€t- oLy¥R -BA
- B MAI1S87

A

U-S27

KU =

SINTEF-GRUPPEN

1

."q' Ay, IRE g:}?ﬂ
b, s 1
%‘%rﬁah& R KONTINENTALSOKKELUNDERS@KELSER QG PETROLEUMSTEKNOLOGI AS

OLJEDIREKTORATE Y

REPORT

Mal;nussons gt. 1B « PO.Box 1883, Jarlesletta ¢ N- 7001 Trondheim, Norway

+47 7920611 = Telex: 55434 iku n ¢ Telefax: +47 7 20924 (Aut.)

REG. NO.. ACCESSIBILITY:

87.077 Confidential

REPORT TITLE:

ORGANIC GEOCHEMICAL CHARACTERISATION OF DST
AND FMT SAMPLES FROM WELL 34/7-10

reromrTNo.: 22.1840.00/01/87

AUTHORS:

L. Leith, L. Schou, K. Lind, B. Thorvaldsen

DATE: NO. OF PAGES:

24 April 1987 130

NC. OF APPENDICES:

PROJECT MAKAGEFR: SIGN,: }

L. Leith o Soloa,

CLIENT:

Saga Petroleum a.s., v/ E.S. Mo

SUMMARY:

One FMT and three DST fluid samples from 34/7-10 were characterised using organic
geochemistry. The four 0ils are similar in character and may be described as Tow
sulphur, paraffinic-naphthenic o0ils 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.

KEYWORDS: 041 and Gas Samples

i1 Characterisation

34/7-10

Biomarkers

Snorre

- 168/E/ani/1




IHU-

CONTENTS

SUMMARY

1.  INTRODUCTION

2. DISCUSSION OF RESULTS

3.  CONCLUSIONS

4,  REFERENCES

5.  ANALYTICAL PROCEDURES

TABLES

Table la: Recombination of Cl-C8 hydrocarbons for oil/gas sample
sets.

Table 1b: Ratios calculated from the Cl—C8 gas chromatograms.

Table 2: C2-C8 hydrocarbon composition of the oils.

Table 3:  Stable isotope data for C,-C, gas components.

Table 4: API gravity data for the oil samples.

Table 5:  Content of sulphur, nickel and vanadium in the oils.

Table 6: 0Oil fraction boiling below 210°C.

Table 7: Content of NSO and asphaltenes in the 'topped' oil.

Table 8: Weight of ¢il and chromatographic fractions.

Table 9:  Percentage oil composition.

Table 10: Tabulation of ratios calculated from the saturated
hydrocarbon gas chromatograms.

Table 11: Ratios calculated from the aromatic gas chromatograms.

Table 12: Molecular ratios from sterane and terpane mass
chromatograms. Maturity ratijos.

Table 13: Molecular ratios from sterane and terpane mass
chromatograms. Maturity and source characteristic ratios.

Table 14: Molecular ratios from the aromatic mass fragmentograms.

Table 15: Stable carbon jsotope data for the crude o0il fractions.

168/E/ant/2

Page

13

14

15

23
24
28
29
30
31
32
33
34

35
36

37
38

39
40



IO

CONTENTS

FIGURES

Figure
Figure

Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

1:
2:

W 0O ~N B B

10:
11:
12:
13:
14:
15:

APPENDIX

Molecular ratios from terpane and sterane mass chromatograms applied

Well location map.

Gas chromatograms of CI'CB hydrocarbons from the
gas samples.

Gas chromatograms of CZ'CS hydrocarbons from the
0oil samples.

613C isotope summary plots for the gas samples.
Summary diagram of bulk 011 composition.

Gas chromatogram of the whole oil.

Gas chromatograms of the saturated hydrocarbons.

[soprenoid composition of the 34/7-10 oils.

Gas chromatograms of the branched/cyclic hydrocarbons.

Gas chromatograms of the aromatic hydrocarbons.

Mass fragmentograms for the terpanes (m/z 191}.

Mass fragmentograms for the steranes (m/z 217, 218).
5a 20R sterane compositiaon of the 34/7-10 oils.

Mass fragmentograms of the aromatic hydrocarbons.
613C isotope profiles for the 34/7-10 oils.

as maturity and source~characteristic parameters.

168/E/an1/3

Page

41

42

47
52
53
54
59
64
65
70
75
80
85
86
128

129



U

1.  INTRODUCTION

Three DST o0il and gas sample sets and one FMT o0il 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.

FMT 2532.5 C-5576(gas)
€-5575(0i1}

DST 4 2549-51.5 C-5794(gas)
C-5793(0i1)

DST 3 2561-70.5 C-6005(gas)
C-6007(0i1)

DST 2 2609.5-15 C-6004(gas)
C-6006(0i1)

GAS/0IL
ratio

GAS
gravity

0IL
density

(Sm3/m3) {air=1.000) (Kg/m3)

89.7

91.2

79.6

75.1

1.05

1.066

- . o

836.5

840.6

837.7

838.5

0IL
molec. wt.
(gm/mole)

204

196

201

The fluid samples were analysed using the analytical programme outlined
—1in 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 C1,02,(3,iC4 and C4

components.

- D/H isotope ratio of methane.

168/E/anl/4
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0i1 Samples:

- API Gravity.

- S,Ni and V content,

- GC of C2-C8 hydrocarbons for recombination.

- GC of whole oil. .

- Evaporation of Tight compounds (>210°C).

- Chromatographic separation of 'topped' oil fractions by MPLC, in-
c¢luding 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 qhe 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 receijved 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/an1/5



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 méthane 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 1b). 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 o0il column, producing a gas-enriched zone. The second
exptanation lies in the samples coming from two disconnected oil columns
with different gas compositions. These speculations cannot be evaluated
without more detaiiled geological data, although a recent IKU report on
the Snorré 0oils (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 1b 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 €2-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 1is very s{mi1ar. 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 o0il samples have similar whole oil APl 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 1ie 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

A11 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
pils (average %S = 0.3).

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

168/E/anl1/7
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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 lTow-boiling (<210°C) fraction accounts for between 25% and 35% of

the three DST o0ils (Table 6), the DST 4 0il 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 'topped' o0ils are shown in table
7. The data indicate an increase in asphaltene content up the 0il1 column
from a low value of 0.4% in DST 2 at 26C9.5-15m 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
0ils 2 and 3 (27.9% and 22.3%, respectively) than in the DST 4 and FMT
0ils (8.4% and 6.4%, respectively).

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

0ils, but the NSO content of the DST 2 and 3 o0ils 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 o0ils with the highest API gravity

and relatively low S, Ni and V contents. The Tower 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 01l 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 o0ils or, some de-asphalting may have occurred. Reference to an earlier

168/E/an1/8



IKU data report (22.1837.00), suggests that this de-asphalting, if it
occurred, is relatively locallised towards the top of the 0il 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 oiis. 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
0i1s. This composition lies about the average for the Snorre oils.

2.2.5 Whole Qi1 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 o0ils, DST 2 and DST 3 have chro-
matograms in which the C5-C1C n-alkanes are relatively prominent. In
the other two samples, DST 4 and FMT, the C10+ n-alkanes are more promi-
nently-developed. A1l 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 APl gravity and may reflect maturity differences, the
more mature oils having the higher content of Tow 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 Tower molecular weight compound peaks. This variation is
not thought to be representative, and may reflect sampling or experi-
mental effects.

168/E/an1/9



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 o0ils have pristane/nCl7 ratios of 1.0, which is slightly higher
than is normally seen in the Snorre 0ils (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 1C16 to phy-
tane, in addition to some unrevolsed compounds. The gas chromatogram of
the FMT sample is dominated by a large 'hump’ of unresolved compounds
with only a few, poorly-developed isoprencid 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. A1l 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 11)
are also consistent with other maturity parameters discussed previously.

168/E/an1/10
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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 o0il samples are all
similar in appearance. This is well-illustrated 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
tess thermally mature, in contrast to the other maturity data so far
considered. The GC-MS data suggest that the four 34/7-10 0ils 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 bjomarker composition, except for an absence of low molecular
weight benzenes/moncaromatics 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 0i1 Fractions

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

asphaltene and NSO oil fractions (Figure 15, Table 15). The data show
guite 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/an1/11



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 o0il profile may
reflect a slightly different geochemical history for this oil.

168/E/an1/12
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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.q. %¢210°C fraction and %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 o0ils currently analysed from the Snorre field. The differences in
the FMT sample may partially 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 o0ils
and the main body of o0ils 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 (NZ’ 02, COZ):
- 50 m x 0.2 mm i.d. fused silical column, coated with 0.5 um OV-101.
- 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°¢)
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 o011 {>210°C) sample was diluted in DCM (1:3 mg/ul) and the asphal-
tenes were precipitated using excess n-pentane (40:1 pentane:(DCM+oil)).
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 Biichi
Rotavapor, transferred to glass vials and the remaining solvent removed.

169/AA/anl/1
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Urea adduction

An aliquot of the saturated hydrocarbon fraction (5 mg) was diluted with
n-hexane {2 m1), 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 ml1)} and the
combined extract was filtered through a cotton plug covered with A]ZO3
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 um 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%¢ (2 min) - 49%/min - 280°C.

The C2~-C8 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 um. 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 cqlumns, and hydrogen is
used as carrier gas with a flow rate of about 1.5 mi/min. Injections
were performed in split mode (split ratio 1:10). The temperature pro-
gramme used was 80°¢ (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/an1/2
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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 m1/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 4OC/min. for
aha]ysis 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.

6138 isotope analysis

The 513

Institute for Energy Technology (IFE) in Oslo according to their method.
Their reference value for the standard NBS-22 is -29.8 /oo (PDB).

C isotope analyses were performed by mass spectrometry at the

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.

HZO and CO2 were trapped in separate cooltraps. After removal of the

169/AA/anl1/3
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carrier gas by high vacuum, CO2 and HZO were sealed off separately in
& mm glass tubes. HZO was reduced to HZ by zinc at 460°C.

The 13C/12C - isctope 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 (%) = ((R sample - R stand.) / (R stand.)) * 1000

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

The CY value is calculated after SOFER (1984) to differentiate between
marine and terrestrial-sourced oils:

3

= 13 1
CV = (-2.53 * del Csat) + (2.22 * del Caro) - 11,65,

169/AA/anl/4
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SINTEF-GRUPPEN

ol

C2-C8 hydrocarbon composition of the oils.




CZ-'C8 hydrocarbon composition of the oils.

L.
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Table 3: Stable isotope data for Cl--C4 gas components.

IKU no. DST no.

C-5794 4
C-6005 3
C-6004 2

168/E/anl/16

Depth {m)

2549-2551.5
2561-2570.5

2609.5-2615

-51.2

-51.5

-51.3

-210

-200

-208

-36.4

-36.0

-36.8

-33.4

-33.2

-33.8

13

o

-31.9

-33.7

-33.3

nC

13

-33.0

-32.7

-33.1
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Table 12: Molecular ratios from sterane and terpane mass chromatograms.,
Maturity ratios.

IKU no. sample code  aB/aBtgal)  %2258)  %20s3) %58%)
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)/(g+t+2(r+s)) in m/z 217

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

168/E/an1/17



Table 13: Molecular ratios from terpane and sterane mass chromatograms.

Maturity and source characteristic ratios.

IKU no.  Sample code q/€Y)  Tm/Ts2) xsed) ze®
C-5575 FMT 0.06 0.73 0.05 0.31
C-5793 DST4 0.06 0.57 0.06 0.32
C-6007 DST3 0.09 0.73 0.06 0.31
C-6006 psST12 -0.07 0.74 0.06 0.37

1) Relative abundance of tricyclic terpanes {Q/E in m/z 191)
2) B/A inm/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 C27 rearranged steranes {a/a+j-in m/z

168/E/an1/18

afatj
0.78
0.74
‘0.75

0.77

217)

5)
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Table 14: Molecular ratios from the aromatic mass fragmentograms.

2)

IKUno.  Sample id.  Depth (m)  %C,p/Cpe 271) %y1/Con 9o
C-5575 EMT 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) Relative abundance of low molecular weight triaromatic steranes

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

2) Relative abundance of low molecular weight moncaromatic steranes

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

168/E/an1/19



Table 15: Stable carbon isotopé data for the crude oil fractions.

1KU no. DST no. Depth (m) SAT ARD ASP NSO

REN J13¢ REN REN
C-5575 FMT 2532.5 -30.3  -30.0  -30.0  -30.5
C-5793 4 2549-2551.5 -30.7  -29.4  -29.5  -28.7
C-6007 3 2561-2570.5 -30.6  -29.9  -29.0  -29.3
€-6006 2 ' 2609.5-2615 -30.7  -30.0  -29.0  -29.2

. 168/E/anl1/15
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Figure 1
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Figure 2:

Gas chromatograms of Cl-C8 hydrocarbons from the gas samples
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Cq — Cg hydrocarbons
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Figure 3:

Gas chromatograms of CZ-CB hydrocarbons from the oil samples
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Figure 4a L

A1l 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)

The three DST gas samples have 6136 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).
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Precent composition

0 20 40 60 80

FMT (2532.5m)

DST 4 (2549 ~ 51.5 m}

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

..

DST 3 (2561 — 70.5 m)

.

DST 2 (2609.5 — 15 m)

.

leot— < 2100C— -t — SAT — i ARC =]

NSO

ASPH b
> 210°C Fraction ——=

# Loss = amount of material lost during analytical pocedure.

Summary diagram of bulk oil composition.

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

Gas chromatograms of whole o0i]

Clo,etc. : n~alkanes

CyC6 : cyclohexane
MeCyC6 : methylcyclohexane
Pr ¢ pristane

Ph : phytane
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Figure 7:

Gas chromatograms of saturated hydrocarbons

nCl5, etc. : n-alkanes
pr : pristane
ph : phytane
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| SOPRENOID COMPOSITION

{00t PRISTANE

Previously
analysed

Shorre 34/7-10
oils oils

{00z ICi8 1002 PHYTANE

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



Gas chromatograms of branched/cyclic hydrocarbons

iCyg : Cg 1soprenoid
iCyg = Cyg Tsoprenoid
pr : pristane

ph  : phytane
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Figure 10:

Gas chromatograms of aromatic hydrocarbons (FID detection)

MN, DMN, TMN : naphthalene and alkylated homologs
P, MP, DMP  : phenanthrene and alkylated homologs
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Figure 11:
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Mass chromatograms representing terpanes (m/z 161)
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Figure 12:

Mass chromatograms representing steranes {m/z 217 and 218)

"a 138{H),17a{H)-diasterane (20S) Corfyg {111,R=H}
b 138(H)},17a{H)-diasterane (20R) CoqHag {111,R=H)
c 13af{H),17g{H)-diasterane (205) C27H48 {1V,R=H)
d 13a(H},178(H)-diasterane {20R) Coqtag {Iv,R=H)
e 13g(H ) 17a(H)-diasterane (20S) €ogtso (III,R=CH3)
f 138(H),17«(H)-diasterane {20R) CZSHSO (III,R=CH3)
g 13a(H),17g{H)~diasterane (20S) Coghsg {IV,R=CH3)
+ 14q(H},17a{H)-sterane (20S) T (1,R=H}
h 138{H),17a(H)-diasterane (20S) Coglis, (III,R=C2H5)
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k  138(H),17(H)-diasterane {20R) C29H52 (III,R=C2H5)
1 13a(H),178{H)-diasterane {20%) C29H52 (VI,R=C2H5)
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20R STERANE COMPOSITION
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Figure 13: 5a 20R sterane composition of the
34/7-10 oils.
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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/i 231: triaromatic steranes

m/z 253: monoaromatic steranes



Mass chromatograms representing monoaromatic {m/z 239
and 253) and triaromatic (m/z 231) steranes.
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Figure 15:

OiL FRACTION NUMBER

CARBON ISOTOPE PROFILES FOR
OIL FRACTIONS FROM 34/7—10

SAMPLE D

CARBON ISOTOPE VALUES (0/00)

EXTRACT FRACTIONS: 1=N30;2=ASPHALTENES;3=AROMATICS;4=SATURATES.
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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
0oils. Of the hopanes the C27 and 629~C35 homologs are ubiquitous, while
the C28 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 225 isomer of the 031
17a(H)-hopanes (K}. In the sterane mass chromatograms, m/z 217 and m/z
218, the molecular weight distribution of the C27-C29 regular steranes
is believed to be representative of the original input of organic
matter. The highest molecular weight compounds, the ng steranes, re-
present organic matter of terrestrial origin, while the Tower molecular
weight analogs originate from more marine type environments.

Maturity dependent parameters

The biological isomers of the hopanes, the 17g8(H), 21g8(H)-hopanes, under-
go structural changes during the maturation process. The isomerisation
reactions are thought to be produced via the 178(H), 21la(H)~hopanes (more-
tanes) to the most stable 17a(H), 218(H)-hopanes. At equilibrium 100%
of the 17a(H)-hopanes are seen. The ratio o8/uB+Ba is used to describe
this reaction. In the extended hopanes (chl)’ 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,; hopanes. The maturable 18a(H)-tris~-
norneohopane (Tm) is reduced in intensity relative to the more stable
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17a(H)-trisnornechopane (Ts}, causing the Tm/Ts to decrease at increased
maturity. ﬁhis 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-
1y applied for maturity assignments from the m/z 217 mass chromatograms.
The biologically preferred 1l4a(H), 17a4(H)-isomers of the regular steranes
is transformed to the thermally stable 14g(H), 17g(H)-steranes, the %g8
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 biclogical 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 %CZO/CZG, 07 and %C21/C28,29 respectively,
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),

178(H) regular steranes (Seifert and Moldowan, 1978, 1981). Severe bio-
Togical alteration leads to the formation of desmethyl-hopanes (Seifert
and Moldowan, 1979).
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