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1 SUMMARY

this report contains the results of a petroleum geochemical evaluation of
Phillips Petroleum Company Norway well 2/7-20X and its sidetrack, drilled In
the Norwegian North Sea,

The samples analysed comprise composited cuttings, sidewall cores and cores.
Samples from the main Hole were analysed above 8110' and in cores from the
Ekofisk Formation. The remainder of the samples are from the sidetrack.

Spore colour index and vitrinite reflectance data indicate that the analysed
section is early mature with respect to oil generation below 9200' , middle
mature below approximately 12800', and late mature below 13200'. Both sets of
data show non-linear profiles at approximately 12800' to 13000' which are
attributed to the presence of overpressuring in the section beneath the chalk.

No mature oil or gas source rocks have been identified in the analysed section.
In the Tertiary, Hordaland Group, a sone 'between 6010' and. 7270' shows fair to
good oil source potential and a sone, 5258' to 6010', shows very good oil
source potential, but neither are sufficiently mature in the vicinity of the
well to have generated hydrocarbons. The remainder of the Tertiary section
shovrs only marginal gas source potential but is immature with respect to gas
generation. None of the sedititents analysed in the Cretaceous, Jurassic and
Unassigned sections show any significant hydrocarbon generation potential.

Several horizons show evidence of the presence of migrant hydrocarbons,
particularly the tipper unassigned sand unit (Sand X), Minor migrant
hydrocarbon staining is seen in some of the Nordland and Hordaland Group
samples analysed. Gore chips from the Ekofisk Formation show patchy oil
.staining in hand specimen, They contain moderate amounts of mature migrant
hydrocarbons similar to Upper Jurassic sourced oils from neighbouring fields.
Airspace gas analysis also indicates the presence of manure migrant
hydrocarbons in the upper part of the Hod Formation. Both of the unassigned
sand units were observed in hand specimen to contain migrant hydrocarbons; all
of the upper sand samples showed oil staining and core samples from the lower
sand samples showed bitumen, infilling fractutes. Gas chromatography-mass-
spectroHietry data from extracts indicates that the upper sand contains a middle
mature, live oil, with a minor, severely biodegraded component. The lower sand
•contains minor amounts of the same oil and biodegraded components as. the upper
sand and an earlier phase of migrant hydrocarbons represented by the high
maturity bitumen seen infilling the fractures. Comparison with published data
and our own in-house database indicates an Upper Jurassic source for the middle,
mature migrant hydrocarbons. The Source of the bitumen in the lower sand
cannot be established on the basis of the data available. Further analysis sis
a separated bitumen sample would be necessary and insufficient material was
available for this. '" '"''



2 INTRODUCTION

This report contains the results of a petroleum geocheraical evaluation of the
Phillips*2/7-20X and 2/7-20X (ST2) well, Norwegian North Sea.

A total of 263 samples have been analysed. These arrived at The Robertson
Group pic North Wales laboratories in a total of 9 batches between 20th
December 198? and 16th May 1988.

The following data were supplied by the client from the original hole; a
computer printout of the daily drilling operations, the formation evaluation
log and tha drilling data pressure log. With the exception of two bottom hole
temperatures, no drilling data was supplied frost the sidetrack.

The analytical programme was carried out in accordance with work order 2660
dated 17th August 1987, with modifications agreed to by the client to
incorporate the greater than expected number of samples. In addition,
dichlororasthane washing and extraction of same of the cuttings samples frons the
sidetrack were necessary prior to analysis to remove oil based mud
contamination. Analyses carried out include total organic carbon content:,
screening, pyrolysis, kerogen preparation and spore colour index determination,
vitrinite reflectance measurement', pyrolysis - gas chromatography, solvent
extraction, extract fractionation, whole extract and alkatie fraction gas
chromatograpny, and alkane fraction gas chromatpgraphy - mass spectroæetry.
Preliminary results have been despatched to the client at various times during
the project. In addition, Mr P.C. Barnard of The Robertson Group met with Mr
Rudi Klaiber and Mr Jiss Davies of Phillips Norway on the 6th. May 1988 to
discuss the preliminary results and to inspect the cores cut in the lower part
of the unassigned sequence.

The total number of analyses carried out was as follows:

Airspacs gas 33
TOC 313
Screening pyrolysis 126
Extraction 29
DCM extraction to remove oil based mud 87
F r act ionat ion 26
Whole oil gas chroma.tograp.hy 7
Alkane gas chromatography 22
Kerogen preparation 52
Spore colour index .52.
Vitrinite reflectance 55
Pyrolysis - gas chromatography 7
Gas chroHiatography - mass spec-trometry 6

In this report the following formation tops have been used. They havs been
takers from The Robertson Group pic report no. 6353/IIa,

LIthostratigraphic Unit Depth

Nordland Group 3550'
Hordaland Group 5258'
Rogaland Group 9634*



Chalk Group
Ekofisk Formation
Tor Formation'
Hod Formation
Plenus Marl 'Formation
Hldra Fatm&tioti

Cronter Knoll Group
Tyne Group

Mandal Formation
Unasslgned

Sequence A
Sand X.
Sequence B
Sand Y

10060
10320'
11282'
12792'
12814'
12967'
13319'

13322'
13436'
14006'
14425' to W at 14792'

The names<3 used for the unasslgrted sequence are for convenience and are 'based on
llthostratigraphlc divisions. They are not intended to imply any relationship
or age for the, undated units,

The abbreviations used in this report are listed in Appendix 1 and the
analytical procedures and techniques used are listed in Appendix 2.

The principal contact with the client in the Phillips Petroletsa Company Norway
office in Stavanger has be&n Mi* Rudi Kleiber.

The Robertson Group pic personnel Involved in this study were as follows:
P.C. Barnard. : Froject co-ordination
S, Betts : Interpretation and report, preparation
J. Milner, P.C, Barnard : Data'collection
IS. Owen :. Supervisor, chemical analyses.
S, Betts, J, Milner, S» Martin : Microscopy.



Indicating that the main sone of oil generation starts at approximately 12800'.
Some of the values in the lower part of the section are rather high in
comparison to the vitrinite reflectance. In many of these samples the SCI data
are based on a very small number of non-age diagnostic paiynoisorphs (often only
one or two readings were obtained). In addition there has been sonte difficulty
in identification of the indigenous vitrinite due to the presence of high
maturity, high reflecting bitumen.

3.3 8TJRIAL HISTORY åM> TTJ MODELLING

å burial history curve was constructed for the base Gromer Knoll Group/Top
Mandal Formation horizon (present day depth 13319')* It was not possible to
model the horizons below this depth as their stratigraphic age has not yet been
established. The burial curve is presented in Figure 11. Å sharp increase in
the rate of burial occurs during the Upper Cretaceous and Tertiary.

The geothermal gradient was constructed from temperature data supplied by the
client. For the main hole, estimated bottom hole temperatures frost the
temperature log sent by the client were used. The method of derivation and
nature of corrections applied to these values is not known. Two sets of bottom
hole temperatures from the sidetrack were supplied. These have been corrected
by Che method used by Carstens and Finstad, 1981. The plotted temperatures
show a geothérsaal gradient of 27"C per km in the upper parts of the well down
to a depth of approximately 9450', with an increase in gradient below this to
49 *G per km. The change in temperature gradient, if real and not an artifact
of bottom hole temperature estimation, indicates that the present day
overpressured sone is a much wider interval than that indicated by the break in
SCI and vitrinite. reflectance maturity profiles (12800'-13200' approximately).
It may be that the sone indicated by the maturity profiles reflects a previous,
narrower overpressured zone. Due to the uncertainties about the temperature
data several gradients were used in. modelling;

1, 27 *C throughout the section
2, 27'C to 12800' and 49°C km below this
3, 27°C to 9450' and 49°C km below this

The temperature gradient in the zone, of higher gradient is typical of values
observed in overpressured zones, however, in order to model the sharp increase
in maturity observed in the vitrinite reflectance and SCI data a much higher
gradient within the overpressured ;;one would be required. Such a gradient
cannot: be accommodated, given the relatively low bottom hole temperature values
below the overpressured zone.

Subsidence curves for the analysed well sections have been used, together with
the corrected temperature gradients, to calculate theoretical maturity, using
the method of Royden et al., (1980).

The basis of the maturity model used is chat chemical reaction rates double for
each 10sC increase in temperature. The following equation describes the
thermal exposure, p, of a bed in passing frora temperature A to B in 10 = C
increments:

p -f §(A,B) (t,at/10) where § is the 'sum o f , t is time spent in passing
through a 10°C increment, & is a constant, usually 2, T is temperature

P, iberb
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Several correlations of p with Ro (vitrinlte reflectivity) have been proposed,
the preferred one. being derived from the data of Goff (1983) .

Ro + 0.056.5 (P+250)0-21

For each point plotted to give the subsidenes curve, values are adopted far sea
bottom temperature and temperature gradient so that the. distribution of
temperature with depth can be calculated. Times at which 10aC, 20°Cs BCG etc.
are achieved are interpolated into these data and the time-temperature
integrals sunaaed. A history of change in maturity is then available for the
selected horizon and may be compared with those measured, in the well section.

Table. 9 shows the. results from modelling using, gradient 3. This gradient
produced the highest maturity at the base of the section of the three gradients
modelled ; however, it still does not give a high enough calculated vitrinite
reflectance. The most likely source of error seems to be the temperature
gradient in this well. Geothermal data from the surrounding wells indicate a
much higher average geothe.rroal gradient, usually between 33* and 36°C per km*
The low gradient, 2?QC,/km, seen in the upper part of the well maty be due to the
blanketing effect of the overpressured zone. This effect has also been
observed in, other wells in the vicinity.

3.4 DISCUSSION OF MATURITY RESULTS

Both SCI and vitrinite reflectance data show similar maturity profiles, with a
low maturity gradient in the upper part of the section and a rapid increase in
maturity below approximately 12800'. This maturity break may be attributed to
the presence of overpressuring in the Grosser Knoll Group and lower part of the
Chalk Group due to the sealing effect, of the relatively unfractured chalk in
the area of this well which is located on the eastern edge of the Grensen Nose,
This model assumes firstly that the Chalk is acting as a seal and. secondly,
that there has been migration of fluids sourced in the thick Jurassic shales of
the Feda Graben to the east, Similar overpressuring has been noted in other
wells in this area and to the south in the Danish Central Graben, bue these are
normally associated with the presence of a thick sequence of Upper Jurassic
shales. According to the available lithostratigraphic and biostratigraphio
data there is no thick Jurassic shale section, in 2/7-20X. The Mandal Formation
is only 3f thick and is underlain by a sequence of claystone, siltstone and
sandstone of, at present, indeterminate age. This well is known to be
overpressured in the Lower Cretaceous, Jurassic and upper part of the
unassigned sequence. This interpretation does not preclude the presence of a
major unconformity within or near the top of the unassigned sequence, as any
maturity break associated with such an unconformity is likely to have been
masked by the effects of the overpressuring. In addition, the litho.logi.es
present in the lower part of the well are unlikely to have been suitable for
the preservation of organic matter at the time of deposition. Consequently it
is ver}1- unlikely that any reliable organic maturity data can be derived from
this interval.

ffV I Robertson
l l ^ j GraiJp



4 SOURCE ROCK QUALITY

The results of source rock analyses are listed In Tables 2 to 6 and Illustrated
in Figures 2 to 5 and 9. The results are discussed below on &
lithastratigraphlc basis. The formation tops used have been taken front The
Robertson Group pie report no, 6353/IIa.

4.1 TERTIARY

4.1.1 Hordland Group (top of analysed section to 5258')

The cuttings samples analysed consist predominantly of olive-grey, siley
mudstone, with minor amounts of medium to light grey mudstone and coal. The
bulk samples are moderately rich in organic carbon with TOC contents between
1.02% and 2,74%, Screening pyrolysis data (Table 5) show low S2 concentrations
ranging frost 620 to 6620 ppm. In general the samples show poor to fair
hydrocarbon potential with the exception of the sample from 5170'-5230' which
shows good potential. Visual kerogen analyses (Table 1) indicate a
predominance' of humic organic matter, often degraded amorphous material,
indicating mainly gas source potential. The pyrolysis production indices are
high considering the low maturity of the sansples and may indicate minor
hydrocarbon staining for example at 3670'-3730' where the production index is
. 22.

4.1.2 Hordaland Group (5258' to 9634')

All of the samples analysed are composited cuttings. The group can be divided
into four sub-units on the basis of lithology;

Interval 5253' to- 6010':
Samples in this section consist mainly, of olive-grey mudstone, with minor
amounts of coal and light olive-grey mudstone. The olive-grey mudstone is
organically rich, A picked sample shows a TOG content of 5,63% (5290'-5350'}.
The light, olive-grey mudstone shows a lower value of 1,99%. Bulk samples show
TOC values between 2.23% and 4.25%. Screening pyrolysis data show good to very
good hydrocarbon source potential for the olive grey mudstone, however, the
high production indices for these samples indicate the presence of migrant or
contaminant hydrocarbons. Visual kerogen examination indicates a predominantly
gas prone humic kerogen. Sapropelic kerogen is present in subordinate amounts,
up to 25%, and the more organically rich samples may have minor oil source
potential.

Interval $QIQ' to 7270*:
This section consists of dusky, olive-grey mudstone and dusky, yellow-brown
mudstone., with rainor amounts of light grey niudstone. Where picked samples have
been analysed the yeliow-browm mudstone shows rich TOC values; 4,38% to 5.42%,
Bulk samples over this section contain 1.93% to 4.25% organic carbon. The
yellow-brown mudstone shows good hydrocarbon source potential on the basis of
the screening pyrolysis and the olive-grey mudstone has fair to good potential.
Visual kerogen analyses indicate a mixed humic and sapropelic kerogen, with up
to 35% amorphous sapropel. At higher levels of maturity this unit would be a
fair to good quality oil source.



Interval 7270f to S110':
This section Is dominated by olive-grey mudstone with the TOG contents of the
bulk samples ranging from 1.33% to 2,6-2%. Many of the samples contain minor
amounts of bitumen. Inspection of the mud log over this interval shows the use
of 'soltex' (asphaltic additive) and the 'bitumen' reported In these samples- is
suspected to be an additive. Screening pyrolysis 52 yields Indicate fair to
good hydrocarbon source potential. This potential is for gas on the basts of
the visual kerogen examination which shows a predominantly humle kerogen.

Interval 8110' to 963V:
The lowest unit of the Hordaland Group consists of light olive-grey mudstone
with minor amounts of chalk, 'bitumen' (as above) and brown-grey mudstone. The
TOC content of the bulk samples ranges between 0.75% and 2.19%, Pyrolysis data
indicate poor to fair hydrocarbon source potential, decreasing towards the base
of the section. Production indices Indicate minor oil staining. Visual
kerogen examination shows a predominance of gas prone hunt ic organic matter.

In the vicinity of 2/7-20X source rocks of the Hordaland Group sediments are
unlikely to have generated any significant quantities of hydrocarbons as they
are immature with respect to oil and gas generation.

4,1.3 Rogaland Group (9634f to 10060')

The samples analysed are all cuttings. They consist of light, olive-grey
mudstone with minor amounts of chalk and brown-grey mudstone. The TOC contents
ars relatively low, 0.90% to 1.15%, Screening pyrolysis data show low S2
concentrations, indicating poor hydrocarbon source potential. Visual kerogen
examination shows a dominance of gas prone humic organic matter. The. pyrolysis
production Indices suggest the presence of minor oil staining,

4.2 CRETACEOUS

4.2,1 Chalk Group (10060* to 12967')

Several types of samples from the Chalk Group have been analysed. Most of the
samples are composited cuttings from the sidetrack (samples 10090'-10120* to
12910s-12960'), "These were received wet and, from the presence of an oily
residue on the top of the samples, are thought to he contasiinated with
oil-based drilling mud. No mud log from the sidetrack was available at the
time of analysis to check this. Three sidewall cores, 12715', 12795' and
12832', also from the sidetrack were analysed. In addition, 7 core chips from
between 10075' and 10104' from the Ekofisk Formation in the original hole have
been analysed.

The dominant llthologles in the Ekofisk, Tor and Hod Formations are limestone
and chalk, with low organic content; 0.15% to 1.25% TOG, and no significant
hydrocarbon source potential. Some higher TOC values were recorded In some of
the samples due to the presence of caved, more organically rich Tertiary
isudstones. Samples from the Plenus Marl (12792' to 12814') and Hidra Formation
(12814' to 12967') consist predominantly of light grey» calcareous claystone,
with TOC contents between 0.45% and 0.55% (after extraction). They are
unlikely to show any significant hydrocarbon source potential.

The 'emphasis of the analyses on Chalk: Group samples has been on the
identification of migrant hydrocarbons. The 7 Ekofisk core samples were



extracted with dichlorous©thane. Extract concentrations range from 140 ppm to
10725 ppra with the greatest abundance in the sample from 10104'. These
abundances suggest the presence of moderate amounts of migrant hydrocarbons.
The extracts consist predominantly of hydrocarbons; 83% to 91%, of which
alkanes form 72% to 76%. The composition .of these migrant hydrocarbons is
discussed in Section 5 of this report.

The gasoline hydrocarbon content of the core samples was also analysed. The
total abundances of gasoline range hydrocarbons are fairly low, ranging from
675 to 13130 ppb (Table 3), The highest concentrations are from the two upper
samples {10075° and 10081'). of which only the sample from 10075' showed visible
signs of hydrocarbon staining.. The. gasoline abundance data and compositional
ratios (Tables 3 and 4, Figure 4) show considerable variation which is
surprising cansIdering the close spacing of the samples and likely common
source of the migrant hydrocarbons, It is suspected that, due to the method of
sample storage and small size of the core chips, differential evaporation of
the light hydrocarbons has produced the observed range of compositional ratios,
although no direct correlation of ratio values to abundance is seen. As there
is visual evidence of patchy hydrocarbon staining in most of these core,
samples, higher gasoline abundances might "have been expected.

Cuttings samples frosa the Hod Formation (11282' to 12792') have been analysed
for airspace gas (Table 2, samples 12370' to 12720'). The upper two samples
show high, light hydrocarbon concentrations; up to 45770 ppm. This gas is very
wet with only 22.9-27.8% C% and may indicate the presence of mature migrant:
hydrocarbons in the. upper part of the Hod Formation, The l-C^/n-C^ ratios also
indicate the presence of mature hydrocarbons. Screening pyrolysis data for
cuttings samples from the Hod Formation (Table 5} show a relatively high
proportion of SI hydrocarbons which may Indicate the presence of either migrant
or contaminant (from mud) hydrocarbons.

4.2,2 Cromar'Knoll Group (12967' to 13319s)

The samples consist mainly of composited cuttings plus 2 sidewall cores from
13130' to 13165'; all samples are from the sidetrack»

All TOG data used in this section refer to the samples after extraction as they
appear to be contaminated by oil based mud. The dominant lithology in these
samples Is a medium-dark grey, calcareous muds tone., with caved Chalk Group
lithoiogies and minor amounts of light grey, calcareous mudstone. The
extracted bulk samples show TOG contents between 0.51 and 0.97%. Screening
pyrolysis data indicate poor to fair hydrocarbon source potential. Visual
kerogen analyses show a predominance of gas prone hustle organic matter,
indicating the Gromer Knoll Group samples have marginal gas source potential.
Pyrolysis gas ehromatagraphy data (Figures 9,1 and 9.2) confirm the presence of
a hydrogen poor kerogen. The pyrograms are dominated by, aromatic and
naphfchenic compounds and show a low overall concentration of pyrolysate.

Airspace gas analysis (samples 13000' to 13280') shows low, light hydrocarbon
abundances; 60 to 2150 ppm. The gas Is relatively dry in composition compared
Co that from, the Hod Formation, with 77.6% to 87.4% Ct (except the sample from
13120'' which shows only 44.3% C,). ISO i-C^/n-C^ ratios show that these
hydrocarbons are mature, however, the low total abundance Indicates that
significant amounts of migrant light hydrocarbons are absent.

i Rob&rtS



4,3 JURASSIC

4.3.X Tyne Group (Identified 13319' to 13322')

In 2/7-2QX the Tyne Group comprises only the Mandal Formation. (13319' to
13322'). It is of very limited thickness. One cuttings sample covers this
interval, 13320'-13330'. The Mandal Formation is "believed to be represented by
the d&xte. grey calcareous mudstone (30% of the sample}, The extracted bulk
sample shows a TOG content of 1,57%. The picked shale shows a much higher
organic content, 5.09% TOG (after solvent extraction to remove contaminants).
Screening pyrolysis indicates fair hydrocarbon source potential, however, this
may not be representative of the Mandal Formation due to the very limited
thickness of the formation and poor sarsple quality. No visual kerogen data are
available for this sample. Pyrolysis - gas chromatography indicates a hydrogen
poor kerogen. Ths pyro grant (Figure 9.3) is dominated "by naphthenic and
aromatic compounds. These data axe not typical of the Mandal Formation 'hot'
shale (this horizon, is marked by a sharp spika on the gamma ray log) but this
may, in part, be due to poor sample quality and to. the high level of thermal
maturity.

4.4 UNÅSSK3HED SECTION

This section consists of 4 lithologlcal units; a mixed claystone, mudstone and
sandstone unit (13322' to 13436') referred to in this report as Sequence A, a
sand «nit (13436' to 14006') referred to as Sand X, a mudstone- unit (14006' to
14425') referred, to as Sequence B and & lower sand unit (14425' to TD-14792'}
referred to as Sand Y. Tue age of these units has not been established. They
are described separately in this report for lithoiog.ioal reasons and it is not
the Intention of this report to Imply anything about their chronostratigraphic
relationship. The age of the whole unassigned sequence (13322' to 14792') is
still under review.

4.4,1 Sequence A (13322' to 13436')

The samples analysed consist mainly of cuttings drilled with oil based raud.
These samples show mixed lithologies; grey-black claystone, light grey,
calcareous mudstone and sandstone, becoming more arenaceous towards the base of
the section. Extracted bulk samples show organic contents ranging from 0.53%
to 1.11% TOC. Four side-wall cores 13349', 13370', 13395' and 13430' were also
analysed (maturity and visual kerogen only). The visual kerogen analyses on
samples from 13370'" and 13450' show a predominance of gas prone humic organic
matter. No TOC or pyrolysis data from the sidewall cores were available but
those from the cuttings samples over the same Interval Indicate no hydrocarbon
source potential. The airspace gas content of samples frora this section is
relatively low; abundances range from 670 to 6490 ppm. The gas is fairly wet,
with 26% to 34% C^-G^ hydrocarbons. This may Indicate either the presence of
minor amounts of mature migrant hydrocarbons or reflect oil base mud
eontaxcdnat ion,

Pyrolysis gas chromatography was carried out on a cuttings sample from
13340'-13350s and. a sidewall core from 13349'. The pyrograms (Figures 9,4 and
9.5) show a very low pyrolysate yield and a predominance of aromatic
unidentified naphthenic compounds. This is consistent with the poor gas source
potential observed from the visual kerogen and screening pyrolysis data.

JL,K •røm



4.4.2 Sand X (13436' to 14006')

The samples analysed consist of cuttings (drilled with oil base mud) and 8
sidewall cores. The unit shows no significant hydrocarbon source potential.
The relatively high. TOC contents recorded for the bulk samples reflect the
presence of caved mudstones. The presence of oil staining is noted throughout
the.section. Airspace gas data for this section show relatively low abundances
of light hydrocarbons, 990 to 5250 ppm. The gas shows considerable variation
in wetness"; C2-Cs ranges from 10.9% to 49,9%, with the greatest wetness
recorded in the upper part of the unit. The i,-C4/n-CA ratios indicate, that the
hydrocarbons are mature. Six sidewall cores "(13480', 13545', 13634s, 13705',
13753', and 13985') have been extracted and the samples show high extract
yields (36255 to 53490 ppm), indicating the presence of migrant or contaminant
hydrocarbons. The extract composition data also suggest the presence of
migrant hydrocarbons or a contaminant. Gas chroæatography was carried out on
these extracts and the results are discussed in detail in Section 5.

4.4.3 Sequence B (14006/ to 14425-')

The samples analysed are cuttings. They consist of varicoloured mudstones;
predominantly a light to medium grey, calcareous mudstone., but occasionally a
yellow-brown mudstone and pale or dark red-brown mudstone. Picked, extracted
samples of the light to medium dark grey mudstone show low organic carbon
contents; 0.46 co 0.56% TOC. The yellow-brown mudstone sample at 14040'-14070;
shows a high TOC content; 8,8%. Although the pyrolysis data for this sample
show very high SI and S2 concentrations some form of contamination is suspected
because the visual kerogen analysis indicates a predominantly inertiaitic
kerogen with a very high proportion (90%) of sose fors of highly fluorescent
hydrocarbon residue or additive. Screening pyrolysis data far the rest of the
sudstone, samples indicate very poor hydrocarbon source potential. The high
production index may be partly a function of the low S2 pyrolysate
concentration, but may also reflect contamination by oil based mud, Pyrolysis
gas chromatography data (Figures 9.6 and 9.7) on two extracted composite
samples;: 14000' -14010' and 14040'-14070' showa predominance of aromatic and
naphthenic compounds, indicating che presence of a hydrogen poor kerogen.

4.4.4 S&nd Y (14425' to ID at 14792')

The samples from this section consist of cuttings samples (drilled with oil
based mud) and 10 core samples between 14444' and 14792'ID. The composited
cuttings samples consist of sand, with minor amounts of caved mudstone. The
TOC content of the extracted bulk samples seems rather high; 0.75% to 3.63%,
considering that the caved lithologies are organically poor and therefore, the
presence of small amounts of bitumen in these, samples is suspected.

The core samples consist of fractured sandstone and small amounts of claystorse.
Visual inspection of the core samples showed the presence of fractures, often
infilled with bitumen, carbonaceous/bituminous laminae and occasional patchy
bitumen or heavy oil staining e.g. sample at 14 744'. Bitumen, infilling
fractures, is only noted below 14700'. Seven of the core samples have been
extracted and gave low concentrations, ranging from 280 ppm to 1865 ppm. The
extract abundance is high with respect to the low TOC content (EPOC Table 6)
and may indicate the presence of migrant hydrocarbons or he derived from the
bitumen present (although the latter is unlikely as the bitumen is a highly
mature pyrobitumen which would not yield significant extract). These extracts
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were also analysed by gas ehromatography and gas chrotaatography-ia&ss
speotronsetry,. the results of which are discussed In Section 5,

This unit is not. considered to have any hydrocarbon source potential, but
appears to contain at least tvo phases of migrant hydrocarbons, the possible
origi.ns of which are discussed in. Section 5.
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5 HYDROCARBONS

Samples from the lower Tertiary Nordland/Hordaland Group, Cretaceous Ekofisk
Formation, Unassigned Sequence A, Sand X and Sand Y have been extracted. The
results of extraction were discussed in Section 4. This section contains a
discussion of the results of gas chromatography and gas chromatograpby - mass
spectroraetry analyses on selected extracts.

5.1 GAS CHROMATOGSAPHY

5.1.1 Mordland/Hordaland Groups

Two samples 5230'-5290' and 5770'-5830s have been extracted (Table 6). The
upper sample (base Nordland/top Hordaland Group) shows a rich abundance, of
extracted hydrocarbons. The very high percentage of hydrocarbons In relation
to organic carbon indicates the presence of migrant hydrocarbons. The alkane
fraction gas ehromatogram (Figure 7.1) shows a predominance of ti-C-12

 t 0 ~"cis
alkanes, and naphthenlc compounds superimposed on an envelope of unresolved
material. These samples appear to contain migrant light hydrocarbons and also
biodegraded ?resldual hydrocarbons.

The gas chromatogram of the deeper sample (Figure 7.2) shows a similar alkane
distribution, but with a greater abundance gf isoprexioids and naphthenic
compounds.

5.1.2 Ekofisk Formation

Seven samples from the Ekofisk Formation have been extracted as discussed in
Section 4, Most of the samples show visible, signs of patchy oil staining.

Whole extract chrosiatograms (Figures 6.1 to 6.7) show a relatively smooth
alkane envelope, (with the exception of the sample from 10075s). The alkane gas
ehromatograas (Figures 7,3 to 7.9) are similar except for the sample irons
1007.5' . They show a relatively smooth alkane envelope and are dominated by
alkanes in the range n~C.g~n-C,,,. They also show odd dominance, especially of
the £"£•>, and n-C alkanes. ""The Pr/Ph ratios are between 0.92 and 1.06,
indicating a moderately reducing source environment. The sample from 10075'
shows a higher Pr/Ph ratio (1.55) and shows a blijsodai alkane distribution, with
maxima at n"-Clg and n-C2, , It appears to contain a light migrant hydrocarbon
component not'seen in the other samples. Frlstane and the C16 Isoprenoid are
also prominent: in this sample and may indicate some degree of mild
bio.degradaci.on In the light component.. In the rest of the samples Fr/n-C,, and
Ph/n-Cls are relatively low, indicating that the migrant hydrocarbons are
mature. No further analyses have been carried out. on these samples, however,
the gas chromatograms are similar to those published from reservdlred oils in
the neighbouring Ekofisk and Eldfisk fields snd presumably have a similar Upper
Jurass ic source.

5.1.3 Sequence A

Two sidewail cores fro© 13349' and 13395' from Sequence A of the unassigned
unit; have he.en extracted with dichloroæethane and both show relatively abundant:
extract (see Section 4). The alkane gas chromatograras (Figures 7.10 to 7.13)
show the presence of contaminant light hydrocarbons (cuttings samples from this
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interval wers seen to be heavily contaminated by oil based mud). The
contaminant hydrocarbons are characterised by a narrow range of alkanes C,2-Clg
which occur along with naphthenie and unresolved compounds in the same
molecular weight range. The samples also show the presence of a smooth
envelope of higher molecular weight alkanes. These are shown enhanced In
Figures 7.11 to 7.13, These appear to represent mature migrant hydrocarbons.
Both samples show very similar enhanced alkane distributions, Pr/Ph ratios are
1.4 and 1.3 for the upper and lower samples respectively (higher than Is seen
in the Ekofisk core samples). The ?r/n-C17 and; Ph/n-C^ are low, indicating
that the hydrocarbons are matur.e.

A sample of the oil based mud used in the sidetrack was also supplied for
analysis. The alkane gas chromatograias can be seen In Figures 7,30 and 7,31
(enhanced). It is not known whether the mud sample represents circulated or
unused mud. It shows an almost identical gas chromatogrars to the two sequence
A extracts, including the presence of higher molecular weight alkanes which
were -presumably picked up from the formation during circulation.

5.1.4 Sand X

Six samples from the upper unassigned sand unit have been analysed 13480',
13545', 13634', 13705', 13753' and 13985'. Visual observation of sldewall
cores and cuttings in this Interval has shown them to be oil stained.

The alkane gas chromatograms for samples 13480', 13545', 13634' and 13705'
(Figures 7.14 to 7.25) are very similar to that from Sequence A (13349'}. They
show a predominance of contaminant, ail based mud derived, low molecular weight
alkanas. They also show a similar distribution of higher molecular weight
alkanes {n-C,^}. Pr/Ph ratios are between 1.3 and 1,4, Pr/n-Cl7 values are
all .0.6 and Ph/n~G18 between 0.5 and 0.6.

The sample from 13753' shows a greater abundance of migrant hydrocarbons, but.
still contains significant amounts of contaminant. The bottom sample, 13985',
Is dominated by migrant hydrocarbons. The chromatogram shows a smooth alkane
envelope with a maximum at n-Cl9, The Pr/Ph ratio Is 1.2 and Pr/n-C17:0, 6,
The low CPI also Indicates that 'the hydrocarbons are mature, As these values
from the uncontaminated sample are almost identical to those from the rest of
the sidewall cores analysed in Sand X and Sequence A it appears likely that the

grant hydrocarbon component in all of these extracts is from the same source.

5.1.5 Sand Y

Seven samples were extracted from core samples from the lower unassigned sand
unit. Four of the extracts were analysed by gas •chromatogr.aphy 14468', 14744%
14767' and 14773' (Figures 7/25 to 7.29). The upper sample 14468' shows a
smooth alkane envelope with a maximum at n-C21. The Pr/Ph ratio Is 1,03.
Pr/n-Cu and ?h/n-Cls ratios are relatively low"; 0,81 to 0.71 respectively and
indicate that the"'hydroearbons are mature. This sample is very similar to that
from the lower part of Sand X (13985') apart from a. minor difference in Pr/Ph
ratio, and is likely to have the same source. The ehromatograms from 14744'
and 14767' (Figures' 7.27 to 7.23) are very similar. In addition to the
hydrocarbon distribution seen In 14468' these also show the presence of a light
hydrocarbon component in the n-C,4 - n-C13 range. The bottom sample, 14773',
also contains the same migrant hydrocarbon as 14468', but shows a more
prominent Pr peak (?r/Ph 1.50),

14



On the basis of visual observation and gas chromatography data there appear to
be at least three phases of hydrocarbons present in Sand Y; a mature live oil
(minor amounts),, a light hydrocarbon component and, seen in hand specimens, a
heavy bitumen, infilling fractures.

5,2 GÅS CHEGHÅTGSRåFHY - MASS SFSGTB.OHETRY

Extracts from three samples from Sand X, 134.80', 13753' and 13985' (SWC's) and
three samples from Sand ¥, 14468', 14767' and 14773' (cores) have been further
analysed by gas chromatography - mass spectrometry, Mass fragment©grams for
ns/e"i91, 217, 218, 231 and 259 can be found in Figures 8.1.1 to 8.6.2,
Tabulated compositional, ratios can. be found in Table 8.

5.2.1 Katxsxity

The hiossarker ratios show rather contradictory nis entity values. For Sand X
18a(H) trisnorneohopane/17a(H) trisnorhopane ratios (Ratio 1) indicate a
moderately mature source. In Sand Y the values show a greater range 1.07 to
2.33). This may be due to variations in raacurity levels of the source rocks
from which these migrant hydrocarbons were generated.

The G,1 homohopane ratio (ratio 3) reaches an equilibrium value of 1,4 to 1.6
at early maturity. From the data available it does not: appear to have reached
this value in any of the samples analysed, which indicates that either the
ratio has been altered by coelution or that the sasspXes are of relatively law
maturity, Å more reliable maturity parameter is the percentage composition of
the G2S sterane 20S isomer (ratio 4). This reaches a maximum of approximately
60% at peak oil window maturity, Sand X extracts show values between 43% and
5.0.X, indicating a middle mature source. Lower values are recorded in Sand Y;
33% to 37%, indicating an early to middle mature source. This would indicate
that the main contribution to the hicanarker content of the Sand Y extracts is
not. front the mature bitumen fracture fill as this shows measured reflectances
of up to 1,29% (equivalent to about 0.8 to 0.9% Ro vitrinite) and would be
expected to show higher percentages of C2g 20S steranes. The ratio of aøfi Czg
s ter anes/ aØØ plus aaa C2g steranes also indicates that the migrant
hydrocarbons present are middle mature. This ratio reaches an equilibrium of
approximately 63% at late oil window maturity,. Values for the samples analysed
range between 30,i?4 and .51,6%,

Both Sand X and Sand Y show a greater abundance of trieyelie than pentaeyciic
terpaneSj especially in the Sand X extracts. Such a predominance is normally
associated with biodegradation or with high levels of maturity.

Extracts from both Sand X and Sand Y show the presence of C7S and the C29
deraethylatad hopanes. These are normally associated with severe
biodagradation. These compounds appear in relatively small concentrations
compared to the regular pentacyclic triterpanes and appear to represent either
biodegraded migrant hydrocarbons or a biodegraded phase picked up during
migration by the migrant live oil.

5.2.2 Source

Hopane/sterane ratio (ratio 6) values under 2.0 ara normally associated with a
marine algal sapropelie source,. Values for the analysed samples range from
0.57 to 1,2, all indicating a predominantly algal sapropelie source ror the
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Sand X and Sand Y extracts. The percentage compositions of CZ7, G2a, C23

5a.(H)14«(K)17a-(H) 20R steranes show a predominance of G?7 20R steranes. The
compositions are plotted in Figure 10, With the exception of the extract from
13480' (Sand X) the samples plot in one group, Indicating the sasae or very
similar source rock type. The sample from 13480' shows a greater abundance of
C 7 steranes than the rast. This probably indicates source rack fades
variation rather than a separate source. The composition of a typical Ekofisk
oil with a known Upper Jurassic source has also been plotted (point ?) for
comparison. The live oil components of the migrant hydrocarbons in. both sands
appear to have a similar source to each other and to the Ekofisk oil, probably
derived from the Mandal/Farsund Formation which is known to be mature to the
east in the Feds Graben.

On the basis of the available data it appears that Sand X contains two phases
of hydrocarbons; 1) a migrant live oil from a middle mature, predominantly
marine algal sapropelie source, probably Upper Jurassic shales in the Feda
Graben, and 2) a severely biodegraded component rich In tricyclic terp&nes and
containing C2S and C20 deaiethylated hopanes, pos.sibly also of higher maturity.

Sand Y appears to contain at least three phases: both of the above, albeit in
lower concentrations than in Sand X, plus a late mature bitumen. It is
possible that the bitumen has supplied some of the demethylated hopanes and
tricyclic fcerpanes in the extract,, however, these also appear in. greater
concentrations in Sand X where no bitumen was recorded and frara this It appears
that the bitumen is not making a major contribution to the blomarker content of
the Sand Y extracts. From the gas ehrosatography data, a fourth phase of low
raolecular weight hydrocarbons is also believed to be present. This phase may
represent migrant or contaminant hydrocarbons.
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S CONCLUSION

From the foregoing report: the following conclusions concerning 2/7-20X and its
sidetrack have been made:

1. On the basis of the interpreted SCI and vicrlnite reflectance data the
analysed section Is immature to a depth of approximately 92OOra .arid early
jsafcure below this to 12850m, The section Is middle mature with respect Co
oil generation below approximately 12800', and lata mature below 13200'.
Both the SCI and vitrinite reflectance data show a marked break In
maturity profile at approximately 12800' to 13000'. This has been
attributed to the development of overpressuring In the section underlying
the Chalk Group.

2. No mature source rocks with significant oil or gas potential are present,
in this well. The source potential of the lithostratigraphic units
analysed is suKKn&rised below;

a) TERTIARY

CRETACEOUS

c) JURASSIC

Nordland Group (3550' to 5258') these sediments
show poor to fair gas source potential.

Hordaland Group (5258' to 9634')
5258'-6010', This unit contains a mixed hvanic and
sapropelic kercgers with good to very good
hydrocarbon .source potential. It Is predominantly
a gas source, but also shows minor oil source
potential. It Is immature for hydrocarbon
generation,

6010' to 7270' - this unit shows fair to good oil
source, potential, but is immature, for hydrocarbon
generation.

7270' to 8110' - this unit shows fair to good gas
source potential.

8110' to 9634' - this unit shows only poor gas
source potential.

Rogaland Group (9634' to 10060') - these sediments
show poor gas source potential.

Chalk Group (10060' to 12967'} - these sediments
show no significant oil or gas source potential.

Crosier Knoll Group (12967* to 13319') - this unit
shows poor to fair gas source potential, but Is
immature, for gas generation.

Tyrxs Group/Handal Formation (13319' to 13322')
this unit appears to contain a husnic and
inertinittc, hydrogen poor ketogen, with poor gas
source potential. It Is not typical of the Mandal
'hot shale.' seen elsewhere In this area.
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d) SJMSSIGNEB Sequsncs A (13322f to 13436') - this unit contains
a hydrogen poor, hintde kerogen, with poor gas
source potential.

X (13436' to 14006'} - no hydrocarbon source
potential.

Sequence B (14006' to 14425') - this unit also
contains a humic, Inertiniclc keragen, with poor
gas source potential.

Sand Y (14425' to 14792'TD) - no hydrocarbon
source potential.

3. Many of the samples analysed showed evidence of varying degrees of
hydrocarbon staining which can be summarised as follows:

Hordland Group/Ho-rdsland Group - 2 cuttings samples, 5230'-5290' and
5770'-5830! analysed, show hydrocarbon staining by migrant: or contaminant
light hydrocarbons, plus a trace of bladegraded hydrocarbons. Evidence of
varying degrees of staining by migrant or contaminant hydrocarbons is seen
in the pyrolysls data,

Ekofisk Formation - 7 core samples (10075' to 10104') show visible evidence of
patchy hydrocarbon staining. Extraction, fractlonation and gas
chroraatography data indicate the presence of moderate amounts of mature,
migrant hydrocarbons. The gas chromatograms give similar results.

Hod Formation - Airspace gas data .Indicate the presence of migrant mature
hydrocarbons In the upper part of the Hod Formation.

Sequence Å ~ The two sidewall core samples extracted show evidence of severe
oil based mud contamination. They also appear to contain mature migrant
hydrocarbons,

Sand X - All of the samples show visible signs of oil staining. Extraction,
fractionacion and gas chroraatography show the same contamination as is
seen in the SWC's from Sequence A, Gas chromatography - mass spectrometry
blomarkar ratios indicate the presence of a middle mature migrant oil
which also contains minor amounts of a severely biodegraded component,
Biomatker ratios indicate that the live oil has a predominantly marine,
algal, sapropelic source and is similar to reservolred oils from, an Upper
Jurassic source in neighbouring fields. The biodegraded component raay
either represent a separate migration phase or have been picked up by the
live oil during migration.

Sand Y - This unit appears to contain at least three phases of migrant
hydrocarbons, it contains the same live oil and biodegraded component as
seen In Sand X, but In much lower concentrations. It is also seen, In
hand specimens, to contain bitumen, infilling fractures. From the
reflectance, data this bitumen is known to be highly mature and because the
bloisarker ratios for the sandy extracts indicate predominantly middle
mature hydrocarbons the bitumen is not believed to have made s large
contribution to the blomarker content of the extract. The bitumen
reflectance data indicate a similar level of maturity to chat of the
indigenous vitrlnits in Sand Y, Implying, relatively early emplacement and
a subsequent common maturation history. The bitumen appears to reflect an
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early phase of hydrocarbon migration, probably with a different source to
that, of the middle mature live oil seen in both sand units. In order to
comntent on the possible source of the bitumen an Isolated sample would be
required. Insufficient material was available to carry this out for this
study. A possible fourth light hydrocarbon phase Is presenc In Sand Y.
This may represent either migrant or contaminant light 'hydrocarbons.
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DEPTH- F E E l

R£tAT!V£ GASQUBfS HYDROCARBON COMPONENT WSURIDASSeSS i%)

4 , 9

YCLGPE8TANS

2 3-DSiViSTHYL BUTANE

3 - METHYLPgNTA
h - h - l - - l . 1 - T . - y L - L - _ - - - - - - — — — — — — — — _

5 - HEXAf-iE

2,1 ~ DM ETHYL
MSTHYl

2,4-DIMETHYL PENTANE

2 - METHYL HEXANE

3-METHYL hSEXAN

Cis - 3 -DifJlETHYL
CYCLOPENTAfiE
1 trans - 3 - Di?;1£THYt
CYC I

m - 2 - Dii»1STHYL

1, ci$- 2 -LMMETH
CYGLOPE^TAfiE/
WETHYLCYGLOHEXA^E

ETHYL CYCi.QP£NTAN£

TOLUENE

TOTAL ABUKC

GASOLINE ABUNDANCE AT 1%
0RGA'-isC CARSON

Notfi" Total gssjiisns a&undaf ca vaiuss are expressed as weight of gas reistlvs ;a weight of wet rock.

TABLE "i Gasoline Hydrocarbon Analysis Data



«MFANY; PHILLIPS 2/7-20X and 2/7-2031 (ST2) LOOÅTIOH; MOrøEGIåM M. SEA

•TABLE 4 GASOLIME HYBMCvåRBOH MTIGS

SAMPLE J3KPTH TYPE

10075

10081

core 14 1,07 9.36 15,23 0.57 1,25 0.17 1.51 19/18/63

core 27.14 1.6 14.46 1.33 0.56 1,34 1,05 0,03 30/17/53

10090 core 29.57 1.77 14.42 0.76 0.77 1.37 1.&5 8.02 31/19/50

1.0096 core 34,45 2,35 12.96 1,75 1.44 1.47 0.!> 0.36 37/21/42

1D099 core 22.85 1.26 19.91 6.47 0.79 0,89 0,2 1,25 24/32/44

10102 :ore 29.04 1,93 12,96 0,90 1.49 1.22 1.22 0,10 31/23/46

10104 core 13,16 1,18 7.1$ 15,96 2.24 1.04 0.16 1.14 18/21/61

Mud 38.49 3.91 B.S1. 0.52 1.16 1.12 0,94 0,35 43/20/37

1 . Heptalie values
2. Isoheptane value
3. Kerogen type index
4. Arosiiacicity index
5 . j . - peritaae/n- pentane
6 . 2-methylpentane/3 -
7. Hethylcyclonexooe/toiuene
8 . late mature mdes
9. C-, composition nonnaL branched cyclic



COMPANY: PHILLIPS NORWAY WKLL: 2/7-ZQXtZ/7-2G%S.<V-2 LOCATION: NORWEGX&K KORTH SEA

CHEMICAL ANALYSISENESAL MTA

s*C3i, a l-3V* '50
10X uS*, ^ X - y

S83ST, I t ol-sy-* -mc SST

HØST, o l - g y , s l f y

f s t sy* (anf t3T,

;M0ST, ot-gy, s i ty* swsr 1ST,
lyet-sy

3670-730

4G30-090

.4TS0-210

4270-330

4390-450

4510-570

46.90-750

4870-930

Å.99G-585.0

5570-230

523G-29G

5290-350

5350-410

54TQ-&78

5470-530

S530-590

5590-650

5630-710

iHOST, o i -sy, s i t y *
Itned- i. t gy "

Ctgs iæST, ol-gy, s.Uy+ « r

Ctgs

Ctgs

Ctgs

Ctgs

j ai-gy, si ty* rør MDST,

«DSt, ol-gy, st ty

MSST, oi-sy, •Stty+ t r CGftL* t r

MOST, U oi-gy, calc* 30% KOST
oi-gy

MOST, ot-gy+ 20%
it ol-gy

«ST, oi-§y+ 30% MOST,
ol-gy+ vr DCL, pal oi.

Otgs

Ctgs

3ST, o l -gy+ 20% HOST,

MOST, ol-gy

HDST, It ol-sy

HOST, s l - g y + mnr SMD* t r COAL

P

Ctgs

Ctgs

S1!, ol-sy+ 10% HØST,
ir. <3\~gy

SDST, o t - sy* 10% MDST,
le «S-gy* 1 '̂'f1!" ffiSTj brn-blk

røsr, al-sy

T, oi-gy* 2Q% MOST»
ol-gy* ranr HOST, fern-bU

, y
i t ot-gy

MDST, ol-gy» 10% HOST,
U oi-gy* t r S;JD+ t r ;<!DST,

2.41

4.25

3.38

5,63

ZM

3.40

3.09

3.S3

3.40

1.99

2,23

2,4.1

7640

5280

3660

32.&C:

2600

1040

700

5SG

760

6S0

500

•> JMO57, o i -cy

171-60

13640

2:3500

9AZQ

10560

10360

S02Q

é340

4540

694Q

4440

45-4C;

46360

,31

,28

.28

.28

• 24

.20

.11

,10

,10

• 13

.10

.91

GÅSIC CAB.BON A.KD SCREEN INC ?YROLYsrs DATA

TABLE : 5A



COMPANY: PHILLIPS NORWAY

QZM&AL

6310-370

6370-433

6430-490

6*90-55S

6550-610

6610-670

6670-730

*wELL: 2/7-IQX+Z/J-2QX$T~2 LOCATION: NORWEGIAN NOSTR S&
An

WST, ol-gy» V" *ifiS7, It o

MOST, ol -<jy-" mnr rtOS".
f -i i-gy* t r ^03f, brn-oik

Ctgs p«OST, o i -sy* t^ iffiSI, I t csi-cy |

roc
% of
ROCK

, OS.-9>'* tr MDSTS It o

MOST, ci-gy+ smr «S)ST,
it st-gyt- «inr LSt, yal-gy

, si-gy* 20%
dsk yel-Vn-t t r uST, yel-gy

>r, ot-gy*- 30% MOST,.
i y«t-brrs+ t r 1ST, y«l-gy

5STS ot-gy

T, ot-gy* 30% HOST,
sk yel-brsv* 10X JtDST,

c i -gy* ^or 1ST, yei-gv'

CKgs jHOSt,. ot-gy* 30K !*DST,
idsK yal-brr i* )0% KDST ,
j i t at-gy

Ctss |«3ST, <Ji--3yi- 10% MOST,
Irfsk yei-brn* 10X røST,
its oi-gy+ t r LS'f, yesl-gy

Ctgs imsT, dsk yst -brn* 3D% HDST,
ol-gy

Ctgs f o^-sy* *C% MDST,
/e l -b rn * "r 1ST, yei-gy

, ol-gy

MC8T, dsk ya l -b r r

, of.~sy* sjrsr
dsk yei-brn+ t r COAL

HDST, ot-gy* 20% HDSTf

dsk yei-brn+ t r 1ST, yel-gy

ST, ol-gy

«ST, dak ye i -b rw 20% HDSS,

HOST, esl-gy+ 30% *!SStr

dsk ysl-brrt+ wir IS!', yet-gy

ST, ot-gy

ST, dsk ysl-bm

Ctgs

Ctgs

|<Ssk yal-brw- w r MOST,
i l t ei.-gy+ tr LST, yet-gy

3.23

2.50

2,71

3.75

3,92

3.60

3.4?

3,51

3.?8

4.22

3.34

.3.85

3.05

5,42

4.25

4-00

3.15

3,67

3.93

3.28

3.32

S1.
(pæl

J34G

3iO

360

?M

430

3SQ

348

580

4é0

360

308

300

220

400

340

280

220

260

200

129

180

280

S2
C»f5«>

6960

10300

5260

5943

624«

8240

8260

7380

7520

720Q

7460

7268

n&o

5960

11160

10540

8100

6000

7040

73S0

6040

9040

6080

$1 * S?

.13

,06

,06

,Q4

-0.6

.04

,07

.06.

-04

.04

-S3

,03

,03

.04

.04

.03

.02

.02

.34

ORGANIC CARBON Å3SD SCESEH1SG PYROLYSIS DATA

TABLE : SB



C0H2ASIY: PHILLIPS NORWAY WELL: 2/1•2C2>2/?~2QXST~2 LOC&TIOH: NORWEGIAN NORTH SEA

6SS0-910

691C~370

-150

7130-210

7270-330

7390-450

?450-510

7570-630

7630-690

7810-870,

7939 ~<m

8050-110

8110-140

31?D-200

8230-ZSO

S290-320

8350-330

SAW IF. |
TYPE !

Ctss JHOS1, o i - %f~ 10% «U S r,
[disk veS-brrs* 10X US5", yet-sy

Ct$s ;MDST, o--sy+ 22X .«OST,
jsisk yei-forn* t r COAI.+ t r i.ST,
jyet-gy

Ctgs JMOST, ot-gy+ 20% HOST,
idss ys<l-brn+ tv 1ST, !v o i -gy

jdsk
j

SQ% HDST,
cr 1ST, l r o i - s

r, et-gy+ 20% HOST,
dsk

Ctgs

Ctgs

Ctgs

Ctgs

i&k yel-brsrt- t r $1T+ r r 1ST,

dsk ye
t r OS

Ctgs

Ctgs

dsk yei-arn* t r 1ST, ygi-sy

dsk yei-brrH- t r 1ST, yal-gy

rrw «w CST,

!̂C<ST, ot-gy* ««r LSI, ysi-gy*
t r BIT.

WST, ol-gy» arsr 1ST,. y«t-g>'+
tr SIT

WST, ol-rgy*' tr- !.ST5 yei-gy*
BIT

røst, oi-gyi-.tr 1ST, yet-gy*
tr SIT

trøst, oi-gy* t r LST, yei'.sy*
tr BIT

Ctgs HOST, oi-gy* 20% 1ST, ysi-gy*
xr SET

Itgs |røST, I t ot-gy*- wir 8?r+ æor

U ot-gy+ :

Ctgs

Ctgs

NDST, i t ol-gy+ am r 3JT* sinr
t r LC

MOST, U c
«S+ t r It

3ST, i t c
H>!+ t r It

itinr 35T* a i r

CHENICAL

TOC
S 0?
SOCK

4.3S

2.40

2.3?

1.98

2.55

2.S6

•2-62

1.4S

1,70

1.51

1.95

1.S1

•51

123

80S

60

SO

200

160

160

200

ISO

240

100

ISO

SO

T?0

370

HO

370

ISO

MTA

Si-

5^80

2M0

8220

3380

3100

4928

4380

3400

4160

6566

soeo

8600

1360

3300

100Q

1600

5160

1520

5800

2430

Si * S2

.04

.03

.04

.02

.02

.03

.04

.04

.04

,04

.03

,02

.03

,07

.05

.07

.•50

,.07

,10

.06

.07

ORGANIC. CARBON M S SCREEKING' FYEOtYSIS

TABLE- :; 5C



COMPANY: PHILLIPS SORtfAY FELL; 2/7--2OX-S-2/7-2QX3T-2 LOCATION: SGRf**EGlÅK NORTH SEA

CFeet>

•8470-SOO

853.0-560

87T0-740

8770-309

88X0-860

8890-923

8950-983

9018-843

9070-163

9130-160

9190-220'

925(3-280

93-10-See

.9370*400.

9430-460

9490-520:

9550-580

9610-643

9670-700

AOSK!} L.iThCLCGf

10S CHS'- V

iJTr tr

MOST, I t s>l-@y+ 1Q3S CHK
tr Sir

BIT
iK+ t r

É Crgs

!*e$T, U ot-gy*- 10% CHK* t r
tr im

æsr, i t ol-gyr sr CHK» tr SIT

ST, i t ot-gy* 20% CHS* t r
iSST

', ! t «1-gy* trair CHS* ssnr
• b f f . -g / * t r BIT

1 Ctgs IrøST, tt oi-gy+ f^r CHK+ tr
I ! , brr,-gy+ tr- 81T

| Ctss ;MOST, U si-sy* mnr CHK* twsr

:WST, t t «i-gy+ mor
I , bm-sy* t r g i l

CHEMICAL I S DA'rA

CSgs iSSST,. It ot-gy+ «snr CHK* m r

Ctgs MD.ST, i f o l-gy* s w 3J.T+ mnr

Ctgs
SIT

, it. oi.

ESS

MOST,
SIT

HOST,

sn
HOST,

i t

u

I t .

ol-sy* •rrsr

ssnr

CIEK*

CriSCt

t r

t r

t r

, U o ! -gy* wr.r MOST,
gy* rrmr CHK* t r SIT

!®ST, t t o i - g y * ar-.r CH5C+ («nrtgs

Ctgs

Ctgs |«OST, i t o i-gy* trsnr CHK->- smr
3ST, brn-gy* t r SIT

HOST, I t a i -gy * BIW CHK-J- t r
«DST, brn-sy* t r BIV

gr» S«SSTC U oi -gy+ 10%

vSS ]MDST( tC ot-gy*- 10X MOST,
jbr«- 3v+- snnr CHS

voc

SOCK

1.04

.94

1,11

,73

LOS

.9&

1,44

.65

.93

,9?

.98

1-08

1.02

1.1S

130

140

1S0

100

ISO

ieo

120

• HIS

200

so

130

120

90

80

90

90

!30

1.43

250

OÉGÅSIC GÅEBOH AKD SCREENING PYROLYSIS DÅT&:

13S0

10300

350

1100

.669

4730

16&0

780.

2490

490

S10

8$0

TOO

440i

660

490

930

930

1250

sv

.10

.15

,01

-22'

,13

..02

.0?

.,13

,13

>T2

,U

.15

.12

.16

.13

.17



COMPANY: PHILLIPS NORWAY WELL; 2/7•2OX+2/?-2OXSt-2 LOCATION: NORWEGIAN NORTH S£A

10590'120

12010.-040

12550-580

13000-010

I3G&G-C78

13080-090

«100- i tO

13140-153

13200-3SO

9730-760

•9790-820

9830-880

9910-9*0

TYPE
J.STHQLCSY

S f , i t o i - S > * :O% HSST,
bm~gy+ mnr CHS

;t.g.S HOST, U o t - g y * 10% NCST,
Sjrrvgy* flmr CJJfC

Cfcgs

Ctgs

sT, U « i - S V t ane CH.SC*
MOST, brrs-gy

ME3ST, I t ol-gy* w CHS* s»
WDST, brn-gy* t r MCST, rf«d gy

jMSsr, i t ot-gy+ ios HSST,
ibrn-gy+ wss* CHK+ mrir SSST,

sy

Ctgs

Ctgs

Stgs

ctigs

:«<+ 3S% ^DSTf t t o l -sy*
®ST, srn~gy

:KS+ 33S '«est, gn-gy* n^
brrs-§y

CHS+ 10% LSI, md gy

Aft«r «xtrset ion

1ST, v I t gy* 30% MOST, dfc gy,

After <?xJrsct:i on

LST, v U gy* 4d8 HDST, dk gy,
icsic

Ctgs

md~<ik gy,
v 'it sy

After extraction

.«DSTj ased-cik sy, .eats* 20% i.ST
w i t gy

After extrsecion

58ST,- isied-djcgy, ealc* 20% 1ST
v U 3y

^ S T ; nssd-dk gy, cstc+ 30% 1ST
|v i t gy

«xtractioh

ttus

Gtgs

LSI, v it gy* 10ft «BST,
d-dk gy, calc

After *s t rac t ion

J*&ST., v U sy, cave* rar.r
gy, i"si.c

After excraet-Ion

.71

.70

,9?

.34

ISO

130

21

190

158.0

1590

3240

2450

,09

.08

,,0?

ORGANIG CARBQS AS» SCREENING PYROLYSXS DATA

TA8I.E •:. 5E



COMPANY: SGP.WÅY WELL: 2 / 7 - 2 0 X + 2/7--2QXST--?. LOCATION: NORWEGIAN NOSTK SEA
v

SATÅ
\\\\\>x^>x^>>w^\-ore<<>WfrM^^

13320-330

1S440-450

14040-070

•14120-$50

14140-190

14206-230

14240-27Q

14320-350

4360-390

K408-430

14440-470

Ctgf.

cess

MOST, • i t gy, ca i t * 30

gy., ceic* tr.s.NC

After

Ctgs

'sats* 20% «asr, v i t gy, sale*

It f OS'

Af té r ex t rsc t; ors

sm, os

•fter «xtractioo
QST, asd-dk. sy, catc+ 40% SNO

OS* wir me

After extraction

Ctgs

Ctgs

Ctgs

, fried yei-brr?, eale* 20%
HOST» t t gy, cslc-t-' ;mr mr.c+

HOST, psi red-brn, sale

Af ter extract ion

SSST» U gy., cats* 10% SN0+
10% tfOST, p«i red-brn, sale?*
sior itM

?4DST, I t gy, cale* 20% SK0+
r MOST, pal red-bm, cslc*

t r LCM '' '

After eictraeti

MOST, I t gy, catc* w sp+ tr
., pal red-brn, catc* t r

ctgs

Ctgs (After extract;.'so

Ctgs |SHS^ 30% Hpsr, I t gy, calc*
røSTj y i t g>'s cs ic* t r

Ctgs j&t'tsr extract ion

Ctgs MOST, fned gy, sale* 20% !>©ST,
v 5t sys C3U-.+ 10% SND* t r LCtf

Ctga

Ctgs

After

v I t gy,

After

Ctgs

Ctgs

Otgs

, caic* 20X J*DST,
Lc* 10% Sfit)* t f LCM

«DST, med sy, ealc+ 20% «OST,
v if. gy,. ca i 6* 2Q% %m+ tr LCM

After

Sno*-
LCM

røST, v t t gy, esle

1,11

8,80

.79

.74

.7?

1,28

120

•60

100

100

1S360

30

210

too

ISO

ORGANIC CARBON Å53I5 SCREEMING ? Y E 0 t ? S I S DATA

TABLE : 5F

S060

2900

.25220

1090

330

940

SSO

670

860

.06

.07

.12

.38

,11

,20

.25

.10

.12



COMPANY: PHILLIPS NORWAY VELL: 2/7-2GX-S-2/? -2OXST-2 LOCATION; •SORtfEGJAS NORTH SEA

GENERAL BATA

Oc?TK

K^/.O-V/O

14480-510

H52G-55O

14600-630

Ctgs

Ctgs

CEgs

ttgs

A L Y S S LiTHOlGGY

D* 10% røS-T, v li gy, este*
r LCM

After sstract ion

S* wir H&ST, v i t gy, cafe*
itsrsr LP!

Csgs Aftsr es^trace ion

tan r ICM
, v t t gy,Ctgs

Ctgs

C?.@s bs&+ rsnr MOST, v i t gy,
Lrsir røST, Bsed §y t calc+

km

Ctgs
iwrvr MDST, v t t gy , C3tc+
• r »

TOC
X Of
SOCK

.9S

1.S9

1.03

CHEMICAL ANALYSIS

130

220

230

90

T1O

210

CÅS.BOS AND SCRESSISG PYROLYSIS DATA

TABLE : SG

32

3-'-3O

1228

1S30

!O10

9)0

.os

.10

,19

,19



COMPANY: PHILLIPS SQR

GENERAL SATA

2/7-20X+2/"?--20XS'r-2 LOCATION; NORWEGIAN NORTH SEA

CHEMICAL

3610-670

3670-730

3730-798

3790--.850

3350-910

3970-4030

4030-090

4090-150

A1S8-210

4210-270

4270-BO

.4333-390

4390-450

4453-510

4510-570

4570-630

4630?6S0

4650-730

4750-SiO

4818-373

Ctss

Ctgs

CrSs

Ctgs

Ct-JS

Ctgs

Ctgs

Ctgs

P

Ctgs

Ctgs

Ctgs

Ctgs

Ctgs

Otgs

?*0ST, ol-gy* 20% M5ST,
med gy> IDS SST,
I t ol-sy* wir S.ST,
pnk-sy

HOST, tt ol-gy* nsnr SST

HDSt, ol-gy, stty* tr

HOST, »i.~gy, slry

H&ST, oi-gy, slty

i*)STs ol-gy, slty* tr
LST, y&t~gy

W S T , oi-gy, stty

«OST, oi-gy, slty* fitnr
1ST, yet-gy

1.55]

2,GS

s», s l ty+ t r
IS i,

MBST, »t -gy f si Jy* isir
1ST, y«t*5y

MiJST, c t -gy t s l t y* 20%
HBSTS mecs-!t jy

MDST, o i -gy, sUy

HOST, ot-gy, $ t ty* mnr
S0STy aed-U gy

«CSV, ot-gy { s t t y * t r
H&STS ssed-U gy* t r SST
* t r LSt, yei-gy

j ot"8y, 'iity* mrtr
HOST, inied-U gy+ Er CCft

HOST, ol-gy, s l t y* sr
L5T, yei-gy* Jr KOST,
med-it gy

MDST, Qs-gy, s l ty+ iwir

MDST̂  «ed-lf gy+ t r pyr

MDST, oi-gy, sUy

MOST, oi-gy, s l ty

MCST, !3l-sy, st ty

1.69

1.66

2-01

1,43

t.SG

2,74

1 71

z . no

HCST, o l -gy, s l t v t r
COAL

2.45

;! 1.77 j

; i,42

t.43

1,26

Swtov*hrfc\<^\\\<^v»ww\ssvs^sK^^>>»s«««

SUMMARY OF CHEMICAL ANALYSIS DATA

TABLE :• SA



COMPANY:

f f se t 5

4990-5050

5050-110

sns-170

S230-29Q

5290-350

5410-A70

S470-S3O

5530-S90

5590-650

5éS0-?1C-

577S-S30

?3 NORwÅx

SESE&AL DATA

WELL: 2 /7 -SOX4-2 /? -2QXST-2 LOCATION: ^ORVHGIAN NORTH

ANALYSIS DATA

SEA

TYPE
8 ;. r T H

Ctgs

Ctgs

P

Ctgs

CtSs

Ctgs

Ctgs

?

Ctgs

Ctgs

3i-gy, si.ty* i
tr pyr

oi-gy, 5i ty* 3
i t et~sy, cale

al-gy, sUy

i«&ST, U vl'ttf, sale*
st, ol-gy

tf&ST, tr cl-gy, ssic*
3 0 % 8DST, oi-gy* tr COAL

SDST, »l-sy+ 30% »ST t
It ol-gy* tr 1ST, y«i-ay

»ST t oi-sy+ 20% «OST,
I t si-gy

, ot-sy* <;0X
is oi--gy* t r DOt, psi s

]MOST, &i-gy» 20% HOST,
I i t ol-gy

KOST, el-gy

, ol-gy+

Ctgs

COAt

*!BSTS o i -
U oi-gy

tO%

^DST, ot-gy* 10%
It. fli-gy+ mirsr MCS

HOST, it: ot-gy

æ s r f et-gy 20%
U sl-gy+ w r HD
faro-btk

HOS i', »l~gy+ 10% SNO*
wnr HOST, U csi-gy

»ST, oi-gy*- 10% HDST,
i t o i -sy* t r SNO* t r

; brn-bifc

t r HOST,

oi-gy
i

Cs:gs [MDST, oi-sy+
| t t oi-gy

Csgs IMDST, ol-gy+ mnr HOST,
.t ol-gy+ t r HDST,

OF G B E M I G Å L ANALYSIS DATA

TABLE ; SB



COMPAQ: PHILLIPS NORWAY WELL; Z/7-2OX+2/1-2QXST-2 LOCATION: NORWEGIAN NORTH 5SÅ

SOLV?MT EKTBACT£C»/FEAC•JOKATiOK

539Q-9S0

éOIQ-070

5070-130

6130-190

6190-250

6250-313

6310-370

6370-430

6450-490

6490-550

I&SS0-6I0

10-670

HDST, ot-gy* t r ?ffiST,
I t o i -gy

?*S>ST, ol-gy+ fflnr M5ST,
Is: sl-gy+ issnr 1ST,,
yet-sy

I«OST, ei-gy* 20% H3Sr,
Ictsk yei-isrrvt- t r 1ST,

;sgs jHSST, Gt-§y* 30% MDST»
Idsk ysl-brrir t r LST,
yet- sy

Ctgs

Ctgs

Ctgs

Ctgs

ctgs

Ctgs

SDST, o i - g y

30% HOST,

i t ol-sy* ranr 1ST,

HDST, oi-gy* 30% KDST,
dsk yel-brn* 10S røST,
It oi-gy

, o i - g y * 10% MOST,
dsk yel-bfft* 10%
t t csi.-gy* t r 1ST, yei-gy

, sJste ;-!* 30%
«3ST,

M5ST, ol~gy+ 4G% «OST,
dsic yei-bi'r*-'- t r 1ST,
yel-gy

MDST, o t -gy

MOST, dsk yei -brn

MDST, esi-3y+ tFsnr *S3Sf,
dsk y s l - b r n r Er COAt

MOST, c t -gy

2,71

3,22

3.75

3.60.;

3.47

3.51

4,22

3.34

3.-85

3.OS

5 ,.42

4.25

WST, oi-gy+ 20% *83St, | 4.GO
ciak yet-fern* t r LST,
ye i - sy

, os.-sy

«OST, <isk ye
MOST, csl-sy+
yel-sy

MOST
dsk
ysl-

, sl-gy+
ysL-bff**
sy

t r LST,

L S T , '

3

3

3

.6?

,93

3-2S I

!r OF CREKICÅL ANALYSIS DATA

TABLE : £C

1935 5.6

2260 ?190

1090

5V3

2.7

28 53 73



COMPANY; PHILLIPS NORWAY WELL: 2/7-20X-5-2/7- 2GXST-2 LOCATION: NORWEGIAN NORTH SEA

ANALYSIS DAT.4

Lraui) Li :xc-= oar

«C5T. dsk ysl-brrs

«ST. oi-3y+ ?0X hSDST,
risk yei-bm» W MSST,
I t c i-gy- t f i.Sf, yet-gy

, oi-gy* 10s ŝ

ysi-ay

-3¥* ^ X SDST.

T, o l - g w EQS
dsk y«i -brn* t r 1ST,
it oi-SY

ffiST, <Ssk yet-fern

ffiST, ol-gy+ 20% MDST,
tr 1ST,

35T, ol-gy* t r KOST,6970-70J0

7030-090 Ctqs SMOST, oL-gy* 2051 5*
is yet-brrs* t r LSI,

, ert-gr* 10% MOS!,
ysl-brrH- t r 1ST,

S«53T» oi-ay* 10s i*OST,
ytH~bfn* t r 1.ST,

MOST, isl-gy* W%
dsk yel-brw t r 1ST,
yei.-gy+ t OS

T, ol-gy+ fmr «OST,
dsk yel-bm* t r S:T+ tr
UT/yel-sy

DST; el-gv+ mnr LST,
y«t~gy* tr MOST,
dsk yei-br,t+ tr OS

«OST, ot-gy*
dsk yesi-bffn ^sir

r OS

HOST, et-§y* «nr 1ST
yet-gy+ t r 8H

«OST, ot-gy* rcnr
i 8JT

SUMMÅÉT OF CHEMICAL ANALYSIS SATÅ



FHILLXfS SGRSAY WELL: 2/7-2GX-5-2/? -20Xs3T-2 LOCATION- NORWEGIAN NORTH SKA

GENERAL &ÅTÅ

SAHPL£ OF.PT

7690-750

775G-81G.

7810-670

7870-930

793C.-9S0

S050-110

8110-140

SI?Q~2OQ

55230-260

8290-320

8350.-380

8410-440

8470-300

8530-368

$590-688

8653-680

871&-74G

Ctgs

Ctgs

ctgs

Ctgs

Cfcgs

Ctgs

Ctos

Ctgs

Ctgs

Ctgs

Ctgs

Ctgs

ctga

«OSf. CS.-3V* wsi" v

yel-gy* t r Sit

HDST, oL-gy* fsrsf LSTrf

yei-gy* t r SST+ t f S i r *
t r OS

yei-gy* t r 3!
1ST,

ysl-gy* t r 31T

HOST, <H-sy* t r t.ST,
•yel-gy* t r 35T

SDST, oi-sy* t r USt,
ysl-3y+ Sr SIT

WST, <il-gy+ 10% LST,
ysi-gy* t r 8 I t

yei-gy* tr 8JV

HDST, o!.-gy

1ST, ye$-gy

OSTj i.f oi.-gy* svir SIT

ffiST, i t oi-gy4- srsrsr SIT
+ !RRr CKK+ t r LCH

«DST, i t o l -gy* «srsr 8!T
* wir CHK* ?r ID»

MDSt, i t ot-gy* axir Sir
+ «rlf CHK+ t r LCH

WST, i t o i - g y + w e B i t
* mnr CHK* t r S.CM

WST, it ol-gy* 10% mx
*- tr SJT+ tr LC*4

HOST, it oi-gy+ 10% CHK
* tr LCH+ tr Bit

»ST< it ol-gy* 10% CHS
* tr BIT

» S T S it ei-gy* 10% CHS
* tr 8ST+ tr LCH

HDST, I t ol-gy+ 20% CHK
! • t r S5T

GHEHIGAL ANALYSIS

SUMMARY OF GHEHICÅL &MLYSIS DATA

TABLE : 6E



COMPANY; PHILLIPS S £LL.- 2/?-?-0X-:-2/7-20XST--S LOCATION-. NORWEGIAN NORTH SEA

&770-S00

8S3Q-860

8958-$80.

9010-040

9070-100

91.50 r 1*C

9190-S'O

9250-380:

9318-340

I9430-468

19490-520

9550-588

9610 -MO

9670-?Q0

9790-&2C5

98S0-S80

SAHPtg

Ciss , i t oi-gy» mr CHtc
::• «OST, brn-gy* "."

MDST,
* fw.r
srn-gy

BIT

is si-gy+
S5T+ t r HE

tt oi-sy*
MDST, fcwn-•sy* ";*

ST, i t at-gy+ isinr CHS
* «snr

Ctgs HDST, i t o i -gy* mnr CHSC | 1,01
t f MSST, brn-'gy* t f

;3T

Ctgs

Ctga

Ctgs

Ctgs

Ctgs

Ctgs

Ctgs

Ctgs

Ctgs

Ctgs

Ctgs

, t t s l - gy * ifmr SIT

, t t o t -gy* f ^ r CMK
<• .ijnr 3£T

, tt
SIT

, i t oi-gy+ røif C
+ t r 8ST

HOST, i t o i - ^
* tr &3I

8DST, I t o i -gy* tssrer WST ;
bro-sy+ •me CfiK* t r BIT

HOST, i t o i -gy* s w CHS
+ «mr ^OST, brn-gy+ t r
8iT

î DST, i t cil-gy* w>r
+• t r MOST, brn-sy* tr
SST

* ««r !*DST, brn-gy* t r
S!T

Ctgs JWST, t t ot -gy* to% HDST
|b«s«-gy+ f r i r CKK

Ctgs

utgs

, t i «i-sy+ *0%
bfft~gy* iwsr CHS

HOST, U ol~sv+ ÔX
brrcgy* iwsr CHK"

MOST, is o l -gy* 10X
brrt-jjy+ tmr CHK

, t t o l -gy* mrtr
+ tfsir MOST, brn-gy

SUMMARY OF CHEMICAL ANALYSIS DATA.

TABLH; : 61-



COMPLY: PHILLIPS NORWAY WELL; 2/?--20X+2/?~20XS7~2 LOCATION': HOMEGXÅB 80RTH SEA

liiilliiiiilll
EXTRACTJCN/FSACTI0tt*TtO»

9910-940

9970-10300

10075.0

10081.3

10C90-12P

10090.3

10096,0

10099,0

10102.0

10104,0

10150-180

ho2?o-3co

10330-420

10450-430

1.0510-5*0

ICSTO-éOO

10690-720

10750-780

10870-SOO

10930-963

Ctgs \mSXr I t o i -sy* W CHS
'+ mrvt- HOST, feprc-gy* t r
KOST, med sy

Cvgs

Cere

Cts

Core

ore

HOST, I t frl-sy* 10% HOST
b r n - g y * sms1 CH£+ nnr

sr««S gy

gy* mrsr CHS* t r HDST

LSI, v U gy+ t r PYS

C:«f 30% HOST, I t a\-3
*• 'sjrif *4DST, brrs-gy

i.ST, yei-gy

1ST, yi»:-sy,, x ln

[tST,

Core

^j misr+ t r

Ctgs

Ctgs

Ctgs

Ctgs

Ctgs

Ctgs

Ctgs

Ctgs

IS? , y e t - g y , asier

1ST, y e l - g y , «?cf

ZUK* 20% MOST, I t * i - 9
+ 10% MDST, dk an-SY*
swif !*iOST, tsrn-gy

CKK* 20% MJSt, dk sn -s
* irrir !><DST, b r n - § y

CHK* 30% SOST, 4k Qf'-s
+ isnr HOST, b r n - g y * Sr
5. CM

0% HOST, # gn-sy
+•• t r HDST.x b r n - g y

CM* 10% ̂ IDST» dk gn-gy

CHS* ranr M£S.ST, gn-gy

Cf^Cf « r MOST, gn-gy

CHS+ ssnr ffiSTj ,gn-gy

Kinr MOSTj gn-gy

sitnr TOSS1, gn-gy

CJiK* .iwsr M8ST, gn-gy

CHK+ 10% «OST, grs-gy*'
sr*r SDST, brn-gy

CHK+ iwnr MOST, gr.-gy

I&HK+ 20% «OST, gn-gy* tr

|«OST, brmgy

.SO!

,64]

.68

.31

.20

,za
,15

, 17

,17

.18

-32

.31

.37 1

OF CHEH1CAL ANALYSIS DATA

140

2685

9040

$490

6610

1G72S

2593

2415

6065

S&55

5970

9* G5

S3J 76!

i 91

90

74

73

72



COMPANY: PH IL<LIS?S JSOstfcÅY wELL ;

i
i ZEBESA

\ SWtPUOEPTH

LJ1_ .
r—~~
10950-51020

11050-osa

11110-140:

11170-290

11210-260

11290-320

11350-380

11470-500

11530-560:

11-590-620

11630-680

1-1716-740

1177C3-800

11830-868

11890-920

11950-930

12010-040

12070-100

12130-160

12190-220

1:2230-280

12310

T2370-40G

1-2430-460

Ctgs

Ctgs

Ctgs

Ctgs

« w

Ctgs

Ctgs

Otgs

cis»

Ctgs

Otgs

Ctgs

c t *

CtSS

CtS3

« , .

ctg s

CtS S

e , s .

v

L DATA

CHK* 20% « i f5 r , •jf:-sv-i-
J5*-;)- MOST, Bn-i-gy

CK£> 2CK SDST, gr>-gy*
fsnr W S T , b r o - s y

CHK+ JO% XDST,. gn -gy* t r
røST, brn-gy

CHK+ 20% »ST t gn-gy* t r
røSJ'. brn-gv

CtiK* 20% W5T, §n~gy* t r
H8ST, brn-gy

CHK+ ^r røst, brn-gy

CtiK+ 30% «OST, - jn-gy* t r
«OST, forn-sy

CKK* tOS !*SST, g n - g y * t r
MDST, bm-SV

CHK* *OX røST, grs-gy

CM* 10% !«SST, g«-gy

CKSC+ 10X S^OST, gr.-gy

CiiK* 10% HiOST, gn-gy

C-HSC-*" w i r . •&$ ' , 3ti"S>'

CMK> ra«r «DST, gn-gy

CHS+ m r MOST, gn-gy

CKS+ 10% HCST, go-sy

CHS+ 30% «DST, gtt-§y*
?F«f HOST, t jm-gy

CHS+ 10% røST, go-gy

CHK+ 20% HOST, 3n~gy+ t r
«JST, brn-gy

CKK> 20% WST, gn-gy+ t r
MOST, brn-gy

CHK+ 10% røST, gn-gy+ t r
«OST, brn-gy

CHSC* 10% MDST, s«-SY* t r

CfiiC* 10% SH, s»sd sy* t r
OS

Af ta r e x t r a c t i o n

CfiSC* iw>r SU, w d gy* ^rsr
OS

roe
% Of

SOCK

. & ,

.31

.32

.27

,41

, «

,&S

.57

.44

.43

.28

,35

.30

.31

.37

,40

.45

.74

,47

,4&

,35

.34

• *

.39

.2«

,41

*~!
Tina/.
-c

t i ;

1
i

i
>

UJ-GATI OK ; N(J R « E G I A N C<O&itJ « .

GHEHICÅL Å5?Å1^S2S OÅfÅ

01 ?\

SOLVSKT EXTRACTiOH/FSACTiOKAI

s %. ."

[

1

i-iC £XTR.
%OQC %$<

;SN

ALK.

\ \
i \

i
;

OF CHEMICAL ANALYSIS DATA
TABLE : 6H



COXS?ASnf: PHILLIPS N WELL- 2/?-2OX*2/7-2OXST-2. LOCATION: NORWEGIAN NORTH SEA

C H E H I C A L ANALYSIS DATA

125SO-580

12618-640

12670-720'

12715.0

•12740-783

12790-840

•2795,0

12832.0

12970-990

13000-010

«020-030

I3C4O-05O

Ctgs [After extraction

Ctgs |CHK+ 10% 1ST, mad gy

Csgs |After ex.trscv.vn

Cigs \OHK* 20% 1ST, sts«d gy

Ctgs

Ct3S

Ctss

8«c

CSgs

Ctgs

Swc

Swc

"tgs

:tgs

legs

Ctgs

Ctgs

Ctgs

Ctgs

Ci.gs

After extraction

CHK+ 10% 1ST, ssed

After sxtrsetssn

tSt, is gy

LST, v it gy* i^r
dk gy, c&Lc

.52

,35

,5.4

Af ler

LST, v u gy* 20% SSST,
dk gy, sale

After

1-1B

.67

CLVST, iaed-cife gy

CLrST, St gy, C3ic+ t f
i-ST, I t gy

i.ST, v !.' Sy+ H!
die gy, catc

After extract ion

{.ST, v I t gy* sw;r M£>ST,
dk gy, cslc

1ST, v is gy+ 10% MOST,
rsad-dk gy, caic

j

.98

LST, v U gy* 30% i>!DST,
dk gy, sale

After ex

IST, v tt gy* 40%
dk gy, esle

After extraction

:.ST, v U gy* 40% HOST,,

Aftssr extract on

,99

1.2? |

.B |

1.24J

.701
1.79 ]

.64]

* i

SUMMARY OF CHEMICAL ANALYSIS DATA

TABLE : 61



COMPANY: PHILLIPS NORWAY WELL: 2/7-2OX+?./?"'--G'<ST-2 LOCATION: SORwEGlAI? NORTH SKÅ

HEHTC&I, ANALYSIS D&TA

rrp

IAftar «xtrsctfon

.GX 1ST, v I t

£tgs [After

m&X, isssi-cik gy, cafe*
2SS ISr, v U gy

Ctgs Sftftsr «xtract'on

Ctgs IfSST, i!>e<3-dk gy, «ale*
|2QX 1ST, » I t

Ctgs ! After extraction

Sisc JLSt, ased-dk ay, srg13130,0

13140-ISO Ctgs IHSST, næd-cik sy,
130% LST, v I t

Ctgs !After extraction

Ctgs 1ST, v Lt gy+ 10% HOST,
gy, cats

After extraction

Ct.Ysr, sæd-«Sle gy

1ST, v Lt gy

After extraction

13165,0

13180-190

.ST, v it gy+ tr 1ST,
gy

After attraction

L$J, v is §y+ tr 1ST,

i*ST, v t?: gy

sxtractioft

SDST, v U gy, sate

Aftsr extr-actiors

ST, v Lt gy*
dfc gy, csic

, v U sy, caic-v
KOST, d:< gy, caic

After extractors

SI3HKARY OF CHEMICAL ANALYSIS DATA

TABLE : SJ



COMPAQ. PHILLIPS NORWAY £LL; 2/7-20X+2/7-20XST-2 LOCATION: NORWEGIAN SORTS SEA

CHEMIG&L ASi!SEVERAL DATA

MDSr. • It ay, tslc+ 30%
, «ile gy,, cslc+ tr

axtraction

, dk gy., cstc

sstracrion

After extract sen

CLYST, gy-blk, mti

W S T , v it sy,

1337Q.3

13380-390

Civs?, ined-it gy, sndy

* ~åQ% mst, v i t gy,
* 20% HOST,

After extract ion

SS*, aie<3-<Sc gy, s l t y f t r13395.0

13398-410: SOSS KOST, v it gy,
sie* 30% NBST,

gy, sate* 20% mic

After e:-s tract ion

20S MD5T, y It gy,

After e>: t ras t ion

13430,0: LTST, s«<s-U gy, s

S

After extraction

13488-490

13480,0 SKD, sy-bm, sLty

Afts>r sxtruction

S«0, OS

OF CHEMICAL ANALYSIS DATA

TABLE : 6S



/ 7 -1OXST - 2 LOCÅ.T ION: EA

i0W/5SACT;0NAT;Ch; •

After sstraction

5LTST

j OS* 20% s i

ssttractiers

SSffi, OS* .20X.aiic

After «st resets

SKO, 0S+ 20% nsie

Sf"er sxt ract ion

SST,. I t brn-gy, arg

SND, OS* 20% «ic

A*"'ter extract Son

SNi), 0S+ 10% mac

Afxsr aKtfact ion

S.?jS, OS* Ritif sii '

Aftar ext ract ion

SMD, gy-blk, f r+ tr
SL.TS5, arg

| SNDS OS* (ryir aic+ tr-
J , <aed-«ric gy, ca te

I After extraction

, OS* t r MDST,
jmed-dk gy, cs

SNO, dsk brn, f r+ t r
SITST, arg

SUHHåRI QF CKSHIGåL ANALYSIS DÅT&
TASLE : SL



COMPANY: PHILLIPS NORWAY «ELL: 2 /7- -2OX+2/7-ZOSST-2 LOCATION. NORWEGIAN NORTH SEA

SAs4?l£. OEPT-t

13600-8.1 G

•3820-830

13338.0

13840-.850

1386)3-870

13S8S-39Q

1.3963-918

139.2S-933-

jH 3:940-9SG

13960-970

13985.0'

SÅHHS

SMS, CS- t r *!03T,
tfsed-dk gy, «ale

tgs jAf ter «attraction

, OS* t r *
roed-eiic gy, cs

After

Ctgs

SMS, OS* t r MOST,

After e

SNØ, OS* w r !̂ SST,
itssd gy, caic

After ftst"ac*fon

SST, It. brrs-gyc af

SSC, OS* t r MDST,

Ctgs i After

SND, OS* t r 80ST,
|ffied-dk qy, csic

Ctgs {After

Ctgs

Ctgs

Ctss

Ctgs

5NS, OS* t r MDST,
i%ed~cik gy, sale

Af ter «x t rac t -fon

SRO, OS* t r
•«ed-* gy, csl<t

Aft>sr extract ion

Ŝ D o OS* :iinr HDŜ
s*d-c!k syf catc

After extraction

SJ10, QS+ itBTir NOST,
!SS(i-dk gy , c s l c

r extraction

SND( OS* Mif MOST,.
fned~dk gy, caic

Ctgs jAfter extraction

Ctgs

Sue

fiOCX

• 25

.38

,36

,321

M

30

,46

,32

,44

.43

.33

.54 i

SH», OS* 20% «SST,
:»ed-dk gy, cast* «mr tnic

After extract Son

SJiOt dsk brn, arg*- t r
SLTST

,83

SSHHART OF GHÉHXGåL ANALYSIS DATA

TABLE ? 6M



COHP&KY: PHILIJPS NORWAY wEI.L: 2/7• 2GX*2/7-?.QZS'i-2 *CIQK: NORWEGIAN NOSTH SEA

SOLVEScT £XT3ACT 5 OH/ ?i?ACT 5

MOST, "isd-dk ay, cslc+
«3, OS- w mic

After extracts ørt

WST, gynsd , sale* 10%
(sic*
gy, calc

«SST, mod yst-farn.,
•*• 20% Si)ST, t t gv% cats

, esle

m%X, pal red-fern, cale
* 20% HBSr, I t brn-gy,
sale* 10% Sf̂ D+ 10%

gy, cstc* t r

After e.<t"8f.riofi

HOST, it gy, eslc* 1C%
% msr,

pal ced-brn, caic*

5ST, I t sy; cstc*
t r MDST,

pal pse-brrfj cs ic* t r

After *

MSST, i t sy, c

After extr

ta+ 3G% H&ST, I t gy,
catc* ifirtr SDST, v i t gy.

SUMHMY OF CHEHICåL ANALYSIS M T A

TABLE : SN



COMPANY; PHILLIPS N'QR WELL: 2/?~2OX+2/?-2OXST-2 LOCATION: NORWEGIAN SORTH SEA

GENERAL

!-4280-310

1 H323-350

14360-393

14400-430

U468.0

14520-550

14560-390

Ctgs

f»

etgs

Ctgs

Gtgs

OtgS

Ctgs

, is«<3"lt 3 V , C."ili:+
10% HS3T, vsxi yei-orn,
«sic* 10% MDST, v it gy,
caic* mor SN8+ sr LC8

After attraction

SDST, med gy, calc* 20%
HOST, s' It SVs cate+ )QS

Atter extrsctiori

siØST, n««i gy, ca te

After astractioo

MOST, v- IS W, cstc+ tOX
SSD+ tf LCS

After extraction

W S T , med gy, csie* ZQ%
IrøST, v U sva ealc* 20%

Afrer sxfrsction

^D3T, «æ^ gy,.

Aftar

v
calc+ sior LCX

After .extract less

SST, gh-gy, f* te 8J!"

Core

Ctgs

Csgs

Ctgs

SST,

calc+

After

SMC*

t r .

10S
ssnr

snnr

Srrt*
an
MDST

Fact

ffeSt

ren?

< v

ion

CIYST,

i t

U

s.x<

gy..

Ctgs [Af ter extract ion

Ctgs |.S«&*-• fflfip HOST, V I t gy ;

i
Ctgs j.A'fter «strået ion

Ctgs JSNO+ «Kir ^CSt, v i t 3yy
i c * i?sor IXM

Stgs

After as

Ŝ JD* ismr ffiST, v i t gy,
calc+ .wit UCM+ iflftf røST,
stied gy, csic

SUHHÅRY; O? CHEMICAL ANALYSIS DATA

SAS'LE : 80



COMPANY: PHILLIPS NORWAY WE 7-2QX+?./7-:-!i;XST-2 LOCATION': NORwEGXÅS NORTH 3EÅ
kWMMWAWtWMXOA

AHÅLY33CS DATA

if&SA : >ll i Gt Pi i POT.Vi.B. É EXT*.

•wir

Sftsr «-xtrsctJor.

røST, i
c+ ifrtr røsi, v It gy,

calc+ «nr

Aftar extraction

SST, dk red-brrx-
CLYSr, frgs* tr S5T

ClYST, gyvS«» sss
SLtST, cart?*- tr SI

14753

14760-790

SST, wj f l y e t - o r m - fp S5T

SY.
calc* n>s"tr »ST, v t t

1 catc* Bsrsr

Ctgs !Af ter sxt rsct ion

hmr CtYS'E, 8J1

Cars SST, an rs<5-brn,
Sft

SST, Sfiod reci-brn. asic+

SST, saod recs-Drn, s>'c+
nsnr CLYST. gy-yei-go,
a»fe+ t r 3!T

SST, psf <-ecS, iaic
CLYS!', I t gn-gy, earb*
i r sT , g y - b U , carbff t r

SUHMMY OF CHEMICAL ÅMLISXS SA1

TÅSLS : SP



COM.M&Y; PHILLIPS WELLt 2/7-2GX and 2/7-20X (ST2) WCMIQR: NORWEGIAN N\ SEA

TABLE ALMHS GAS CMOHåTOSMPHY DATA

TYFS Fr/Pfe CPI
(feet)

3230-5290;
3570-5830
10075
10081
10090
10096
10099
10102
10104
1.3349 (ST2)
13395 CST2)
13480 (ST2)
13545 (ST2)
13634 (ST2)
13705 (ST2)
13753 (ST2)
13985 (ST2)
14463 (ST2)
1474*» (ST2)
L4767 (ST2)
147 73 (ST2)

OIL BASED WJT1
SAMPLE *

Ctgs
C-tgs
Core
Gore
Gore
Core
Core
Cote
Core
S¥C
S*?C
SWC
SWC
SWC
sm
sue
swe
Core
Core
Gore
Gore

1,03
0,81
1, 55
0.96
0.92
8. 99
.1.06
1,03
0.98
1,4
1.3
1.4
1.4
1.3
1.3
1.2
1,2
1,03
1,15
1.09
1. 50

0.69
1.39
1.51
0. 74
0.8S
0.73
0,73
0.81
0.67
0.6
0,6
0,6
0,6
0,6
0.6
0.6
0.6
0.81
0.70
0.65
0.97

0.57

0,59
1,78
1,05
0,75
0,82
0. 74
0.72
0.74
0.71
0.6
0,6
0.5
0.6
0.6
0.6
0.6
0 .6
0.71 t
0.60
0,53
0,62

0,59 t

ri
.. .07
...03
..06
.. 05
..08
,,00
...09
i-.OS
1, 7
1.0
1. 5
1, 1
1. 1
1.1
1.0

1.0
5,99
: ,07
1.06
L.05

3.85

it is assuæeo that this sample was collected after having been circulated.



COMSåWZ: PHILLIPS WELL; 2/7-20X srsd 2/7-2QX (ST?,) LOCATION', NORWEGIAN N. SEÅ

TABLE 8 GåS CEEOHATOGSAPHY-'MASS SPECTROHETRY RATIOS

SAMPLES i 2: 3 4 5 $ 7

13480'(SWC) 1.34 0 ,14 1.27 50 ,2 58 12 30 0 .57 4 5 , 4

13753'(SVC) 1.28 0 .17 1.3? 4 3 , 0 44 20 36 1 ,01 51 .2

13985s(SWC) 1,14 0 .12 1 .20 4 4 , 7 48 16 36 0 .89 4 9 . 3

14468* (ST2) 2 .33 0 .16 1,25 37 .2 46 21 33 0 .77 3 0 . 1
( c o r e )

14767 ' (ST2) 1.15 0 ,17 1.15 33 .6 41 23 36 1.01 51.6
( c o r e )

14773 ' (ST2) 1,0? 0 , 2 1 1.31 33 ,6 43 19 38 1.2 43 .2
( c o r e )

KEY to RATIOS

1. C,7 18a(H) t?risnorrlacl:Kjp;n\e./17a(B} t r i snorbopsne (Ts/Tm) (ts/e 191} .
2. Cto X7B(H)21B(H) sioretane/1/aCH) ZUi(U) hapane (ra/e 191).
3. 22S/22S. r a t i o of C31 17«(K)21ii(H) b.omohopanes (^/e 191).
4. % 20S of (20S 4- 20R) Sa(H)14a(H)17a(H) C,g s t e r anes (m/& 217).
5. Peroeiitage composition of C,7, C.>s and clg 5c«(H)14a(H)17a(H) 20R Sterari.es

(ro/e 217).
£.. C3e 17«(H) hcpane <m/& 191) /uo ta l C23 s t s r anes (m/e 217, raA> 2IS) .
7- .-'..&& °f ^?9 Scersnes



TX CALCUIATIONS

COMPANY :
WS1L ;
LOCATION :

Temperature
degrees C

0
10
20
30
40
50
60
70
80
90
100
110
120
130
140

PHILLIPS
2/7-2OX

Tisse
siySF

ISO
98
SI
68
50
• '"V

31
20

8
5
4
3
2
1

F-Value

******

4.30
4.80
5.27
S. 99
5, 32
7.00
7.65
S.I?
8.52
8.3S
9 ,06
9,35
9,76

10.27

PROJECT ;•

HORIZON :

TTI-Value

0
o
V

A

yS

Q
1
1
2
3
=

g
12
20

VR (?)

**,*"?•.'•.•-A-

* * * * *

* * * * *

* * * * *

* * * * *

****s-
****w
*****
*****

.37

.39

.41

.A3

.47
,53

V"R (TTI)

*****
*****
*****
*****
*****
A * * • * *

* * * * *

* * * * *

* * * * *

•f * * • * - *

* * * * *

* * * * *

.63

.48
,55

VR from: P
Time

Times of reaching key reflectance

.50 ,55 .75 1.2 \m from TTI , 5 0 , 5 5 . 7 5 1>2
Xljse 2 * * * * * * * * *

* * * relevant ciac;

TABLE 9



f.SVEB ••' 8S.ERCHSC SPS
REtiaHXfcfl / ' V R i M . 8 'SPORE'S
ftftses; O F i no t f;£Nf)!)S SPORE

SS<FSB~>tO -S.C, i . EiWiSitXT

MORDA
• :

1

3

i
i
i

LAND GROUP
i
i

i
1
i
f
i
t
i

GROUPr

5
CHALK GROUP

GROMER KNOLL S8OUP

SAND X
i........

SEQUENCE B

SAND Y A

SCPLE I * 20000
SPORE COLOUR INDICES fiGRINST

c / / ™~ £ u X l 4 j I * c J
DEPTH

FIGURE





RJRSPPCE (Cl -CM,) HYDROCARBONS PGRINST DEPTH
I SCfiLE i t 20D00 <-• / nx (&5T . nzwz. NO.



Kg f TO SAMPLES
i i 0075'
2.

4.
5. S O W

? iOSO-4'
S, ?>W Sssnpie

CYCLIC

FIGURED Composidon. of Cy'hydrocarbons' in terms of straight chairs, branched chain and cyclic compotients.



g: gg £4 :p ̂  T j_ :_ 1 p:J 2•••" ? ^ 28 88 ft

288<
2 z * ,

28?>
'/' '-4 "V* >

293,
288,

•2

4
4
i.

380 <§

4?5, 3

494, 4

3A30LIH£

D •;" •••'v y *
:• • d .< \ \

, B 5 4

1 ! S31
.435

1*281

3-s>iy

"-453
43,381

7,2.8.7

1

2*
i- *

4 >

• • ' A -

8§5
4,1:8

I'? 3
534
236
688
t •£>?•

?§(?.•

^ A ,;

' ^ »

5,

1 -«; »

35,

? O: J

3£7
51?

US
14 v

: ~ , ™ -~;

o '"= tr
^ •:> v '

1 j O> i -̂ -:

I! 938
1,779
3» 42c<

PEAK

•6,713
fe>< 353

'8., 652

> 8 3 fe

4 , 6 4 y
1 ! «942

>«• T.-..X

1 ...354 .363 HC4

1.53? 2HP

4*288 H-HE;<
4,858 li)CP-*22D:1P

i i «53 i 3EN
,849 33.D.HP

, 416 1 IDriCP
,959 31':H
,578 813Dfi8P

1.811 Ti2Di1CP3EP

?Vfel3 MCH/C12DJ1C

4.5... 138 TQL

13130

ab 2998 Anal
LE B564
tiH? v ic to rs

s i s 4,S8
PHILLIPS 2/7-2

28?9fcx Si 2
8 8 H 458 38R)

FIGURE
«I'LL
DEPTH

5,1
2/7-2OX
10075'(core ch ips )



it

id i
$565 PHILLIPS 2/7-28 834: 46?
SHSOLINE

é NO,, vfirsa;

25?\2

298,
317,
344,
337,
396 v
43 i •
443 v
449,
473.

3
••*?

'*?

V-'

• !

4

58? < 3

543*6

6 6:9, 6:

6 A 4
?;< 7.
i*S
539

12
2 -3

' • : " ^

. 74
« 4 1

4
1
4
*?

r^n i'* c'
2, 37?
2 «659

9v66a
»'̂ 58

12.39&
j,22f

19,613
• 4 , 2 9 6

23.914

4 *'248

18/934
ii 1 j 9<£fc>
514523
4,485
8, 384

S.ll 124
65,147
11,887

23 i-801
22,5*4

, 355 HC4

1,298 HOS

•: £; ';> -i. -•;.- ;,̂  £

•;' t l?2 3HP
5,S83 i'HHEX

,338 24JMP

41,256
25.91%

4. 425

125»8?8 i6,79i H~H£P

fsctors 7,546

FIGURE
WELL
DEPTH

5.2
2/7-2CX
10081'(core chips)



Tri 1^ & 2383
; AMPLE' 8566

,88

K£TH SEL

20
22
26
28

4,

•-- ' • .

2yy,
~? ^

-.-.. .i

38
3§
4 4
& "\
44

46
4 a
49
4'?
SB
53
57
68

4 ,
.-.•CVa

¥»

9,
fl.

y •»

4 <
4,
f' >-

5,
9 ;

7

9

3
' • ^

^ -

i

4

3
5

•-i

_ • • ,

3

4

K '•:. H K

H ̂

2< 897

4,899-
,464

x.831

9.394
i = 071

PEAK

5x822
4,% 2
Sv?S4

i :* y !"i Q f":

3«98?
4 < fp ?'#
&> 764

ARES

4, o 2 i

!, 244
i, &8S

t ̂ ,H3H
49,177
24,146
2,821
4,734

.̂1 ;̂  " £'

39 «844
13,342

27\ 809
16?, 131.
289,584

;3HC
2, 444

6>833
5,325

24(7bfe
1.2» 143

1,44?.
2,379

i7s496
19» ^24

v' « ^ 'O .

.9 4 3

741*

i 2.

b < i i -i i , 3 * ,

HC4

5,934

4,371 C-HEX
4, •as;:; -5WU

7i2Di1£P3£P
N ~ H £ r'

9750 p

Ploltift? factor
"""PHILLIPS 2/?~2§ SSft 46:

FIGURE: 5.3
WELL ; 2/7-2QX
DEPTH ; 10090'(core chips)



ilzb 23§8 n^l'i&is 4,88
6567 PHILLIPS 2'•'?-*28 S 3 H 462

Tsbls Ho., IS GASOLINE (Area)

167,4
i ; '.„• > **

29 ?> 4
•JOS C

26§* 4

315. •?

426,6
434.?
444*6
465,3
472,8

58 L. it
537.3

II?' 5
K i"; R .; 4

4« §45

1,162

61&94
4439

S

ck
; " : • • "

« C O
; % • "

,66
,64

'-?

• i . e i s

i,

i,

66

63
S3
Q ~Z
U '~=
.......

9;2

S

i

5

S

A,
4,

6.

• S>

5,

4*

072
831
636
263
898
1 13
"3 c ̂

•684

453

Å i •> i f> i

29.S69

•JQilC

i < t-4 i
3,256

>, 4S*

1 < 168
> 583

• «627

1, 196
K§65

, 325
3.143
,348

4v
4,
:"
• ; ;

1 e

s

i. ff

5»
/.»

4,

/-.!-; r.

573
678
••«* 0 J"

% ^ f'-

493
476
73l
4 3 ?
241
965
127

il-
HC
1C

22
CP
23

>
:.-

••
!

u~
MC
va
BE
33

C~

*
)

;

?]&•

2<6ii2 3,55$ 2HH
.353 t 4?6 illmCP

2,256 3>83'S 3MH
,683 , 928 CI3DHCP

1,078 1,442 T12DHCP3EP
18, §36 13,528 H.-HEP
S/733 i i . 332

x*S3S
. 688

?1CH
ECP

i 4-40

T r i l s b 2838 P-Ti*.l?sis 4 . 8 6
SAMPLE S56?

Siw«^

PHILLIPS 2/7-2S 83i< *ék*

FIGURE: 5.4
WELL : 2/7-20X
DEPTH : 10096'(core, chips)



E B572
4 » is

/K ILL IPS 2.-7-28 38ft

! i Si's NO. i.*J 8«SOL I HE (Sfeis)

168, 9

3 i 7.

419,7

43 ?, 4
458
444
4 7 fei
48?
4'? 5
588

b ?j /:

655

i 7

* 4
,0
< •!i."

,4
*?
,6
< 4
x 8

, 9?V

s va'?

i -1 ^

.651

'•OC.r.-is

5, i S3

4 ,.>J i i

. 44 i
| K44
, ":'.: C' C'

c 893
,328
,884
,372

,144
,305

i :?•?*?

i . 368:
, 893

&. & 1 i

Å « ™k O .•;.

U663
5.476

a .i.«i; 1.••;'

2.. 5ø?
;, 3 i 9
«376

. 484
1, lø'?
3.652
4,612
< 294

1.9, t ?S

' • Li l'"i "' •

i » ? ¥ p
:? . ^4"^

> ^4e

,846

.%h2
> i - Vv '•.-•

< Di-.'

. 187
«554
, 2 6 2

!S14

xcmo
5,565 1C*

. ?\838 NC"

NC5

1.» 942

As 487
,144

i ! 45.5
,434

i . 289
<S69
,329

D< 126

fiH

^H / ! t V
- i : • v.- .i JL.J

1,213 26 ,186 TOL

4 &5 5

9 ftralsss SSG
572 PHILLIPS 2/7-28 88ft 46.3
fsc tors 94032*639 4 ? U §

5.S
2/7-20X
10099'(cors chips)



Trilsb. 2i6$ Analy
MFL.S B569 _PHILL

E

s 4 . 8 6
S 2 - - ' ? ~ i 2 & 3 8 $ 4 6 4

264«

282»9

l i ! 29
338,9
*? ? •< ?

3?9,5

423. b
43a «5

642,9

HT

v 346
, 3S4

ftKixH

, 683
•;;• : i = ; i

2< 139

1 «: 1 49

3,2 i 9

~!925
, 8.4S

I * '§•$.4

Q ••"• *C

?. 98?

PPAK
CQHC
3,421
4,86?
3,?S4,
2, 54S

• 7 •"• ^ .

"/ s î

5. ^

1§,
cs
5,

823
413
6 6 4
581
6S3

IC4
HC4
1C5
NC5
22D;

CP"

PEAK
'NAME

;4P;

2!<i9
: 2 1 4

398

»5ø8 23&HB

i x

x

• •

i!
i <

1 <

i 3-'4
20?
201
578

4 v< i

594
242

455

b ,

i.

3°
: jf ,

••"?

*? fe 8

44?
284

249
S4S

962
967

H C P / 2 2 D S 1 P
24D:iP

• ^ • w U""1 i. i i •

C-HO
2KH
21DHCP
3HH
C13DMCP

O O fe
_,924 2.854 Tl2DHGP3bP
^ , ! 18 11 x 361 N~>*F?
5.64? ?2,55e HCH/C12DHC

v 485 .Søå ESP
4,624 i8,2S@ TOL

575 npb

Tr i l i b 2889 •'
SRPIPLE S569
r i o t t i n s fac

-. 4,33
LLIPS 2/?~2ø 38ft 4 6 4 ^

6?4&ti>S28 432<29r
,38 R)

c™

C

a»as&&»»:-£:-;{cswS«KÆ

FIGURE: S,S
WELL : 2/7-20X
DEPTH : 10102'(cote dhips)

^SJB55WW

r" •o^^^vvvv^>^^v^^H%%w^s%>>^^v>x>Mw«



Tri la & 2S8S Anslås 15 4.88

is? 6A8GLIN£ (firi

K& i H

286, 7

288, 3

-> s o > f
428,3

4.5/ ,4

465» 3
4 ? 5 x 3
487, 5

v:..<iOx ;

£T ;'"•' i"-> . - - I

8S71

i

•P'E'A'K.

•5 ;'v/-;

•"' <**" v $

1»425
33 26S

4y 398

X I ^ S

«704
i- fl

3*
• ^ , • " . • •

w.

•">

81

•„' i .1 C> v t

34,439

•; fr
. . ' ^ ' • ^ • - - :

•.i - ^

'"•' < 0"

?> 6
i 2

•• •"' £,

I j1 7
-; i

i. v ;.

4, å

:74
<:54:

47
68
71

94

65
/ 4

4|

• 
•
"
'•
-
!

2»

4*
•v' *

•".

1

H

9S

36
i ?•'

/3

46

3C0NC

1.228 134
.V ^ "? :0. V f-j i ' d>

- ^ >. v-1 T-1 < i •"-• * ;

v JDj

'•j«h

5. 581

",164 24CmP

Ål? 33&H?
3,456 C-HEX

.428 CI5DMCP
«28? Ti30!'!CP
«819 Ti2DHCP3£P

2 6 ^ -̂  1 3 T •"' i

2135 ss

FIGURE
WELL
DEPTH

5. r

2/7-20X
10104'(core chips)



FIGURE: 6.1 •WELL: 2/7-20X
DEPTH: 10075' (GORE CHIPS)
Whole extract



£ 1 I J . I > • ! ••

iXi . . . 1 < - '

< - ' ! t ) : . • : • • ' •

12 Pr Ph 20 24

8.-2 W£LL: 2/7- 7.QX
DEPTH: KSOSr {CGR£ CHIPS)
Whole extract

32



\\t -J. -->'J
.•--'-: ; ' ' i , + • • ' -

- i

FK3URE; 8-3 WELL; 2/7-?.OX
DEPTH: 10090' (CORE CHIPS}
Whole extract

i 6 Pf 20 24 28
..i,...

12
.J...



•?•< {•(

'•t <X;

• a : '••"-.

I

FIGURE: 6,4 WELL: 2/7-2SX
DEPTH: 10096' <CX)R£ CHIPS)
Whole extract

16 Pr Ph' 2Q 28 32.



CD <>'< O
O?- Jx- i-~"s

I t ' : {•••-(

•^ % h i

s--- >yj ei.,

^,-^A.--*

W

| 6 PJ- Ph
.j j r.

FIGURE: 6.5 WELL: 2/7-
DEPTH: r009V (CORE CHIPS)
Whole extract



GURE; 8.8

1 <

I

1 1 l l

J L i
1 1 1

1 J
! h Pr Ph

I I i..__
20

...J.
24

WEIL: 2/7-20X
DEPTH: SO!02' (CORE CHIPS)
Whole extract

wt^iU A

28



FIGURE: &?

12
A..

20

WELL 2/7-20X
DEPTH: IGK'4' (CORE CHIPS)
Whole

8 i » , . . -
24

i



FIGURE; 7.1

t'~J
"CO C-i
CO «•
•04 V~

-a: i

>:••} •:<••

<xs o's '•?
or> >>.. '••>

> •—-•• ;s's

-••/ . . j f-s
.JO

if: C••.;,

WELL. 2/7-20X
DEPTH: S230'~S290'
Pr/Ph: i .03

;: 0,69
0.69

CPi: 1,31

v
« 1 . . •*•> '.5? .
T- p'U">
' X '--> "̂*
)1O Cl^

(.6
i

20
i

28 til



FIGURE: 7.2 WELL:- 217-2QX

"*•?:> v

<Z i

<:•> '•••-

CO a. :ft
•f

Vi

i
••::•:.

!--< :£<

.A sri

al

il

V.

Pr/Ph: 0.81
Pr/d-Gj?: .1,3?

CPi: 1,07

12 u
•-•A;,,

20
i

N- <X



FIGURE: 7.3

'••(. .

OS -•;!•

!

i— ••&
tj.i xr
il. r-.

— ' . ' ••)

w £

ji: yj - ' - '

: 2/7-20X
DEPTH: • f 0075- (CORE-CHIPS)
Pr/Ph; L5S

/n-Ci7^ i.Sl

CPf: .1.83

I.,
Pr Ph 20

L_
24 28 ,32



HGURE: 7.4

<&• !•••'•

V,- !••>

••:>

;•'•-• \i~y

,0 •:,<:> -:a

...i to

..1 '-X

•is:
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FIGURE 7.31 OH BASED MUD
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Stexanss m/& 217, 218

Peak No. Assignment

I G27 5^(H)14a(H)I7a(H) 2OR cholestane
5us(H)14a(H)17a(H) 20S e.hølestane
5a(H)165(H}l?^(B} 20S isocholestane and coelutlng,

s 24~ethyl-13/3(H)17a(H) 20S eliacbolesfcane
5a(H3l4,£(H)I7jS(H) 20S isocholestane
5a(H)14a(H)17a{H) 20R eholestane
24-j&ethyl-5/?(H)i4<*<H}17c4<H} 20R cholsstane
24-methyl-5a(H)14a<H)I7«x<H} 20R cholsstane
24~methyl-5a(H)14^{H)17^{H) 20R Isocholestane and coelutlng
24~ffiKthyi~I3a(H>1?^<H) 2GR diacholescane
24--æethyl-5or(H) 14S(H) 17,(3 20S isocholestane
24-ffi8thyl-5a(H)14«(H)17a 2OR cholestane
24-ethyi-S^{H514a(H)17a 20R cholestane
24~ethyl~5a(H)!4a(R)17a 20S cholestane
24-ethyl-5a(H}14^(H}!7^ 20R isocholestane
24»ethyl-5a{H)14;6'(H)17,a 20S isocholestane
24-ethyl- 5a(H) 14^(H) 17̂ 3 20R chol as cane

Ail steranes listed are likely to be 24R and 24S spiæers which cannot be
sapacatsd with the chromatography conditions used.

2
3:

4
5
6

3

9
10
11
12
13
14
15

c 2 7
c 2 7

czt
c'

C '2S

as

C. ^

G2.S



Rearranged Stersnas (Blssreratms) sa/e 259

Peak M

1 6
1 7
1 8
1 9
20
21
22
3

23
24
8

C,...}

C2&

l3;3{H}l?a(H) 2OS
13/?{H)17<3c(E) 2 OR
13a(H)l70(H) 20S
13«{H)17.g(H) 2OR

diaeholestane
diacholestane
diacholestane
dt&chol&scaxxe

U2S

24-msthyl-l3^CH)l?a(H) 20S diacholsstane
24~mechyl-135{H)17a(H) 20R diacholescane
24-saethyl-I3a{H)l?.i3(H) 2QS diaeholestane
24-ethyl'i3.S(H)17a(H) 2OR dlachaiestane
5a(H}i4^(H}17^(H) 20R
24~ethyl~13^(H)l?a(H)
24~st.hyI~135{H)17a(H)
24-ethyl-13a(H)l7,5(H)
24-ethyi'5a<H}l4/J(K)i

(24R and
(24R and

24S)
24S)

and coslutlng
isocholestane
20R diacholestar.e
20S diacholestane

diacholestane. and coslutlng
20R isocholestane

2.0R

All rearranged starsnes listed are likely to be 24R. and 24S apissers which, with
the exception of C38 24-ffiethyl-i3^CH) t.8.a(H) diacholestanes, cannot be separated
with t.ha ehrosatography conditions used.



Hethylstsrsnes 2.3

Peak No. Assignment

25
26
2?
28
29
30
31
32
33

C
2a

4a(H)
gg 4a(H)
2 g 4/S(H5
j 3 4a(H)
j S 4a(H}
2 S 4^(H)
30 4a(H)
^o 4a(H)
!J0 4,5(H}

-aisthyl-5/3(H5l4a(H}17a(H) 2GR choles
-«i8thyl-5cs(H)14a(K)17a(H) 2OR choles
-æethyI»5a(H)14a{H)X?a(H) 2OR. choles
-EseChyl-24-Hxethyl-3JS<F}14a(H)l?o(H)
-JS8thyl-24-mgthyl-5a(H)I4a(H)i?a{H)
--ffi8thyl-24~metbyl~5a(H)14a(H)X7a(H)
~æethyl-24-methyl-5(g(H}l4a(H)17a(H)
-Eaethyi--24-!R8thyl-5a(H)14a(H}l?a(H}
"saethyI-24~methyl-5a(K)i4fj{H)i7a{K)

tane
t.s«e
tane
2OR cbolestans
20R cholestane
2OR cholestane
20R cholestane
20R cholestane
2OR cholestane



Tricyciic a M Tetracyciic terpanes. m/e 191

Peak No, Assignment

34 C,3 tricyciic terpans
35 C50 tricyciic tarpans
36 C,.. tricyciic terpans
37 C2, tricyciic terpane
38 C23 tricyciic terpane
39 Q tricyciic terpane
40 C,5 tricyciic terpane.
41 C26 tricyciic terpane
42 G2g tricyciic terpane
43 C,g tricyciic terpans
44 C,j0 tricyciic tsrpane
45 C2, tricyciic terpane



Regular FentacycXis Tritsrpaaes (Hopanes) ra/e 191

Peak No. Assign-seat

46 C27 18«(H)-22,29,30- trisnorneohopasne
47 c"z'7 17a{H)~tr isnorhopane
48: C,,'B 17a(E)21B(B) -28 , 30-bisnorhopane
49 C^ 17a(H)2lis<H)-30-norhopaiie
50 Clt 17^(H)2Ia<H)-30-nonaoretane
51 G3Q i7o(H)21^(H)-30-hepane
52 C30 17jS<K)21a{H)»3G~fsareta-ne
53 C,(1 l?«(H)21,3(H)~30,3I-hoæohopane (22S and 22R)
54 CC 17tt(H)2lis(H).30>3I-bishomohopane (22S and 22R)
55 Ĉ g l7a(H)21^(H)-30 f31-tr ishomohopar le (22S and 22R)
56 C"3ii l ?a{H}21^(H)-30 t 3I ' t8 t tak ishomobopane (22S and 22E.)
57 C^5 17af<K)2i^(K)~30>31-psntakishosiohopane (22S and 22R)



Other Pesitacyelic

Beak No.

58 C27

59 unidentified coaipound X (Phllp and Gilbert, 1986)
gG unidenfcifisd compound Y (Philp and Gilberc, 1986)
S2 unidentified
63 unidentif ied
64 C3a fteohop-I7(18)-ene
65 C2g 17^{H) norhopane
66 C3j hop-17<21)-enes (22R and 22R)
5? G3a gaæmacerarje
68 C3Q 18a(H) olesnans
6§ C30 17/3(H)21a(H) hopane
70 G3. l?iS(H)21cs(H) moretanes
71 C,* 17J9(H)21a(H) honiohopane
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'bi time»/witussiaotss
blue
bleached

~ "a lad.
brillisat

~ calcareous
e&lcits
carbonscseus

- aonglssfieyate
chalk

clayscoaa
ceaeat
coapcsite

- coarse
casing peinl/shoe

~ dieeh cuttings
— CUtiCl i !

" decarbsmsted
•liaoeyacs
dark

- doleicice
dolosaita/dolomitic
dsssfcy

exltsite

~ extracted

Ssldapathic
iarrugicous
f luosrescsace

~ JorjEatiou
-• f osstls/ioasiiiisrou!»

friable
* fractuxs

£ jragjsear.»

fasteifce
glauconice/glaacocitic
graarj
grsdad/gTadir.g to
grains
g"ey
gypSUB

h a l i K s
hard

H<RV)

T/.fe
1GK
l a c
Inert

LIG/Lig
Ins

horixoctal
high refl«e«in.g vicrlcite

intar—bedded
igseo-us rocks
ir.sltsding.
iaettiulte
1^JE.3-T3^®/ iai&itta c ed

lost circulation

MOST
saed
KST
ssie
æics
31X35

•sxxz

!ot l
n™

nod
KS
occ
c l
o o l
OJTlg

as
p
p a l
Ph

p o r

PP
F r
prsd
Prc
P'/a/pyr
Qf2(X)
Rg
R(«w)

Sap

sbsg
sibrd
SCI
Sf
s i c
SH
ssktly
s i i
s k s
SLA
SU<ST)

aity
SHB
sady
Sp
SST
sc
atks
s«s
stirf
SWC
ID.
IDC
tv
zms
Y

v g t
Vic
va
TCLC
VS.
wht
s in
y e l

- aedlura
metamorphic rocks

aica/ssicaceoiis
~ s ic r i t ic
- mineral

sinor

ncctled
~ acnnal
— sot available

s5odule/as3<Sula.r
ao saopls

~ cca^sioaal
- olive

oolitic
change

- . oi l acatn
picked lithology
pals

~ phytase

p-croiis/porosisy
parpla
pristane
predominantly

~ preseat
pysite/pyritic
qsiarts (ite)

- rasin
reworked

sapropei
^ ssbaagular

Sssbrounded
spore colour 'iade1»

- semi£i»iaite
- sof t
~ shals

sbaly
siliceous

~ siic'senside surface
- slate

«•il-t (stone)
silty
sasd
sacdy

~ spores
sar.es toss
sEslnsd
streaks
sucsrtsic
surfac?

- Bids wall eore
total c«pch

— total orga&ic carbon

tracers)
~ txar.sparanr

vary
variegatad
vjesisite
vein
volcanic rocks
vitsinite reflectivity
white
crystailice

-> y allow

LSX
It
JTsSS»

laus(es)
low

tight
sås sive

.Tig vitrinire
no analysis caiTisd «ut
analysed but sio dats ob£3i-.ed
greyish
grey-green
gresuish gray

Sote; (Katurity daca tables or.ly). Smaller i t brackets refers Co tsttsabar of reflectivity values averaged tc give quoted
resuic. ?rat'srred values iat iadigeKOas phytoclasts ire listed f i rs t .



?.SQCE3ffl£S ASS

This aposadlx susaasrises ftia as .in steps la cha analyses ssrsiad oiic is chs. Xofeertsoa Pt&search Xncemactoaa.1 Led.

petroleum geocheala.try laboratorisa. Analytical pathways are showa es the flow chare (Appsodii Figure 1) and details of

laboratory procedures and ?echnx«ji:ss are given in the tsxc, Tlisss aay ia certain ciicvuastaaces be adapted So suis

particular samples ox comrieians. inEsspretseioa guidelines are also dssi'inssft.

i. Samples frgpagacian

General

Satoplas ars received inco she iafeoiacosiBS. i s the rossss £f vail-siee aaaived. dicch cuttings, bsggsd ditch cuttisgs ia

sscsgss ox prspa^aciaii frcras wst, unwash&d to dslsd, washasi; sidewall coses» cesnveatictiai corssi auterop

oil ssiasuas aaa gas aaæpiss. Each saaspl.e is assigaed a aisasiser which is sataced into a eossjsuter ssysetua to a

pis ss.i«c.ftiou aaa progress. PraparstioB sachniques are diracced cowards abftaiaiag claa» sarapies,. firea of «r i l l isg

mud sad -sud aaditivas» p&vloue caviag concaaioation aad indetenainaca fiaa ssatarial. Wasshin̂  with coid water is

standard hue further washing '«rich atd\re&£ (dichloitotBsthaas, DCS) is aiivxi&d ts»c if oil-based sud ia present, sifter which

saapies sre dried, dascsifaea and iadividu&l lithologie» hand-picked where prstsicaisia. Siiiapies are. rough crushed to

approxiisataxy psa~si2ad fragments £ør karogaa preparation ar StztsXy æiiled for chemical snaiysis.

Seragas. aQsceatTates for æicrascopic asajainstioii and ai&aseacal ansiysis are praparad using standard paiynologicai

procedures buc osaittisg csjadacion or acasolyais. Acid nacsra«ioa iavoives che u<s« nf hoc hydrochloric acid (HC1) to.

reiaova carbonates aad hot 60S hydiro-vluoria acid (HF) eo eeæova or osrsssk down si l ieatas . Mineral r«aiduaa ars separated

Sxom chs kerogan by a coabiaation oi ultirasonic ••"fbx-atioR and sine brotaida flotatioa. Ksroges sasples for spora colour

and kerogaa cypiag are souaEed on glass slides in glycasia .'ally, those tax vicslaite rsflacttviey are dried and !Bouiit:e4

iis aooxy resia. Kerogen residises *ia stored ia aseihsnol.

2. ^3 vijgicy EvaluaeIon

Tha tsshsslques eisployed for intsrpreciag æaewity aiid therjaai hiarory in chess labosafiarias are bsssd saiaiy on spora

colouration and v i t t ia i ta raflactivity Eaasuraæent, suppIsseatad by d36a oo'ainsd £roia airspace gas and gaso.il.ns

aaaiysi», pyraiysis Tsasx» aa4 hydrocarbon analysis iacladiug gas chvataatogrsohy and gas e.h

jjgo.ra.

Sporoisiorpk coiour is assassea using a >2Cw slaved ka-rogovt ^ractioa visvs-d ia transia.icted light on a standard

palyr.oiogical aitroscopa. Unusual hues are cheafcsd usiag ir.sidese blué/UV light fluorsscsnKS, Meaaursassst is æade by

aye againsc rafera&ce sets of iiagia grain spots aaiuits aad eraiaed operators achisve a high dagraa of accuracy and

Tha I to 10 Spore Colour ladax (SCI) seal* was sJesigEed for liasarity with iuarsasixig depth acd

» and carrelaces approsisnaealy »ich the following zoaas of oi l generation: 1,0 to 3.5, laaaaturs; 3,5 to. 3,0,

early saEtira, generation of los gravity oils (28 to 35 "API); 5,0 Co ?.Q» siiddie ssaetire, getieratioa oi -is&dl'jsB, gravity

oils (3-3 to 42°API); 7.0 to 8.5, late saairtn-s, aeoeratioa of light oils (IJWÅTI) 4sad aotiaensates; 3,5 to 10, post

aiafcisre, geaerscion os cr.oudsEisaKSt wet gas and, ultimately, dry gas, Linearity of stale is of great valua in pr-idictioa

by astrapoisciaa, ai cha dsoth to any pare oi caa oil geauratioa sgquesica. The value of SCI Eaasaisosaat l ias ia the

objgSKive selection, oi aæasttred grains, iso miaiaisiog problaas or za.vi.iig and reworking, and in i t s ao?a direct

catreiatics agaiasc oi.;, gaaeracioa thaa vl t r ini te reiilscti-ffity aeassirauient, tiaiCations in i"S use eoocara cha •

difficulty of esrrsijJtiaa agains" aches coloar sasles and tha iaaeasifiiYlsy of th« saals ia cha iata so post saature

region, Ascraalous coiaurss aay result f ros blaachiag or staisir.g during daposition and diagaaesis. the correlacio» of

SCI againss Therstal AItaratis;n totiex (XAI) gives OH. the SCI ye.rsus da-pch slot la tjie rspor.ts was saade by direct

oi Scapiin's stimdard slides with. SCI standard slidaa.

yicyin'ita 3.efla

Iha asjority of pr«jjaracions a?;amised «soar rai.lec.tsd light in these laboraC£j!ri&3 ara sads, itsijig >20ti aievsd ksrcigen,

snottatad ia resin blocks and polished with earboruadma mid aluaiaa althssigh total kerogssv assy be used when saæpie aiae is

2.1
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l imited. ?i«ked coals , organic-r ich shales at i iæestsaes containing solid bitussea are mounted d i r ec t ly in r s s in blocks

and polished in she visual way. M«3sureE&riC is made en a Laiss Gifthopiaa aicrcssoops i-isted with as. HSV Corapscr.

phosoissfer which feeds values dis&cc to a desk s:op eoapucer t'ar daf.a processing £roas a&ch sssp ie . The sysces i s

cal ibrated «gains': glass standards and rsf iectanca values ?•?& expressed as: aritfnaatic xo&os si* aaasureiaeBta takea in o i l

iasaersiosi 1*R a t S. . . ) , 3, sad R , aay be measured aad cuoted i s csr tais i iircuisscan^is hut: Che difference, is
o n C.t.1. max so.?.?:

ii'iassr. below abo«e X l.QS. Some operator selseticn of particles during measiirfitsext is asseatisi aad obvious

scs or aon-vitrisitic ataterisl ate noted b<it not siacesssrily quoted. Tha vaiuæ avioted o& data tables is tbac

which is iacerpestad as æost appropriate, bue ocher possibilities say also ia given. Plotted iigures assmne a

iogarichsiie increase, of re£le.ccaac« with deprt. ?. Q.5S is a widely aecaa-ced cbrsshold valuss tor cha sasesr of oil

genarat.ioa, although as the kiaecits of oil geaeration icay act be idsntical to those of vicriaite reflectivity

åsvelagmenc this KUSC be seaa only as a general guide» Ths floor fax oil generacisa is sfsasaessslsec by a rei'lactanae

value of .iboui; 1,3*. W*«c gas gaaer^ciaa peaks at a %'alua >jf abenst IZ asd ceases at the Z% .level. Dry gas generation

peaks at. a raflfictanta o£ abouc 1,5* tiad cessas at the 3% to 4% level, Correlation of reflectance valuss wish. otKer

s »ay aos be universal beaiiSisa sr ciae-tasapajrature factors acd is best æacle on. .a local Isasis.

Ref lect iv i ty æeasuxaæeat i s <s widely used and v e r s a t i l e tool which aay ba seadily i a l i b ra t ad agaiast aajsily obfiaiiiad

standards. le i s applicable over a vida range o£ iasKurity stagas from iausiaSyra to pose aacure (Q->Z% to 52 R ) . High

suiriacs io t s reep t s oo. ploeta'd f igures *a,d discordances at faul ts aad -aacoKfonBicias can give r ea i i s t i t ; estitaacaa of tfes

iaiciint of sect ion ssissiiis. I t i s of. liaiicad value ia Early Paiaswzoxe sections where land plane oata-rial i s aba«at,

although 3 gaaerai guide to æattsrity æay ba obtaised frow chiciJigus crg^Bia a a t t a r . Svea 3 sfclllsd operscof â ay have

d i f f i cu l ty ia. sii3C;is;gsilahiag iadlgeiioua v i t r in i r . e froæ soæe forms of iaeit i iXis*, aaesasltHtsly ref lact ing

i t r r in iee" , cavings aad irsworSceci fragments.

Airspace __G

Wet cast ings sr« io l lec ted a t the- well s i t e asd s«alsd in psssly f a l l aaas sontainiag b&ctarlcitSe. Xn the la

ths nitspsLCs (hasdspace) gas i s axcrasicea using a C4S piercar f i tced with 3 sspcua aa<i lijssiyaéti by gas ctaooatography.

Xiss proportions o£ niethsce, s thaae , j ropaae , i s o - sad c~bu£3aa are sa,lcul«te<5 fraas iu i sgra t sd peai areas ><y ctaaspsriscn

with a standard aiixture of these gases, Mecfxavis i s Khe dsaiaitat §&s ia tssaatars and pose raasare sgdisanss, coaps?i3ias;

9Q-100Z of t o t a l gaa» Sailing tc 30-70% ia iaaKiire sediisents. The oaaac o£ isatSisrity for; o t l gensration (SCI 3,5} i s

eh&ractariBfcieally masked by &a incsaaae in wet gas (C,~C^) to &«sew«s« 10 aad 20% with fa r ther incraas«a i s aacurisy

indicataii by * dscrease in the X2.fi.ti of i,s£- to n~bucaaa. Ratios a£ >.l.O are typ ica l Jar ijaraatuss sediiaess* and <0.5

are ustsai in aacura sediments. Depastures froas acsapoaiciaa verass dapta «rends aaf fca useful, ia indicating sigraas gas

a t f au l t s , uneoafcsrjsities or rasarvo.tr rocks Suf. l imi t ths aathoQ <« a r e l i ab l e Oaturity i ad ica to r , Airspaes gas

analysis i s aa inexpensive and rapidly exesueftd ser-hod of screening saasplas. far fa r ther a s t a r i t y asd hydrocarbon concenf.

CaKtiags G&s Analvsia

Cuttings sajapies raceived vac» prefarably i a sealed coutainars , a r s su i tubls for gasoixua aad cut t ings gas analys is . A

port ion of. the, washed eutcXJags saæple i s rstaiueii wats pulv«ris«d ia a, seaiasi shaker and wa^sssd to axpel the C, to C?

hydrocarbon, coas^oaaats into the shsiej- a i r space . .4 sample sr t h i s airspace gas iss than removed sad assiysed by gaa

chromatography a i the r for cust iags gas {Cj tp C }̂ ox gaaoliaes (C^ tc C ? ) . "p to 23 >sydrocarboss components are

ident i f ied i n ths C, "Q C, yaage azd t h e i r r e l a t i ve proport isas ^alcuiatad iron integrated peak areas wit!» reference t«

staudard £5.tJiLf.>.:res. laasatuisi source rocks yiaid lov total aiusdajaces and limited auabsr* af cas^jonants wfeereas aature

source rseks usual ly crcntaia a fu l i coajpiaaaat a£ idaa t i f i ed hydrotsifeotss wisb e&« aasst .of æaruricy indicated by a

ragid r i s a i a tcscsl gasoline abundÅncas with depch. Anossaious aaouai:» of gasoiinas atay raark tha prasaace of oi.l s t a i a .

Gasolines æsy be used in o i l to o i l or o i l to source » c k coirrelations bat t h s aon-eentratloa of soæe o£ Kise seasusred

coHgonents i s sot only a fiiGcf.iss of sourcs but also degeads on raatsssity, a igraeioa ajad altarasiass i a Che ra se tve i r .

Using the ssast s t ab le oompouads, paiiris with, aiæilai- cheæical stract-osre and boiiirsg paints are resfcead to ys is ra t ios aad

«oapiSred with ch« satss pair r a t i s s i a other o i l s or poss ible asjuEass rocks. Gasoline dsaaiysis i s a vaiuable cool in that

if. measures d i r ec t ly the bydrocairbetts being gsaerstad tross a sediment but i t s ssas ie iv isy ia detecting t races or oxl

pisces cons t ra in ts an is.5 uss as a æacuricy iadicacor .



Rsek-Sval t 'yroiysis, Gas^Qjroaaicogr-jghv (GC_) and Gas ChrcEiacography-Mass Specirroaac.ry (GC--MSS la Maturity Analysis
These three analytical -processes measure p&raiass c sr s «hicfc are functions of bach aa.««rity acsi kerogen *ypa» flats ivioai
thai» say give a gsKsral guide CD macutisy bur if, srha karogec typas ars know, sore spscifi£ conclusions ss&y be. drssro,
Froui R&cfc—Zvs.1 datas cha teapé^stTire of Haxjjnxjro rate ox pyxoly.siSs Tæax, is tfrfi tsos£ u.aa£uX d£C.u&; gas chrotaasrcgrauis ox
alkalies, separated Iroia source rock, extracts or o i l s , yield carbon pjrafarsncs indices vC?X) and isopranoid sracxos; CC-MS
quancisaciva fragsaancogtaiss provide abundance rat ios for1 specific coaipauasis which ara. particularly useful in asssessicg
t.ha level of aaiurisy ar. which seiuee rock hydrocarbons or a i l s hava b«ef- generated. Ail chsse supplesecicasy data nay
be used to ^ocfirss results f rora visual aaaiysia or supplant sisasi it fsoor cr ucavailabie.

Source Hock

to t a l Organic Carboa Content (TOO
Orgsiait; carbos values si's abcaisecS by trsatlng O.ig. of cr'iB^ed rofik saiEpla with hot, C5m;enc?a.ssd HC1 to reaovs
carboflatfis. The «ashed residue is f i l tsrad tjn "o a glass fibre pad attd igaitsd ia a Leco carboa analyser. For
screening purposes, saspiss ara xaa.lfs.&d 5iagl>- bsi? whsra f'artheir -ssjaiysas, such aa pyroiysis or solvens sxtractios. ara
aaticipaesd, a daplicat» sasipis is run, alaisks aad standards are rus as routiaa aad v&era vaiass irittn dupl ica te

ieg do r.or. coacur within series accuracy lis&its, Ebay ara rstna, 'wtiera saaplas srs heavily scaiaea vieh o i l , aithar
nacurai asposius ar dri l l i i is ••ssad, TOC is japeatsid an thss dried, sclvaot s*tyactad saæsle.

TOC measuraæeat; i s .CuKdasæiital ia assessing SO«SK« rock quality sictcs whea coabinad »itti karogen typa and aaS'jrity, a

full descripsioa o: t t e potential Co gaaarate o i l say ba gi*sa, I t is fqucd ia sraetica chat sec.iasass containing isss

cfeaa 0s3% TOC are usii'seiy to havss ar-.y sourcs pctaat ial , chass aoncaiaing between Q,jX asd i™ aay be aargiiial sources

buc the bat ter quality sources contain ia excess of 12 TOC. Sereeaiiag by TOC is thar&^usa sa inax?easiv« and rapid

sietbod of seiec£i<jti of saasplais for t'urtrhasr atiaiyais ia source potaatial evaiuaeioc

Rock^Eval ?y^
Pyrolysfis data are ubcaiised 'ising the I5T~?iaa Rock—Evai apparatus. iOO tsg of crushad, «hole rock either from bulk
sascpla or jinked l.ithology is weighed ac.curatsly into a crucibla af.d iatrocuced iseo «. furnace at 25.0"Ci !?ree
hydrocas&oas- (roughly equivalent t<s aolvans exersccabia hyiroadrboas) are yolasilisad aad quaasi.vied fey flasa ioaisasis
detector (TTD} co give Peak : {S,, ppia). tha iiiraase eestpasacurc is iacseasad to 5.5Q°C at 25°C/siaiita aad withia this

, laeasured by flTi t.a give Pafik 2 (S_, P?JD> aad carbon dioxide., measured byrange, karygaas crack co gi?s hyds

charmal conductivity daCsctcsr <SCD) "o givs Peak 3 fS,, pgta), Ihs taaperiCurs ac tr.tse asxiiasija face of avolueion of

crackeii volat i is* (TiBax) is osassujraii autosatrically i« t caa also se soaicoKad visually. JJte instrumsac is calibratad

daily usiag scaadards both se tha bagiuaiag of- tha work period aad at regular iateEvala chereaf t«r and crucible bianss

«j« sua. as rouciaa. the ea'BuiaCed data ia raports ccisprise cha relieving parataeters;

raca of ?esak 2 hydsroearsoa evoiutioa.

Sydragen. Indsx (HI) ~ S,/T0C {rag/g> as ratio o£ released aydrocarboa So organic sarbos content. This is a æeasmra of
tha hydrocarbon generatiag psstancial rassaining ia ths. kassregan as opposed so thsx. ox the «hois
rock.

Oxygen. Index (01) S./TOC (æg/g) ar ratio of re].eassd carSscn dioxide t,s arganic carboa tonf-sat.

Production ladsx (St)- S,/S,+S,. or ratria of £h« aaouat of ayårvsearbous raisasad ia the rirsc st,aga of heating to ch«
i i. A •

to ta l aacsuat >3r hydrocarboas released and cracked during pyrolysis. <

?otaatial t is id (SY) - S, pis) or tscal of hydracsiboas released during crackisg of karcgea ootspsraci So original

c of rock.

Taax, hydrates ind8K and oxygen isdax ara each functions of bosfe sacurity assd karogea type» Usisg published and

atapiiisal data, if. has besa possible to assesable a æodal to show the relationships of chase slaccoirs to maturity as

by spota coioura.cioa acd v i t r i a i t s ref lect ivi ty fav a selection, of pu2T£ kerogen zyp&s. The sesrogsrx types «sad

algal sapiops-1 (typs I ) , «axy sapropal {type I I ) , v i t r lnica (tyjs IIIA) and inartinica (.type III3) and a coasuter

h«s bs-ja devised by which che aæouacs oi these cojaposieaEs fflay be caiculavsd from tSa KI, 01» tts*x and aacuricy

2.3



data, for any osæ^iss These ars ciss values expressed in the "karogen coapv)$i!:ioti by calculation'1 columns cabuiatad is

the rs. pores.

The hydrogen iiidas Is i measure <j£ cha hydrocarbon gaseraciag potential a" tho karsgea and is analogous to cha ataaic

E/C ra t io . Iraaatura. organically rich source rocks aea o i l ahaiaa sive vaia»* above SCO» aasurs o i i source rocks give

values between 200 aad 530. For a given karogsa eypa, these values progressively diisiaisk wich increasing sosturity.

•jbs easaper&tutre c£ ssaxisaas rate of pyrolysis depends partly as tha kerogen type but eha transicioa from israaeura to
æature orgaaie aaster is æarkad by camperaeisras between" 4-!.5s sad 425'C* The maturity transition fro» o i l and wet gss
gsassraciou Co dry gas generation, ia marked by ceæperatiires bstweea 453* a&d 460°C. la psactriea, greater variation than
tftesa ideal E&sip-sracure raages may be seen, but cilsy ara nevartholass useful as general gtiidas eo she iei'ai of satuxity
at"&inafl by "ha sedisaest:.

Taa productloo index iAc.reases with satwrlcy from values aaar zs.ro for issfliaSisrs organic aactar "o taaxissua valuaa of 0.15

dariag cha lata stages of o i l gsaasacioa. AQomaluusiy high vaiaa» indicate, t.hs presscaa oi o i l or contsatinaats. The

gocaasrial yield i s aa in<S±eafcls>a of the predicted yield of hydrocarbaas froa tae sourest rack at ogclstuia tsscurity afta i3

a msasusre aZ tha quality of cha source rock. Far ijaaacurs ssdiaants, values oi 0 to 20C0 jspm of hydrocsrboo

sharactarise a poor sources roc&( 2000 to .6000 ppai Jais% 6000 to. 20 Q00 pja gacsS aad above 20 000 pjras TCIT good.

?yrolys.is cechoiquas have in recant years provided a æsj or advance la th® assessment- of scuraa rock quality and
generating ptsceistial, hydrocarbon, yislda fjroæ iiSBaatura source bads esaæiaed OB-structure aay !s& traaslassd iaco actual,
o i l productivity froai the saæe beds ia raaeus^ baaisal» qf'S-structure aicaaticaa. Models relating uiatari.ty and Icesogsa
type saay b* used to define Griginai source rock quality grades which ara or great .value in trapping argsaic facias.
Aisorpfaous karogea types, iadistinguishabl» ia microscopic preparations over a wide tatigs »f chataicai prapert iss , say be
readily diffareaelated by pyrolysia. the problea of analysing bulk saæplas eoatainiag aixed karogaaa Vias bear» largely
oirercoæe by the ttsrogsia typs/assSKrity modal and aacsiaalous ras«lts «rising, fsoss the presenca of c*vir.g cancaasisattan an*
dri i l iag surf additives «aa usually be explained by .inspection. 'Sigh axygan indices so»as:ia:«s occur as a. -iasuls of the
presence ai HsCaStable carboaatss 43d ia such casas fhs sjuapie is acid dacasboaataii aad r«~run.

ual 5.xapiir.atiqa at^Sayoggu Caacantratas
All pslynologiea* preparations oa wisich SCI dacerainatioBS are aasie ara siso sxassiaed for karogaa type- Visual

astiEafiicns of the relative abucdaacs o£ the broad groaps v i t i i n i t a , iner.t.iEita and sapjrop«l are stade an the Gocal

keragsa siida aouat 'bvst safarence is also Sdde to the >20n aievad fsractioa to assiss ia idascificstion. The scharas u£

idancificatloa Is show» ia Appendix TabXa I . full «s« is atade of incidant blue or uT light- ia distinguishing ianaas-uSe

or early mafusa oil~prone k.srogaa fram gas-nsfone kerogen,

_&t ract iisaivsi^
The soikibie organic aateri;s.i.s prassat ia rocks can be extracted with oygaaic solvents, srraeeiaascea éssd aaalyæed, 'Tl\e

type and amount or -jssterial extracted depe»as iaigsly >ipoa «he såtare of the ccracaiaed karogen s.nd i t s maturity>

although th« prstaanca of aigraat o i l or dr i l l ing oor.caisitiatioa oay be «he dutei-æiaisg factors.

A tasjxiiauis of 40^ oi ctushed sampla is extracted tar. a miniau» of .12 hours i s a Sashlat apparatus using laboratory

rasiistillad SCM. IJta sclvesit and «r&a spra volati le cofflpoaeacs <app*ox±j»e«Iy up cs S"C1C-) a t e 3-t)St ^^ avaporation ia an

a i r flow and rhe reawiting- socal extract i s weighed, dissolved ia h>5««ae and saparatad into alkane (saturate}

boti, arosaatic hydrocarbon, resatia and aspfaaleene (polar) fractions by s i l i ca adsorption chsonarography ia the

Larger fractions< saitabla for further analysis, ara obtsiaed by column chraaacography. The extract is jrua through' a

shore glass aolusa packed .with s i l i ca aad alussina and s.iuted with hsxaao (to give the saturaess r'ractioa) «

{.3:3 h«xan*{ talueos s i s tuss <co give the axosaaKic fraction) and uwthanol (to give the palat, az rissess and asphalt;«ne

fraction). s sstall pi'oporcios of son-eiutad ppias cospowxds usually remains on. Ssia coiiaai.

sr ^fcoiierisiMi



The data cabulacsrl is reports comprise the following parameters;

Total ex.tza.ct - soluble organic aa t t s r , heavier chaa about J£~€,»,,,.» asprsssac .5.3 pgs of »eigftc af

Hydrocarbons ~ susa of sikAixs and aroaatic hydrocarbons > .<*xpr&sse<£ as ppKi c£ weight of rod:.

Extract S of organic - Eotal extract ssa; tha •intractability.,

carboa (SPGC5 T ° C * 1 0° " ~

Hydrocarbons sg/g o£

organic; carbon - total hydiaeasbims coraalisad to lg of organic carbon.

•Hydrocarbons X sxtracc - total hydtsearbtms as a proportion. a£ total attract,

Alksscés Z. hyérocarboiis — the proportion of alSsaaes (saturates) in the total hydrocarbon». The proport:iou of

is (100 taints vhis value) asprssserf as a paroeas;sga.

Thss axrractabilicy of oiX~prcine sapropaiic organic matter iacreaaes rapidly ia c'aa oil gess.ra^loa ^paa aad dimiaiahes t:a

vary lew vaiuas i a pose aaturs sediiaeKCs. Cverail tha extractabiiity of saprapeile organic saxter is greater shaii that

of. gas-prone huaic organic æatcar ror sias.ij.ar levels of aaturity, Saa^.iss with extractabiXitias of greats-r f.h&n 20%

garieraiiy cuataia sjigraat o i l or ara cas-taniaatad vits. aua. additives.

As satwratiQis praaeads la th-2 oil. gsaeraeiaEi 2oae chs. preporti.oa of hfåvossvbans in «He total extract increases fro»

less than 20% so a tRazirauut ia Che isosc productive horizons of aroim<i 60S. This tread is ravssrsad as the oil-GoBosssats

zena ia «atvrsed. She rsl^eive proportioas of alkaaas to itroaatics can be used as a check for low levels Q£

sinaf.-i.on. Fractions of f.b.« esxract» sispasratad by euluian cfaroaatsgraphy ara rataiasd for furtfier snalysls by gas

gzap&y '̂ r »ar stable zs,thnr- iaatxepH deicartaisation,.

Chro?.af.g^raahy of C, „ Alkanes

A portion of the Soxhlac extract ia sliited »ith hexane through a shore sil ica ccltasn to- yi«Id the Satursca hydrocarbon

frac^ioK, This Jractioa is evaporacsd ia 3 strsas of dry aicrogeu at toosi Csiaperature. A sai&il porsics of the fraction

is cheo caken v.p iu hexase and Intxorfucad into a 25 ssetra, -rfall-coatsd, opsa twbuiar glasa capiiiary caiman coated with

CAf~>l} or «nuivalenk:, raountsd in a Carlo Erba- ijaa chrcaatograph which is temperature progxaijusisd f rots 7'3°C to 2?04C as

G. c chrotsatogracis s.ra iaspectsd for the distributions of n^alk-aaaa, and the prasasice and abuodatsca of isopretioias

(particularly pris cane and. pfcytaae) , staranes aud tricsrpanes and uJsresolved aavelopes of isaphcteaic coispounids, T!;a

ratios pristasssiphycane ar.d i)rii3ta»s;£-C, 7 ^re calculated. Carbon Preference Ind^x (CFI) values ciuotad ars those as

•iafined sv Bhilippi as th>j racia 2C.n to (C.,o+C-n; unless otherwises, stated, Chroasacography «ay reveal icfomscion about

the sarogac type of tha source rack, i t s oiattirisy aod coadicion of deposition and. If laigraat oil is pjreseor., whathar

this haa been watsr~£lushed or biosiegraded, Coii£s»ta&*c drilliKg aud additives say as ideacit'iiid<

Capillary Gas Chroaatography of Aromatic sad "draaohed/Cyelic Alcanas

T5«t atoBiacie portion of the Scxhlat attract i s aluced fxosa a sforc siiica/aluniaa coluaæ. by a tiexaaa/tpioaao atixtu.re.

The dried f faction is taken «p is UCH an4 insroduaed into a 25 asetia, wail-asstad., oyea cybsilar glass cspillary coltsæa

coated with OV-i., or eqijivaleac, aowjited in a Carlo Sfbs gas chrosatograph vhicis is temperacsira prograasaad froia ?0*C «0

2?0"C at 3°C/ SLUSUES.

Br;iKtthsd chats ai'saces are sspatatad iroæ notisal alkaaes by urea adduccio» and treasad as fosr total ai



Gas
Mass s^sCEraascry is a technique in which aolaculss sXa bombard»* wish higa energy alscssoRS causing ionisatioa aså

fragmentation ai ciia soiaculss into ioass oS. varying aisssvin.) aad ch2.rge{z). The «ay in which a raoiecjls Eragmenss xnco

loss of various s/'s value is known as i t s fragraentscioa pattern, or mass -spescsuæ aud i s usique. Wiser. linked to a gas

chrataatograpb. tha aiass spaeEroEsecer can be used in two different nodes:

i . Full Sea» Mode: A siass spsct.Su» la obtained of each peak elating Jroa tss gss cbrostatograph nsxd a structural

identification of she compound, producing that, peak can be wade.

Muicioie or Siagie loo Monitoring Mads: the æass spectrometer is "vr.sd to certain s/2 yalues Co lietecc whsiher &

compound, elucing iroa the gas car osiato. graph» fragmanss to give an ion at that; value. Certain «assentations ars

indicative of sweciSie compound types sad the oast cooBEoaiy saonisorad fsagiaesi; ions used in pstroleuic geochemistry

are tb«s« with s/s values oi 191, 217 acd 259 which AS:» the o^iacipal fragosat ions obtained |"oia gfodpfi of alkaass

known as eriterpajaas, regular starane» sad raarrsaiged scsraas-s respectively. Thssa ass cowpouad* ««ta ia ing 27 to

35 ea.tben stotas åirra&geÅ in a paiycyclic, no«aaliy 4 tir 5 ring, s tssctvra, occurring in cha ;-j~C5, co ja^C-,,. region

at 3. gas chrcKuitfjgraKi, The basic oolacalar akaletons af chese aoapouails are vary siæiia-r f.a ihoan of cha origisssi

aat ter depositaii ia cha sediment -md m these 151, 21? aco 259 >iis£rib«tion plots , known as cissa

asi or mass chroaatograias» l.ars& A jatEera characteriseic of "aa scarce asatarial. Tiiis s,«ch»:i^!:s ot

" i s ^lso one of the w>r« ajtact aethoda uf aorrelating an c i l to i t s sourca, cr to aaacbar o i l ,

Carbon Isgcogs ( C?l/~C) SaUa Aaalysia

Carbon has two stable isotopes, the sore abuncUnt Li"C xsotoj.e and the heavier 4">C isotopa, which ia. nature forms

1% of carboa. Deviations Srea the 'C/A C racio isra a&trissBely saaii aad carbon isacoua ra t i a s , as raaasucad by

speccroaaxry, ara sxpjesasd as deviations ixom a staadard, the Pas Dae Saleæaire carbonata (?DB staadaid) ia parts per.

thousand (psics per n i l ; °/oo). Posici-v-a deviacioos iadicas» '"JC aarichæeat and ccrava»s«ly, rjaaafiivs dsviatioaa

Whila the carbon isotose rat ios of oi ls aad rock exsracts caa rangs f.roia -20 So »32 /ais dapeadiag oa the sourca organic

rasttes «3'pe, cha difference aecvjeaa a specific oii and i r s sourca is saal i , .Ksasarsaaenta ars usually aade oil tha 2^..^

sikaaa aad i3roswtic hydrocarbon rrsctioaa separately and there shoulé be no acre chaa I J/JJO difference betweeu cbe oil

acd i t s souses for either fraction. If chefs is any doubt that the source rack esc tracts are not indigenous so the

source rock kerogaa, the carbca laocope ratio of the extracted source, rock kerpgan caa ba measured,

gyv_ojLys_l.ss ~Gai; Ch gctaatp graph y

The hydrocarbon pysroiysa.ee derived from therasl , ashydrous cracking of kesogen is analysed by cspillary gaa

chromatogrsphy. A raw aig af racks kejogea sr asphaicene is hsatad to 50C°C for 20 seconds i s the injector o£ a gass

ehroaafcograph. The chroisiscograeh ovea i s kept as -30*C during pyrolysis »ao traea raiised EO 3Q0°C at a programmed rates

of 7.5aC/o5ia«t>s.. Chrotaaragraias producad this way axra often very dixfareat irons those o£ sov.seea sock, «straces or oi ls ia

«feat branched ssxd cyclic isoæers ars geas^acad fraaiy giving jwmeraus, closely spaced peaks, along with iinsaturatsd,

alkeae Uil&His.) hydrocarbons. The. "double!:" psakis of tea observed ia these ebrorasscagsraias coaprisa alkeuwalkaae pairs,

the f i r s t alutiag, åad asuaily saj&Iier peak, b«i»g fcha ailsena. 1h<s chr«aatagraæs raaga fron C, CO C30 or aho-vss and

although variabla» ars broadly characterist ic of source roe's: type. Gas~prcse. kerqgea cracte to give & aeta liæited

aoieeuiar weight range or products, eona^Btiaced «wards Che light stlds, whereas oil-prose sarogea gi^es -jsore proainent

icane doublets itx the C,, to C.,., region. The largest peak fro» boEh types i s usually as thane.

Acalysis

Total (uKsieved) 5»cogen ia prsparad aa described i s Section L. The dried aacerlai is cosSsasted in oxygsa la an

eleaeneal susljatx a»d the oxides oS ««rboa, 'hydrogen, altxogsa and sulphur ara æeasured. Xhe unbtirr.i: residiie is th«

ash ccmtene. Oxygen i s usually caleuiaeed by diiferaace bat can be daterained ««parataly if vaquir&sJ. aesules ara

qtioced as percentage ««ights of C, S, 0, S, S sad Ash with the at-oæic rasio H/C acd 0/C caiculssad aed jslctcad oa tha

standard van Kravelsa diagraæ. the relative amauata oi C, H and 0 presess ia orgaaic iaastec ara depaadeat oa both

aouirce an4 æasurAty. Ac kaowa mstarity levels, some aiessuts of SOBCES' quality may ba detarntiaad. LiaitaCioa» af the

sBéthcc in sossrae rock sssssssæaet involve £he difficulty a£ ostaioiag purss karsgaa {in. pareisular, frea frow pytita) aatt

r.he. lack of a siapia, direct determination ox oxygaa content.

Rvltertsa



4, Oil Analysis;

KEI laboratories •oiler a sida r;»age of oil analyses >3ca tor geacheaical purposes ana industrial usa. Physicai.

property deCssraiuaeioRS are baaed aainiy on IF rusthdds ane are available for UibrieaEing oi ls , fuels and graasss as «ell

as aruties. Frequently eiaasursd propeir..iBs ox c.T>jié& oils prsssntsMi in geochemistry reports i&ttliide; &BZ gravityf pour

poiat» viscosity aaA canceaSs of watsr, sulphur, wax, asph&lteu», nickel, vivaadiuss znå, other mstais. Ghaasicai analysis

of oils iavclv«s cha following:

Wimle oil gas eSrarøtography - itsisg s-olic syringe ioiect.toa aaå a casiperairiita prosrsææe fi-tjia -208C or -30°C up to 2703C

dtad gas - if oil has high gas/oil ratio.

Gssoiiae analysis - as for gssoi.taaa i s rock samples but a weighed quantify of oil is used.

topping of cha oil - this is equivalent to the vamaval of viie fraction boiliag bslow aboat 2iO*C ?.nd gives a

•Jior® ataadardised product far .comparison of gaa chi;ara3.cogX3jas o£ Etse ; : „ , fraction,

Coiutsa cbrosacography &ad - as for scjlvsat extracts. Analysis is. carried out OE toppsd o i l .

Analysis

Ths hydrocarbon gases, C, to C, , may ba collscc&d ixms, the airspace o£ sealed canned saspls» or may be recaived

veil-s i te CsSsis i& a Sjieeia.1 sealed gas cylinder (gas ssous*}. Cistroiaatograph.ic sspsracioa ax the C. to C, gases is

«f i acted as deacrib&s under airspace gas analysis, la addltias» the separated gas eoaBotisats aay ba .jnalysed far stable

carboa and hydrogen Ispcop® cospasisioii shish tuay provide valuable slues ce the origis of Che gas.

6 < Solid.jicuaaa Aaalysls

In aoae oil fields, jsroblesus ara ancounSarsd whera bituaen developmects faro'Continuous or patchy layers within

reservoirs, div4rf.ir.gtha pay eoass and acting *s barriers to nst'Jtral fluid iuovaæens ot inhibiting, anbsjacsd oil sscovery

Sschaiquas. Iacegr;itad geociiaisicai and sediaeatological studiaa aiai to pr«d«ca geological stedsis capable of jjiadicting

the occurrsucs of bilaaien layers aad chair likely faitkaess and ability to act as parmeabillry barriers. Of further

concern sirs tha jsasc or praseot relationships' bef»eaa Che ijituiaea aad rasef^oired oi i , chair sisurss rocks aa>i the timing

or bitusats fomatic2.

Analysis s-chaaass isivolvs sctseaiag of aasiplas by asse.ssisg the Aasouac oS Bifumer. is. joiishad cejra jiecas usiag trefleccad

iighK aslcrosi:opy, followed by solvent extraction, of coaezol samples to estimata the jronoftiafi of solvens soluble

Diffarent phases of bicusea fonaation are difSarentiatsd by ra£leetaice measure-meat as described far

aaasuraasant;. Soluble attracts ar« J'jracticmacad co give aikaae, arosaeicSj ssjshalteae asd resales

bicuæeas m&y be. subjected to. aissseatai aaalysis,
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Keregsg Typing Scheme fax. Tragsraitsad.ghice,jmd Incident Blue/U.V. Light

General Properties | M Report
JBata Tables

Saprspslic
(Oil-prone gss-pro&a
at higb maturity)

Algal Saprop el i

Waxy Sapropel

Type I

Type II

(Gas-prone) Inertiaita

Type IIIÅ

Type

Amorphous btructurea

SKoa-Fluorescaat Fluorsscsat Soa-'fluorescsat

jtypa I/II
at high

(SCI >J,

Type I
Sapropel

(degraded
spores)
Soft

Type IIIA/8

Oil raslduas (bi
IMiaeral (undigest e4)
I Grease coBtasxiaatiQa
iMud additivas

Vitxinita (Type IIIÅ) i Cuticle
brows/black, woody i Spåras
tissue i Pollen

Diaocysts
(Type II)

Inertiaite (Type HIS) j Resiaits
very dark browti/blacfe, I algae
woody tissue j (lasmaaitss,

Botryococsus

Solid bitumen -
black (oil residue)
oftas with crystal

ate.

(Type I)

Micrororassittifara,

(Hot usually important)

Spores» cuticle etc.
at high maturity
levels

Muc Additives ~ walnut etc.

* Types I, IX, III a-pprosisaatsly sensu Tissst ee al but Type III subdivided into
IIIÅ (vitriaite) aad III3 (inert.inite)

APPENDIX TABLE 1

j -TBi

O



Histograms, data and, statistics for vitrlnite reflectivity
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