) 0oL AU GO
SECTION 11.8—GAS ANALYSIS
INEEOAUCTION o ot vttt et e e e e e e e e
Chromatography ... ..ottt e
Water Vapor and Sulfur Determination ............ ...
Volumetric ANALYSiS .. oottt e i e
17T o2 R
ADPATATUS o oottt e e e e
N1 Yo P
Analysis of CO, by Infrared Absorption ........ ... i i
Micro-Fuel Cell Analysis of Trace OXYZEN ... ...ttt

SECTION 11.9— GAS ODORIZATION

ItTOUCHION o v ot ettt et e e e e e e e s
Required Odor Intensity ........ooniii i e
EBxplosive LIMIEES .. ..ottt ettt ettt e e e
Selection of an OdOTant ... ..ttt i e e
Required Properties ... ... it e
Desirable Properties of an Odorant .......... ... i i
Commonly Used Odorant Compounds .......... ... i,
Mercaptan OdOTANtS ... ...ttt ittt ia e
Odorizing BqUIPIMENt ... ..ottt ettt ettt it it e
Types Of OdOTIZETS . ..ottt et e et e e
Liquid Injection OdOTIiZErs ... ... ..ottt e e
Evaporation OdOTIZEIS ... ...t i
Odorizer Installation ... .ottt e e
I SEIECtION « ot ottt et e e e e e
Materials Of ConStTUCHION ..o v it e et e
Vapor COnIIOl . ..o e
Handling Odorant in DIums . ... ... ... et
Returnable CylINders . ... ..ot e i e
Handling of Spills . ... ..o o e
Odor Level Determination . ... ..ttt ettt e e e ta et e ettt s
DIlUution APPATAtUS .. ..ottt ettt ettt e
ROOIM Lot .« oo vttt et e e et et e e e
ST TSt o v oot ettt e e

vi



Instrumentation Methods of Odorant Analysis ......... ... s 11.9.14

Electrolytic Titration ... ...ttt e et et e e e e e 11.9.14
Gas Chromatography ..ot i e e e e e 11.9.15
Colorimetric Methods . ... ..ot e e ettt e 11.9.15
Dt Or TS ittt e e e e e e e e 11.9.15
Wet Chemical TeChnique . ... ..ot i i e e et et e et e e 11.9.16

SECTION 11.10 —WATER VAPOR DETERMINATION

Page

XA o e 13 15 o ) o 11.10.1
General .. e e e e et e e 11.10.1
S DI g . oottt e e e 11.10.1
Lo 1ol 11 21 [o ) + W PP 11.10.1
Location of Sampling Device ... ...ttt e e e e e e 11.10.6
Selection of Materials for Sampling Systems .. ..... ...ttt iiiini i 11.10.6
Volume of the System ... i it i e e et e e e 11.10.6
COnS ANt PO SUIE . ottt t ittt et e e 11.10.6
Sample Site SeleCtion . ...ttt i e e 11.10.6
Methods of Determining Water Vapor Content ........ ... inranenenn. 11.10.6
Dew Point or Condensate Method ....... ... ... .. i i 11.10.6
Electrolytic Water Analyzer ... ... ...ttt e e 11.10.8
Direct Chemical Method . ... ... i i i e e e 11.10.9
Hygroscopic Conductivity . .......ooutiiin i e 11.10.10
Quartz Crystal Oscillator . ... ... .. i e e s 11.10.11
Aluminum Oxide Hygrometer .................covtiriuen.on. [ 11.10.11
Calibration of Water Vapor Measuring Instruments ............. ... coviiiiinvn... 11.10.11
Dew Point Method . ... .. . i i et e e e e 11.10.11
Chemical Methods .. ...t i e e e e e e e e 11.10.12
Permeation TUbDeS ... .t e e e e 11.10.12
Other Methods . ..ot it et e e et et e e e 11.10.12
531 0] N a4 - o) 120 11.10.12

vii



Figure
11.1.1
11.1.2

11.1.3

11.1.4
11.1.5
11.1.6
11.1.7

11.1.8
11.1.9

11.2.1
11.2.2
11.2.3
11.2.4
11.2.5
11.2.6
11.2.7
11.3.1
11.3.2
11.3.3
11.3.4
11.4.1
11.4.2
11.4.3
11.4.4
11.4.5
11.4.6
11.4.7
11.4.8
11.4.9
11.4.100
11.4.11
11.4.12
11.5.1
11.5.2
11.5.3

11.54
11.5.5
11.5.6
11.5.7
11.5.8
11.5.9
11.5.10
11.5.11
11.5.12
11.5.13

FIGURES

Portable specific gravity balance ......... ... . i i i

Gas gravity balance pressure ratio adjustment values to compensate for

Doyle’s law deviation ...........o it i e

Factors for converting inches of mercury at manometer temperature to

inches of mercury at 32°F .. .. . i e e
Schematic of gas centrifuge gravitometer .......... ... ... iiiiiariiiiann
Cross-section of the centrifuge wheel .......... .. .. ... i i,
Operating principle —portable indicator .......... ... ... .. oo

Schematic diagram of a recording gravitometer having gas-filled drums

suspended from a balance beam ............. .. i i

A recording gravitometer in which the unit weight of a column of gas

is compared to a unit weight of an equal column of air ...................

Schematic diagram of a recording gas gravitometer with single float

on a weight-opposed beam ............. i e
Flow diagram and part identification of a recording calorimeter ............
Schematic flow diagram of a thermeter ........ ... .. ... ... .. i,
Functional diagram of a stoichiometric combustion calorimeter ............
Functional overview of a gas BTU transmitter ............covvvveiinenns
Gas analysis system using chromatograph .............. ... ... 0.
Process chromatograph ...... ... i e
Water content of actual gas versus temperature ............coveeiriroannns
Sampling SHMer ... ittt i i e s
Piping connection for calorimeter ........... ... ... .,
Purging schedule and equations for the sample cylinder ...................
Typical constant pressure Sampler .. .......ouiriieiii it
Physical effects of inhaling H,S ............. . i
Two types of gas detectors ... ...t i it e
Schematic of cadmium sulfate test ............. it
Absorption flask . ........i i e
Schematic diagram of apparatus for sulfur method .......................
Schematic of an electrolytic tIrator ... ...t
Schematic of an electrolytic titration cell ..... ... ... ... .. ... i
Typical chart of an electrolytic titrator ........... .. .. i,
Schematic of an H,S analyzer ....... ... it
Typical chart of a continuous recording H,S analyzer .....................
Typical chart of a fixed-cycle recording H,S analyzer ......................
Schematic of a gas chromatograph ........... .. .. it
Temperature SCales ... ...ttt i e
The filled thermal system of a typical temperature recorder ................

A temperature recorder system fully compensated for the effects of

ambient temperature ................... e e e
A case compensated thermal system ......... ... ... . i
A Class IT-A thermal SYSEEIM ... ovvvtiretetr ettt i ens
A Class II-B thermal system ..........oo i it
A Class II-C thermal SYStem .. ......ontiien ittt aiaanens
A Class II-D thermal SyStem .. .....covietn ittt
Diagram of relations between absolute and gauge pressures .................
Bourdon tube and helical ....... ... ..ot e
Diaphragm and bellows elements ........... ... ... it
Deadweight gauge ... ..ottt
Deadwelght 1eSteT .. ..ottt e

Page
11.1.5

1L.1.5
11.1.6
1.1.7
11.1.8
11.1.9

11.1.10



11.6.1

11.6.2
11.7.1
11.7.2

11.7.3

11.7.4

11.7.5

11.7.6

11.7.7

11.7.8

11.7.9

11.7.10

11.7.11

11.7.12

11.8.1
11.9.1
11.9.2
11.9.3
11.9.4
11.9.5
11.10.1
11.10.2
11.10.3
11.10.4
11.10.5

Table
11.1.1
11.2.1

11.2.2
11.2.3
11.3.1
11.4.1
11.4.2
11.10.1

Variation of compressibility factor with pressure for three general

BYPES OF B85 ottt e e e e e e
Pure hydrocarbon gas 0.600 specific gravity ......... ..o,
Insertion type densitometer— direct into flowing pipeline ......................
Sampling type densitometer —the sample lines straddle a nonflow

measuring orifice inducing flow through the densitometer .....................
Sampling type densitometer—sampling lines are connected to positive

and negative pressure sample tubes to induce flow through

(0 T (35 55170 1113 o O
Sampling type densitometer—employs sampling blower to induce flow

through densitometer at rates independent of flow rate in

main line StreaImM . ... it it it e i e e e
Point of density measurement to flowmeter element—for orifices, point 2

is the static pressure tap; for turbine meters point 2 is upstream of

14 s LI ¢ ] o3 (P
Typical turbine meter run showing alternate positions relative to

turbine meter run for insert-type densitometer ......... ... . . ... i,
Typical turbine meter showing sampling type densitometer relative to

TUIDINE MO TUD .. ittt ittt it ittt e ettt et aneeaannns
Typical orifice meter run showing four alternate positions

for densSHOmEterS .. . i i e e e e e
Field calibration, with pycnometer or master densitometer, for typical

line sampling densitometer ... .. ... ittt i e e
Field calibration system, with pycnometer or master densitometer, for

typical in-line densitometer . ...... ...ttt e
Field calibration system for typical in-line densitometer using an

in-line master densitometer . ........ ... ittt
Field calibration of typical in-line densitometer by computation from

£aS law eqUAtION . ... ... e e e
Orsat volumetric analysis apparatus .. ...ttt iet it it ieeaenenna
Drip odorizer for liquid injection ........ ... .0 e
Typical diaphragm displacement pump with pneumatic controller ...............
Single-unit Wick odorizer . ... ... i e
By-Pass OQOTiZer ... it e e e e
Three views of a vehicle used for conducting the gas odorant room test .........
Water vapor content of compressed natural gas ........ ... .. . i,
Bureau of Mines dewpoint (e8ter ... . ittt i i e e
Thermoelectric dewpoint appParatis . ... v.viin ittt ittt eaerneaenns
Schematic of electrolytic water analyzer ............ ... it irnnnnnn.
Automatic direct chemical titration method ........ ... .. ... .. . .. i,

TABLES

Sample Specific Gravity Determination ............ ... .. .. o iiiiiiii...
Physical Properties of Gases at Exactly 14.73 Pounds per Square Inch

Absolute and 60°F .. ... .. e e
Sample Calculation of Heating Value from Gas Analysis ......................
Summation Factors at 60°F (288.71K) ....... ...t
Natural Gas (Typical Casing-Head) with High Boil-Point Hydrocarbons .........
Component AnalysiS ... ..ottt it it e et
Range of Measurement by Type of Detector ........ ...,
Typical Vapor Pressure of Water . ... ... .. . ittt

ix

11.6.3
11.6.7
11.7.3

11.7.3

11.7.4

11.7.4

11.7.5

11.7.6

11.7.7

11.7.7

11.7.8

11.7.9






Section 11.1
SPECIFIC GRAVITY DETERMINATION

INTRODUCTION
Definition

Specific gravity is a term used to express the ratio of the molecular weight of a gas (or a mixture of gases)
to the molecular weight of air. Air is a compound of varying composition. Its molecular weight has been
established as 28.9625, as reported in the Table of Physical Properties, A.G.A. Report #3, revised 5/16/85.
Where precise specific gravity determinations are made by analytical means, the prevailing composition
of air is of no consequence if consistently related to the number 28.9625. Yet, considering technical inabil-
ity to determine the molecular weight of gas short of analytical fractionation, the ratio of gas density to
the density of air under common pressure and temperature conditions is often taken to represent specific
gravity. The difference between relative density and relative molecular weight is small, provided, however,
that densities are determined at relatively low pressures. Any difference between the two ratios may be at-
tributed to the difference in Ideal Gas Laws deviation at any given common pressure and temperature, if
we can assume the composition of reference air at a particular locale approximates a molecular weight
of 28.9625. Relative densities may be converted to relative molecular weight (specific gravity) by accounting
for the Ideal Gas Laws.

Specific Gravity Relationship to Gas Measurements

Specific gravity is a fundamental aspect of a gas in several gas measuring sectors. In flow metering, the
pressure drop across an orifice, flow nozzle, venturi tube, or similar restriction is affected by the molecular
weight of the flowing fluid. Also, the relationships that have been found between specific gravity of a gas
and its deviation from Ideal Gas Laws account for the preparation of A.G.A.’s Manual for the Determina-
tion of Supercompressibility Factors for Natural Gas PAR Research Project NX-19* Similar relationships
have also been found between specific gravity and the calorific value of fuel gases and are covered by A.G.As
publication Report No. 5, Fuel Gas Energy Metering.

Effect of Specific Gravity Errors

Any error in specific gravity determination is very significant, if examined in the light of any one of the
several factors affected —F,,, F,, Fy.m, and the heating value of a gas. Yet the overall effect of specific
gravity error will be found less than the sum of individual errors, considering the error attributed to a single
factor is often offset by compensating errors in other factors tied to a specific gravity index. The effect
of specific gravity error on individual factors and combined factors used in orifice meter measurements
is illustrated in the following example for a hydrocarbon gas mixture flowing at 1000 psia, at 60°F, under
standard gravitational forces of 980.665 cm/sec./sec. (32.174 ft/sec®) at sea level and 45° latitude.

EXAMPLE
Specific ~ Factor F,,  Factor I, Factor Fy,p, Btu/cf Combined
Gravity  (Report #3) (NX-19) (Report #3) (Report #5) Factors
Correct .600 1.2910 1.0834 9978 1086.9 1516.9
Erroneous .610 1.2804 1.0872 9977 1102.6 1531.3
% Error +1.67 -0.82 +0.35 -0.01 +1.44 +0.95

*This manual has been superseded by A.G.A. Transmission Measurement Committee Report #8. A.G.A.
8 extends the range of contaminants, pressures, and temperatures allowed when it is used to calculated F .

11.1.1



