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SUMMARY:

One FMT and three DST fluid samples from 34/7-10 were characterised using organic 

geochemistry. The four oils are similar in character and may be described as low 

sulphur, paraffinic-naphthenic oils of moderate thermal maturity which are probably 

derived from a common source. The oils are similar to those previously characterised 

from the Snorre area.

Some variations were observed in the gas samples from these tests, mainly in the 

methane content/gas wetness values. These variations may reflect movement of fluid 

components in the oil column. All of the gas samples are of similar maturity and the 

carbon isotopic data from the three DST samples are similar to those observed in 

other samples from the Snorre area.
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1. INTRODUCTION

Three DST oil and gas sample sets and one FMT oil and gas sample set 

from well 34/7-10 (Figure 1), were characterised using organic geochemi­

stry as requested by Saga Petroleum A/S. The analyses were carried out 

under IKU project number 22.1840.

The samples were assigned the following IKU numbers and certain data on 

the physical nature of the fluids were provided by Geco and Core Lab 

Norsk:

SAMPLE DEPTH (M) IKU No. GAS/OIL GAS OIL OIL

ratio gravity density molec. wt, 

(Sm3/m3) (air=1.000) (Kg/m3) (gm/mole)

FMT 2532.5 C-5576(gas)

C-5575(oil) 89.7 1.05 836.5

DST 4 2549-51.5 C-5794(gas)

C-5793(oil) 91.2 1.066 840.6 204

DST 3 2561-70.5 C-6005(gas)

C-6007(oil) 79.6   837.7 196

DST 2 2609.5-15 C-6004(gas)

C-6006(oil) 75.1 — —  838.5 201

The fluid samples were analysed using the analytical programme outlined 

— in Saga's letter of 8 October, 1985. The analyses are as follows:

Gas Samples:

GC of C1-C8 hydrocarbons for recombination.

D13C stable carbon isotope ratios for the Cl,C2,C3,iC4 and C4 

components.

D/H isotope ratio of methane.

168/E/anl/4
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Oil Samples:

API Gravity.

S,Ni and V content.

GC of C2-C8 hydrocarbons for recombination.

GC of whole oil.

Evaporation of light compounds (>210°C).

Chromatographic separation of 'topped' oil fractions by MPLC, in­

cluding asphaltene precipitation.

GC of Saturate and Aromatic hydrocarbon fractions.

Urea adduction of Saturate fraction and GC of branched/cyclic hydro­

carbons.

Combined GC-MS of the Saturate and Aromatic fractions.

D13C ratio of the Saturate, Aromatic, NSO and Asphaltene 

fractions.

The first sample was received on 28 October, 1986 and the last samples

were received on 16 Febraury, 1986.

A draft copy of the final report will be sent to Saga Petroleum for

approval. On approval, ten copies of the final report will be sent to

Saga Petroleum and a further five copies will be stored at IKU.

168/E/anl/5



2. DISCUSSION OF RESULTS

2.1 Recombination of oil and gas samples (C1-C8 hydrocarbons).

2.1.1 Composition of gas samples (C1-C8 hydrocarbons)

The gas samples are dominated by methane, ethane and propane, especially 

methane (Figure 2,Table 1). The C5+ components are either absent or are 

present in trace amounts.

The DST gases can be divided into two groups of similar composition.

One group consists of the DST 3 and 4 gas samples with methane contents 

of around 45%, and the second group consists of the FMT and DST 2 samples 

with methane contents of around 25%. The data from the FMT sample may 

reflect the sampling procedure by which this sample was obtained.

Gas wetness values vary from 50% to 70%, and iC4/nC4 ratios from 0.31 

to 0.33 (Table lb). With the exception of the FMT sample, the methane 

content of the gases shows a slight decrease with depth, with an ac­

companying decrease in gas wetness values. This is reflected in the 

increasing gas/oil ratios. The FMT sample, being the stratigraphically 

highest, might be expected to have the highest methane content and low­

est gas wetness.

The variation in the composition of the gases may be explained in two 

ways. One explanation involves the movement of the gas towards the top 

of a continuous oil column, producing a gas-enriched zone. The second 

explanation lies in the samples coming from two disconnected oil columns 

with different gas compositions. These speculations cannot be evaluated 

without more detained geological data, although a recent IKU report on 

the Snorre oils (Leith, 1987) indicated the existence of similar gas 

variations in other wells (e.g. 34/7-3 and 34/7-7).

2.1.2 Composition of the oil samples (C2-C8 hydrocarbons)

The C2-C8 hydrocarbon gas chromatograms of the oil samples in figure 3 

show similar profiles. n-Alkane peaks account for the most prominent 

peaks in the chromatograms, although some cyclic hydrocarbon peaks are 

also quite well-developed. The appearance of the gas chromatograms sug­

gests that the oils are thermally mature, as do paraffinicity indices 

of around 1 (Tables lb and 2).

168/E/anl/6
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2.1.3 Recombination of C1-C8 hydrocarbon composition for the gas/oil 

samples

On the basis of gas/oil ratios supplied by Geco and Core Lab Norsk, the 

C1-C8 and C2-C8 hydrocarbon compositions of the well fluids were recom­

bined in order to simulate the light hydrocarbon composition of the 

reservoired hydrocarbon fluids under subsurface conditions. These data 

are given in table 1.

2.1.4 Stable Carbon isotope composition of the gas samples.

Carbon isotope data and deuterium isotope data were obtained from IFE 

for the three DST samples (Table 3). The isotopic composition of the 

three samples is very similar. In figure 4, all three samples plot just 

outside the field of oil-associated gases in the Schoell plot. This may 

suggest that the gas samples are not directly related to the oils.

The gas isotopic data suggest that the gases are of similar maturity to 

the most mature samples analysed from the Snorre area.

2.2 Analysis of the oil samples

2.2.1 API Gravity

The four oil samples have similar whole oil API gravity values (Table 

4), varying between 36.9° and 37.6°. Slight differences in API gravity 

follow the pattern described for the C1-C8 gas composition, i.e. with 

the exception of the FMT sample, the API gravities tend to show a slight 

increase with depth. The API gravities of these oils lie slightly above 

the average for the Snorre oils (i.e. 36.6°) and suggest a thermally 

mature, moderately light oil.

2.2.2 Sulphur, Nickel and Vanadium content

All of the oil samples may be classed as low-sulphur oils based on per­

cent sulphur contents of between 0.18% and 0.23% (Table 5). The sulphur 

contents of these oils lie slightly below the average for the Snorre 

oils (average %S = 0.3).

The nickel content of the FMT sample is twice that of the DST samples,

168/E/anl/7
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while the vanadium content is more similar to those of the D$T samples. 

The nickel contents of the DST oils are below average for Snorre oils, 

although the vanadium contents are about average. The nickel content of 

the FMT sample is closer to the field average.

The differences in nickel content between the FMT and DST samples may 

reflect either the different sampling procedures used to collect the 

samples, or a higher content of high molecular weight compounds in the 

FMT oil.

2.2.3 Gross Composition of the crude oil samples.

The low-boiling (<210°C) fraction accounts for between 25% and 35% of 

the three DST oils (Table 6), the DST 4 oil having the highest value of 

35.4%. These values are about average for the Snorre oils analysed so 

far. The relatively high percentage obtained for the FMT sample is not 

considered to be wholly reliable.

The asphaltene and NSO contents of the 'topped1 oils are shown in table 

7. The data indicate an increase in asphaltene content up the oil column 

from a low value of 0.4% in DST 2 at 2609.5,-15m to 1.7% in DST 4 at 

2549-51.5m, with a large increase to 16.3% in the FMT sample at 2532.5m.

The content of NSO compounds in the oils is four times greater in DST

oils 2 and 3 (27.9% and 22.3%, respectively) than in the DST 4 and FMT 

oils (8.4% and 6.4%, respectively).

The NSO content of the DST 4 and FMT oils is about average for Snorre

oils, but the NSO content of the DST 2 and 3 oils is double the highest

value obtained from previously-analysed Snorre oils. This variation in 

the NSO content of the oil samples is unexpected as the two oils with 

the highest NSO contents are those oils with the highest API gravity 

and relatively low S, Ni and V contents. The lower gas/oil ratios of 

these two samples may, however, reflect the higher NSO content.

The asphaltene contents of the DST oils are average for the Snorre oils, 

although that obtained for the FMT oil is considerably above average.

The increased asphaltene content towards the top of the oil column con­

trasts with the variation in NSO components and may partially reflect 

either the different sample-collection techniques used for the DST and 

FMT oils or, some de-asphalting may have occurred. Reference to an earlier

168/E/an1/8



!S I N Ê F̂ R̂UP PEN
-  9 -

IKU data report (22.1837.00), suggests that this de-asphalting, if it 

occurred, is relatively locallised towards the top of the oil column.

2.2.4 Chromatographic Composition of the oils.

The chromatographic composition of the 'topped* oil samples is shown in 

table 8. A summary plot of bulk oil composition is shown in figure 5.

The data for the FMT and DST 4 samples are considered to be of uncertain 

reliability due to a high wax content in these oils. The three DST oils 

have similar saturated hydrocarbon contents of around 40%. The aromatic 

hydrocarbon content of the DST 4 oil is half that of the other two DST 

oils. This composition lies about the average for the Snorre oils.

2.2.5 Whole Oil Gas Chromatograms

The whole oil gas chromatograms for the four samples are shown in figure 

6. Examination of the gas chromatograms reveals a change in the character 

of the oils with depth. The two deepest oils, DST 2 and DST 3 have chro­

matograms in which the C5-C10 n-alkanes are relatively prominent. In 

the other two samples, DST 4 and FMT, the C10+ n-alkanes are more promi­

nently-developed. All of the samples appear to be similar as far as the 

branched/cyclic peaks are concerned.

The differences in the whole oil gas chromatograms are consistent with 

variations in API gravity and may reflect maturity differences, the 

more mature oils having the higher content of low molecular weight com­

pounds. An alternative explanation may lie in the sampling and/or stor­

age of the samples.

2.2.6 Gas Chromatograms of the Saturated Hydrocarbons

The gas chromatograms of the three DST samples show similar n-alkane 

profiles (Figure 7), consisting of a smooth, unimodal decrease in peak 

intensity from nC15 to nC28. The gas chromatogram of the FMT sample is 

significantly different from the other three samples in its marked re­

duction of the lower molecular weight compound peaks. This variation is 

not thought to be representative, and may reflect sampling or experi­

mental effects.

168/E/anl/9
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Excluding the data from the FMT sample, on the grounds of unreliability, 

the three DST samples have almost identical isoprenoid compositions 

which are reflected in the similar pristane/phytane ratios of between

1.3 and 1.4 (Table 10). These pristane/phytane ratios are similar to 

those reported from most of the other Snorre oils (Figure 8). The three 

DST oils have pristane/nC17 ratios of 1.0, which is slightly higher 

than is normally seen in the Snorre oils (average = 0.7). This may sug­

gest a slightly lower thermal maturity-level. The carbon preference 

index (CPI) values of 1.0-1.1 are not wholly inconsistent with this 

suggestion, as this parameter often appears to be less sensitive as a 

maturation parameter.

2.2.7 Gas Chromatograms* of the Branched/Cyclic Hydrocarbons

The three DST samples produce similar gas chromatograms for the branched/ 

cyclic hydrocarbons (Figure 9). The gas chromatograms show a fairly 

restricted range of well-developed isoprenoid peaks from iC^ to phy- 

tane, in addition to some unrevolsed compounds. The gas chromatogram of 

the FMT sample is dominated by a large 'hump1 of unresolved compounds 

with only a few, poorly-developed isoprenoid compounds.

2,2.6 Gas chromatograms of the Aromatic Hydrocarbons

The gas chromatograms for the aromatic hydrocarbons are shown in figure 

10. The three DST samples have similar gas chromatograms, with quite 

prominent alkyl naphthalene peaks and less prominent phenanthrene and 

alkyl phenanthrene peaks. All of the gas chromatograms show a marked 

'hump' of unresolved, high molecular weight compounds. The gas chroma­

togram for the FMT sample is dominated by a prominent 'hump' of unre­

solved compounds with no recogniseable compound peaks.

The distribution of compounds in the three DST samples is typical of 

relatively mature crude oils. The 'hump' of unresolved compounds would, 

however, suggest a lower thermal maturity. This is consistent with the 

maturity suggested by the saturated hydrocarbon parameters. Calculated 

methyl-phenanthrene indices (MPI) of between 0.57 and 0.65 (Table II) 

are also consistent with other maturity parameters discussed previously.

168/E/anl/10
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2.2.8 Combined Gas Chromatography-Mass Spectrometry

The m/z 191 and m/z 217 mass fragmentograms are shown in figures 11 and 

12, respectively. The calculated ratios are given in tables 12 and 13.

The m/z 191 and 217 mass fragmentograms of the four oil samples are all 

similar in appearance. This is well-11 lustrated by the triangular plot 

showing the internal distribution of the 5a 20R regular steranes. The 

four samples plot close to each other and are similar to the majority 

of the other Snorre oils.

The similarity in the calculated biomarker ratios for the four oils 

suggests a common source, and maturity for the oils. The biomarker ratios 

have values suggesting that thermally stable compound assemblages have 

been achieved. This, in turn, would suggest that the oils are more or 

less thermally mature, in contrast to the other maturity data so far 

considered. The GC-MS data suggest that the four 34/7-10 oils are inter­

mediate in maturity relative to the 34/7-7 oils and the main body of 

the Snorre oils (Leith, 1987).

Generally, poor peak intensities for the aromatic biomarker compounds 

(Figure 14, Table 14) limited the conclusions which could be drawn from 

these compounds. All four samples appear to be similar, in terms of 

aromatic biomarker composition, except for an absence of low molecular 

weight benzenes/monoaromatics in the m/z 92 and 106 fragmentograms for 

the FMT sample.

The aromatic biomarker data suggest that the oils are only moderately 

mature, which is consistent with the majority of the data from these 

oils.

2.2.9 Stable Carbon Isotope data for Oil Fractions

The D13C isotope ratios were calculated for the saturate, aromatic, 

asphaltene and NSO oil fractions (Figure 15, Table 15). The data show 

quite similar values for the saturate, aromatic and asphaltene frac­

tions. The isotope values for the NSO fraction show quite a range of 

values from -27.6 to -30.5 o/oo, the FMT oil having the isotopically- 

lightest NSO fraction.

168/E/anl/ll
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There is a slight difference between the similar, relatively straight 

profiles obtained from the three DST oils, and the U-shaped profile 

obtained from the FMT oil. The difference in the FMT oil profile may 

reflect a slightly different geochemical history for this oil.

168/E/anl/12
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3. CONCLUSIONS

Consideration of the organic geochemical data for the three DST fluid 

sample sets and the FMT fluids suggest that the four fluids are essen­

tially similar in character. The oils may be classified as moderately 

mature, low sulphur, paraffinic or paraffinic-naphthenic oils with a 

common or similar source. Vertical variations in some organic geochemi­

cal parameters (e.g. %<210°C fraction arid %asphaltene content) may re­

flect rearrangements of oil components within the oil column.

The four 34/7-10 fluid samples are similar in nature to the majority of 

the oils currently analysed from the Snorre field. The differences in 

the FMT sample may parti-ally reflect the different sampling procedure 

used to obtain this sample. The 34/7-10 oils appear to have a thermal 

maturity intermediate between that for the thermally mature 34/7-7 oils 

and the main body of oils from the Snorre area.

168/E/an1/13
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5. ANALYTICAL PROCEDURES 

Gas analyses

Natural gas (full analysis of hydrocarbons and inert gases):

Natural gas samples were analysed on an HP 5880 gas chromatograph equip­

ped with a capillary column and an FID for hydrocarbon analysis and two 

packed columns and a TCD for analysis of the inert gases (Ng, 0g, COg):

50 m x 0.2 mm i.d. fused silical column, coated with 0.5 ym 0V-10I.

3 ft steel column packed with molecular sieve 13x, 80/100 mesh.

6 ft steel column packed with Porapack T x 4 ft steel column 

packed with Porapack Q, 80/100 mesh.

Temperature program: 30°C (12 min.) - 8°C/min. - 150°C (5 min.).

A standard gas sample containing methane, ethane, propane, n-butane, 

n-pentane and n-hexane was used for quantification.

Evaporation of the light components in fluid samples

Prior to chromatographic separation, the oil/condensate samples were 

heated to 210°C at atmospheric pressure until constant weight (at 210°C) 

was obtained.

The fraction of light components was determined as the weight difference 

between the original sample and the residuum left after heating.

Medium-pressure liquid chromatography (MPLC)

The oil (>210°C) sample was diluted in DCM (1:3 mg/yl) and the asphal- 

tenes were precipitated using excess n-pentane (40:1 pentane: (DCM-f-oi 1)). 

The asphaltene fraction was weighed after drying at 50°C for 12 hours.

The remaining maltenes were separated into saturated, aromatic and non­

hydrocarbon fractions using an MPLC system with n-hexane as eluant (Radke 

et al., 1980). The various fractions were concentrated using a Bu'chi 

Rotavapor, transferred to glass vials and the remaining solvent removed.

169/AA/anl/l
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Urea adduction

An aliquot of the saturated hydrocarbon fraction (5 mg) was diluted with 

n-hexane (2 ml), followed by the addition of acetone {1 ml). A saturated

solution of urea in methanol (1 ml) was then added dropwise. The solvent

was removed in a nitrogen stream and the adduction procedure repeated 

twice more. The white crystals were rinsed with hexane (3x5 ml) and the 

combined extract was filtered through a cotton plug covered with Al^Og 

to produce a non-adduct containing the branched and cyclic hydrocarbons. 

GC analyses were performed on the non-adduct using the conditions out­

lined in the next section.

Gas chromatographic analysis

A whole oil sample was analysed using an HP 5730A gas chromatograph fit­

ted with a 15 m DB-5 fused silica column. 0.02 urn of sample solution 

was injected in split mode (split ratio ~ 1:10). Hydrogen was used as a 

carrier gas with a flow rate of 2.5 ml/min, and the temperature pro­

gramme used was ~50°C (2 min) - 4°C/min - 280°C.

The C^-Cg hydrocarbon compounds were investigated by hydrogen stripping 

on a Carlo Erba Fractovap gas chromatograph fitted with a 60 m x 0.32 mm 

(i.d.) fused silica column coated with DB-1, 1.0 ym. The temperature 

programme used was 50°C (2 min) - 4°C/min - 210°C. An internal standard 

was used for quantification.

The saturated and the branched/cyclic hydrocarbon fractions were each 

diluted with n-hexane and analysed on an HP 5730A or an HP 5710 GC. Both 

GCs are equipped with 15 m DB-1 fused silica columns, and hydrogen is 

used as carrier gas with a flow rate of about 1.5 ml/min. Injections 

were performed in split mode (split ratio 1:10). The temperature pro­

gramme used was 80°C (2 min) - 4°C/min - 280°C.

The total aromatic fractions were diluted with n-hexane and analysed on 

an HP 5730A gas chromatograph, fitted with a DB-5 fused silica column 

(15 x 0.25 mm i.d.), using a hydrogen carrier gas with a flow rate of

2.5 ml/min. The injection split ratio was 1:10.

169/AA/anl/2
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The temperature programme used was 80°C (2 min.) - 4°C/min - 280°C.

Data processing for all the GC analyses was performed on a VG Multichrom

lab data system.

Gas chromatography - mass spectrometry (GC-MS)

GC-MS analysis were performed on a VG Micromass 70-70H GC-MS-DS system. 

The Varian Series 3700 GC was fitted with a fused silica OV-1 capillary 

column (30m x 0.3 mm i.d.). Helium (1.5 ml/min) was used as carrier gas 

and the injections were performed in split mode (1.5 ul, split ratio 

1:15).

The GC oven was programmed from 120°C (2 min.) to 280°C at 4°C/min. for

analysis of the saturated hydrocarbons, and from 70°C/min. to 280°C at

4°C/min. for analysis of the aromatic hydrocarbons.

The saturated hydrocarbons were analysed in multiple ion mode (MID) at 

a scan cycle time of approximately 2 secs. Full data collection was ap­

plied for the aromatic hydrocarbons at a scan time of 1 sec./decade.

The mass spectrometers operated at 70eV electron energy with an ion 

source temperature of 200°C. Data acquisition was performed using VG 

data systems.

Peaks were identified by comparison with elution patterns in certain 

mass chromatograms. Peak ratios were calculated from peak heights in 

the appropriate mass chromatograms.

13<S C isotope analysis 

, 13
The 6 C isotope analyses were performed by mass spectrometry at the 

Institute for Energy Technology (IFE) in Oslo according to their method. 

Their reference value for the standard NBS-22 is -29.8 °/oo (PDB).

The samples were filled in a glass capillary and transferred into a com­

bustion system filled with copper dioxide, heated to 900°C. A stream of 

ultrapure helium and oxygen flushed the reaction products through silver 

wool (450°C) to remove traces of halogens and sulphur.

H^O and CO^ were trapped in separate cooltraps. After removal of the 

169/AA/an!/3
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carrier gas by high vacuum, CC>2 and H^O were sealed off separately in 
6 mm glass tubes. H^O was reduced to by zinc at 460°C.

13 12The C/ C - isotope ratio (and D/H- isotope ratio) was measured with 

a high precision mass spectrometer Finnigan MAT 251.

Precision of the preparation lines and the mass spectrometer was daily 

controlled by measurements of standard substances and by double analyses.

The isotope ratios are given as delta-values (del):

del (55) = ((R sample - R stand.) / (R stand.)) * 1000

13C/12C- isotope ratios are calculated versus PDB.

D/H-isotope ratios are calculated versus SMOW.

The CV value is calculated after SOFER (1984) to differentiate between 

marine and terrestrial-sourced oils:

CV = (-2.53 * del13C .) + (2.22 * del13C ) - 11.65.Sal arO

169/AA/an.l/4



Table 1a:

RECOMBINATION OF OIL AND 5ASCC1-C8 HYDROCARBONS)

Cl-GS YIELD
WELL 34/7-10IKU No., GAS; C-5576
IKU No, ’OIL: 0-5575, FMT
GQR ; S9.7r Sm3/m3

GAS GAS OIL TOTAL HC
IN MG/ML

COMPOUNDS MG /ML MG/39,7ML MG/ML RESERVOIR

Methane D, 232 20„310 0. ODD 20.810
Ethane 0.136 12.199 0 , 0 0 0 12,199
Propane 0,227 20,362 0 , 0 0 0 2 0 ,362
i-"Butane 0.039 3,493 0 . 0 0 0 3.493
n-Butane 0.123 11.432 0 , 0 0 0 11,432
i-Pentans 0.033 3,140 4,309 7,949
n-Pentane 0,040 3.533 3,528 12.116
Cyc1o ~ C5+2 ,3-*diMeC4 0.005 0,449 1.737 2,236
2-MeCE 0 . 0 1 0 0,397 4,984 5,331
3~fieC5 0,006 0,533 3,310 3,343
n-HeKane 0 , 0 1 2 1,076 9,625 10.701
MeCyCS 0,007 0,623 6.724 7,352
Benzene 0 . 0 0 1 0,090 1.492 1,532
Cyelo-C6 0,003 0,449 6,073 6.522
2"MeC6 D. 0 0 2 0.179 2.394 3.073
2*3~diMeC5 0 »0 0 1 0. 090 1,203 1,293
3H1eC6 0 , 0 0 2 0,179 4.597 4,77 6
HiMsCyCS 0.003 0,269 7,193 7,462
n-Heptane G. 0Q3 0,269 9 .393 9.462
MeCyCS 0,003 0,269 1 2 „431 12,750
EtCyCBt
2,5~diHeC6 0 , 0 0 0 G.GOO 1,916 I ,916
2,4-diMeCo 0 , 0 0 0 0 , 0 0 0 1.250 1,250
triMeCyCE 0 . 0 0 0 0 . 0 0 0 1 ,231 1 ,231
Toluene 0 , 0 0 0 0 . 0 0 0 5 ,320 5 ,320
2 +4MeC7 0. GOO 0 , 0 0 0 4,917 4.917
3-MeC7 0 , 0 0 0 0 , 0 0 0 2,462 2 , 4o2diMeCyCS 0 , 0 0 0 0 , 0 0 0 b , 6U3 5,303
n-Octane 0 , 0 0 0 0 , 0 0 0 8 = 7 60 3.760
2 ,4“dirlsC7^
dirteCyCO O.uuG 0 , 0 0 0 1 .755 1.. 755
EtCyC6 0 , 0 0 0 0 , 0 0 0 3, u 6 2 6 , 0 6 2
EtBenzene 0 . 0 0 0 0 , 0 0 0 1,695 1 .695
m-i-p-Xy len 0 , 0 0 0 □ . □ □ 0 3 .602 -6 , n 6 1
2+4MeC8 0 , 0 0 0 0 . 0 0 0 2,046 2.046
o-Xylene 0 , 0 0 0 0 , 0 0 0 1 .543 1 .543
SUM 0,397 30,461 131.010 211 ,471.
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Table 1a:

RECOMBINATION OF OIL AND GASCCl-CS HYDROCARBONS)

C1-C3 YIELDWELL 34/7-10
IKU No. , a AS b C-5794
IKU Nu„,OILs C-5793, D5T4GQR 2 91, 2 SiTiS / :ii3

GAS GAS OIL TOTAL HCIN MG/ML OF
COM POUN DS MG / ML MG /' 91 . 2ML MG / ML RESE R VO I R FLU ID

Methane 1,035 94,392 0,000 94,392
Ethane 0.356 32.467 G.UOO 32■467
Propane 0,440 407128 1,536 41.664
1 -B li t  a ne D . 067 6.110 1,354 / . 46 4
n-Butane 0.213 19,426 6 ,822 2 6 ,2481-Pentane G. G54 4.925 6,859 11,7 84
n-Pentane 0,060 5,472 11,955 17,427
Cyclo-C5+2 j 3”diMeC4 G, 007 G. .638 2 , 442 3.080
2-i1eC5 0.014 1,277 6, /Bu 8,027
3-MeC5 0,008 0.730 5.008 5.738
n—Hexanø 0.016 1,459 13,651 15=110
fleCyCS 0.009 0 »821 9,993 1D, 614
Benzene 0,001 0,091 2.516 2 ,607
CyeIo~C6 0.005 0,456 9,023 9,479
2-MeC6 0 . 0 0 2  G.182 4.234 4,416
2 ,3 ”diMsC5 0.001 0.091 2,061 2,152
3-MeC6 0,002 0.162 6.904 7.086
dlrleCyCS 0,004 0.365 11.438 11.803
n-Heptane Q.003 0,274 13,4 78 13,752
rleCyC6 0 ,Q04 0„365 17.351 17,716
Et€yC5+2,5-diMeC6 0,000 0,000 2.487 2.487
2 , 4-d ifieC6 0. 000 0, 000 1,637 1 . 637
triMeCvCS 0,000 0.000 1,728 1.728
To 1 sj.ene 0.000 0.000 6 .323 6 .323
2a4MeC7 Q.DQQ O.QOQ 6,846 6.846
3~MsC7 0,000 0,000 3,414 3, 41.4
diMeCyC6 D.ODD Qj-nnn 7,302 7.302
n-Octane Q.QDQ 0 . 0 0 0  i 2 , 6 Uh 12,605
2,4-diMeC7+
diMeCyCé 0 .0 Du 0,000 2.637 2.657
EtCyC6 0.000 0,000 4.611 4.611
EtBenzsne 0 »0 0 0  0 . 0 0 0  2,938 2 ,936
m+p-Xy len 0 . 000 0 . 000 5 .841. 5 , 8412+4MeC8 0 . 0 0 0  0 , 0 0 0  3,637 3,637
a - X y i e ne 0 . 0 0 0  0 . 0 0 0  2.681 2,681
SUM 2.301 209,851 198.062 407.913
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RECOMBINATION OF OIL AND 6A5CC1-C8 HYDROCARBONS)

Cl 03 YIELD
WELL 34/7-1D 
IKU No.,GASs C-6004 
IKU No.,OIL: 06006, DST2 GOR i 75 .1 SfTiS/m3

GAS GAS OIL TOTAL HC
IN MG/ML OF

COMPOUNDS MG/ML MG/7S.1ML MG/ML RESERVOIR FLUID

Methane 0.531 39.878 0 . 0 0 0 39,878
Ethane 0.323 24,257 0 , 0 0 0 24,257
Propane 0.534 401103 0 . 0 0 0 40,103
i-Butane 0.092 6,90? □ .ODD 6.909
n-Bufcane 0.283 21.253 0 , 0 0 0 2 l . 2 be>i-Pentane 0.073 5,482 0.312 5.794
n-Pentane 0,076 5.708 7.190 12.898Cycio-C5+ 2 ,3-diMeC4 0.007 0.526 2,588 3,114
2-MeC5 0.016 1 . 2 0 2 6.946 8.1483-MeC5 0.008 0.601 4.197 4,798n-Hexane 0.016 1 . 2 0 2 13,135 14,3 37
MeCyCB o.ooa 0.601 8.972 9,573Be n zene 0 . 0 0 1 0,075 1,772 1,847
Cycl0 “ C6 0.003 0.225 7,577 7,8022-MeC6 0 . 00-1 0.075 3,687 3,7622 ,3--diMeCS O.OD1 0,075 1.469 1,5443-MeC6 0 . 0 0 2 0,150 5.707 5,857
dineCyCS 0.003 0,225 9.048 9.273
n--Heptane 0 . 0 0 2 0.150 1 2 , 2 2 0 12.370
MeCyCfc 0 . 0 0 2 0,150 15,487 15,637EtCyC5+
2,5-diMeC6 0 . 0 0 0 0 . 0 0 0 2.488 2,438
2,4-diMeCo 0 , 0 0 0 0 . 0 0 0 1.512 1,512
trirleCyCS 0 . non O.QOO 1.535 1.535Toluene 0. ODD n , non 6.070 6 • 0 702+4IMeC7 0 . 0 0 0 0. ODD 6,49b 6 .4953-MeC7 0 , 0 0 0 0 . 0 0 0 3,203 3. 208diMeCyC* 0 . 0 0 0 O.QOO 7 = 894 7,894
n-Octane 0 . 0 0 0 0 . 0  00 11,560 ■11.5602 , 4-diMeC7a 
diMeCyCå n . 0 0 0 G. 0 0 0 2 . 2 2 1 2 , 2 2 1EtCyCA 0 , 0 0 0 0 . 0 0 0 3,887 3,887
EtBenrene 0 , 0 0 0 0 , 0 0 0 2,363 2.363fTr+p-Xy len 0 . GOD n.nnn 4.282 4,282
2+4MeC8 0 , 0 0 0 0 . 0 0 0 .2,746 2,746
Q-Xylene 0 , 0 0 0 0 , 0 0 0 1 .810 1 ,810
SUM 1.982 148.847 158,378 307,225
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Table 1a:

RECOMBINATION OF OIL AMD GASCCl-CB HYDROCARBONS)

C1--C8 YIELD
WELL 34/7-10IKU Mo. , GAS; C-60Q5
IKU Mo,,OIL; C-6007, DST3
bOR ; 79.6 SiTi3/iT!-6

GAS GAS OIL TOTAL HC
IN MG/ML

COMPOUNDS MG/ML MG/79.6 ML MG /ML RESERVOIR

Methane 2.106 167.638 0 . 0 0 0 167.633
Ethane 0.776 61.770 0 . 0 0 0 61,770
Propane 0.970 77.212 0 . 0 0 0 77.212
i-Butane 0.147 11.701 0 , 0 0 0 11.701
n-Butane 0.446 35.502 0 . 0 0 0 35,502
i-Pentane 0.103 8.199 6,939 15.138
n-Pentane
Cyclo“C5+

0.107 3.517 1 0 , 2 2 2 18.739
2 ,3“diMeC4 0 . 0 1 0 u . 796 2 »135 2,931
2-MeCS 0 . 0 2 2 1.751 5 .239 7.Q40
3-Me€5 0 . 0 1 1 0.876 3,563 4 = 439
rr-Henans 0.023 1.631 11,146 12,977
MeCyCS 0 . 0 1 2 0.955 7.433 3,433
Bensens 0 . 0 0 2 0.159 1.573 1.732
Cyclo-Cé 0.006 0.473 6 »463 6 = 941
2“MsC6 0 . 0 0 2 0.159 3,049 3.208
2 ,3“dii1sC5 0 , 0 0 1 0,030 1,185 1 .265

D.DQ2 0,159 4,739 A = V46
diMeCyCS 0.004 0,313 7 = 574 7 . 392
n-Heptane 0.003 0.239 10,094 10,333
i'leCyCS
EtCyCS+

0.004 - 0.318 13.055 13,373
2 ,5“diMeC6 0 „ 0 0 0 0 , 0 0 0 2,179 2,179
2 ? 4“diMeC6 U n GOO 0 . 0 0 0 1 , 2 b 6 1 =256
triMsCyCb 0 . 0 0 0 0 . 0 0 0 1,284 1,234
Toluene U.OQO 0 . 0 0 0 5.134 5,134
2-H4r1eC7 0 . 0 0 0 0 . 0 0 0 5,44,2 5 = 442
3—MeC7 0 , DOG n.ODD 2 .321
ciineCyCb 0 = 0 0 0 Q.GOO 6 = 534 6 = 584
n-Ootane 
2 ,4--dinsC7

0, OOP 0 . 0 0 0 9,527 9.527
cliMsCyCG 0 , 0 0 0 0 , 0 0 0 1.770 1 . 770
EtCyCS 0 . 0 0 0 0. GOD 3.215 3,215
EiBenzene 0 = ODD 0. GOD 1,392 1 .892
iTrs-p~Xy len G.UUU O.nnn 3 ,560 3,560
2+4;MeC8 0. Don 0 , 0 0 0 2.337 2 = 337
□“ Xylene 0 . 0 0 0 G. 0 0 0 1.495 1,495
SUM 4.757 373,653 143,105 521=763
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Table 1b: s- :SG 1 CiTS nyn; :on daye

L-""b 77'r / 3 / tC 

C-6DC5/6Q07
y — 3iJi.pT / itiUUD

m p  ■. ■“* J..

h :': :

DST 4 
DST 3 
DST 2

■eUvif Kui.i V̂::' f'™

■1=3 43=0 00

iSbl ”“70 = b 4 7  = 3 

1609.5-15 26=6

G.:

■1 ,04

Crr = i j ■1 = 04

IWetness == (EC2-C5/EC1-C5) xlOO 
FJ „ I „ — 1 (a f te r  Thompean,1973) — 2---i1cCâ b-“'McC6/di05CyCb (o isomers!
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Table 2:

SINTEF-OBUPPIN

C 5575 C2~Cg hydrocarbon composition of the o i ls
Well 64/7-lu  FMT area ug mg/ml % of t . a i l
isoC3
n€3 U a Quu a 0 0 0 . 0 0 0

1sq-"C4 D a non ,uuu , 0 0 0
nC4 0 , DOG ■ . 0 0 0 . GOD
iso~€5 191705 1,442 4.809 .573
n€5 339990 2,558 8.528 1.016CyC5+2, 3diHeC4 71264 , 536 1.787 , 213
slleCS 1986S3 1.495 4,984 ,594
3MeC5 131955 ,993 3.310 ,394
nC6 3S3699 2,887 9.625 1,147
MeCyCB 263065 2.017 6.724 ,801
benzene 59502 .447 1.492 ,177
CyC6 242112 1.822 6.073 . 724
2 MeCo 115365 , 8 6 8 2,394 ,345
2 ,3diMeC5 47975 ,361 1.203 .143
3MeC6 183281 1.37? 4.597 .548
DiileCyCS 2S6742 2.157 7.193 .857
nC7 374446 2.817 9.393 1,119
MeCyC6 497574 3,744 12.481 1.438
E t  C y C 5+2 , 5 d i  M e C 6 763S7 .574 1,916 .228
■ 2 ,  4d irteCA 49S34 ,375 ■1.250 ■ .  149
trxMeCyCB 51078 . 384 1.281 .152
to  1 Liene 232016 1 , 7 46 5.820 . 69-8
2+4MsC7 196019 1 , 475 4,917 .586
3MeC7 98151 .738 2,462 ,293
DiFlsCyCé 231338 1 . 740 5,803 .691
nCS 349223 2 , 626 8 , 760 1 . 044
2 54diMsC7+diMeCyC6 69995 .526 1.755 . 2 0 ?
EtCyC6 122061 .918 3 . 0 6 2 ,365EtBsnzene 67571 ,503 1 .695 , 2 0 2
m, p-Xylens ' 143596.. l ‘. 060 3.602 .42?2+4MsC8 81585 .613 2,046 ,244
o~ hy1ens 61724 , 464 1,545 ,184

sum 3?.306 131.021 - 15.621

t a t a 1 u i 1 (ug i n j  >> s 251,61D

7C2"-CS (tat,area)in tot, oi 1 s 17,770%
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C 5 f'9 åHeil 34/7-1 iJ DST 4
isa-CS
nC3iso"C4
nC4iso-CS
nC5CyC5+253diMeC4 
2MeC5 3MeC5 
n CS
ilsCyCS
benzene
CyCé
2i1eC6
2, 3diHeC5
3MeC6DiMeCyCS
nC7MeCyCé
E t  C y C 5+2,5 d i  M e C 6 •' 2,4diMeC6 
triMeCyC5 
to 1 u.ene 2+4MaC7 
3MeC7 DiMeCyCé 
il CS2, 4dii-1eC7+diMeCyC6
EtCyC6
EtBsnzsne
m, p-Xylene2+4MeCS
q- kylene

C^-Cg hydrocarbon composition of the oils.
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Table 2:

area mg/m1 % of t.oil

56186 . 461 1,536 . 133
49531 , 406 1 .354 ,161
2y Sy-Hy 2.046 6.322 .312
250790 2,057 6.359 ,317
437Q74 3,536 11,955 1,424
39233 ,732 2.442 ,290
246792 2.025 6.750 .304
133122 1.502 5.008 .596
4990S4 4.095 13,651 1,626
365359 2.993 9.993 1.190
92019 ,755 2.516 .299
329SS5 2.706 9.023 1 .074
154799 1.270 4,234 .504
75376' .613 2.061 . 245
252409 2.071 6,904 .822
413194 3.431 11.433 1.362
492775 4,043 13.473 1.605
634347 5.205 17.351 2«06 (
90955 .746 2.437 . 296
59332 ,491 1.637 .195
63203 .513 1 .723 .205
231172 1 .896 6.323 .753
250313 2.054 6.846 .315
124824 1 ,024 3.414 .406
266933 2.190 7.302 .870
46OS61 3.731 12.603 1,501
96423 , 791 2.637 ,314
163609 1.333 4.611 .549
107446 . 331 2,938 ,350
213564 1,752 5.341 ,695
132972 1.091 3,637 , 433
93050 . 304 2,631 ,319

59.424 193.031 23.597

to ta l  o i l  Cug 251.320
SC2-CS (t o t , area) in to t  .o i l s  27 , 697%
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Table 2:

S lN T S P -O n U P P K N
C0~C0 hydrocarbon composition of the oils 2 ot 1 6y-/7~l'.J D-d i* 6 a r-a ug .H -r r.. .»T-iUtkii. Ot t  s g i I

VI CO C S0QU . nnn = 000
.1 oo"“C 'v □ s nnn . 000 ,000
nCi 0 5 non , 000 = Quo
i.so-05 2bb6 / 7 2.096 i o;a42 * / 42 > = 335
nCE 37392Q 3.066 10.222 "i * 3̂'.:Cy CE L2 , 3d i_MsC4 78105 , 640 2 = 1.35 , 2552feC5 193495 1.566 5,289 = 63280 1503-93 1 .069 3 :: 563 = 425
v'vt6 4D77G4 3,343 11 ,146 1,331MaCyCC 273736 2 . 245 7 = 483 .394
h e n z s n s ' 57545 = 4 /1 1 =573 ,183Cy C6 236423 1.939 6 , U 6 6 . 77-9
20eC6 111556 ,914 3.049 . 5 6 62 5 3diMeCE 46366 . 355 1 ,185 ,141
30 s C6 1752G7 1,436 4,789 ,572DiHsCyCE 277069 2,272 7,5 i 4 . 90SnC7 369254 3.028 10,094 1 .206tsCyC6 477543 3,916 13=055 1 , 5602tCyCE-t*2, EdiilsCi 79716 ,653 2 = 179 .260
' 2 j4ciiMeC6 45956 „ 37 6 1 .256 ,150
tr;U1eCyC5 46979 . 385 1. 264 = 153
toluone 137SO? 1 i» S h O 5=134 , 61: 32-"tteC7 199035 1,632 5 = 4-92 .6502T ty r-~7 103211 * 826 2,621. = 3-6 /DiOaCyCb 240360 1.975 6 = 684 IT s’ it" Q
HU::- 343502 v p~-.p ■q r-~'7 r 0 7/2
2 5 4d itsCT^diOsCy Co 64751 ,531 1 .770 a -H I •CtCyti 11 764.5 ? **> / .* ' [" . Ci'i-T2 CitOOZOVlO 69223 Z L Ts i -i s .337
m , p-'Xy 12ro 130236 1 „ 066 3,560 * 4252-H9fipCo 35519 „ 701 9 9979; - 279
0 -■;■: y 1 OHO 54710  ̂9 O 1 , 495 , 2 7:.:;

32s936 ■i /, 77 2 ■“ 2 7  2 ni

total oil Cud tn.i. 251, 040
0C2-C3(tot,oroo)in tot,ai 11 19,5bt %
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Table 2:

Dell 34/7”!0 DS72 ■■■ ■ a (r r ̂ .... . ■

nC3 ' D = 000 = 000 = 000
iso-“ l;4 0 = 000 = 000 = 000
nu4 0 = 000 = 000 = 000
i s o -23 4 b 20 , 093 p-'! 9 = 037
nC5 218818 2 * 15 7 7,190 = 360
CyC5a2s3diteC4 73769 s f / £} 2 = 538 = 309
2MeC5 211405 2 = 084 6,946 ,831
3MeCb 127754 1 =259 4,197 ,502
n!_-6 399741 3 - 940 13.135 1 =571
HeCyC5 273069 2.691 6,972 1, u 7 3
benzene 53931 ,531 i . 772 9-i
C/Co 230610 2 = 273 / .577 ,906
2r1sC6 112220 1.106 3 = 637 , 441
2 ,3diDeC5 4471S .440 1,469 ,175
3/lsCb 173698 1 =712 5,707 = 682
DiMeCyCB 275362 2.714 9,048 1,082
nC7 371912 3 = 666 12,220 1 461
rleCyCi 471314 4 = 646 1b = 46 / 1. 852
EhCyC5*2, SdirlsCå 75723 ,746 2, 488 , 297
' 2% 4d iMeC6 46032 . 453 1,512 = 180
tribeCyCo 44 /3? ,460 1.535 _ ap
t o l none 134731 1 ,821 6 = 070 “7 O -C.
2>4f1eC7 197683 1 = 943 6 , 496 "7 “7 “7
3M=C7 97657 , 962 3,208 = 383
DiMeCyCo 24U24/ 2,366 7. 894 ,944
nC3 5b1624 0j ̂ 'a 26 60 11 ,560
2 , 4 o i 0 o C 7 ' d i  H a C y C 6 6 /6U5 , 6DO 2,221 j " q
ELCyCå 116309 4 d 3. 4.□ ./ øj 3 = 887  ̂::t ai 20
EtBenzsne 71934 , 709 ■7 9,99 , 2Sa;
n p-Xy Isns 130337 'i, , .a d 4 = 262 q t '7=
.0 -i" 'T > ' iS a s 83579 = 3*16 2 = 744 pt

o-xylene 55090 = 3 4 o 1 =310 .216

i.T -y 6 no 4 - - : q

to ta l  0 1 ! <ug i n j . ); 250,770
7C2-C8( to t  , a re a ) in  to t  , o i 1n 22 ,143%



Table 3: 

IKU no.

C-5794

C-6005

C-6004

Stable isotope data for 0,-C* gas components.

- 28 ~

DST no. Depth (m)

4 2549-2551.5

3 2561-2570.5

2 2609.5-2615

ci c ?
13 13
(T0C 60 6 C

-51.2 -210 -36.4

-51.5 -200 -36.0

-51.3 -208 -36.8

^3 ^ 4  n^4
13 13 13
6 C 6 C 6 C

-33.4 -31.9 -33.0

-33.2 -33.7 -32.7

-33.8 -33.3 -33.1

168/E/anl/16
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Table 4:

A P I  G R A V ™  C A  O I L  S A M P L E

I
I IKU-Mo I
T

CODE IAPI GRAVITY (DENSITY) I

I
C r u d s  o il  : >210C I

I I
I C-5575 FrlT 7 7  '1 n  ,3 7,^7  ‘i \l£, 2 (0,9442) II II 05793 DST 4 33»9 (0,3395) 25.7 (0,8995 ) II I
I 0-6007 DST 3 37.4 (O.S36S) 29,0 (0 s3810) I
I II 0-6006 DST 2 37,6 (0.3359) 25.1 (0.8857) I
I I



INTENT OF SULPHUR, NICKEL AND UANAiDXUM IN OIL >21 O'
Table 5:

I
I IKU-No7 CODE c

%

Ni 
Grig/kg)

I
V I

U iVfQ /  kq j I
1 T

I C-5575 FMT 0.23 3 . / £z 3.27 I
I I
I C-5793 DST 4 □ .19 1 . 2 6 2.3E I
I IT C-LDG7 DST 3 Q.16 u' , :™ A 3.09 I
7 7

I C-6 CG6 DST 2 0.1.9 1 . 90 2 . o4 I
T T
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Table 6:

FACTION BOILING BEL OL 21CLC

Crude r~sJ.vi i Low molocalor T■;J IKU No = bampls a i l >2 1 0 ' weight ijogaauoda I
T code 1i (r?q) C JiQ ) C mg > C S) 1

i I
i C-5B75 FMT 529= 4 293,8 535 , 6 6 4 =6 T
i Ii C-5793 DST 4 SSD, 5 565,7 i l l  i O 35 „ 4 I
i I
T C~6UU/ DST 3 378 = 0 284=0 94,0 24.9 II I
I C~"dGu6 DST 2 3S..J, U 280, Q ■103.0 26 = 9 I
I I
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?'rDjscc ro. ; 22 = 1.540 
11A : t = 4'“> '“5 1

Table 7:

AMOUNT OF ASPHALTEDATS AND NSO 3 IN OIL

I ioppod 1
2 IKU Nu OST No Crude Asphs 1. LS) iSS NSO I
I Gil i
I
T

(og) (og) (41 (og) LSI I

I T

I C-5S7B FMT 293,S 47 = 8 13,3 13 = 8 6,4 X
I T

I 05793 4 B68» 7 9,4 i =, 7 47 = 7 8,4 I
I T

1 C-6GQ7 3 2 3 4  s 0 r? 0 = 7 33,3 V '7 7  T
I T

7  L — o U U o v 230, C 1.0 0.4 7  A  * j7: y  o  y

I
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Table 8:

1 Crude Topped IT ±:C1H'4q DEPTH Oil Oil C; -• j- Aro B ? 2 Non HC 1
T >210yC 7

T Co) (mg ) Cmg ) Cmq) (ng> (i?■- C l ) (mg) 1
.L 1
I ■:"f:7 ̂ 5578 FMT 2532„EG 329 . 2- 293 = 3 117-3 107,3 AA:o » h 66 ,6 i

1 I
I •:r*C 5793 DST 4 2551.50 830.5 56S.7 217 . 6 n  “  '7

- t  : 3 (
.r j  ET 57 , 1 I

.L i

7 r 3007 D3T 3 2570 * 50 378.0. 234,0 124 - 9 52,0 206 . 9 ir :
vj.J a -i- 1

T 7

T i ' 3906 DST 2 2315 383 = 0 230„D 113.6 75,1 191 .7 7P v i
1 7

Resui t s  from these  oi o usy be in iluenc sd by the h ign won cor ten t
of the a ils*
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Table 9:

C O M P O S I T I O N  C F  T O P P E D  O I L  O T I C ' C )

I S a t A r u H C S A T N u f ;  H C H C I

T
I K U - M q b  5  hl p l  S

-- -- ------------------- ------- ------------------------ ;■

T
C o d e E 0 : L E O M * L O M - s A r c E 0 M - S N o n  H C

T

I % %
&
!?/ x  I C O

-V
.'Vi ■i 1 0 0 1

1 — -

I I

I
p  q  ro

F M T 3 ?  ■ 9 7  A ^ 7 6 * 6 1 0 5 = 8
o ~ ?  7 333 = 0 s'„X T

I C 5793 DST 4 ■Z'O g b 10. T 4S « 4 377= 1 10.0 ■962 = 1 IX II C LQ07 DST 3 44 = 0 28 a 9 72.9 152=3 23 = 0 317=3 II 1I C 6006 DST 2 41 a 6 To a 6 68=5 155 =3 28 , 3 242 . 0 I

,.L I

:0 M  ™  T o o p a d  O i l  ( > 2 i L L  C )
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Table 10:

f A3 UL r; i ;.UK -Jr LA : r; r KUL; i hL UASlHFUlA ■ OF: NAF

1 : FRISTANE FRISIANS PHYTANE A fr- C17 T
7 IKU Mg= o:e 2 ----  “ A = ------------ B - ----------  - ---- ------ [' 1 D CPI T
1 code : PHYTAN5 n~CI7 n-ClS 3 r:-C27 ■i 2 1i —T
T

C 5575 FMT : 0 „8 3,3 0 , 6 1 =2 p p 1 , 0 ••• ™: I
T C 5793 DST4 ; 1=3 1 , 0 0 = 7 1=3 2 , 6 ■j 1 .C 1
T I
T C 6QP7 DST3 : 1,4 1 .Q 0,7 1 ,3 6 = 5 1 . 1 1 . 1 T
TJ- I
.L G 6G06 DST2 : 1■4 1 .□ □ = 8 1 =3 2 ,9 1=0 1 = 0 1
i T

0



m
3 INTEFG AUPPEN

- 36 -

Table 11: a -  a a i. au i V y S" i roa ar-aua o ;.r y sa 00 o^aa zoz

05575

C“6UU 7 
COUQé

DST
DST
DST

D-spth OO 
2b 3,-: = "
45 0-31 O  

45b'O?0O 
1309=5 15

005

GOl

nc

003

OJOl == 1 .5 (mp-20rip~-3)/ o + (mp-v+mp-l) 
MFI~2 ~~ 3 < op vl /Oo- op-Otmp—l )
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Table 12: Molecular ratios from sterane and terpane mass chromatograms

Maturity ratios.

IKU no. Sample code ag/ctB+Ba1  ̂ %2ZS2  ̂ 7o20S3  ̂ ° m ^

C-5575 FMT 0.94 60.6 78.4 43.2

C-5793 DST4 0.94 61.2 78.1 41.7

C-6007 DST3 0.94 64.0 77.5 40.0

C-6006 DST2 0.93 65.3 79.1 43.8

1) E/E+F in m/z 191

2) Average % distribution between first and second eluting isomers of 

extended hopanes (G-M in m/z 191)

3) 2{r+s)/(q+t+2(r+s)) in m/z 217

4) q/q+t in m/z 217

168/E/an1/17
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Table 13: Molecular ratios from terpane and sterane mass chromatograms 

Maturity and source characteristic ratios.

IKU no. Sample code Q/E1  ̂ Tm/Ts2* X/E3  ̂ Z/E4  ̂ a/a+j5^

C-5575 FMT 0.06 0.73 0.05 0.31 0.78

C-5793 DST4 0.06 0.57 0.06 0.32 0.74

C-6007 DST3 0.09 0.73 0.06 0.31 0.75

C-6006 DST2 *0.07 0.74 0.06 0.37 0.77

1) Relative abundance of tricyclic terpanes (Q/E in m/z 191}

2) B/A in m/z 191

3) Relative abundance of unknown (X/E in m/z 191)

4} Relative abundance of bisnorhopane (Z/E in m/z 191)

5) Relative abundance of rearranged steranes (a/a+j-in m/z 217)

168/E/anl/18
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Table 14: Molecular ratios from the aromatic mass fragmentograms

IKU no. Sample id. Depth (m) 27 ^"21^28

C-5575 FMT 2532.5 52.0 44.4

C-5793 DST4 2551.5 23.8 13.4

C-6007 DST3 2570.5 35.0 45.7

C-6006 DST 2 2615 19.0 40.4

1 )
1 Relative abundance of low molecular weight triaromatic steranes 

(m/m+p in m/z 231).

^  Relative abundance of low molecular weight monoaromatic steranes 

(a/a+h in m/z 253).

m / £ / a r \ l / 1 9



Table 15: Stable carbon isotope data for the crude oil fractions

IKU no. DST no. Depth (m) SAT ARO ASP

613C 613C 613C

C-5575 FMT 2532.5 -30.3 -30.0 -30.0

C-5793 4 2549-2551.5 -30.7 -29.4 -29.5

C-6007 3 2561-2570.5 -30.6 -29.9 -29.0

C-6006 2 * 2609.5-2615 -30.7 -30.0 -29.0

168/E/anl/15
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Figure 2:

Gas chromatograms of Cj-Cg hydrocarbons from the gas samples

168/E/anl/20
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Figure 3:

Gas chromatograms of C^Cg hydrocarbons from the oil samples

168/E/anl/21
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5^3Cethane (%o)

- 5 0  - 4 0  - 3 0  - 2 0

Figure 4a

13The three DST gas samples have 5 C isotope 
values which plot close to the zone of gases 
associated with oil/condensate, but lie just 
inside the zone normally associated with mixed 
catagenic/biogenic gases {After Schoell, 1983).

(id
d

) 
frH

D
o

£
L

g

- 3 0 0  - 2 5 0  - 2 0 0  - 1 5 0  - 1 0 0

Figure 4b

All three DST gases plot close to each other 
in the zone of mixed biogenic/catagenic gas 
close to the boundary of the field associated 
with oil-associated gases. (After Schoell, 1983).
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i

Precent composition

*■ Loss = amount of materia! lost during analytical pocedure.

Summary diagram of bulk oil composition.

FMT (2532,5 m)

DST 4 (2549 -  51.5 m)

(NB: Data quality may be 
affected by the high wax 
content of the sample.)

DST 3 (2561 -7 0 .5  m)

DST 2 (2609.5 -  15 m)

Figure 5: Summary diagram of bulk oil composition.
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Figure 6:

Gas chromatograms of whole oil

C^,etc. : n-alkanes

CyC6 : cyclohexane

HeCyCg : methylcyclohexane

Pr : pristane

Ph : phytane

168/E/anl/22
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Figure 7:

Gas chromatograms of saturated hydrocarbons

etc. ; n-alkanes

pr : pristane

ph : phytane

168/E/an1/23
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I S O P R E N O I D  C O M P O S I T I O N
iQQt  PR ISTANE

Figure 8: Isoprenoid composition of the 34/7-10 
oils.



Gas chromatograms of branched/cyclic hydrocarbons

iCig : Cjg isoprenoid 

1Ci8 : C^g isoprenoid 

pr : pristane 

ph : phytane

Figure 9;

168/E/anl/24
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Figure IQ:

Gas chromatograms of aromatic hydrocarbons (FID detection)

MNs DMN, TMN : naphthalene and alkylated homologs 

P, HP, DHP : phenanthrene and alkylated homologs

168/E/an1/25
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Figure 11:

Mass chromatograms representing terpanes (m/z 191)

A T , 18ot(H)-trisnorneohopane C27H46 (HI)

B T , 17a(H)-trisnorhopane C27H46 (I ,R=H)

C 17a{H)-norhopane C29H50 (i ,r=c 2h 5)

D 173(H)-normoretane C29H50 (II ,r =c 2h5 )

E 17a(H)-hopane C30H52 (I ,R=C3H7)

F 173(H)-moretane C30H52 (II ,R=C3H7)

G 17a(H)-homohopane (22S) C31H54 (I ,R=C4Hg )

H 17a(H)-homohopane (22R)

+ unknown triterpane (gammacerane?)
C31H54

(I,r =c4h9 )

I 173(H)-homomoretane C31H54
(II,r =c 4h9 )

J 17a(H)-bishonnohopane (22S,22R) f H 
32 56 (I,R=C5Hn )

K 17a(H)-trishomohopane (22S»22R) C33H58 d  ,r =c 6h13)

L 17a(H)-tetrakishomohopane (22S,22R) C34h60
(I,r=c7h 15)

M 17a(H)-pentakishomohopane (22S ,22R) C35H62 1—
I 

u 7
0 tl <r> 00 1—
1

'-
4

Z bi snorhopane C28H48
X unknown triterpane C30H52
P tricyclic terpane C23H42

{IV,R=C4H9 )

Q tricyclic terpane C24H44 (i v ,r=c5h u )

R tricyclic terpane (17R,17S) C25H46
(IV,R=C6Hj3)

S tetracyclic terpane C24H42 (V)

T tricyclic terpane (17R, 17S) C26H48
(i v ,r=c 7h 15)

H

I

III

e f t
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C5575SAT 3-0EC-88 SlrUoltage 7078H flcnt IKU SysterTRIT
Sa«ple 1 Injection i Group 1 Flass 131.1888Text:

C5575SRT 3-0EC-08 S L r M t a g e  7078H flcntaKU SysterTRITSaptple 1 Injection 1 Group 1 Hass 285.1000Text:
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C5783SRT 3-HAR-87 SLr^VoLtage 7078H Rent = IKU System TRIT
Sample 1 Injection 1 Group i Hass 191,1888Text:

C5793SRT 3-HRR-87 S i r  Voltage 7878H Rent^IKU SysterTRITSample 1 Injection 1 Group 1 Hass 385,1988
Text1

8
34=88 £8=88 32=08 38=88 48=08 44=80 48=88 52=00
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C6887SRT 2-HRR-97 SLr=VaLtage 7870H ftcnt=IKU System TRIT
Sample 1 Injection 1 Group i dass 191.1808
Text:

Sample 1 Injection 1 Group 1 dass 285.1888 
Text:
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CBØØSSfiT 2 - H A R - 8 7  S l r U o l t a g e  7 878H  R e n t >IKU S g s t e r T R I T
S a m p le  1 I n j e c t i o n  1 G r o u p  1 H a s s  1 9 1 . 1 8 8 8
T e x t :

C6B06SRT 2-H8R-87 Sir Voltage 7870H Rent IKU System TRIT
Sample 1 Injection 1 Group 1 Hass 285.1889
Text:

8
24188 20188 32188 3G188 48188 44188 48188 52100
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Mass chromatograms representing steranes {m/z 217 and 218)

Figure 12:

a 136 (H ,17a(H)-diasterane (20S) C27H48
{III ,R=H)

b 13ø {H ,17a(H)-diasterane (20R) C27H48 (III,R=H)

c 13o(H ,176(H)-diasterane (20S) C27H48
{IV,R=H)

d 13a (H , 17s(H)-diasterane (20R) C27H48
{IV,R=H)

e 130 (H ,17a(H)-diasterane (20S) C28H50 (III ,R=CH3 )

f 13b (H ,17a(H-)-diasterane (20R) f H 28 50 (III ,R=CH3 )

g 13a (H ,17e{H)-diasterane (20S) C28H50 (IV ,R=CH3 )

+ 14a H) ,17a(H)~sterane (20S) C27H48 {I, R=H}

h 130 (H ,17a(H)-diasterane (20S) C29H52 (III,R=C2H5 )

+ 146 H)»176(H)-sterane (20R) C27H48 (II.R-H)

i 14ø (H ,176(H)-sterane (20S) C27H48
{II ,R=H)

+ 13a H),176(H)-diasterane (20R) C28H50 (i v ,r =c h 3 )

j 14a(H ,17a(H)~sterane (20R) C27H48 (I * R=H)

k !3e(H ,17a(H)-diasterane (20R) C29H52 (h i  ,r=c 2»5 )

1 13a(H ,176{H)-diasterane (20S) C29H52
(VI ,R=C2H5 )

m 14a(H ,17a{H)-sterane (20S) C28H50
(i ,r=c h3 )

n 13a(H ,176(H)-diasterane (20R) C29H52
(VI ,R=C2H5 )

+ 146 H),17e(H)-sterane (20R) C28H50 (II ,r=c h3 )

0 14ø {H ,176{H}-sterane (20S) C28H50 (i i ,r=c h3 )

P 14a{ H ,17a{H)-sterane (20R) C28H50
(i ,r =c h 3 )

q ~14a{H ,17a(H)-sterane (20S) C29H52 <i ,r =c 2h 5)

r 14ø (H , 176(H)-sterane (20R) C29H52
(i i ,r =c 2h 5 )

+ unknown sterane

s 14ø(H ,176(H)-sterane (20S) C29H52 (i i ,r=c 2h 5)

t 14a(H s17a (H)-sterane (20R) C29H52
(i(r=c2h5)

u 5a(H)--sterane C21H36
(V,R=C2H5 )

V 5a(H)-■sterane C22H38
C v ,r=c3h7 )



C5575SHT 3-DEC-8S Sir Voltage 7070H flcnt̂ IKU SysterTR1T
Saaple 1 Injection 1 Group I Hass 817.1800
Text:

C5575SRT 3-GEC-86 SlrVoltage 7070H flcnMKU SystemTR1T
Sa«ple 1 Injection 1 Group 1 Hass 218.1008
Text;

0
2 4 : 0 0  2 8 : 0 0  32= 80 3 0 : 0 3  4 0 : 0 0  4 4 : 0 0  4 g : 0 8  5 2 : 0 0
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C 5 7 9 3 S R T  3 - R R R - 8 7  S L r M t a g e  7878H f i c n M K U  S y s t e r T R I T
S a n p t e  1 I n j e c t i o n  1 G r o u p  I d a s s  2 1 7 . 1 8 8 8
T e x t :

C5793SRT 3-HRR-87 Sir Voltage 7870H Rent = IKU Syste» TR1T
SanpU 1 Injection 1 Group 1 Hass 218.1888
Text:
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C 6 0 8 7 S R T  M R - 8 7  S l r U o l t a g e  7878H f i c n t l K t i  S y s t e r T R I T
S a m p le  1 I n j e c t i o n  i  G r o u p  1 H a s s  2 1 7 . 1 8 8 8
T e x t 1

C6887SRT 2-R8R-87 SlrUoltage 7878H flcnWKU Syste«=TRIT
Sample i Injection 1 Group 1 flass 218.1888
Text1
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C 6 8 8 8 S R T  E - R R R - 8 7  S i r  V o l t a g e  7878H R e n t : IKU S g s t e r T R I T
S a m p le  1 I n j e c t i o n  i  G r o u p  I R a s s  2 1 7 . 1 0 8 0
T e x t -

C6888SRT 2-HRR-87 SLr=Voltage 7878H RcnHKU SysterTRIT
Sample 1 Injection 1 Group 1 Hass 218.1888
Text:
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i

20 R  S T E R A N E  C O M P O S I T I O N
møx C28 20R

Figure 13: 5a 20R sterane composition of the 
34/7-10 oiIs.
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Figure 14:

Mass chromatograms representing aromatic hydrocarbons

TIC: Total Ion Current chromatogram

m/z 92,106: alkylbenzenes

m/z 142,156,170: alkylnaphthalenes

m/z 178,192,206: phenanthrene and alkylphenanthrenes

m/z 184,198,212: dibenzothiophene and alkyldibenzo-

thiophenes

m/z 231: triaromatic steranes

m/z 253: monoaromatic steranes
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Mass chromatograms representing monoaromatic (m/z 

and 253) and triaromatic (m/z 231) steranes.

m/z 253

a - Z21 monoaromatic sterane 

b - C 2̂ monoaromatic sterane 
c - unidentified 

d - -j monoaromatic sterane 

e - monoaromatic sterane 

f - C^g monoaromatic sterane 

g - C^y monoaromatic sterane 

h - C^g + monoaromatic sterane 

i - C^g monoaromatic sterane 

j - C^g monoaromatic sterane 

k - unidentified 

1 - unidentified

m/z 231

M - C2q triaromatic sterane

N - &2 i triaromatic sterane

0 - C0£ triaromatic sterane 26
P - + C^y triaromatic sterane

Q - C^g triaromatic sterane 

R - C^y triaromatic sterane 

S - COD triaromatic sterane

ORG/a/30.1



C5575RR01 il-2580 8-0EC-8B 15 00 7070H acnt=IKU
Chroaatogra* Identifiers = 01:TIC
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APPENDIX

Molecular ratios from terpane and sterane mass chromatograms applied 

as maturity and source characteristic parameters

Geochemical fossils or biological marker components are characteristic

of the type of organic matter present at the time the sediments were 

deposited. The biological isomers of these components undergo changes 

due to increased maturity in particular, but also to a certain degree 

caused by migration and weathering processes.

Source characteristic parameters

In the m/z 191 mass chromatograms which represent the terpanes, the 

hopanes and moretanes are the major components in most extracts and 

oils. Of the hopanes the C ^  and homo^°9s are ubiquitous, while

the C^g bisnorhopane is believed to be typical of certain types of 

source rocks. This is also the case for the component, probably gamma- 

cerane, sometimes seen to coelute with the 22S isomer of the 

17a(H)-hopanes (H). In the sterane mass chromatograms, m/z 217 and m/z 

218, the molecular weight distribution of the C27~C29 re9ular steranes 

is believed to be representative of the original input of organic

matter. The highest molecular weight compounds, the C^g steranes, re­

present organic matter of terrestrial origin, while the lower molecular 

weight analogs originate from more marine type environments.

Maturity dependent parameters

The biological isomers of the hopanes, the 173(H), 2lB(H)-hopanes, under­

go structural changes during the maturation process. The isomerisation 

reactions are thought to be produced via the 173(H), 21a(H)-hopanes (more­

tanes) to the most stable 17a(H), 2l3(H)-hopanes. At equilibrium 100% 

of the 17a(H)-hopanes are seen. The ratio aB/aB+8a is used to describe 

this reaction. In the extended hopanes (>Cgj), the thermally stable S 

configurations at C-22 become increasingly more abundant as compared to 

the biologically preferred R configurations at increased maturity level. 

The equilibrium ratio is approximately 60% of the 22S configuration. 

Another ratio that is known to change with maturity is the Tm/Ts 

(Seifert et al., 1978) of the C h o p a n e s .  The maturable 18a(H)-tris- 

norneohopane (Tm) is reduced in intensity relative to the more stable

- 129 -
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17a(H)-trilsnorneohopane (Ts), causing the Tm/Ts to decrease at Increased 

maturity. This ratio is also believed to be source dependant, and this 

should be born in mind when applying the ratio for maturity comparison. 

The amount of tricyclic terpanes is also to a certain extent seen to be 

maturity dependant.

Two isomerisation reactions taking place in the steranes are most common­

ly applied for maturity assignments from the m/z 217 mass chromatograms. 

The biologically preferred 14a(H), 17a(H)-isomers of the regular steranes 

is transformed to the thermally stable 14g(H), 17g(H)-steranes, the 

approaching 75% at equilibrium. An equilibrium concentration of 50% is 

seen of the stable S configuration at C-20 as opposed to the 100% of 

the biological 20R epimer (Mackenzie et al., 1980). The abundance of 

rearranged steranes increased with increasing maturity.

One of the reactions taking place at an early stage of diagenesis is 

the aromatisation of steranes, leading to the formation of mono- and 

tri-aromatic analogs. This process is measured as the abundance of tri- 

aromatic relative to mono-aromatic compounds {% tri/tri + mono) in the 

m/z 231 and 253 mass chromatograms, respectively. In addition the degree

of side chain cracking, as ^ q/ C ^  27 anc  ̂ ^ 2 1 ^ 2 8  29 resPect'*ve^ »
is applied. These cracking processes are also taking place during early 

diagenesis, and are used for maturity assignment together with the pre­

viously mentioned ratios.

Migration and weathering

The effect on the geochemical fossils of migration and weathering, is 

less apparent than the maturity induced changes. Migration is believed 

to cause an increase in the relative amounts of rearranged and 14g(H), 

17g(H) regular steranes (Seifert and Moldowan, 1978, 1981). Severe bio­

logical alteration leads to the formation of desmethyl-hopanes (Seifert 

and Moldowan, 1979).
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