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QUANTITATIVE ANALYSIS OF NATURAL GAS IN A SINGLE RUN BY 
THE USE OF PACKED AND CAPILLARY COLUMNS 

EIVIND H. OSJORD* and DlDRIK MALTHE-SBRENSSEN 

Exploration and Production L.ahoratorie.v, Statoil, P.O. Box 300, N-4001 Stavanger (Norway) 

SUMMARY 

The chromatographic separation of oxygen, nitrogen, carbon dioxide and ap- 
proximately 60 hydrocarbons from C1 to C 10 was achieved by utilizing a combination 
of packed and capillary columns. Fifty components were identified from a retention 
time table. The sample was injected via two time-programmed loops into packed and 
capillary columns with thermal conductivity and flame-ionization detection. Columns 
were molecular sieve 13X, Porapak R and Chrompack Si15 (fused silica). The hydro- 
carbons were analysed by split injection and temperature programming, starting at 
-3O”C, and the permanent gases were analysed isothermally at 50°C in a special 
compartment outside the main oven. 

Quantification was achieved by the use of relative weight response factors, 
eliminating the need for repeatable sample size and frequent recalibrations. The pre- 
cision was in the range O-2-1.4% (R.S.D.) for major components and about 6% for 
minor components. Long-term consistency in the analytical data from the routine 
analysis of hydrocarbon reservoir fluids indicates good accuracy. 

INTRODUCTION 

Natural gas analysis is an important part of the analysis required to describe 
the reservoir fluid in oil and gas fields. Detailed information on the composition 
provides data for a better description of the behaviour of reservoir fluid during pro- 
duction. It will also ensure a better quantitative evaluation of reservoirs and give a 
better estimate of the potential value of fields. 

The low-pressure gas samples involved in such studies are often saturated with 
heavy components having carbon numbers up to IO. In gas condensate systems such 
components may have a significant influence on the physical properties of the res- 
ervoir fluid. It is therefore of great importance to quantify and identify these com- 
ponents in order to give correct data input to the evaluation of reservoir fluids. 

Our laboratories have over the last few years developed a routine natural gas 
analysis. It consist of a high-resolution capillary separation of the hydrocarbons and 
a system of packed columns for the separation of the inorganic gas components such 
as carbon dioxide, nitrogen and oxygen. Earlier reports suggested the use of a com- 
bination of packed and thick-film capillary columns to separate hydrocarbons in 
natural gas’. Our experience is that better analytical results are achieved by analysing 
all hydrocarbons on one thin-film capillary column at sub-ambient temperature. 

0021-9673,183,‘$03.00 :c 1983 Elsevier Science Publishers B.V. 
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Apparatus 
The gas chromatograph employed was a Hewlett-Packard 5880 A, equipped 

with a level IV integrator. The instrument conditions are given in Tables I and II. 
The capillary column is placed in the main oven. The packed columns are placed 
outside the chromatograph oven in an insulated compartment, which is kept iso- 
thermal by an auxiliary temperature control from the 5880 A. A small fan circulates 
the air inside the compartment. After the analysis, the packed columns are recon- 
ditioned by a temperature cycle, and ready for a new sample when the capillary run 
is finished. The gas sample is introduced into the columns by two time-programmed 
sample loops. Valve, column and signal switching are marked on the chromatogram 
shown in Fig. 1. 

Calculation and calibration 
The quantitative calculation of the separate components is based on the as- 

sumption of full recovery of the sample. The area distribution of hydrocarbons is 
measured from the capillary chromatogram. Each area is then multiplied by the 
relative response factor for that particular component to convert to weight distri- 
bution. 

From the thermal conductivity chromatogram, the weights of nitrogen and 
carbon dioxide relative to methane are determined. In other words methane acts as 
an internal standard to quantify nitrogen and carbon dioxide. In our analysis oxygen 
originates from air contamination and is removed together with some of the nitrogen 
area in the same proportion as in air. Finally, the sum of components is normalized 
to 100% by weight. The calculation can be expressed by 

Cl0 cc AiRi + (AN, RN~ + ACO~ Rco,) 
AcH,(FID) Rs 1 K= 100 

&H,(TCD) 
Li=CHd 

where 

Ai = 

A = 

A 
NZ 
co2 

= 

A CH,(TCD) = 

A CH,(FID) = 

& 
= 

R C% 
= 

RN2 
= 

R CO2 
= 

K = 

flame-ionization detection (FID) area of a component i; 
thermal conductivity detection (TCD) area of Nz; 
TCD area of CO,; 
TCD area of CH4; 
FID area of CH,; 
FID weight response, component i relative n-C,; 
FID weight response, CH4 relative n-C; 
TCD weight response, N2 relative CH,; 
TCD weight response, CO2 relative CH,; 
normalization constant. 

When this procedure is used, the quantification is independent of repeatable sample 
s;ze pro&d that the amount5 of individual components are within the linear dy- 

nanL range of the detector. 
Calibration is now a matter of determining the rdatk r@pOW f%bilr$, Ii, 



222 
E. H. OSJORD, D. MALTHE-SPIRENSSEN 

RN~ and RCCQ A primary standard gas mixture (Matheson Gas Products, Oevel, Bel- 
gium) with components of nitrogen, carbon dioxide and hydrocarbons from CI to n-C5 
was used for the light components. A liquid blend of paraffinic, naphthenic and 
aromatic hydrocarbons from n-C5 to n-C 10 was used for the heavier components. 

Gas and liquid were analysed separately, and the multiplication factor Ri for con- 
verting from area% to weight% was determined experimentally. The factor for n-C7 
is defined as 1 by choice, and the two sets of factors are unified by a common factor 
for n-C& 

From the TCD analysis, the constant Rco, is determined from 

Weight% CH4 .Aco, 
Rco, = ~~ 

Weight% CO2 . ACH, 

and similarly for nitrogen. 

6 
5 5 7 8 9 

A PORAPAK R MOLSlEVEl3X 

B PORAPAK R 

C SPLIT 1 : 100 WCOT CP SIL 5 

1 

Fig. I. Typical chromatogram and column configuration. Peak numbers correspond to calibration num- 
bers given in Table III. 
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The calibration is based on an average of a minimum of six determinations, 
which at the same time gives an indication of the precision. However, precision is 
always better on standard mixtures than on real gas samples, owing to fewer com- 
ponents and higher concentrations. 

The calibration is probably dependent on the detector design, injection system, 
etc., but once it is obtained it will be valid as long as no major changes are made in 
instrumental set-up. Only infrequent tests are required to check that the calibration 
stays within limits at a given confidence leve12. 

RESULTS AND DISCUSSION 

A typical chromatogram of a lean natural gas sample is shown in Fig. 1; 43 

peaks were identified from a retention time table, obtained from a high-resolution 
gas chromatographic-mass spectrometric study, combined with a comparison of re- 
tention times of pure components. In Table III the calibration number from the 
retention time table is given in the first column, followed by the name of the most 
abundant molecule in the peak. An average X of 8 analyses was used to calculate the 
weight-%, and the relative standard deviation (R.S.D.) = (SD./?) x 100% is given. 
The precision decreases from 0.2 to 4% from methane to pentane, but stays at ap- 
proximately 6% for heavier compounds. Very small peaks are detected at random, 
causing a dramatic increase in the R.S.D. 

The lean gas sample contains only about 1% of components heavier than n- 
pentane, compared with 5-10% for a rich sample. As the amount of a component 
influences the precision, a richer sample may give different figures for relative stan- 
dard deviation3. 

Accuracy is very dependent on the calibration, but if a primary gas standard 
is used, this error should not dominate at the precision level given in Table III. 
Experience over the years with samples taken at different places and times from the 
same oil reservoir indicates satisfactory accuracy for the method, including the sam- 
pling error. 

CONCLUSION 

A system for the routine analysis of natural gas, based on packed and capillary 
columns and sub-ambient temperature programming, has been developed. The 
method is independent of repeatable sample size. The calibration stays valid for years 
and the precision and accuracy are satisfactory over the full range of components in 
natural gas. Because the resolution is high, all significant components can be iden- 
tified and quantified from 100% down to 10 ppm. The same instrument may be used 
for natural gas and oil and liquid condensates without changing the column. 

Investigations on the effect of possible unlinear detector response will be car- 
ried out in the nearest future. 
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