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1 SUMMARY

This report contains the vesults of a petroleum peochemical evaluation of
Phillips Petroleum Company Norway well 2/7-20K and its sxdetxaVk drilled in
the Norwegian North Sea.

The samples analysed compriss composited cuttings, sidewall cores and cores,
B
1Y N

Samples from the main hole were analysed above 81107 and in coves from the
Bkofizk Fovmation. The vemainder of the samples are from the sidetrack.

Spora colouvr index and vitrinite reflectance data indicate that the gnalysed
rion is early wature with respect to oil generastion belew 2200°, mniddle
mature below approximately 12800, and late maturs below 13200°. Both sets of
data show non-linear profiles at approximately 12800° to 130006’ which are
artributed to the presence of overpressuring in the section beneath the chalk.
No mature oll or gas source rocks have been identified in the analysed section.
In the Tertiary, Hordaland Group, a zone batween §010' and 7270 shows falr te
good oil source potential and a szone, 5238’ ve 6010*, shows wvery good oil
sourse potsntial, bur neither are sufficilently mature in the vicinity of the
well to have generated hydrocarboms. The vemainder of the Tertiary section
shows only marginal gas source potentisl but is Immature with respset to gas
generation. Nome of the sediments analysed in the Cretaceous, Jurassic and
Unassigned sectlons show any significant hydrocarbon generation potential.

Several herizons show evidence of the presence of migranmt hydrocarbons,

particularly  the upper wunassigned sand unit {(Sand XJ. Minor wmigrant
hydrocarbon staining 1z  seen iﬂ aome of the Nordland and Hordaland Uroup
sdamples analvsed. Core chips vom the Bkofizk Formation show patchy oil

stalving in bhand specimen; Th&y contain wmoderate amounts of mature migrant
hydrocarbons similar te Upper Jurassic sourced oils from neighbouring f£ields.
Alvspage gas  analysis alsd indicates the presgence of mature migrant
hydrocarbong in  the upper part of the Hod Formation. Both of the urassigned
sand units wers obhserved in hand specimen to contain wigrant hydrocarbouns; all
of the upper sand samples showed ¢il staining and core samples from the lower
”3ﬂ§ samples showed Dbitumen, infilling fractures. Gas chromatography-mass
pactrometry data from exttacts indicates that the upper sand contains a widdle
m arure, 11& oil, with a minor, severely bilodegraded component. The lower sand
contalny  niver amounts of the same oil and biodegraded compenents as the upper
sand and an eavlier phase of migrant hydrocarbons represemtsd by the high
maturity bitumen seen infilling the fractures. Compariszon 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 he established on the basis of the data available. Further analysis on
& sepavated bituwmen sampls would be necsssavy and insufficient matsrial  was
available for this o
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2 INTRODUCTION

This rapert contains the results of a petroleum gsochemical evaluation of the
Phillips 2/7-20% and 2/7-20X (8T2) well, Norwegian North Sea.

& tutotal of 263 samples have been analysed. Theze arvived at The Robertson
Group ple North Wales laboratories in a total of 9 batches between 20th
Bacember 1987 and Lith May 1988,

4
g

The fellowing data were supplied by the client from the oxiginal hole; a
computer printout of the daily drilling operacions, the formation svaluastion
log and tha drilling data pressure log. With the exception of two bottem hole
temperatures, no drilling data was supplied from the sidetrack.

davted 17th August 1987, with wmodifications agreed to by the client to
incorporate the greater than expected number of samples. In additionm,
dichloromethane washing snd extraction of sume of the cuttings samples from the
sidetrack were necessary prior to analysis to remove oil bazed mud
contamination. Analyses carried out include total organic carbon content,
seresning pryrolysis, kerogen praparation and spore celeur index determiuation,
witrinite vyeflsctance measurement, pyrolysis - gas chromatography, solvent
setraction, extract fractionation, whole extract and alkane fraction gas
chromatography, and alkane fracvionm gas chromatography - mass  spectyometyy.
Preliminary vasmults have baegn despatched to the client at various times during
the project. In addition, Mr P.C. Barnavd of The Robertzon Group wmet with Mr
Rudi Rlaiber and Mr Jim Davies of Phillips Noyway on the &th HMay 1988 to
dizcuss the preliminary results and to ingpect the corves cut in the lower part
of the unassigned ssquence,

The analytical programme was carvied cut in accordance with woerk order 2660

The total numbay of analyszss carvvied osut was as follows:

Airspace gas 33
TOC 313
Sereening pyrolysis 126
Extraction 23
DM extyraction to vemove oil based nud 7
Fractionation 25
Whole oil gasz chromatography 7
Alkane gas chromatography 22
Xerogsn preparation 52
Spore colour indsx 52
Vitrinite reflectance 55
Pyralysis ~ gas chromategraphy 7
Gas chHromatography - mass spectrometyy &
It report the following formation tops have beew uged. They have heen

is
taken from The Rohertson Group ple report no. 6353/1la,

Lithostratigraphic Undt Depth
Nevdland Group 3550
Hovdaland Group 5258°
Rogaland Group 86347

e




Challk Group

Ekofisk Formation 10060
Tor Formarion 10320
Hod Formation L1282°
Plenus Marl Formation 12752¢
Hidra Formation 128147
Cromey Kuaoll Sroup 12967
Tyne Froup 13319
Mandal Formation
Unassigned
Seguence A 133227
Sand X 134367
Saquence B 140067
Sardd Y 1442% te TR at 147827

The names used for the unassigned sequence are for convenience and are bagad on
livhastratipgraphic divisions. They are not intended to imply amy relationship
oy age for the undated units.

The abbreviations used in this vreport are listed in Appendiz 1 and the
analytical procedurass and techniques used are listed in Appendix 2.

The principal contact with the client in the Phillips Petreleum Company Horway
office in Stavangey has been Mr Rudi Kleiber.

The Bobstison CGronp ple personnel imvelved in this study wers as faollows:
P.4Z. Barnard o Project co-oydination

3. Betts oo Interpretation and reportl preparvation
4. Miiner, P.2. Barnayw : Data oollection
M. Owen L Supervisor, chemical amalyses
g, Betvsx, J, HMilner, 8. Hartin Microscopy.
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ng that the main zons of oil generation starts at approximataly 12808°.

4

f the walues iIn the lower part of the section are rather high in
zon to the vitrinite reflectance. In many of these samples the B5CI data
ed on & vexy small number of non- age diagnostic palynomorphs {oftsn only
one of two raadings were obtained). In addition there has been some ulftchlwy
in identification of the indigencus vitrinite due te the presence of high
maturity, high reflecting bitumen.

3.3 BURTIAL BIZTORY AND TTY MODELLING

4 burial history curve was constructed for the base fyomer Knell Group/Top
Mandal Formation horizon {present day depth 1331¢'), It was not possible o
wodel the horizons below thiz depth as thelr stvatigraphic age has not yet been
agtablished, The burial curve is presented in Figure 11. A sharp increase in
the rate of burial occurs during the Upper Cretaceous and Tertiary.

The geothermal gradient was constructed from temperature dats supplied by the
client For the mnmain hole, estimated bottom hole temperatures from the
remperatiure  log sent by the client were used. The method of derivation and

e of correcticns applied te these values is not known. Two sets of bottom
hele temperatures from the sidetrack were supplisd. These have been corrected
by the wmathed used by Cavsteng and Finstad, 1531, The plotted temperatures
show a gesthermal pradient of 27°C per km in the uppev parts of the well down
to  a depth of approximately 94530*, with an increase in gradient below this to
43°C vper ke. The change in temperature gradient, if real and not an artifact
of bottem hole temperature sstimation, indicates that the presant day
overpressured zone is 3 much wider interval than that indicated by the brazak in
SCY  and vitrinite reflectance maturity profiles (128007-13200' approximately).
It may be that the zone indicated by the maturity progiles veflects a previocus,
narrower overpressured zone. Dug to the uncertainties about the temperaturs
data several gradients were usad in modelling;

I~
o

i, 27°C throughout the ssction
2. 27°C to L2B0G7 and 49°C ki balow this
3. 27°C to 24507 and 4%9°C ko below this

in

The vemperatuy gradient in the zone of higher gradient is typical of walue
shaserved in overpressuved zones, however, in oxder to medel the sharp increase
in wmatwrity obssrved {n the wvitrinire reflectance and $CI data a much highsr
gradient within the overpressured zone would be reguired. Such a gradient
camnot be accommedated, given the relatively low bottom hole temperature values
below the oveLp:c&surad zZone.,

Subsidenca curves for the analysed well sectionz have been used, together with
the corvscted temperature gradients, to caleulate thesretical maturity, using
the method of Royvden et al., (1980},

The hasis of the maturity model used iz rthat chemical reaction rates double for
ea ch  10°C increase in temperature. The f0110w1ﬂg equation describes the

ermal exposurs, p, of a bed in passing from temperature A te B iIn 10°C
incremants

) . . . N - .
3*3%Y where § is vhe ‘sum of’, t iz time spsnt in passing

o+ §{AB) (£.8
a 10°C increment, § is s constand, usually 2, T s taumpevalture

t%acxbh
(“Cy.
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Several correlationzs of p with Re (vitrimite reflsctivivy) have been proposed,
the preferred one baing derived from the data of Goff (1983},
RBo + 0,0565 (Pe250)%-%%

For sach point pleotted to give the subsidence curve, walues ars adopted for sea
bottem temperature and temperature gradient so thar the distribution of
temperaturs with depth can be caleulated. Times at which 10°C, 20°C, 307G ste.
are achisved are Iintarpelated iInto these data and the time-temperalure
integrals suwmed, & history of change in maturity is thenm available for ths
zelected horizen and may be compaved with those measured in the well section,

Table ¢ shows the results from modelling using gradisnt 3. This gradient
produced the highest maturity at the base of the section vf the three gradients
modelled | howevey, it still does not give a high enough calculated vitrinite
reflectance. The wmost likely source of error seems to be the temperature
gradient in this well. Geothermal data from the surrounding wells indicate a
much  higher average geothermal gradient, usually between 33° and 36°C pey Im.
The low gradient, 27°0/km, seen in the upper part of the well may ba due o the
blanketing effect of the overpressured zone. This effect hasz also bsen
ohserved in other wells in the vicimity.

3.4 DIBQURRION OF MATURITY RESULTS

Both  §¢T angd vitrinite reflsctance data show similav maturity profiles, with a
low  wmaturiiy gradisnt in the uppev part of the zection and a rapild increase in
maturity below appreximately 12800°. This maturity break may be attributed te
the presence of ovarpressuring in the CUromer Knoll Group and lower part of the
Chalk Group due to the sealing effect of the relatively unfractured chalk o
the area of this well which is located on the eastern edge of the Creunsen Nose,
Thiz model asswes firstly that the Chalk is acting as a seal and secondly,
that there haz been migration of fluids sourced in the thick Jurassic shales of
thae 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, hut thesa are
novmally associated with the presence of a thick sequence of Upper Jurassic
shales. according to the available lithostratigraphic amd blestratigraphic
data thers iz ne thick Jurassic shale secticn in 2/7-20X. The Mandal Formation
iz ouly 3’ thick and is underlain by a sequence of claystone, siltstone and
sandstone of, at present, indeterminate age. This well is known to bhe
averprassured in the Lower <Cretaceous, Jurassic and wupper part of the
unassigned seguance. This interpretation does not precluds the pressuce of a
major undonformity within eor near the tep of the unassigned sequence &8  any
maturity bresk associsted with such an unconformity is likely to have been
masked by the effscts of the overpressuring. In addition, the lithologies
prasent in the lowsr part of the well are unlikely to have been suitable for
the presayvation of organic mattsr at the time of depesition. Conseguently it
is wvery unlikely that any reliable organis maturity data can be derived from
this intewval.
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4 SOURCE ROCK QUALITY

The results of sourne rock analyses are listed in Tables I to 6 and illustrated
i Figuras 2 e 3 and 9. The results are discussed below on &
lithestratigraghic basis. The formation tops used have been taken from The
Robartson Group ple report ne. 83533/I1a.

4.1 TERTIARY

4.%.1 Mordiland Group (top of analysed section te 32587)

The outtings sasmples analysed consist predominantly of olive-grey, silcy
sudstone, with wninor amounts of medium to light grey mudstone and cosl. The
bulk samples are modaerately rich in organic carbon with TOC contents betwesn
1.62% and 2.74%, Screening pyrolysis data (Table 5) show low B2 comcentrations
ranging from 820 to 6620 ppm. In general the samples show poor to failrx
hydrovarbon  potentiasl with the exception of the szample fyom 51707-5230" which
shows good potential, Visual kerogen  analyses (Table 1) indicate a
predominance of lmmic organic matter, often ﬂegrsde& amprphous material,
indicating wmainly gas source potential. The pyrelysis production indices ave
nigh considering the low maturity of the samples and may indicats minoxw
hydrocarbon staining for example at 3670 -37307 where the production imdex is
22

5.1.3 Hovdaland Group (5258° to 96347)

all of the samples analysed are composited cuttings. The group can be divided
inte four sub-unizs on the basis of lithology;

Interval 52587 to 80107

Samples in this section consist malnly of olive-grey mudstones, with ainor
ameunts of coal and lighe olive-grey mudstone, The olive-grey mudstone is
organically rich. A picked sample shows a TOC content of 5,63% (52%07-33307).
The light, olive-grey mudstone shows a lower value of 1.99%7. Bulk ganples sho
T8 values between 2.23% and 4.253%. Sereeuning pVTolvs*s data show good to vary
good hydrocarbon  source potential for the olive grey mudstone, however, the
high production ind qun for these samples indicate the presence of migrant or
contaminant hydrocarbong., Visual kerogen examination indicates a predominmantly
gas prone himic kerogen. Bapropelic Kerogen is present in subordinate amounts,
up  to  25%, and the more organically rich zamples may have minor oifl source
potantial.

£

2'3‘~

Inteywal 80107 o ? 70

This section consists of dusky, elive-grey mudstone and dusky, vellow-Drown
mudstone, with niner amounts of light grevy wudstome. Where pisked samples hsave
been analvssd the yellow-browm mudstone shows rich T0C va*ueq 4, 38% to 5.472%.
Bulk samples over this section contain 1.93% te 4.25% organic carbon. The
yallow-brown mudstone shows good hydrocarbon seurce potential on the basiz of
the screening pyrolysis and the olive~grey mudstone has falr to good petential.
Vizual kercgen analyses indicate a mixed humie and sapropslic kewog y, with up

to  33% amorphous sapropel. At higher levels of maturity this unit would be a
fair ro good quality oil source
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Interval 72707 po 81107

This sacticn is dominated by ¢live-prey mudstone with the TOC contents of  the
bulk samples ranging from 1.33% to 2.62%. Many of the samples comtaln uwiner
amounts of bitumen. Inspection of the mud log over this interval shows the use
of ‘soltex’ {asphaltic additive) and the ‘bitumen’ reported in thesa samples is
suspected o he an additive. Screening pyrolysiz 82 yields indicate fair teo
good hydrocarben source potential. This potential is for gas on the basis of
the visual kerogen ewamination which shows a predominantly humic kerogen.

Interval 81107 vo 98347

The lowest unit of the Hordaland Group consists of light olive-grey wmudatone
with miner 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 towasrds the base
of the sesction. Production indices indicate sinor oil staining. Visual
kerogen examination shows a predominance of gas prone humic worganic matter.

In the wicinity of 2/7-20% source rocks of rhe Hordaland Group sedimentz are
unlikely to have generated any significant quantities of hydrocarbons as they
ave immature with respect to oil and gas generation.

%,1.3 Rogaland Sroup {(9634° to 100807)

The szamples analysed are all cut
sudstone with minor amounts of chalk and brown-grey mudstons, The TOC contents
sre velatively low, 0.90% to 1.15%. Screening pyrolysis data show low 82
concentrations, indicating poor hydrocarbon source potential. Visual kerogen
axamination shows a dominance of gas prone humic organic matter. The pyrolysis
productinon indices suggest the presence of minor il stalning.

tings. They consist of light, olive-grey
=

4.2 CRETACEQUS
&,2.1 Chalk Sroup (100607 to 1298677

Several types of samples from the Chalk Group have bean analysed, HMost of the
samples are composited cuttings from the sidetrack (samples 10080°-10120° o
128107 ~1298G" ), These were received wet and, from the presence of 4dn oily
sxidue on the top of the samples, are thought to be contaminated with
oil-based drilling mud. No mud log from the sidetrack was avallable at the
time of analysis to check this. Thres sidewall cores, 127137, 12785 and
1283%3¢ . also from ths sidetrack were analysed. In additien, 7 core chips from
betwsen L0073 and 10104 from the Ekofisk Formation in the original hele have
been analysed,

8

The deminant lithologies in the Ekofizk, Tovr and Hod Formations are limestone
f=4 ¥
and chalk, with low organic content; 0.15% te 1.25% TDC, and ne significant
hydrocarbon  source potential. Some higher TOC valuess were recorded in some of
. Loc)
the samples due to the presence of caved, more organically vich Tertiary
mudstones. Samples from the Plenus Marl (127827 to 128147) and Ridra Formation
{128146° to 12967') consist pradominantly of Light grey, calcaveous claystone,
{ . 24 ¥
with TOC contents batween 0.45% and 0.35% (after ezntractien}. They are
unlikely toe show any significant hydrocarbon source potential.

The ewmphasis of the analyses om Chalk Croup samples has been on the
idencification of wigrant hydrocarbons. The 7 Ekofisk cove samples wers
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gxtracted with dichloromethane. Extract concentrationz range from 140 ppm to
10725 ppm with the greatest abundance in the sample frem 10104°. These
abundances suggest the presence of moderate amounts of migrant hydrocarbons.
The extracts cousist predominantly of hydrocarbons; 83% vtoe 51X, »of which
alkanes fowrm TIE¥ to 7R%. The composition of these migrant hydrecarbons is
discuzzed in Section 3 of thiz repert.

The gassline hydrecarbon content of the nore ssmples was else analysed, The
total abundances of gasocline range hydrecarbens are fairly low, ranging from
575 to 13130 pph (Table 3). The highest concentrations are from the two upperx
samples (10075° and 10081} of which only the sample from 10073 showed visible
of hydrocarbon staining. The gasoline abundance data and compositional
{Tablax 3 and &, PFigure 4) show considersble wvariation which is
rising oonsidering the closs spacing of the samples and likely common
source of the migrant hydrocarbons. It is suspected that, due to the methoed of
sample storage and small size of the core chips, diffevential evaporation of
the light hvdvocarbons has produced the observed vange of compositional xatios,
although no direet serrelation of ratio valuss te abundance is seen. As there
is wvisual evidence of patchy hydrocarbon ztaining in meost of these cove
samples, higher gasoline abundances might have been ewpsotad,

Cuttings sampies frow the Hod Formationm (11782 w©o 127227) have been analysed
for {Table 2, samples 12370 to 127207}, The upper two samples
irocarbon concentrations; up to 43770 ppm. This gas is very
27.8% €, and may indicate the presence of mature migrant
ppey pa}t of the Hed Formation., The 1-C,/n-C, ratics alse
indicate the presens mature hydreocarbons. Sceveening pyrolysis data Loz
outtings  samples  fro hie Hod Formation {Tahle 3) show & yelatively igh
proportion of 51 hydrocarbons which may indicats the pressnce of either migrant

=g
g
jat
3
&
I
5
3
s
P
&
i
fooe
=
vy
i
73
o g

4.2.2 Cromar Knoell Group (12967 to 13319%)
The samplaz consist mainly of composited cuttings plus 2 sidewall cores from

The
131307 te 13185%; 311 samples are from the sidetvack.

All TOC data usad in this section refer to the samples after extraction as they
appear to be contaminated by o1l basad mud. The deminant lithology in  these
samples is a medium-dark grey, calcaveous mudstons, with caved Chalk Group
Titbhologies and wmiwor amounts of light grey, calcareous mudstone. The

sxtracted bulk samples show TOC contents between 0.51 and 0.97%. Scresning
pyrolysis data indisate poor te falr hydrocarbon source potential. Vizual

kevogen analyses show a predominance of gas prone humic ovrganle mattar,
indicating the Cromer Knoll Group samples have marginal gas source potential.
Pyrolyeis gas chromatography data (Figures 3.1 and 9.2) confirm the presence of
a hydrogen poor kerogen. The pyrograms asre dominated by, aromatic and
naphthenic compounds and show a low overall concentratisn of pyrolysate.

Alrspace gas analysis (samples 13000’ to 132887} shows low, light hydrocarbon

abundances; 60 to 2150 ppm. The gas iz relatively dry in composition compaved

to that from the Hod Formation, with 77.6% to 87.4% G, (except the sample from
3 30 1

131207 which shows only 44.3% O i-C,/n-C, ratinos show that these
hydrocarbons €v¥e wature, however, the low total abundance indicates <that
sigoificant amounts of migrant light hydrecarbons are absent.




4.3 JURAREIC

4.3.1 Trone Group {(ddentified 13319 vo 13322°)

In /7.3 the Tyne Group comprises only the Mandal Formation (1331%° te
K 2

32293 It is of very ilimited thickness. One cuttings sample covers this
intarval, 13320°-133307. The Mandal Formation is believed to he represented by
the dark grey caleareous mudstons (30% of the sample). The extracted bulk

saxple shows a TOC content of 1.37%. The picked shale shows a much higher
crganiec content, 3.0%% TOC {afrer solvent eztraction to remove contaminsnts}.
Screening  pyrolysis indicates falx hydrocarbon source potential, however, this
may not be representative of the Mandal Formation due te the wery limited
thickness of the formation and ponr samples guality. ¥eo visuval kerogen data are
available for this sample. Pyrolysis - gas chromatography indicates s hydrogen
peor  Kerogesn. The pyvogram (Figure 9.3} is dominated by naphthenic and
arvomatic compounds. These data arve not typleal of the Mandal Formation ‘het’
hale {this horizon (s marked by a sharp spike on the gemma ray leg) but this
may, in part, be due to poor sample gualicy and o the high level of thermal
maturity.

4.4 UHASEIGNED SECTION

This section sonsists of 4 lithological units; a mixed clayvstone, mudstope and
sandstong unit (13322’ to 13436°) rveferred to in this vraporf as Seguence &, =
sand  unit {13438° o 14008') referyed to ax Band ¥, a ﬂum¢znre unit (14008 o
L64257)  rveferred o ay Segquence B and s lower sanmd unit {144235" to TDL14792¢)
referred to asz Sand ¥. The age of these units has not been sstsblished. They
are dascribed sepa ntelv in Lh*s report for lithologisal reasons and it is net
the dnvention of this report te imply anything about their chronestratigraphic
relationship. The age of the whole unassigred ssquence (133227 vo 147927 1is
20ill under veview,
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&.4.% Segquenos A

mainly of cuttings drilled with oil baszed mud.
it uOldcleS‘ grey~black claystons, light grev,
one, begoming mors aranaceous towards the base of
r*

Theé samples analysed consist
These samples show mixed 1
311 araous mudstone and sandst
th

FEOL 1am‘ ﬁxgraated bulk sa ples show ovganic contents vanging from 0.38%
ta 1.11% 10 Four sidewall eores 133497, 13370°, 13395" and 13430 were alse

analysed {ma»uxity and visual kervogen only). The visual kerogen analvses on
samples fyom 13370 and 13430’ show a predominance of gas prone humie organic

mAtLey. Ne TOC or pyrolysis data from the sidewall cores were available but
those from the cuttings samples over the same interval indicate no hydrocarben
source potential, The a;zspace gas content of samples from thiz sectien is

relatively low; abundances range from 670 to 6490 ppm. The gas is fairly wet,
with 26% to &% U,-G, hydrocarbons. This may Indicate either the presence of
winor amounts of macure migrant hydrocarbons  or reflect oil base mud
cantamiﬁazion,

Fyrolysis gas chyromatography was ocarried out om a cuttings sample from
133407 -1335¢7  and a sidewall core €fyom 13349°. The pyrograms (Figures 9.4 and
9.3} show a wery lew pyrelysate yield and a predominance of aromatic
unxaen*i*lad waphthenic compounds. This is consistent with the poor gas source

potenptial Q%sQrved from the wisual kevegen and screening pyrolysis dass.
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&.%,2 Rand X (1343867 to

The samples asnalysed consist of cuttings (drilled with oil bhase mud)} an
sidewall cores. The unit shows no \“qﬂlfk ant hydrocarbon source potential,
The velatively high TOC contents recorded for the bulk samples reflsct the
presence of caeved wudstonsmz. The presence of il staining {s noted throughoul
the .section. Alrapace gas dats for this section show relatively low abundances
of 1light hydrocarbons, 990 ta 52530 popm. The gas shows considerable wvaviatlion
in wetmaxs; C,-C, ranges from 10.9% to 49, Q&, with the greatsst weiness
recorded in the upper part of the unit., The {-4,/n-0, ratios Indicate that the
hydrocarbons are mature. Six sidewall cores (134807, 133437, 136347, 13705,
137537, and 13385373 have besen sytractaed and ths samplpa show high extract
vields (36255 to 33490 ppm), indicating the pressnce of migrant oy contaminant
hydrocarbons. The extract ocomposition data alse suggest the presence of
wigrant hydrocarbons ov a contaminmant. Gasz chromatography was carried ouf  on
these extracts and the vesults ave discussed in detail in Seation 5.

d &
ia

4.,4%.3 Seguence B (14008 to 144257}

conzgist of ricoloursd mudstones;

The sawmples asnalvsed are cuttings. The V&
araosus mudston @, but ccecasienally &

predominantly & 1light to medium grey, calc

vellow-brown mudstone and pale or dark ved-brown mudstons. Ploked, extracted

samples of the light to medium dark grey mudstene show low organic carbon

ontents; ¢.48 to 0.56% TOC. The vellow-hrown mudstone 5arpla at 140407-140707

shows a Thigh TOC conmtent; 8.8Z. Although the pyrolysis data for this sample
fad

At
7
.
i
re

x

show wery high 51 and S concentratiens some form of contamination is suspected

hecause the visuwal kevegen analysis indicates a 9d3ﬂlﬂ&ﬂa1y inevitinitie
kevogen with a very high propovtion (80%) of some fc~m of highly f£luvorescent
hydrocarbon  vesidue or additive. Soreening pyrolysis dava foz the rest of the
mudstone samples indicate very poor hydrocarbon seouras potential. The thigh
production  index may be partly a  funetisn of the low 52 pyrolysa e

concencration, bubt may also reflect contamination by oil based mud. U“rolw
Eas chromatwgraphy data {(Figures 2.6 and 2.7} «o two extracted compo

0]

i"’ v‘}
Bt ot
rid

samples; 14000°-14010° and 1460407-14070¢ show a predominance of aromatie and
naphthenic oompounds, indicating the presence of a hydrogen poor kerogen
4.4, 4 Sand ¥ {14425%° ©o TH at 147827

The samples from this section consist of cuttings samples (drilled with cil
hased wud}) and 10 cova samples between 144447 and 1473277TH. The composited
cuttings samples consist of sand, with miner amounks of caved mudstons, The
TOC content of the extractsd bulk samples seems vather high: 0.75% to 3,633,
idering that the caved litholegies are organically poor and therefore, the
g of

small amounts of bitumen in these samples is suspected.

L i

-
f
ﬁ
&

The cors samples consist of fractured sandstone and small amounts of claystone.
Yisual inspection of the core samplas showed the prasence of fractures, often
infilled with Dhitumen, LdrhbnahéﬁHQ{bLﬁumlﬁDug laminae and occasional patchy
bitumen or heavy o¢il staining e.g. sample at 1476 Bitumen, infilling
fractuves, is ouly noted helow L470 ', Sevan of the core sanmples have been
sxtracted and gave low concentration s, ranging from 280 ppwm to 1863 ppm. Tha
sxtract abundance s high with respeet to the low TOC content (EPOC Table 6)
and may indicate the presence of mlgrant hydrocarbons or bhe derived from the
bitumen present {although the latter is unlikely as the bicumen is a highly

mature pyrobitumen which weuld net yield significant extract). These extracts
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5 HYDBROCARBONG

Samples from the lower Tertiary Nevdland Hordaland Group, Cratacecus Ekoefisk
Formation, Un<ssi gned Saguence &, Sand X and Sanmd Y have been extracted. The
res LL*E of  extraction wers discussed in Sectien &. This ssctioen conbains &
wision of *ho vesults of gas chromatography and chromatography ~ mass
spectx wetry analyses on selected extracts

39

5.1 (A8 CHEOMATOGRAPHY

5.1.1 Nordland/Hovdaland Groups

Twe samples 32347 -5280° and 37707 -583D07 have been extracted (Table &)

upper sample {(hase Nordland/top Hordaland Group) shows s vich abundance of
axtracted hydrocarbons. Tha very high percentage of hydreocarbons in  val

to  ovganic carbon indicates the presence of wmigrant hydrecarbens. The alkane
fraction gas chromatogram {Figuve 7.1) shows a predomivance of n~C,, to n-C4
alkanes, and opaphthenic compounds sugerimpased on an anvelope of unvesolved
material, These samples appear to contaln migrant light hydrocarbons and also
blodegraded fresidusl hydrovarbons,

The gas chromatogram of the desper sample (Figuve 7.2) shows a similar alkane
diseribution, but with & grester asbundance of imopreuncids and naphthenic
oxmpeunds .

5.1.2 Fkotisk Formation

Seven mamples from the Fkofisk Formation have been eaxtracted as discussed in
Section &, Most of the samples show visibla signs of patehy oll staining.

Whole extract chromatograms (Figures 6.1 te £.7) show a yelatively smoath
aikane envelope (with the exception of the sample frow 100757). The alkane gas
chromatograms {(Figures 7.3 to 7.9} ave similar axrngt for the ssample from
LO075° . Thay show a relatively smeoth alkans envelope and are dominated by
alkanas in the range p-0,,-n-C,,. They also show odd deminance, espaclally of
the n-¢ . and  n-dn, alkanes, The Py/Fh ratios are between .92 and 1.06,
indicating a medsrately veducing source enviromment. The sample from 10075’
ahows a higher Pr/Fh znrxo {1.553 and shows a bimodal alkane distribution, with
maxima at n-G

component mot seen in the other samples. Pristane and the Ciy Llsopr rancid are
also prowinent in this sample and may indicave some degree of wild
biodegradation in the light component. In the rest of the samples Fr/p-C, and
fhfn-C,, are ryelatively low, indicating that the migrant hydrocavbons ave
paturs. No further analvsess have been carried out on these samples, however,
the gas chromatograms ave similar to those ﬂublzsnea from veservoired oils in
the neighbouring Ekofisk and Eldfisk fields and prasumably have a similar Upper
Jurzssic source,

and p-C,, . It appears to contain a light migraog hydrocarbon

0
pary

.3 Sequance &

Tws  sidewsll coves from 1334% and 1339%° frowm Saguence A of the wunassignad
unit have been extracted with Jdishleoromethans and botll show ralatively abundant
extract {see Section &). The alkane gas chromarograms (Figures 7.10 to 7.13)
show the presasnce of sontaminant light hydrocarbous {outtings SAmples from this

i3




interval warsa seen to bhe heavily contaminated by oil based mud}. The
contaminant hydrocsrbons are chavacterised by a narrow range of alkanes £,,-Cy
which wsccur along with naphbthenic and unveselved compounds iIn the same
molecular weight Tange. The sanples slse show the presenes of a smooth
arrvelope  of highey moleculsr weight alkanez. These ave shown enhancad in
Figures 7.11 to 7.13. Thess appear te yepressnt mature migvanl hydrocarbons.
Both samplss show very similar enhanced alkane distributions. Pr/Ph vaties are
1.4 and 1.3 for rhe upper and lower samples vaspectively (highey than is  saan
in the &kofisk core samples). The Pr/u-C,, and Ph/n-G,, ave low, indicating
that the hydrocarbona ave mature. .

L
.

& sample of the oil based mud used in the sidetrack was also supplied fox
o 8

analysis The alkane ggq chromatograns et in Flguves 7.30 and 7.31
(eﬁhanced). Tt iz not known whather the mud sample represénts c¢irculated ox

snusad wmud., It shows an almost identical gas chromatogram to the two sequence
4 extracts, including the presence of higher melsacular weight alksnes which
;are presumably plcked wp frem the formation during aklzula:*ow

5.3.4 Sand X

Six sgamples from the upper unass ignad sand unit have been analysed 134307
135457, 136340, 13705%, 13753 and 139857, Visual chservation of sidewall
cores and cuttings in this interval has shown them to be oil stained.

2

The alkane gas chromatograms for samples 134807, 13543¢, 1343&" and 137057
(Figures 7.14 to 7.23) arve very similar to that from Seguence & (133487, They
show a predominance of contamivant, oil based mud derived, low molecular weight

alkanes, They =lse show a similay distribution of higher molecular weight
alkanes {gu”lp+§q Pr/Ph ratios are between 1.3 and 1.4, Pr/u-C,, walues are
all ¢.6 and Ph/p-0,, between 8.5 and 0.6,

The sampla fr(g 3753 ‘Hows a greater abundance of migrant hydvecarbons, bhut
still contains sign if¢ nt amounts of contaminant. The bottom sampls, 133837

is dominsted Dy migrant -ydr* rarbong.  The chromategran shows a smoath alkane
e o
S

;‘4( [

+

envelope with a maximum at n-C,,. The Pr/Ph rarle is 1.2 and Pr/n 0.6,

The low CPI alse indicates that the hydrocarbous ave mature, A&x these Vaﬁuar

Fram  the uncoataminated sam are almust identical te those from the rest of

the sidewall coves analysed in Sand X and Sequence A& it appears likely that the
TG

p
migrant hydrocarbon component in all of these extracts is froum the same source.

5,1.5 Sand Y

Seven samples weve extracted fy
unit. Four of the extracts were

o

m core samples from the lowsr unassigned sand

lysed by gas chromatography 144687, 147447
Y4787 and 147730 (Figuves 7.286 two 7.29). THe uppar sample 14468' shows a
smooth alkane gnve ope  with a maximum at p-C,,. The Pr/Ph ratic is 1.03.

gE:d
P
N

Pr/n-C,, and FPh/n- ratics are relatively Low: 0.81 to 0.71 respectively and
indicate that the hyﬁvs arbons are maturs. his sample {s very similar to that

from the lower part of Sand X (13985} apart from a minor difference in Fyx/Ph
vatio, and i likely to have the same source. The chromatograms from 147447

and 14767 (Figures 7.27 o 7.28) ave wery similar. In addition to the
hydrecarbon distrikation ssan in 144687 thess alse show the presence of a light
hydrecarbon component in the n-G,, - #-C, vange. The bottom sawple, 147737,
azlse  contains the same mi hydrocarbon as 1@468', but  shows & move
prominent Pr peak {Pr/Ph 1.50




On  the basis of wvisual obassrvation and pas chromatoegraphy data thers sppear to
e ab least vhye pﬂases nf Wydrocarbons present in Sand Y; a mature live oil
{minor amounks), & light hydvocarbon compenent and, sesn in hand specimens, a
haavy bitunmen, infinl;ng fractures.

8,2 SAS CHEOMATOGRAPHY - MASE SPECTROMETIRY

Extracts from three sawmples from Sand ¥, 134887, 13733 and 139837 (8WC's) and
4] T34

thres samplsas from Sand Y, 16468°, 14787 and 14773 {ocors have been Turther
§ » ? )

analyzed by gas chromatography - mass spectyrometry. Mass fragmentograms for

mfe 191, 217, 218, 231 and 232 can be found in Figures &.1.1 te 8.6.2.

3 B
Tabulated composivional raties can be found in Table 8.

5.2.% Haturivy

The biomavker ratios show rather contradictory maturify wvalues. For Sand X
I8x{H} trisnornechopane/17o{H} trisnorhopane raties {Ratis 1) indicate a
moderately mature source. In Sand Y the values show a greatey rvangs 1.07 o

33). This may be due to varilations in maturity levels of the source rocks

i

from which these migrant hydrocarbons wars gevevated.

%

The ¢, homchoparne vatie (vatio 3} veaches an 2quilibvivm value of 1.4 to 1

at ‘early mar wity. From the data available it dos U appear to have rsached
this wvalus in any af the samplaxz anal i, which indicates that elther =

ratic Thas been altered by coelution or that the samples are of velavively 1

maturtry. & wore veliable maturity parasmetar is the persentage composition of
the ©€,; sterans 208 Isomer (vatio 4). This reaches a mawlmum «f approximately
80%  ar peak oil window matuvity. Sand X extracts show values betwsen 4371  and
50%, indigating a widdle maturs source., Lower valuez are recorded in Sand ¥
33%  vo 37%, indlcating an early to middie mature souvree., This would indicate
that the main contribution te ths blomark,a gontent of the Band ¥ extrasts is
not . frem the mature bitumen fracture fIl1l az this shows measured reflectances
of up rte 1.29% (eqguivalant te about 3.8 to .9% Ho vitrinite) and would be
expecyed  teo show higher percpntqges of G,4 20§ steranes. The ratic of 288 ()
stervanes/ off plus wea O, steranes also  indicates that the migrant
hydrecarbons present ars ddi matura. This ratls reaches an equilibrium of

-

w

1]

approzimately 3% atvt lat rindow maturity. Valuss fov the samplaa analysed
-
X

ange betwsen 30.1% and

i
51. 6

i

Both SBand X and Sand ¥ show a greater abundance ¢f trieyelic than pentacy clic
terpanes, espacially in the Sand X extracts. Such a predominance is ovmally
associated with bicdegradation or with high levels of maturity.

Extracts from beth Sand X and Sand ¥ show the presence of G,; and the G
demethiylated  hopanes. These  are novmally aaOﬁiaLEd with  zavere
biodegradation. These oosmpowinds  appear in Yelatively asmall concentrations

comparad to the regulsr pantacyclic triterpanes and appeay to reprasent either
biodegraded migrant hydrocarhons or a blodegraded phase plcked up during
migration by the migrant live oil.

5.2.2 Source

Hopane/ stevane ratio (ratic &) values under 2.0 ave normally associated with
marine algal sapropelic anurce. Values for the analysed samples range frem
0.57 o 1.2, all indicating a predominantly algal saprepelic source for the

jrd
i




Sand X and Sand ¥ extracts. The percentage compesitions of Cg?, Gza’ Cog

Se (MY laa{H)17a{H} 20R stevanes show a predominance of C?? 20R szreranes. The

ccmpc:itians are plottad in Figure 10, With the exception of the extract from

134807 {8and X) the samples plot in ene group, Iindicating the same »or very
- 5

¥
s
=1

ilar source vock type. Ths samp;e from 13 QQU' shows a greatsr abundance of
¢,, &tevanes than the wyaat. This pro ohably indicates source vagck facies
variation rather vhan 2 separalte source, T}e eomposition of a typical Ekofisk
eil with a kaown Upper Jurassic sourss has alse heen plotted {(Peime 7) for
comparison, The live oil components of the migrant hydrocarbons in both sands
appear to have a similar source to sach ether and ve the Ekofisk oil, probably
derived from the Mandal/Favsund Formation which is known to be mature to the
east in the Feds Grabsn.

Gn  the basis of the available data it appears that Sand X contalns two phases
of Thydrecarbons; 1) a migrant live oil from a middle mature, predeminacily
marine algal szaprapelic source, probably Upper Jurassic shales in the Feda
fraken, and 2) a severely bicdegraded component rich in trieyolic terpsnegs and
eontaining C,, and G, demethylated hopanes, possibly also of higher maturity.

Sand Y appears to comtain af least three phases: both of the above, albeit dn
lower concentrations than in Sand X, plus & 13*0 matuyre bltumen Ie is

possible that the bitumen has szupplied some of the demethylated hopanes and
tricyclic terpanes in the extvact, howaver, these ml so  appear in  greater

concentrations in Sand X where no bivumen was vecorded and from this it appears
that the bitumen is not making a major contribusion te the binsmarker vontent of
the Sand Y extracts. From the gas chromatography data, a fourth phase of low

molecular welight hydrocarbons is alze believed to be present, This phase nay
epresant migrant of coniamingnt hydr@carbona.

14
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the foregoing report the following conclusions connerning 23,/7-20X and

gsidetyvack have been made:

g

3

On  the basis of the intevrpreted 5CI and
analysad section is lmmature te a depth of
matura elow this toe 12850m. The S&:Zi01
ol genaration below approuimataly 13800
Both the B8CI and vitcinite veflectance data show a marked braak im
maturity profl a8t approximagely 128007 no 130007, This has besn
attributed to the development of overpressuring in the section undevlying
the Chalk Group.

nite reflectance data the

roximavely 9200m and  early

iddle mature with yespect to
late mature below 132007

Mo mature seource yooks with significant oll or ges potentisl ave present
in +thiz well. The source porantial of the “1irhostrati igraphis units

analysed iz summarized below:

TERTIARY Nordland Group (35350° to 52358') thess sediments
show poor fto falr gas source potential

Hordaland Group (52587 to 96
52587 ~6010¢. This unit coataing
8 kevogen with good te wver £
hydrocarbon gource potantial., It is predeomivent]
p 2, but also shows miner oil sasource
ntial. v is immature for  hydrocarben

+

Q107 wo F270' - this unit shows failr to gond oil
sourse potential, but iz immature feox hydrccm.\,n
generation,

72707 te 8110¢ - thiz unit shows fair to good gas
source potential.

11’ to $6347 - this unit shows only poor gas
sourece potential.

CRETACREOUS Rogaland Group (9634 to L0045’ ) - these sediments
show poor gas source potential.

Chalk Group {10680 o 129877} - these ssdiments
show no significant oill »r gas source potential.

Cromer Knoll CGroup (128677 feo 133187) - this unit
shows pooxr te faly gas sourse po ] i
immature for gas generation.

JURASSIC Tyne  Group/Mandal Formavion {13319 ve 13322°) -
thix wait  appaars to contain a Twamic and

inervinitvic, hvi-egev poor kevegen, with poor gas
seurce potantizl. It iz net typicesl of vthe Mandal
"hot shale’ seen elsewhers in this asrea.
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Sequenae & {13322' ve 13438') - this wnit contains
s hydrogen peoyr, humis kervegen, with poor gas
source potential,

S orn 140067 - noe hvdrocarbon source
Ssgquence B (1400867 tvo 1442373 - this unit alse
contains a humic, inertinicic ksrogen, with poor
gas source patamt;al.

Band ¥ (1442%° e 14782°TD) - ne hydrocarhboen
souras potential.

Marny of the samples analvsed showed evidenwe of varying degrees of
hydrocarben ataining whick can be summarised as follows:

ﬁmrdland Sroup/Hozdaland Group -~ 2 cuttings samples, 323Q7.329¢7 amsd

Hod

Sand

3 ~3830°  analysed, show hydrocarbon staining by migrant or contaminant
*Aaht hydrecarbons, plus a trace of hlﬁd&graded iydro arvbouns, Beidence of
varying degrees of sztaining by migrant or contaminant hydrocarbons is seen
in the pyrolysis data.

Ekofisk Formation - 7 cors samples (100757 to 10L047) show visible evidence of
patehy  hydrocarbon stalaing. Extraction, fracticnation and  gas
chromatography data indicate the preasence of maaer"hh apounts of maturs
migrant hydrocarboens. The gas chromatograss give similar results,
Formation -~ Afrspace gaz data fodicats the prasevce of migrant nature
hydracarbons in the upper part of the Hod Fermatien.

Sequence A&  ~ The two sidewall cors samples extracted show avidence of severe
il based mud contamination. They also appeay o contaln mature wmigraot
hydrocarbons.

X - 411 of the samples show vizible signs of oil staining. Extracticm,
fractionation and gas chromavography show the gsame contaminatien as  1is

Sand

seen in the SWC's from Sequence A, Gax chromatography - mass spectromely)
bicmarker ratios indicate the presence of a adddle mature wmigrant 01‘
which alse contains minor amounts of a severely hicdegraded component.
Biomarker ratics indisate that the live oill has a predominantly marine,
algal, sapropelic socurca and is similar to raszevvoirsd oils fyom an Uppsr
Jurassic sourecs  Iin neighbouring fields. The bilodegraded compeonent may
either represent 3 separate migration phase or have been picked up by the
Live oil during migration

b unlt  appears o contain at least thres phases »f migrant

Bong . It centains the same 1ive gil and blodegraded component as
seen in Sard ¥, but in much lower concentrations. It is alse ssen, iIn
hand  specimens, o contain bl;umen, infilling fractures. From the
reflactance data this bitumen is known to be highly wmature and bescause the
biomarker vatios for the sandy extracts indicate predominantly middie

mature hydrocarbons the bitumen is not believad to have made & large
contribution te th biomarker content of tha extrast. The bitumen
reflectance data indicate imi £ of the

a similar lavsl of mavurity te tha
{ndigenous witrinits in Sand Y, inplying velat vely garly smplacemant and
a subssquent commen maturation hisztery. The bitumen appears to reflect an
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5980-6010 Stas  PMBET, olrgyr mew o530 F TS 5 7U 5
MOST . AT plgye mew 4.5 RY LA 23R
L8Y, yel-gy
£2S0~30 Chga. (HDST, ol-gyw 2.5°3.0 B30I 5 &% 36
SOET, dgk vel-breg 4.8 K
MHCMDSY, 1Y olegyy
e LSY, wvel-gy
3558510 Ciga IMDSY, sk yel~broe 3.9 BETES) 18 &5 %
20% BGST, ol-ay* t@ S0 RE L33 i
L8Y, vel-gv LI BN
£850~510 ftgs [MOST, elegyr 20X 30 f L3600 10 55 3
MRST, dsk yel-bens L850 BE LR DL
¥ ST, b slogy B0 R
TISE-23I0 Crga  IRDST, ol-gys 0% 3.8 353 10 g el
HORT, sk yai<bens & 58,0 R S %E
e 187, vel-gy SO AR
7553~510 Crag FMDST, ol gye mee 37 3.8 SBRIBY 5 A5 34
Tyet-gys O BIT 4,545,088 LERMAR
LS&E 3R
TISG-810 Crgs: IMDST, obl-gye 108 LST 3.5 R4 ki pit! )]
yalogye te 81T 45 RE 36 838
L& IR
BO%-118 Cixs (MDET, olegys 30% LSY 1.5 350 %) 1 &5 3
yel-gye tr 81T .5 &E 253155
el TR

GER COMPOSITION DATA



COMPANY: PHILLIPS NORWAY

57
b3
£
z-ﬂ'
:
.
:
."'\.
‘«i
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~3ORAZ /7208878 LOCATION: NOUWEGIAN NORTH SEX

FTE L VITRINGTE
H350-380 Stga (ERST, bt osleges mer 3,033 T A5 g i 36
BiT# gor D83 50 LU B4, 3-5.00 8§ 300 83
SR AW
8550680 Srge [BST, 1 slogyr tr 3.3 311 5 75 20
SHRe tr 81T 4,545,081 (580 3w
B550-580 LEga  {MOSY, 1t olegyd anr 3.5 CIETEEY % S 20
CHE» s MUST, L5588 J25430%k
brnegys e BIY SR
FIEG- 280 Stge (ROSY, Y sl gyy me 3.5 SBECR 3 ki 24
{HRx Lo BEY 4.5-5.8 % T 51
SR B
$533-380 Drgs [MOAT, it olegye mae 13.54.0 1 4eeEdy | 5 &5 39
CREF moe ¥OST, 5. Y Ja8C 2
heprgys O 817 LERLERIR
FE58~883 Chga PHRST, X ob-ger aor Z1.546.0 AB{ES) b 3 A
SRS e MRBT 5.4 R 287 Bk
gy SSEET3E
150~ 120 Ltge FOBES 20X ¥RST, J. 5048 AT 18 pt] 30
Lt sl-gye 107 ¥DST, 5.8 &t 320 3
dk gregyy oanr KORT, A3 8
bro-gy
$1353-380 Coas  {CHEy 309 HOST, gn-ay &0 KIREES) 38 b33 25
& B MIST, benegy A3 R
11500~520 Dygs  ONE 10% M0LTL gregv 6.8 A3 D 1 & 30
G 550 8 RSP R
OB 2R
T1830-850 Cres TCHK® e RURY, gorgy §RLEALT 5 &8 3%
; .8 R
T2EFRA108 Ctgs (ORKE MY RDRT, so-ay 4.8 BFANS in #5 2%
25348 %
12310 Segs (DHER 0% MOST, gregy &4 &30 43 1S &5 23
P ome MBBT, bravge 8.0 By LROTDL
3 ST A
A3 NR
12510840 Crge L OHES 200 LST, med gy 34045 - 3 7% ‘ 18
175,58 39 LAY, it g¥ & * * * %
§12998.0 Sen 1CEYST, aedndk gy 77 S5 D 167 & 509
&3
128328 Swe  IOLYST, it gy, caler 7.0 S S 207 G o
oLBT, Lt av ; N gy
3 SBOE 3R
204 SET Ctga  LLST, v Lt v mhr S AR 207 £572 TRTS
#OsT, dk gy, cele 4.5 % AT
T30 #3R
3100110 Stge  {MDST, mededk gy, i 732 I 1 200 o7 10
i cafetr 208 LET 132 R
¥ it gy
BRI Swe PLET, medidv gy, arg 7.5 & 0 75 19

MATURITY ARD KEROGEN CQMPOSTTION DATA
TABLE ¢ 1B



SOMPANY: PHILLIFS KORNAY WEEL: 472084303088 T-2  LOCATION: RUBWEGTAN NORTH 5E&

eaNPLE 1 SMALYSED LITHOLSG ke L % CU TR frow microatopy) atculsts
\\g?g 5 >: o RO N -

¥ rwmeroesye DowrraniTe | capsopEr By

13:65.8 f3tia CLYSY, meddadl gy * T8 LY 26

RREES
15300318 crgs (MORT, v Lt gy, cale 7073 1 Le3en T 52
& gor KRET, % a@v, BE123R ﬁ
catg 1,380 %
133708 Se JOLYST, medelt gy, 2.0 e3¢ ami oawm &5 T
136300 e CLYST, medelT gv, * SN TETETE SOt §as 200
s{ny 3 |
13540-510 Ctgy JSKD, G8 rsr oo n 1 mmy 857 167

ABC &3
- 1L81 SIR
L 1.25¢ I

Y3EEY, 8 Swe 887, {t beu-gy, arg * . x i R &7 207
13730-710 Crgs {SRB, 08¢ sy mic * L2 B 357 Pt g7
SB5( B3R
1.78¢ 83R
138380 e PSST LY Brhedy, geg ® JBU S # * *
N3 S
QG 1R
VL8 T
13000918 Ctge (BED, DS e OHOST, 7.3 1.R8( AR i G5y *
wed=adh gy, cake
140460070 Crgs {M0EY, moed yel~ben, * SFREEY i ¥nr R
oeios 0% MDET, LR TR
gy, calew ooy i b ER{ERE
womnr HDST,
gal regvben, oale
14200-238 Ctgs  {MO8Y, 1% gy, oaloe * TR 20 a4 e
e SHDS Ly MDST, BT L3R
pal red-Brey vebes TLORCOIR
e LN 1.38{ 53R
14400~430 Stgs  {ROSY, med gy, caled % Bl b g7 0 i 307
ZEROMOST, v iy gy, SR SR ;
cabody 208 Wb 1y .35 BIR
LeH 1.0 3R
1444, 8 Core {887, qregy, fFop 8.3? 587 452 3
g1y
14650478 Srgsl (SNDs g SOAT, ® 2 FEDEITERMILENATE
voiY gy, caley mnd LB S8R
L0 s BDET, YR30 &R
med gy, osie TAW 2R
Y4744 Sore {SST, dk redhbrne mne
CLYSTY, fegs e RIT
8 $5Y, R rodibrne mnr LA &}
TLYSY, frgss 837 SJHRE 2R
T8 R

HATURITY AND KEROGREN COMPORITION DATS

TABLE : 1C



SOMPANT:

PHILLIFPS BORWAY

WELL: 2/7-30%+2/7- 2088702 LOCATION: BORVWEGIAN BORTE SEs
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SET, ok reciebrery wig
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S8 ER
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SR 3R
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B3R RY
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QUMPANY: PHILLIPS NORWAY WBLL: 27730 + 2/7-30% EYT-2 LOCATION: NORWEGTAN NORTH SIA

BAMPLE DEPTH W ED LITHOLES |orpLaTiw SYTROCARBON SOME
({Feety £ '

12370 Ctae 7.8 1 188 1 ang 8.1 R 45770 ¥ 8
13460 tige 2.9 18,6 1 294 9.3 2.8 bt I .
éaz.ssa 2igs B2 .1 4.0 .8 1.3 2070 15.8 N
13640 Cigs 76,4 e 2.8 1.3 2.8 3930 | B8 L&
12va rgs A $7.2 0.2 1 10,4 1.5 2.8 $360 | 38 &
12830 Ctas 2.7 1wy b b4 .7 Yok 3600 T3 3
12080 Crgs b we | 5.3 . 2.8 160 5.4 &
13000 Stgs 79,6 9.2 5.9 1.3 3.1 160 20,4 A
13040 Stgs 81,6 0.7 1 4 .8 3,2 & 3.4 3
13080 stgs 82.8 3.5 2.7 .3 .8 238 . %
13130 Stgs 45,3 9.0 4 4 18.9 5y 53,7 g
13160 ntas B Q HWE L 3R § T 2158 5.4 .§
13200 Ctas 774 1.8 6.5 1.2 2.9 85 3.4 A
13248 Sras 82,7 1 10,3 531 1.9 e 1 e | ol s
13280 Stgs 874 75 2.5 | 5 5.7 218 2.6 3
13320 Stgs 8.7 {1 s 8.0 1.8 iy we |ona g
13260 Cigs 76,8 5.4 6.8 1.3 24 g7 1 28,0 5
13398 S1as 86,1 22,3 8.5 1.2 2,3 S470 1 3.8 &
13440 Stgs 0.6 16.7 8.3 1.5 2.9 1 e 9.4 3
13420 Stgs 438 124 1.1 2.6 5.4 1866 | 3% 3
13480 Stgs 58,3 T 5.6 4.0 2.7 T .S
13530 Stgs 774 13.5 5.8 1.6 2.3 386 1 oz 4
13568 Srge 56,7 1 18.8 3.8 3.8 .1 3310 1 433 A
13600 Stgs 8.5 1.8 5.4 1.7 2.6 1 3a%G 2.8 5
13640 ttas 73.8 3.8 7.6 1. 4.9 3088 26.% 3
3580 i Crga 7T 1.8 5.6 1.3 3.4 1900 3.3 4
13720 | frgs 8.3 2.3 5.4 1.0 2.5 1188 2.7 5
13760 tgs 7.0 5.0 4.7 1.1 P  +-o¢ P 3
$3800 ntgs sl 87 1 %0 4 01 mes | omal .
13840 Sige 85.0 §.9 3.5 E 3.9 3400 5.8 3
17838 Srgs a5 1 7.2 2.4 4 3 2630 HiL® &
13520 ftgs 98 2.7 P % 2.0 W 206 A
13980 ttgs 7.8 2.3 2.7 o 990 2.2 3

AIRSFACE CASEQUS HYUROUARBOW ANALYSZIS DATaA
T&RIE @ 24



COMPANY PHILLIPS NUBWAY WELL: 3/7-29K + 3/9-20% S87-% INCATION: NORWEGIAN BORIH SEA

AIRSPACE GASEDUS RVYDROCARACN ARALYEIS DATS

TAELE 25



CRMPRNY:

NOEWEGIAY NORTH i

Uy
231
e

¥

REANIC CARBOHN

DEerH:  FEET 10075 | 10081 | 10060 | 10096 | 10099 | 10107 | 10404
GAS@*‘%W%&%@%MQN RELATIVE GASDLINE WYDROCARSDN COMPONENT ARUNDANDES (%)
COMPBNENTS , ,

- UTANE 5.2 | o3 0.6 5.9 5.6 7.6 1 118
7 AUTANE 0.9 | 0.4 | 0.8 4.k 17.8 10.8 | 2.1
S PENTANE RS 7{3,? e é 5.1 &7 | 8.4 2.6
N~ PENTANE 3.5 1.2 1.3 3.3 5.9 5,7 5.6
z\,-z;z, ETHYL BUTANE 1, 9 0.1 0.1 1.6 1.0 9.5
CYLLOPENTANE 11 .3 .2 0.5 0.7 2.9
28 DIMETHYL BUTANE Go? 3.2 3 .FZ 8,8 0,4 .3 0.3
} - METHYL PENTANE 1, o 1.7 3.2 (.9 2.7 1.7

~ METHYL PENTANE 1.2 1.2 1.3 15 3.2 i f .6
- HEXANE &3 6.2 5.5 ) 7.0 3.2
3.2 i‘&ETH\ { FENTANE S ! V )

N§~ L OYRLOPERTANE Gy i 3.5 3.4 2.7 2.8 o7 2.8
2% - BIRETHYL § E&“"M‘é? 6.2 3.3 0.4 8.4 Q.3 G.1
BERIENE 11.3 R IR 8,56 -1(»“2 5.4 1.3 4,82

3~ SHMETHYL PENTANE G (=< .1 0.1 .1 .1 0.1
CYLLOHEXANE 5,3 5,6 &4 3.1 2.7 3.3 3.5
2~ HETH¥L RESARE Gt 5.6 1 3.6 (5 5.6 | o.7
‘i,}lw'mi'x&&'s“ S RARS ‘CLQPE?‘E%}\NE 104 08 0,8 (}V,:; 0.4 3.5 0,1
5 3;>§R§THYL HEXAKE S| 4.8 5.8 1.0 1.3 3.1 .7

3.4 i e 0.4 0.6 1.0 G4
9.5 i 4 1.6 0.7 G5 0,9 0.3
”\’CLG? NTA’Q;. ’ ey 2.9 3.1 1st Te2 A 0.8
Y~ ETHY L PENTANE
£ HEFTANE .6 48,8 20,00 11343 50 A 17
T cie 2 = BIMETAVL ] }

CLOPENTANE e 7.6 L 23,4 125.00 1118 5.1 12,4 5.3
ETHYL DYDLOPENTANE g4 1h 1.5 0.6 6.3 0.9 0.3
oLENE 55,1 142,30 (13,2 3.6 26, 1 0.3 1 256.8
TETAL ABURDANGE fnpb) 13130 | 12275 | 9758 | 1440 4655 873 2133
ORGANIL DAREON (%) - -1 - - - .
c» Gl «;f: ABURDANLE AT 1% - “ - - - - -

Npvte: Totad geioiine o

TARLE 3

Gagoling

gidantr values sre gxpressgd as wal

aht of

Hydrooarbon Analysis Dot

5 reiative 1o weight of wet zack,




COMPANY PHILLIFS WELA: 2/7-208 and 3/7-20% (S€7%)

TABLE 4 GABOLINE

BAMPLE DEPYTH TERE i 2 3 %

HYDROCARBON BATIOS

1OCATION,
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COMPARY: PRILLIPS BORWAY WELL: 279 20K43/7-2088T-2  LOCATION: NOBRWEGIAN NORTH SEa

%oNheT, med gy,

IR50-510 crgs. MOST, olegy
sngys 10X LST, pniegyy e pye

3470738 SEgs DSY, i olegys s S8T 1.55 30 1064 22

3856-916 Lty WOST, olegy, sivy 2,08 : 360 gt %4

LO3NAGQE e MEST, sbegy, shrws anr U087, 188 FELE Y440 241
yel-ay

5150-214 £ogs  MOAY, al-gy. stoes ane 157, : .01 260 1400 ‘ Taa
vel-gy :

AFTR-R30 Lyge MONT, obsgy, sityemne MIST, 2,74 60 20540 L0
meds Lt gy

4ER0-430 Qogs  MOET, ol-gy, sityr mor SIST, .68 8% 1580 A8
el r gyt BOAL

5530570 gy MUY, slvgy,. sityr snr MOST, ZAS 248 13883 V33

- Lt gyr T pye

&6P0-THY Llge  MOSY, slegy, sior 143 %G s 1

SRYGYAG Utgs  OBT, ol-gy. sbtys tr S84+ tr 1.3% 13 1828 ST
Htls

SFPC-5050 1 oftgs  OST, LU slegy, calow 30E ROXT .38 166 1080 LA

4 o Ay 3

SIT0-230 Ctgs  HDST,. olsyew 2UY MDST, 2.43 L60 &548 e
{2 nl-gy

SR 2SR Crgs  MOST, ol~gyd 20% MOST, 4. 25 TR0 il W31
Le oelegey wr 300, gal ol

S2PI~35% Cres  MUST, ol-gys 20% SO31, 3.38 5280 1&540 Bre
Lt ol-gy

¥ MOSY, ology 5,563 ESHAY 235G N

# MDSY, AT ology 255 3660 S4LI8 2R

5386410 I ootgs ST, olegws mer SNO b SOAL F48 ] S286 10540 24
SETE-LTE Srms  MRST, ologye 10X 8DET, 3.9% | 250t 10360 <3

Pr al-gy

36530 Chga  DRY, ob-gye 10% M2ET, 3.33 1040 $320 233
{5 -ol-gyy ane MOST, ben-blk

g WoRT, stogy 3.4 Wy £3589 AL
oS 8T, 1t ol-gy 1.5¢ 580 4548 W

1 5530-590 Crgs PRET, olsygye 0% MDET, 3.2 758 &¥60 18
E ol=ges s MUST, brnebik

B550-450 Cres ST, dlsgye (0% USRUS mae MERY 2.2 £840 4440 A%

& Cigs  PUSY, obe-gys 10% BOST, 243 - §3¢ L340 26
{ L~gye TroSHDY tv MOSY,

» MOST, Qi~gy ; 2ibk 450 L4380 0%
ORGANIC CARBON AND SCHEERING PYRCLYSIS DATA
TEBLE ¢ 3a
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COMPANY: PHITLIFS NOBWAY WELLy B0~ LOCATIO:: HOEWEGTAN NCOHTHE 3Ea

[BERVENING PYRDLYS!
STI0~TI0 Stge  PDST, Steges o BEST, Lt al-gy 2.83 1348 340 &
STPQ-830 rgE  RRST . oleges aer MORT, 323 2288 IR3G0 A8
Lronl-gys T MOS8, bm bk
G330~ 890 Cigs  PRST, olsgyr U MOST, U al-gy 2.50 348 5356 &
1 MORT, al-bik
300~ 950 Crgs  MDET, ob~gy® Tr ROST, v olegy 2.7 360 940 L&
SRRQ-LBI0 Sigs  RRSY, of-ger anr MDSY, 3.38 388 4348 : A1
L al-gys mor LET, yabv
: $010-070 Crga  PIDST, ol-gys 0% NOST, .75 486 R85 g
el yel-brre g0 L8T, web-gy
§O7G-130 GERs  IMBRT,. abogye 0N MUST, 3.82 | 330 Basd 3L
dsk yel brns o 8T, yel-gy i
4 MOSY, obsgy 3.8 3 34 FERG i
130190 Stes  JOST, slogye 30X HOST, 3.47 5@ TSR 07
sk el chrne ELORDST,
LY ol mopr BT, yelvgy
HI9G-250 Crgs  IMIST, olegyy JULHOET, 3.5 460 _ TIO0 R
] idak yel~brmy 108 HDET,
v ab-gy
4250310 - otgs MDST, ategye 108 KOST, 3.78 s | P40 %
1 ek velshrne 10X *r‘L‘S.‘_ 3
B olegys r L8T, yal-gy
- S310-370 UGl HM0ST, sk velsbene 30XN-RBRT, 4,82 388 B4&i 34
" al-gy
4 MOST, Bl-gy 334 300 TE58 A
5370430 Stgs  JHEST, ol-gys 48X FDT, 3.85 300 7260 06
dak v i proy o L8T, yel-gy
2 MEST, alvgy 3.05 228 LG L&
R 48T, dsk velsbro 242 430 1384 $2
GL30-490 Trgs  PRST, ol-gye mne MDST, §.25% BIAY 10540 S
ek yedbirne oo DOAL
SLPG-5%8 Dega MORY, obl-gy F0RMOETS &80 280 2100 A3
sk vel-bene or LT, yol~gy
B HORT, olegy 338 228 SONG L
SISOV EHS Cegs.  IMDAY, dek yei-bens 20¥ HDST, 3,67 280 704 B4
Sl~gye 1 L8T, yei<gy
16678 Stes  OST, el-gye 308 88T, 3,98 Z 200 Pat .03
k. weivbens mor LAY, yalogy 1
2 MOST, olrgy ; 328 pru] &U4G 02
B DS, dak vpletep f 54T 180 S04 02
SOTR=T3N Ciga  MRST, ol-gyr 20% #DgT, E 3.32 380 088 e
dek yel~broe pow BOBT, ;
LY abegyy o LSY, wwelegy

bhu.@;‘\ll" SARBON NI SOREENTNG PYBOLYSIS DATA
TABLE + 3B



COHPARY:

PHILLIPS NORWSY

WELL: 2/7-208+277-208$%-3

LQCATION:

ROBWEGTAN NORTH SEA

QN
| ACREEWING PYROLY!
STERG=¥9Q Chag  MORY, ol-gys 108 SOST, 2441 SR80
duk yel-bere 0 LST, welogy
HTQN 880 Cyms MOST, obeger S0% MDRT, 220 G540
sk yel~heres UF LOALS tr {87,
yalagy
SREG-$1T Cres  HUST, ni-gye 208 MO, 12 25460
dsl wel<brre ©r L8T, 10 olegy
# MUST, sk yel-brn IRty g320
&1C-378 Srgs  IMDBT, ol-gye 20% MDSY, &% 3380
dak o vei-bepd v L8, 1y ol-gy
TGP0 Srgs MOST, oiogys 208 BOST, &6 Z100
gk yel-Bre T LET, . yel-gy
7130 Crgn  PRET, ol~gys 0% MOSY, 200 493
dsi yei~brad oo L8, yei~gy
IBG~ 210 Legs  MRBY, olrgye 10X RUST, 148 438¢
dak yelsbeny tr LT, yeboay
TEIO-330 Gtgy  ROST, al-gwr wewr BOST, &5 3400
dak vel-bers to 81T b LET,
yelegy
TESR-550 Chgn  POUST, ol-gy¥ T M0ET, 37 150 §3&1 A3
dekoyel-brme mne {87, ysi-gye
tr Q8
7450-510 i oftes MEST, olegvs anr L8T, val-gww 255 203 £540 03
] tr BIT
TSI {oCtas  BDST, obrgwr ane LIT, yelogye 2.8 180 8004 R
e BT
TEIQ- 08T Coga  PNET, ol gyy 8 LST, yelagys 2,83 [0 R .23
e 81T
THIB-&T0 Orgs DAY, olvgyd ¥ELST, yelegyr 1,43 jard 1340 A7
tr BIT
TREQ-950 Cgs  MBST, ol-gyr ¥ LT, vel-gye 1,70 180 3308 A
e BT
B058-110 Stgs  MOST, olegys 20% LAT, yel-gys 3.9 &% 1608 A7
8T
CBYHR 140 SEmg  HOST, 1t sl-gys awwt BITH 2o $.2% 177G 1808 ]
CHK
JI7G-200 Crgs  MOST, by olegwr oap 81T 59 1.5% 370 B84 Biry
CHK+ 1 40N
J2I6- 248 Segs MEST, 1L ob-ger mnr BITS mow 1.23% 150 1536 10
Shy ot LON
8250-320 Stgs  MR3AT, Lt ol-gys mne 1T mw 238 3TH SEG¢ £
SRES Ly LEM
S350-330 Sfgs  RBST, it olegyd mar BITs mew 1.5% ; e 2430 07
CHRS R LIR

ORGANIC CARBON AND ROBEEWING PYROLYSIS DATA
TABLE v 3¢



COMPANY: PHILLIPS BORWAY

WELL:

S0~ 20K+

FT-2088T-8

LCATTON:

NORWESTAN NORTH SEa

STHOLOY

9950589
SOIE-04T
$07G- 100

FIIG~160

PR R4
P3R40

PEIG- 456

FOI-64G

S&7G-70G

MOST, bt obvgys I CRY
JLT+ 1 LOW

MOST, Lt ologysy 10% CERs tr
Lo TP $4T

ROST, 1Y phegyd (0% CHKS 30
BiT

WOST, 1t obloges 108 CEKE 1p
FIT+ £ LR

RRST, {1 olegye pp QHKe tr 31T

¥OST, At ob-gyy 208 CHRs v
81T

MRET, o gl-gys mne GHEx oo
MOST, heaegyy g 817

MOAT, Ltool-gye soe SHES tp
MRS, brssgys O 28T

HORT, Ut olvgyr mod CHR® mne

BITe o WDST, bene-gy

BORY, 1 al-gyd mor CHK+ mor
BUST, bep-gye I @13

Cr ateger nor CRES wrw

%
oot
P
jons
s

MOST, iy olegwr anir 81T aap

MRST, 1T ol gyy ww DHKe e

ey CHEE o

OST, 1Y el gye
HOST, 13 ol-gye @ QRKe oe
HOST, b ol-gys sar OBE+ tr
85T

RRT . L olsgy mnr MOST,
ben-gys mer QBKe te 8IT

SR, Lt ol-gyr mne DHEx s
MOST, beregyrs T8Iy

HOST, LU gl-gye mne QHKs €0
MRST . brosgye S BT

MEST, U olvgyr aop GHKw o
MEST, brovgys tr BIT

MRET, ix ol-ger 0% MDST,
Drac gy e OER

FDSY, Lt ob-gyr 0% HDST,
nraegyd vy CHK

38

S8

1,08

3

%
LR

56

130

%Q

80

Tod
(%))
£

G
848G g3
I . 1%

18300 ‘ SH1
3580 22
Tian A%
& A3
AT3G B2
1460 i)
B8 3
NG 43
2453 rd
30 f1$
838 A3
8358 232
s 1
66 F3
66 g2
496 &
SB0 e
I3 13
F25s% AT

CHGARTE CARBON AND ROREENING PYRCLYETIS DATA

TARLE

By
<

0




COHPANY: PRILLIPE NORWAY YELL: 2/7-20+2/7-2088T~3  LOCATION

SORTH

-

SEA

QU3 760
TR0 330
3830580
994

QEFITHOA0

10%0- 130
1Z28Y3-148
13008-010

13020430

TS0~ 90
13100-110

1394150

MOSY, med-dkogy, sales 30X
by gy

MOST, it ol-gye 0% MDET,
Srnegyy nr CHE

HRST, 1t olvgys 0% 03T,
BrnegEs ane THE

PSY, T al-gyr moe OHds oor

MOST, Benegy

MORT, Lt ol-gys mpr SHK» mow

MOST, bemsgys tr MDSY, med gy

MUST, 1t Sbegys 0% MUST,
Srregys oo THEE o MIRT,

pred gy

CHKE 30N MDRT, bt oslegye mne
R8T, Benegy

T X RDRST, gnegyt mne ¥OST
beregy

LHEr 10X LST, ey g¥
Lter sxyractiun

ST, w ie gy 305 MBS, b gy,
usie

SFter extractisn

AT, « 13y g™ U2 MOST, ok gv,
el

S¥rer extraction

MOST, medsgk gy, caloy £0% &SY
v oLt ogy

afyer ageragtion

ROST . med-dk gy, catey #0% LSY
v it gy

sfter sRirsenion

MOST, med-dkogy, waler W6 LST
v AT gy

Afras extraction

r
0y
@

Bfrer extrestion

L8T, v it gyr 10% ¥DET,
ekt gw, galc

RRST, v it gy, calos mop MOST,
ok oy oals

Af¥ter extraction

Fatls]

154

138

2

&80

540

1670

37U

-

%

3

P
£

A8

N4

ORGANIC SARBON AND SCR

TRAELE

>
N

FENING PYRQLYSIZ DATA

3%




COMPANT: WRLLs 277~208+3/720%8T-2  LOCATION: NOBWRGIAN ROBRTH SRE&

TR320-330 frgs  MESY, ¥ it gy, saboy 308 88T,
X gy, calor I 8MD
Crgs  jafter exgrsesion 3.57 128 2060 By
TRLIB-430 i Orgs  [AHDY J0% WOST, v 1t gy, weloe
i iy OF
Ctgs ATrsr exgrserisn To1d % _ 840 T
13540450 {opeas  foun, o
ogs  BRTter sxyrastion Bkl g 2560 .03
10000 Cigs  PUST, med-de gy, calos 40% SRO
DS+ mnr mie
Ctgs  Wfter extraction 26 hii v 744G 12
14860-078 Sigg PDST, mod yelsbien; galew 20X
MEST, Lt gy, weled @y mict
o MOSY . pal redvbrn,. cale
£tys  after sxtreetion {58 15360 28224 38
14126158 Tras  PBEY; Lt gy, oaloy 108 SHDe
10X BB5Y, pal oed-ben, cales
e LE8
Stgs  KFler axtesetion NG 136 GR0 14
34188~ 158 Tegs  EDAT, Lt gy, oslse 30X SNDe
e HRET, prl redben, cates
e LOM
Crgs  BFEer extraction 74 ; 20 335 20
14200~ 230 Srge  PRSY, Ly gy, caler mae SN
MOAT, sel rodeben, caler g
B0t
figs  Rfter sxtrantion TR T3 350 e
SR By Gtes  ISNDW 3D OMDAT, Lt gy, calge
e ¥WRST, v it @y, erigy 3T
e ] .
Lims Bfter exiractisn AF 210 F40 ot
14320-358 f £ty MDBST, oed gy, caley Z0X MOSY,
: vt g, caldy T0ESNUE v OLOM
Line  Rfiee extrastion ] 43 350 LY
16360-3%0 Crgs  RUSY, med gy, salor 20X RRST,
v bEogy, calos 108 SKUs fp LIM
Stgs  Afrer exrrastisn B3 1458 70 A3
T6400-630 Stge  PMOSY, wed gy, waler 20X MRET,
] v Lt gy, caley 20% S e LM
Liges  fter exirastian 1ad 13 884 A8
Te44G-470 Stgs  iSRDe 0% MDST, v 1T gy, gsloy
At R

OPCANIC CARRON AND SOREENING PYROLYISIE DATA
TARBLE &+ %P



COMTANY: FHILLIPS HORWAY WRLL: 272082/ -00887-8  LOCATION: NORWEGIAN NORTH SEa

T
% DF ¢ -
RUCK §3
e Lol
1444Q-478 Stgs  Wfter axtrastisn S8 138 1430 58
14480-510 Stgs RNDs TR RBDST, v iy gy, oailct
e LOM
Crga  Afrer sxiraction 1.5% 230 &8 ]
H520~350 Shgs RNDe mne MDET, v iU gy, caler
e LOR
Ciga  dfter onfradtion 3.63 288 1220 =
1400630 Crgs AR g BRST, v X gy osier
e LOR
Cigs  After extraction 158 96 1530 .gg
144680-730 358 ISND mne WRST, v it gy, selow
gy MR, med gy, caled e
LM
fogy  After extrgetion 4,03 At HIH 8
146780~ 790 ffgs  ISRDe MW DAY, wmed gv, calow
e MOST; v b gy ssloeme
i¥e:]
CEgs %Af;‘sr gxiraciion 1 88 10 1 3 R
CRGANIC CARBBOY AND BCPEERING PYROLYZRIZ RATA

TABLE : 56



GOMPANY : PHILLIPE NOBWAY WELL: 27720837 20887-2  LOCATION: NOBRWEGIAR NORTH 8SEa

AKALYSER

ALK

1okt

BT 80
3850810

3PI0-970

3eT0-4034

4T3R50

590+ 150

£15Q-210

E358-4 50

4450-519

LT, vek-g¥

Bael, ob-gy, glty 1A
ST, otgy, sltys ane 1.6
18T, vab~gy

:Mﬁgff af-gy, gliyes or 188
LT, yebogy

RORT, by, slrps mor § 20
LT, yelagy

1&35?, shbegy, slows 208 1.43
MOST, medalt gy

HOET, elvgy, shty 1,50
BURY, wbegy, shiys o 2.7%

FLET, yel-gy®s 1y BUST,

HOST, ol-gyr 30% 5087, 1.3
medd gy, sndy+ 1% LST,
pok~gys e

WURT, al-gy 1,24
¥RST, ol~gyr L% ¥OST, 183

med gys 10% S8Y,
Lol gys myr LST,

prik~gy

WIET, 1t ob<gwr anmr BET $.5%
#RET, ol-gy, sityr e 148
L&Y, peloegy

MI8T, oi~gy, sty Y.69
wey, ol-gv, sity 2.88
HOST, ol-gy, sloys 182

MOST, med~it gy
BOSTY, aivgy, shter e 1784
MOST . meds iy gys i $87
v ir LBY, yel-gy

BOST, ol~-gy, sltyv+ mir 2,08
MBST, med-lt gve tr COAL

MOST . ni-gy; sitys ar 7S

med-iy gv

HOST, ol-gy, sitys e | 2.45
MLAT, med-lt.gyr or oy

MOST, ol~gy, sity = 1.7
MOST, nivgy, sity 142
MOST, ol-gy, slty 1.3
MO5T, ol-gy, iy S
§$aT, ol-gy, siiye tr 1.2&
COAL

SUMMARY OF CHEMICAL ANALYSIS DATA
TABLE & £4



¢

CONPANTY: PHILLIPE NORWAY WRLL: RST-30E277-2088T-T LOCATION: BORWEGTIAN BORTR SEA

SANPLE

e

SBT3 crgs  {RMOSY, sivgy, sipwr ur 1,35

LA B RYr
4930-990 Ciye [MOST, ol-gy, sitye 30X 130
MH8T, by ol-gy, ¢ale ¥
P Mhat, olagy, sy 1398
4E9-5050 Cige  (MDST, b al-gy, caiew 1.2%

08 MU5T, ol-gy

SE50~130 $hgs  IMBRT, Lt olegy, sales FRIES
30% ROST, al-gys tr SOAL

REMI- 7D Ctos  IHBAT, slogye 30K 86T, 1.73
Le obegys o 43T, wel gy
EAP0-250 Ctgs  (MREY, ol-gyr 20X BOSY, 243
it slsgy
15230~2%0 Crgs  (MRST, ol-gwr 2% MOEY, %28 3 20093 17RO FATLY | STNY B’ &3
; be ol=gys o BOL, pal ol
329354 Crgn (1MUSY, oivgys 04 MpST, 3.38
Eg ol
F MUST, oi-gy 5.63
8 MESY, bt of-gy 255
PEEMLCRIH Lrgs  PMORT, olsgys moe WD O N
‘ Toak.
S410-4 T LTgs  PMBST, ol gys TU% MORT, 3.9 TOSR 228
te alrgy
34703530 Tigs  PROST, obvgys MY MBRT, 323
teooaivgys e 8BS, :
bravbik
8 MY, al~gy Fobl
& BET, Ir ol-gy 1.59
5530-5%0 Cigs  MDSY, ol-yer 208 MOST, 308
by slygy+ mor MOST,
brn-bik
BRYG-651 CEgs  MOAY, odegyr 10% SKOe .43
mre MST, 1t alvgy
5450-716 Lntes  DHDST, mi-gye 10X MOST, | 243
E LY ol gye tr BN0* Er
REAT, brnvddd
# MUST, ol-gy 2:hh
ST Trgs  IMOET, ol-gys tr HDSY, 2.83
i oigy i
EYggesiai gy IMDST, ol -gys more HDST, 3,33 SPR0 L RIS P OIBRL &Rl &2
Ut ol-gy+ tp BORT,
perplk

SIPMARY OF CHEMICAL ANALYEIE DATA
TABLE ¢ &1



DOKPANY: PHILLIFS NORMAY FELL: /782088 7-2088%-8 LOCATION: HORWEGIAN NORTH SE&
RECx BOTLYLD,
(g
SRAG- 85 Stgs  (MRSY, oblegye ue o MBST, Nt
L olegyd be MIST,
siebik
SRPG-H5G Sigs  JMOST, obegys Tr MOST, 2.7
tr-ol-gy
SPER~EGID Cigs  [MDET, of~gys mne ¥OSY, 3.22
(o al-gyy mor L3T,
vel-ge
EMG-QTG Stys  TMOSY, obwgys 208 MDAT, 375
dek yaismrne e 187,
- yelvay
HO70 130 Cigs  [MEST, wb-gys 30% MDET, 38R
dek yel-brae e L8T;
yelvgy
P IMDST, ob~gy¥ .80
41385190 Sigs  PMDST, ol-gys 30X MBSy, 3.47 1935 5.5
sk vel-hroe 0% 8087,
it ol-gys mor UAT,
ey
S190-358 Ctys  (MDET, ol-gys 393 MRST, 3.51
dsk yel-bere 0% MUST,
Lt ob=qv
$O5GV310 Stys  INGST, elsgye W0 MDRT, 5,78
sk yel-brps 1UE ¥RST,
i olrgys ar L§T. wel-gy
SZIN-FT0 Chgs. LMDET, dsk wel-brew 30% &, 28
HEST, olrgy
5 LsoaT, stegy 3,34
E3TRE30 Crga PMDAT, ol~gys 40% MOST, 3.85
dek yelcbrre Tr LS,
vel-gy
£ MRST, obwgy %98
£ MOST, sk ywelsbrn Hu42
SLFI- 450 Crgs IMDET, ol-gye fnd sDET, 4,33 F2aly YISt 5.3 28 73
dak yel-bep® tr COAL
8459-550 Stgy  (RUST, wiegyr 20% NEET, 4,00
dak yel-berd tr LT,
yei-gy
P MET, ol=gy 3.5
4550-610 Sas  INDET, Oskoyel-braw 208 347
MERT, ol-gye tr L8T,
yai-gy
S8T0-870 ftgs  (ROST, ol-gys 308 MDST, 308 1095 2.7
dok yel-bra® sar LT,
yelagy
2 ¥OSY, ol~gy 328

SUNMARY OF CHEHTICAL ANALYSIS DATA
TABLE ¢ &0



WELL:

LS 20RF RS Y - R0KRT-2

LOCATION:

HORYEGIAN BORTH SEA

NELYRED

LITHOLOSY:

COPYROLYRIS

EXTRACTION/FRALY

BT YD
{ppa

TR

HISN-820

850510

£310-970

TOR-158

Eratabagy

TFBIN-570

Ltgs

figs

Crgs

RESTY, gk el

MUST, elvgyw
duk yaisbrne
L ol gys te

MR ol~gys
dak yel-brne
’fé ll - g\yt

~Hrn

20% MpIT,
s WRSTY
LET, yel~gy

10X ¥DeY,
188 L31,

MDET, ol-gws 305 WOSY,

dek yel-bens
LAY, welegy

HOST, alvgys

dak yai-brne

fy alygy
MEST, ol gy
HMRET, sk wvel

HOST, ol vaws
ds¥ yelsbrae
LT of-g¥

HORYT, wl-gys
gk yai-brn

HOST, ob~gv+
SR vel~brne
yat-gy

MUSY, slvgyw
dak ywel-briw
yel-gy

BUST, ol-gye
dei vl shene
yRI“F¥

ST, alegy
WRST, ol-gye

dak yeb-wrny
yelrgy+s tr OF

tr SOALE B
20% MosT,

o LST,

=firn
UL WIET,
e LY,

tr FDST,

e
2T wusY,
e L8,

10%. SBEY,
fr L&Y,

108 ¥oST,

tr 18T,

0% #o8T,
e 167,

MORT, olagyd mne MRST,

dek velvhrere
L5T, wel-gy

BRSY, olegys
yol-gyd o MG
dek yel~bras

HOST, ol~gye
dek wel-hers
yetegesr tr {8

HOST, ol=gyr
vel-gvs o Bl

THOST, ol-gww
iyslegye tr B2

e BITE

e LAY,
3T,
T U8

He g
s WS,
mer LT,

T

s L8T,

¥

3.31

3,46

237

1,84

Fippm)

SUMMARY OF CHEMICAL ARALYSIE DATA

TARLE | &0




COMPANY:

PHILLIPE NORWAY

WELL: 2/7-20%+3/7~20887-2 LOCATION: NORWEGIAN NORTH SEa

7579630
7630490

FERU-TSH

TEBO-R10
B BT

TETL-Q3L

o
peel
U
s
¥
-t
s
e

E390-421

BE53-088

8718-740

- Tty

Ligs

Chgan

MOST, ol gy mor L8Y,
yabegys T 817

ROET, wb-gys o 8T,
yel-gys U 857

HORT, ol-gyr mne LSY,
yelvgys Tr 88T+ Tr Blis
o 88

BRST . wlegye 0¥ LT,
yal-gys o 847

H#RET, alegyd e LSBT,
yologys tr 817

MOST, al~gys o L8T,
yeigys €& 817

HRST, oirgyr 0¥ L8T,
yatagys L B

MDSY, wi-gye 20% LST,

vel~gys ¥r BIY
MORT, Ql~gy
LT velegy

ROST, 1T ol-gyy mae 8IT
& g CHK

ST, Lt ol-gys sww 81T
+ mnp LHKE 3r KO

MIST . 1t olegys wne BIT
womar SBEY B LDN

HERY, 1 olvgws ane BIT
SopeE THEY e L

MURT, it oi-gws mne BIT
e CHES te LCR

ROST, it gi-gys 108 OK
P BITH e LRM

MDSY, Lt obgyr 18% 89K
R LOM e RIT

MOSY, ¥ aligys 0% CRR
+ope BT

BOSY, b ol-gye 108 O
Aoy BITH e LCR

MRST, {1 el-gyt 1 QREF
v HIY

MBAT, it ol-gys 20% GHK
« L By

133

$.45

1.5

1.23%

128

e

[
#

A

3

SUMMARY OF CHEMICAL ANALYSIS BaTa

TABLE

bl
W
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COMPANY

PHILLIPS RORWAY

WELL: LOCATION Y RORWEGTAN NG

TR SEA

SANPLE DEPY

LR RN RACTION EREET YON

-
2 b e
FEXT

RRRUERE
QEFGJED

SI50-TRC

7810 -840
%95?0*?@&
RTIL-TER
$TRG-840

GREG-B80

Cins

figs

LEgs

CLgs

Ctrgs

{rgs

Ltys

Ctgs

Trgs

Ttygs

{tgs

MBST, iU sl-gw+ mor CRE
£opny W8T, brn-gys
817

MEST, it ol-gys mne HK
= L MDET, benegyy ie
BIT

MReT, Lo sb-gvr omr DR
g BITE Ly BRSY,
BeNegy

HOST, ¢ ol-gys o
FoEne KORT, bruegyr
357

3 LY
I
~

BUST, If al-gys e GHE

+ogne §1F

ST, L al-gye mae BIT
4+ e QRY

HDEY, Lt elegye mae CHK
oomy BET

¥ORT, it olqgye ane OHE
& BEY

$Bav; it ol-gws gne DRK
+ e BRIV

KEST, Lt slxgyr moe CHK
e BiY

BRET, b nl-gyd oane HBRY
brpsgys e CHES e 81

DT, §1 al=gye mnr CRE
+ omie MOSY, Densgye o
12

HOST, 1t olvgys . mar QHK
b MIST, brncgye ir
g7

MRST, 1T alrgyvyane COHE
e BRISY, bersgyd o
BiY

2

THDST, 1t alvgesr 108 M0R7
Phencgys mae THK

IMIEY, Pvoolegey TR ROST
Thenrgyr e LRY

{87, 11 ol-gyt 0% MOST

orngys mor CRY

MIST, it olegye 1R MRSY
ey ane DRR

MUSY, bt ol gy mow S8
® e MOST, Beasgy

£
e
pase ]

IMMARY O

4
>3




CUMPANY:

FRILLITS NOEWAY

WELL:

SAMPLE
{108

YERR L ETNGL

JaLx,

TR ne

SHIG 4G

E TR e

TOUEE-08D

i

>

HET

L3

3

o

Doy

e

1R08TLE

10090~ 128

I8
01060

TRTER~180

TE2E-240

10270-300

WE3-364

10320430

10550~480

530850
JOSFE-F20
1OPEG-TRY

Y1081 -840

F1OB7C-SRG

10030968

{igs

fars

MOAT, 1t gl-gys mow Q8K
+ g MEST, Brregys Lr
1MUAT, med gy

LMEST . LY olsgye 0% MRST
FErRegyt ane OHEY e

MOST, mes gy

MPRT, LT ol-gywr oy RDRT
Senvgyd e ORXS e BDST
wed gy

LAY, medeit gy erg

LET, % 1t gye e PYR

CHEE 307 MBST, 1t ol-gy
+ e MRET, DERegy

¢ yelegy
yelsgy, »in
yel-gy, aars e
yal-gy, wmier
yalvge, mise

CHXE 20% MOET, It ol-gy

+ 0% MUBT, dk gregye
e HOET Senvgy

CHEs 208 MOST, dk gnegy
o MDET, brocgy

CHES 30% HDST, ok qnvgy
omne $0ET, Deneges e
LON

CHKe 20X MESY, ok gn-g¥
+okr MRSY, Droegy

CHK+ 10K MR3T, dk gnegy

CHES me SO8T, gnegy

CREY awdr MDST . gregy

CHY+ amne BOSY, gn-gy

~

CHKE mae ¥OSY, gn-gy

V3

LUKy moe MORT, an<gy

CHR+ mowe MUSY, sorgy

CHK® f0X MIST, gregyes
3o ﬁSS?? Bravgy

CHK* mwie ROSY, gn-gy

L CHES 30% MRST, gnegye o
#asl, bra-gy

b
B

.38

124

2594

SUMMARY OF CHEMICAL ANALYSIS BaZA

TABLE

a

&
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COMPANY: PHILLIPS NORWAY WBLL: 277« 20842/ 20%8T -2 LOUATION: NMUBWEGIAR NORTH B

SAMPLE

FYERQ-268

TIZP0-320

113R0-388

140 44T

YIETR-506

11I7-800
11830 ash
I8RO0
11230980

R R

1RGTV~108

Y2AIB-440

[
ot
o>
K4

e MIST,. brosgy

 DHEY I0ROKOEY, Qg L 32

RBST, brnegy

ouce 20K MDST, wegys tr ] o4
RBST, drregy

§CKK+ Ty MBAT, henegy 4R
1CKK+ F0H ROST, gnegye B S
ROST, Lenegy

SRS TR OROSY, gnegye i i WXF
MRST . benvgy :

;ERK* 0% MDY, gnegy é g5
a0 WY, gnegy 43
CREH IR MRSY, gnegy .28
CHES 108 KUSY, gn-gy 38
CHEw e MDRT, guegy B
SRR e MDET, go-gy i
LHYH seve BOST, ancgy AT
CHEE mae 8OST, gnegy S&EF
LHKS 0% DAY, gnegy &5
CHK® 30K DT, gnreys P4
wee MDST, benegy

CHKe 10% MUAT, $uegy &
LHKe 20% MDET, gnegyd tr | A

LHK+ 20% MOST, snegys 3 L35
s WOSY, Deregy

CREY 209 MOST, gn-gye E B

MBRY, brnegy

CHKe 20X .8BSY, gregyy o 27

MORY, broegy

K 208 MBRY, go-eys O L35
RO5Y, ornegy

CHRE 0% MDAT, goeeys 4F e
ROSY, beEnegy

CHR+ 108 MBRY, gnvays tr .34

WOSY, brregy

CHE 10% SH, med gys tr .33 * *
Q%

A¥tar extraction B

CHfx mne 3§, sed gyr mewe 5 ® *
s

SUMMARY OF CHEMICAL ANALYSIR DATA
TABLE 1 6H




COMPARY v PHILLIPS NORWAY WEEL: &/ 7-20Xed S 7-2088T-2  LOCATION: HORVEGIAN NORTH 88

SAMPLE DERTS  ISameLE
- 7¥0E

T REE YLD

| : Ctppe

TRAZG LD Cigs ;aftsr sxtraction 27

FIAFG-53G Lrgs éﬁﬁK* 30X M08T, wmed gv, B& . ~ *

cates e 88, dk gy

grgs  fAfter atrdstion A3

12550-58¢ Crgs (CHKe 10X 18T, md gy | 1.3 * >
Cigs  {8Fter extreetion j gl N

1RE -S40 Qtns  (OKES 20% (5T, med gy 52 § * ®
cigs  pAfter airastion | - ‘

12470720 tige  JOHYS 0% LAT, med gy ; LS54 i &
Srgs  P&FLer extrselign P ‘

127358 Sk LT, ix gy -

TEVEG-TEG Trgs  JLST. v AT gys mne MOST, B8 * P

dk g, ecale

Crgs  PAfTERD exiraction oAl
o B o Sram TLET, v 1% gve 0% wosy, | 1B ‘ o *
dR gy, ssic i :
Stan  Pafter sstraction TN
127850 Swe LLYST, med-dk gy v
12832.8 e CLYSE, In gy, cales €
£8T, 1t gy
1850000 Grge {LUSY, ¥ LD gyd 10% MRS, B8 * ®
dr gy, oale
Degs. PATter extraction S5
128T0-0s0 Crgss LAST, w bt gy mor NDST, 51 ¥ »
dR gy, naie
$tga  jRafier satracdion S
12570~ 950 Cigs JUST, @ b1 gy 10N #DST, Rele) S ¥
med-dk gy, wale
$hgs  jAfrer exlraction A1
13000~ Cegs TLST. v L€ gys 38X ¥0ST, 1.38 ® ®
3 dk gy, sats
' Crgs [afier extraction 33
13080050 - EtEs JLST, ¢ UE gy SOX NDST, 124 ' *
dk gy, calc 3
' Orgy {afrar extraction 2
13040050 ogs [RST. v brogys AGK ®OST, ] A9 * %

medsdik gy, cale

Crgs: afrer ektreetis B

SUMMARY GF CHEMICAL ARALYSIS DATA
TABLE ¢ 8%



COMPANY: PHILLITS RORWSY WELL:

$/T-20842/7 - 20RST-2

LOCATION:

HORWEGTAN NORTH SEA

o SAMPLE REPTH

T hmabvseson

13080-0%0

I8

13120-130

13130.4

P

L4

137% &

[553

1316847

133658

318G 190

13280270

1A 26

133003

Cigs

LIgs

#0AT, wedegk gy, calet
PO¥ LST, v it gy

&fter exvraotiun

HMOAT, mmdivdk gy, valee
SOX 18T, v it gy

After axtraction

WIRT, madedk gy, ssles
SOX LSY, v b gy

&¥ter extrsction

HOSY, med-gi gy, calow

20% 8T, v ir gy
 Sfrer extraction
LST, wedegk gy, ang

:HBSY, sedvdk gy, ealod
30K 18T, v i ¥

 After axtrantion

LAY, v LT e D% MDET,

mad-dk. gy, <ale
Kfver sxpraation
CLYSY, meciodh gy
L8T, ¥ it gy

Afrer extrection

yoo

LEF, v it gyy tr
gy

%,

Afrer oxtraction

{87, v {x gve Ip-L37,
ik gy

After exirachion

WS, v iy gy

After extraction

BORY, v it gw, sale
Kfter sutraction

MRST, v it gve mnr MDST,
d] gy, nale

After axiraction

ST, v 1t gy, celey mew
Must, di gy, caie

Afver sxirscrian

%

SUMMARY QF

CHEMICAL ANALYRIS BaTa
TABLE

«

&J




COMPANY: PHILLIPS NORWAY WELL: /020848208872  LOCATION: HORVEGIAN BORTH SEa

EXTRAGTION/ FRAC

e lESTRAL
ool {R G0 F Rl | RE

13320-330 frgs  (ROST. v Lt gy, selee 30% 2VE & *
#ET, K gy uslos g¢
ENB
rgs Attty sdtreaction 1.57
b o8y, dk gy, ssbe 4.7
¢ after aktraction 5,08
TIIA0-350 b Orgs  PMDST, v LU gy, oaber X 1.2% ® *
; DAY, ged-dk gy, oaler
o BHR
fegs  jATter sxtractisn R
1334883 BRe CLYSY, ge~blk, md W5 SOFES | 307A0 {455, P35 TBY 43
Swe Aftar axirastion 43
13380~-378 Crgs  IMDST, v it gy, seigs 20% 98 ' ® ®

MURT, mededk gy, nsios
[ el g

Gigs  [After sxiraction ;28
133708 Ane CLYSY, maxd-lt gy, snedy -
3380350 Ctgs |SNDe 0% MDST, v it gy, § 1.0 i » »
catos 20% WRST, : ‘
medegdl gy, oale
T [aTrer extrsction &3
13395.0 S $57, wed~dk gy, sityr Ir ~ £ 28805 21035 Thi 83
SKE, ary
TI398-618 Ctme  [BKDY 0% MOST, v ibogyy | ASF i # ®

osios S0% RUBT,

el gy, sstos 20% mic

Llgs %&f%er =xtrasdion ]

$3420-330 Gras Shoe 20X MOST, v ltay. | ekl | ¥ -

Coaior 0B

Srgs  PAfTer mntraslion 1.3

134368 e SLYST, met-lr gy, siby -

FIAG-45E Trgs  ISKB, ©% 3,38 * *
e {Afier exprantisn 242

13480570 srgs benp, 08 W38 E * &
Stgs {afrer extrsction W35

3L~ Crgs PSNR, 8% A ® *

12480,0 Swe  laun, myeben, slty - ; 36255 | 24473 f sal m
Lege  {After extracticn W23 ;

IIRG0-518 - Dtgs Sk, O35 ?9: * *

SUMMARY OF OHEMICSL ANALYSIS DATA
TABLE &K



COMPANY: FPHILLIPS NORVAY WELL: 2/7-20R+2/7-20%X8T~2  LOCATION: NORWESIAN HORTH 8BS

SAHPL SOLVERT EXTH
Tepg | N '
D EXTR L RO
; o b Cmemy P00 P Re0n EXER T XEE
‘?3§0ﬁv§?§
i?ﬁﬁ&ﬁ*ﬁBQ Chgs * *
Tegs Fafter axirasyisn ]
§13340-550 tigs 18RO, 08 34 ® ®
‘ cray ATt sxtrastion <SRG
13545,0 Bue R0, dek bro, ey - IHCEO 120550 7 83
JLYET
13560:570 Ctye (SHD, OS¢ 30% mis 48 ® .
ftgs  (Aftee extraction LR
:I3S80-570 Crgs  PSND, U8+ 20% wmig 28 & *
Stgs ngtzr exEragTion AR
130WI-610 Ctas | SHD, O% 3% aic &3 3 ¥ ¥
ttgs  lafter axtiraction AT
13630-638 Slgs ERE, 0% 208 mig 1 * *
ftgs PAfter sxtrsction R
136348 B SHE, brsegy, fee e ~ 5490 LIS ek B
SLTSY ;
13640650 srtes LSND, 08% 20% min R ; J &
j Ctas  Patier srtrsction S . ‘
Lises7oo Lewe  ISST, tv benesy, arg .
13880670 Crge  1AMD, USH 20N mis f 38 * ®
Stgs  jAfrer axtraction 33
RSB0~ 590 fYgs  POND, 08+ 0% wic 55 * &
CLgs  jAfrar amtrastion S
V37O TG Srgs |8MY, £S% mne it s » P *
Trgs  PATIer exivsction A » |
137058 e (SN, myebik, fee b 1 - ; 15335 | 32763 | 8l 4b
SLTST, arg : |
13720738 Cigs  (GHD, OS+ mnr mise tr A % ® Lo
MEST, medwdkogy, oale 3
Lrgs jéf&&r extrection 3
1ETRTER Lige ;QRD, OF+ Ur KO8T, 38 * ®
meddh gy, cale
Shgs  1Afger exirsstion ‘ 3
T3 - Swe BaR, dedopen, frv O . E 43140 § 29130 88 88
SLYET, arg

SUMMARY OF CHEMICAL ANALYSIS DATA



COMPANY: PHILLIPS ROBWAY WRLE: 347-30%+2/7-20K87-2 LOCATION: NORWEGIAN NORTH B4

ANALYSER LY TROUS) B PTROLISIN :
(b} 1
13760-77¢ LYGE  LEND, OB pr MUST, R -3 & ®
ek gy, cals
Oty IAfRar extractis .25
13788~ 798 Dimg  [SHD, OSs I MOSY, 38 * P
med-odl g%, aie
Crgs  [Afrer extraction s
T3BOO-R1D Cigs  |8ED, 99 oe ROST, .36 : ‘ % v
etk gy, cale ;
Crgs. aTter exiraction .23
TERAGEID Cogs  1BAD, DSFoane MDET, AF ' * *
med gy, waie i
Crga  jAfror sxvraction 32
138380 25 S8T, i benegy, g -
13340-858 Cugs [SNB, 0% tr MOST, PRt * *
med-di gy ol
Cigs [&FTter extosctisn AR
138&03-87% Trgs 1SS0, 0% tr MDSY, 48 ¥ *
maddk gy, osic
Ltgs {ATeer grEraction 3¢
13858~ 3% $raz LSND; O Ir ROST, & * «
med~adk gy, zate !
Ligs  jAafrer exgraction 32
RSN~ Crga  {SEE, OF%% U0 oMOST, & * *
mechak gy, esle
Cigs [Afier sxtraction )
13590-930 Crgs  PSND, USe ane SOST, A8 = *
med-ak gy, cals :
Llgs PATEer extracticn .38
113540-95¢ Crgs  ISND, 0B mew SDGT, .85 * %
mechadk gy, wale
frgs  PAfrer extrastion .38
(3RS 9T0 Sins |SHE, O%s mne MOST, .52 w »
{mad~dk gy, ceic
gy PAfrer sxtraction B2
13080060 Ctas  PSED, USe 208 MDST, 83 ' * ®
med~adk- gy, ealer sor mie
frgs  Pafrer extrection S50
139850 i Swe SN, dsk ben, aegy i - S1733 L RS0P0 70 &3
; BLISY

SUMMARY OF CHEMICAL ANALYRIS RATA
TABLE 1 &H



COMPANT: PRILLIPE NOBRAY WELL:

2ST20RFE/T-20KSET-2 LOCATION: MORWEGIAN NORTH SEA

ZHC

HAOLE-R10

1R830

(R SR

TERBG1Y

141£0-158

20T~ 230

fig €1

Cigg

Cigs

MRSY, med-ak gy, ocaler
4E% SRD, O8v e mie

After extrastion

ROAT, wvered, galer 10X
EOND, DS J0%omiey

MOST, med-ddl gy, cals
Sfver extracticn

MOST, modd yel-brey, cals
% 208 ®MORT, Lt gy, eald
< e mice ane MUST,
pat red-brn, cale

Afver Sxirasrion

BT, pal red-bn, osie
3 0% MBSY, LU Dy
galee 10% SO 108 MDET,
med<it gy, esicy ir LOM
Afver exiradvion

ROST, Lt gy, esles 16X
SO 0% MESY,

gl fed-bvn, cales mw
LO8

After extraczion

MOST, it gy, calc

aftar sptrastion

MRST, Y gy, cales 20X
SHBS por MOST,

pal padlebirn, selee tw
LeN

Afrap sitraction

Mast, it gy, sabe

18Tter extraction

MOST, ¥ gy, cales g
SKDS e MDST,

sal reg-ben; caley g
R

After axtraction
saY, it gy, cale

afrer exiravtion

53

Qb 0K #DET, v gy,
catps oo BOST, v 11 gy,
gatoy oy LM

&fder sxiraction

o

<

o
ok

o]
3

%

%

SUMMARY OF CHEMICAL ANALYSIS DATA

TAELE
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SOMEANY:

PHILLIPE WORMAY WELL:

2/T-20R+E/7-20K8T-2

LOCATIO

H: HORWHGIAY BORTH SEs

LXSED: LITHOLEGY

SO PYROLYBIN

IR

EHERE SR

143358358

%

1634563590

L

1444047

T6E00~830

Fose G- &8

ROSY, wethbly gy, cales
0% 88T, med yel-ben,
coios TOX BOSY, v it gy,
crlod mnr SHBS xr LOR
Afrer agirastion

HOET, e gy, calor 2%
RESY, ¥ 1T gy, cator 0%
St 1R

After sxtractisn

HERT, med gy, cale

Afrer s¥iraction

WRST, med gy, tefos 20X
s03Y, v iy gy, osic 0%
SHO Lr LON

After extracrion

HOST, med gv, caige 0%

MY, v b gy, caley 203
SNDy o LIW

Kiver expesction

BT, wmed gy caln
Afrar axtraction

Sube ZU% MDET, v 1T gy,
zaloy wewe LCK

After sRxrastion
BT, wnvgy, f ot RT

§87, wal Bros one CLYSY,
fragr e IT

BEE RO MBST, W OIT gy,
caloy mop LOH

After exitractiion

P ANgc e MRBT, v bt gy,
feslesr sne LOH

After extrection

ORI oman MORT, vV gy
Coatioe moe LO¥

After extrastion

Sxbs oo BRST, v LU gy,
saied mor LIR

afver syiraction
SHlbv e BDST, v it gy,

cated ao LOME R MOST,
mad gy, cate

53

.28

132

1.5%

F.6

SUMMARY OF CHEMICAL ANALYSIS DATA

TARLE ¢ 60



COMPSNY: FPHILLIPS NORWAY WELLy 2/7-20R+2/7-20%8T-2 LOCATION: NORWEGIAHN NORTH SEA

£

ITHOLIGY
| eovLyiaL | =
ipged oo b ey o
RET AR v45} Ctge  fRfrer exyractian .3
14830+ 718 Crge  PONDS sy MRST . o At gy, * ®
calny mr WOST, med gy,
saioy i LUR
Ttge  {&fter extractisn 1.63
14TR0-758 Pras  JSNDH 0% MORT, mes gy, A ' *
‘ exiot e BIST, v LU gy
caler mnr LG
Coygs  jAaffer extrseiion I3
4.8 Cors  |38Y, ok ved-bend aor S 475 328 1 18,3 R
CLYSY, ¥frgey e BIY
1&747.8 Copd  (CLYAT, gy gn, mict ww -
SLTSY, varbd o BV
167830 Cars  PR8T, med yel~beee o 817 s 433 3851 8.0 g%y 814 W
Y6750 TR Cigs 1IN0 10% MOST, med gy, - ®
caler moir MOET, ¥ it gy,
foalod anr LOX
Segg  (After extracticn B
1 T84 G fpes 185T, di red-brn, mige 3% fesic 881 7. A%t 88} 82
] wre SLYRT, 8IT
RENL TR Cors AST, gk rad-Ben, sigroar B4 T A58 1 YWeos § VWYL 85 3%
: 317
1ATEE.L0 fars (88T, mod redebrn, wies 1.80 25§ w0 4.5 3 #a) 86
LA 26 E ‘ ‘
T47RB.T Qore 987 wmod ved-ben, aigk S ‘ 336 2y 6.3 X1 851 T
g SLYST, @y-yelegn;
miey t¢ BIY
147526 Sors 35T, pai ved, migy ~
SLYSRT, b gregy,. oarpe
DLYST, qysbik, serbe iy
37

STHMARY OF CHEMICAL ARALYSIS DATa
TABLE o &P
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FIGURE: 6.3 WELL: 3/830K
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FIGURE: 8.3 WYELL: 2720
EPTH: 5,%?”?" (LORE CHliPs)
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FIGLIBE, 6.8 WELL: 7.310K
DEPTH: 10099 (CORE CHIPS
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FIGURE: 6.8 WELLY 377 20X
DEPTH: 10102 (D0ORE CHIPS)
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FHGURE: 71 WELL: 277200
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FIGURE: 7.8
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FIGURE: 7.2 WELL: 3/7-20%
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Assignment
SEEHI LAY 10w (H) 208 cholestane
SwiHil&a(R&l?a(%@ 208 chelestans

(HYLA8GH1780) 20R isocholestans and

?w e*h%1~m3ﬁ (YL 20y 205 diachelastane
tans

5&(3)14&(8)17“’83 208 isochoeles

S d{HI LA {HY 1 7 { HY 208 nhwlestans

Foomethyl-58(R) ha(H)17e (i) 20R cholsstane
24-methyl-Sa{H}14ali}7a(l) 20R cholastane
L metnvl Sl HI 148

25 -methyl-13x(HyA780H) 20R diacholestare
s emathyl-Sa(H)L68(HY178 208 isccholestane
Zh-methyl- Sa’H,laa\%)lea 208 chalestane
Zheath ’i SE{HY14aiH1 Ty 20R cholestans

b -athyl-Badl Xiaagﬂ}*; 208 cholegtane
LS hyl Sa{HYIAACGHILIR 208 izscholastane
2hrethyl-SedHriss{H3178 A0R isccholestans
25-athyl-5a(H1168(HYITS 20R chiclestane

ved ave likely o be 24R and 243 epimers
shromatogtaphy conditions used.

coaliul

gannat

(HYLVS(HY 208 isccholestane and coeluting

b

o

A



Rearvanged

Steranes (Dilaszteranss) mie 233

Peak No.

in O, L33 a(H) 285 &

17 Gy 138(H} 1 a(H) 20

18 Syp L3a{ML78(H: 208

19 Cap 13a(H}L7Q{H} 20B

20 Oy 25-methyl-L38{H 1 Pa{H}

23 Chp h-methyl-138(H) L Ta{H)

22 Doy Sl ety ~L3x (HXL78(8)

3 Ty Eh-erhyi-138EH I TTaH)
Cyp Sa(HILAFCHIITAH) 20R

23 Chpe 2h~ethyl-138{H}17a(R)

e Cpg 2A-athyl-138{H317a)

8 Tyg 2hwathyl-13af I;gﬁ&{d#
Cpg dl-ethyl-Sa(H}L48(HYL

&11 roa;ramgsd stavanes Listed ave ITikely

the exgeption of G,

Zhomethyl«138¢ B“SQ\H, giachaelsstanas, cannol

with tha chromarocraph& conditions used.

PO DNy 4 5\1

‘V\

&ssignment

iavhalestans
20R dlscholestane
diachnlsstane
diacholegtane

208 discholestane |
08 diacholsztane (

208 diashielestane

2OR diachelestang and geeluting
sochclestane

OR diacholsutans

G5 diacholaztane

OR diacholestans and coslubting
G{H} 208 isochoiestane

to bBe 24% and 248 spisgers which, with
be saparatsd



Mathylstavanes wle 231

Paak o, Assignment
25 Cpp Ga(H) -methyl ~HAHYIGe{HI L TadH) 20K tholestane
28 Cou Gee{HD -methy L - Se iy eI X0 {H 20R cholentane
22 Cog SGRINY smethyl S {H) Lan{W)17a(d) Z0R cholestane
28 Cpp Sor{H) -mathyl-24- ma»hv'vﬁﬁfh,m*w\r:le& Hy 20R chalsstane
24 Cog Ga{H)-methyl-24-methyl-Se(l)loa(l)17a(H} 20R cholestane
3G Cog &ﬁ{ﬁ}»methylﬁag~m)hhyx~5agm§a@a{k;l;axﬂ} 208 cholestans
31 Cyy SudH)-methyl-R-methyl 380 Lba(Hy L7a(H) 20R cholestane
22 Cay Go{H) -mathyl-24-methyl- S (M) i4a ()17 (M) 20R c%eieatane
33 Cp &8(H} vmethyl-24~wethyl-3a () lba{)iia(8) 20R choelestane



riovelis and Tetvacsyelic térpanesg mis 151
=) o K i

Peak No. Assignment
34 T,y tricyelic terpans
35 Uae trleysiic terpane
35 Oy tricyalic terpane
37 Gy, tricysllc terpane
38 Gy, tricyelic tevpans
39 £y, trilcyclic verpans
58 G, ttisysiic tevpane
41 C;a tricyalie perpans
&3 Gy tricyclin tevpane
43 D, triscyelic terpans
Ay Uy tuicyslice vexpane
43 we Tricyelis tevpans



Regulay Pentasovelins Teiterpanss {Bopanes)y mde 183
23 & ¥ Y

Peak No. Assignuent
48 oy 18 {HY-22,2% 30~ wrisnernecshopane
47 Con 17mi ~~r15nnrvaanh
48 Cup l:asﬁ‘“"g HY~38 30 -hisnovhopans
49 Cup LT {HIZLEHY - 3P -norhopane
5G Cop A78(H)2La{d} 30 -normoretane
31 Gye Y7a{H32LH(H) 30 hopane
32 Cag 1?§{E3ﬁlaxﬁ}w°3 mITELane
53 Oyy L7a{H)2L8(H)~30 3i-homohapane {228 and Z22R}
54 Cyp L7a(H3213(H) - 30 ,3‘*bi§¥omahﬁvana {228 and 2UWAR;
55 633 e {21808 30, 31 - ey ishomehopana (228 and 22R)
34 Uy LTm(H} 1853:~Jb‘¢;xt8“rakzsh0twl wopane {228 and ZZ2E)
a7 Cyo LTo{BYZLZ{H)~30, 3l -pantakivhomohopans (228 and RIZE)



Othey Pantsgyolic Triterpencids

Paak ¥o. Assignment
58 Cos 178y svisnorhopane
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Limited, cked coals, srganic~rizh shales orv
and polished in the usual way. Meéssurement is made on & Leiver Orthoplan sicroscops figved with am MEY Compacs
photometer which feads values direst to & desk tep compugser for data processisg from sach sample. The system is
calibrated sgeins: glass standards and reflectamce valuas are enpressed ag arithmenic wsmans of neasurements fakesm in oil
ismersion (R or R e R aad K, may be mzasured and quated in csrtalu dircumstangzs bur the diffsrenns is

i3 w ol RAX min '
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soutaminants of fomevitrinisic materisl sya sscted bud not necessarily quoted. The value quoted og data tables is that
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development this must be sean only as a gemeral guide, The fleor for oil gedesaticn is shavecterised W & reflsitancs
valus of isbowt 1.3%, Wet gas yeperation peaks ab 3 value »f sbuut 1¥ end ceases at the 2T level. Uty gas geuweration
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Reflecrivity weasursment is a widely used ard varsatile tood wilizh may be veadily =alidbrated apaizst sasily cbrained
standards. It fs spplicabls over a wids range of maburity stages from immaturs ts post wature {0.27 To 33 Ro}' High
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sugface intsrcepis om pletved {ligeres snd discordances at faults and usconformiries can give realistic estimaces of the

amgunt of sectiom missdmg. It iz of limired valus in Bavly Falasozoic sestions whave land plant material 1s abseut,
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0L fa marurve sediments. The onsse of saturity for o1l gersvation (80T 3.3} ds

Y]
P
B
-
Ci
[=3
(2
(2]
n
o
O
i
fu
e
83
3
£
«
[0
2
$-0
s
f+1
"
*
&3
™
o
]

N
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poraases In maruriiy
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in the rasig of ise~ to geobutsce. Ravices af >1.0¢ are mypleel for immaturs sediments aod <05

are tsual in mature sediments. Depariurves from composivion versus dapth trends may be useful dn inddcating mdgrauad gas
T

24
5% faults, unconformities oX Tesarweiv socks buy limdv the mathed as & reliable maturisy imdicator. Alvsples gas

143

anslysis da an inexpensive and rapidly exesuted merhod of sereenisg sawples for furrher msturity sznd hydrocarbon Qoncest
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determingtions.

Casglineg Snalvsdis and Cutftings Geg Apalvysis

Cuttings sampiss received wef, prefarably in sesgled coutaisers; sre suirable fovr gaseline and ouitings gas emalyeds. &

portion of the washed curritgs sample is retadned wat, pulverised in a sealsd shaker sod warmed ¥a expel ths. ta G,

&
aydrocarkon components inte the shaker airspace. & sawgle of this airspasze gas is then removed aund asumalysed dy gas

chromatography either far suttings ga8 {Cl 20 C&) ar gasolines (Cé e Goie  Up tw 28 hydrosarbon componasts are
a

identified in the C5 o O, range as
E 7

standarxd mixtures. Immsturs source wocks yisld low toxal sbuedances sad limited ougbers of cowponenrs whereas mature

their relative propuriisms nalouisczed from Inbegratad pssk avess with vafersnce e

souzne Tocks ustally seutain 2 full cowmplement of identifiled hydrogarbons with the omser of waruwicy indicated by 3
2

apid rise in toral gasolirve shusdavces with depth. Ancmaleus amgunxs
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[ solives may mark the pressmge of edl stadn,
Gsavkines way be used in odl to ol or oil to souxce gmek covrelations but the coscentvation of soms of the wmasured
cowpenents is wot ouly a fDunchiow of souwrce bus alse depsnds on watusity, wigrakion asd altaration in the reservedr.
Using the must stable coxgouads, pairs wirh similer chemtaal stxucturs and boiling podnts ars reduted to paly ratfes and
sompsred With the sams paly ratins iz othér siles or possible scures rocks. Gasollne assiysis &3 s waluable wool im thav
it measuras direstly the hydrocarbons baing gemsrated frem a sedimeut but its ssesivdvisy fn debecting craces of ail

places cogsrrgeisits om L5 ukg ax 3 Maturicy indicacor.
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dara for any sawwle. Thaze azre the values expressed in the "kersgen compositionr by caleulation” columns tabulaned in
¢ 2 By

the TRPpQTLE.

The hydrogen index 18 2 measurs af the hydrocarbon gemeraring potencial ol the mgen and 14 analiagous he the atomic

?‘:
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as give values sbove 300, maturd oil souwxce rocks

s

B/ patioc. Imeeturs, ovganically sich sourse vooks and oil sha

&
valtas bevwsen 00 and 530, Por a gives kersgen type, thase values pragressively dimiunish with focraasing msturity.

The cesperarurve of masimss rate of pyrolysis depepds partly ow the kervogen types  bur the rraosicion Ivom ilmmalure to
maturd orgsnic marter 1s wmacksd by cemperatsres weswsan 413Y and &33°C.  The maturity iransition frow 9il and wel gas
gensrarion e 4y gas zeneravion s warked by Cegparatures benvsen 4337 apd 460°0.  Is practice, grester vamiatdem than

b

these idesl LoUpeTATUTE TInges MAY be gren; buk CBey dre neverthelsss usaful as gemsral guides to vhe levad of maturidy
£ g 3 3 g ¥

atrained by the sediment.

Tha production index iacresses with maturity from values geay zeve Iuy lmmative arganic mavter mo mexisuw valses of 0.13

3
during the late stages of oll gesexarfon. smameleuwsly bigh values indicate the pressgmce of oll or contamimauts. The

fis et

potenrial yiedd Is an indicstivn of the predicted yield of hydrogarbsus frcm the swures vock st speimum magturicy and ig
2 measure of the quality of rhe zourse tock. For lmmarsre sediments, values of O to 2060 ppa of hydrosevbon

characterise a peor {eurte rock, 2000 ro BODU ppwm fair. S000 o 20 000 pem good snd sbove 20 Q00 ppw very good.

Pyrolysis techoiques have im recent years drovidad @ major advancs in the assesmmeny of scurse vook gualisy aod
senersting portential, Hydrocarben pislds from immaturs sourte bads examined an~gtructure way be translated inmco actual

il productiviyy frowm the same dads in wature basinal, eff-structure siruvaticng, Hodels relatisg wmatwurity aod keregsn

type may de uged bo define original source roak quality grades which ave ¥ great valus ip wmapping organis fasias.

Amerpbous keroges tyyes, indlstinguishabls in micrsscopic preparatisns sver i wide Pange of chemical properiias, say he

readily diffeventiated By pyroiysis. The problem of analysing dull samples comtadinisg wmixed harogens has heen largely

srersvme Y the kerogsn tyvpeimarurity model snd ancmalous vesulls srising frim the presence of savicg contamination amd
<

drillifog wud additiees aax usuwally bx explaingd by fmspectinn., High oxygew indices somesimes wcour an & Fasudy of ihe
g

in surk cases the sample {z zcid desarbonatsd amd pewrune
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ALY palvaslogical prapavaticus on which S01 derermdaaticss are wade ara alse gxanined for kavoges wype. Visual
astimations of che velative abundands of the Yroad groups visvinmits, dnervinites and sapropel are made on the total
vopen siide mount but vefersnce iz alse made wo the P20y sdieved frastion 2o sssist in idenrifdocasion. The schews of

LN

idestification is shown fn sppendix Table 1. Full wse is made sf dmcidsnt blue wr UV Light fn distinguishing lwomatuls

or early waturs oil~prone keavogsw fyum gas-proune Revogen.

in rocks san be ewxtracted with argasic salvsnts, Sractionared and analysed. The

scle’ lazgely upon the safure of the contaiosd Rersgen and 1ts matuxity,

de

3

drilling contaminacion may be the determining factovs.
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waxivum of 40z of crushed sampla iz extrac¥ed for @ mindmam of 12 hours in & Soxhlet appsratus using lebaratory

radisriliad UEM. The solvsnt and the wmers volatile components {appromimacely Gp oo p=L. ) ave lost by avaporation in am
~ 718
alr flow and the vesulting toral extwact is weighed, dissclved inm hasane and sepavated inkn alkave {(saruvate;

hydrocarbon, aysmstic aydrocarbon, resans and ssphaltane {polar) fractlons by sildea adsorprion shrowmatcegraphy in the

Iatzogean progess.

¥

Larger frastions. suirable for Further analysis, are obtained by colume chrowstepraply. The extract is run Through a

N

liva and sluming and sjuted with hesens (3o give the sarurate frastion} .

o
P

shont glass solumn packed wirh
{311 hexave! toluens wixture {to pive the arsmatic fractisn) and wethanol (Lo give the polay, oF resens awd asghaliwme,

fraction). & small proportiowm of non-=lutsd pelay compounds wsually vemaine o f¥e folumn.
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Total axiract ~ gpluble organic waztar, heavier tham about 2~ Ci*+’ axpressed a8 ppm of welghe of vogk.
3
Bydrozarbons ~ gum ¢of atkdne and aromavic hydrocsarhons. exprasesd as ppw of weight of rpak.

Bydrocarbons sgly of
crganie carbon = total hvdvocarbons normelised to lg of opganic carbon.

HYydrocarbons % extract - total hydvecsrboms as a groporiiss of total extract.

A

% hydrorsrbogs ~ the preopovidon of slkanes {saturastes) fn the tocal hydrocazbons. The propoppien of arsma

=1
£

o5

s (100 wmious this valne) sxprsssed as & parceatage.

The exvractability 4% oli~prome gaprapelic srpanic watfer increases rapldly fw the odil genmsranicn zove snd dimindshes to

very low valuss in post mature sediments. Overall rhe sxisactability of sapropelic srganic matier is greaver than that
K ~fyor

2 gas~prone Bumic osvganic wmarcter for simila rels of maturdty. Sawplen with extractabilities of greavsr than 20X

£

3
generadly conrtain migrant oll ar ars contamimabed with mud additives.

As maturgtiow pracesds in the o1l genesavion zoms the proporiion of hvdrocsrbons in the toral sxtract {dereases from
less chan 208 po A marimuw in the mast prodective Nordzins of arouwnd 88X, This trend is vevarsed as rhe oil-sondensats
2

zons ta envzved. The velagive provoxtions of alkanes to arcsmarics wan be used 3s & checek fov law lavels wf

pnlaminecion. Fractdons of Sthe extrvast, ssparated by column chromatopraphy are ratained for further smalysis Wy go

D3

chyesatogrephy ox for stahle zacheon igotepe daterminavrion.

Capillary Gas Chromassgraphy of C13+ Alkanes
he Soxhlef extyset I8 sluted with hexanse thrvough @ shorn silica column to yisld zhe satuvate hydron

fracsion, Thiz fraction {5 evaporstad in & stream of 4ry nilcrogen st room ramperature. & smslil partica af the fraction

is chen vaksn up i Hexane and {ugroduced iako a 5 metre; well-upated, opsu kubular glass cepillary columm zoat
OV~1; or squivalent, wounted In & Jarlo Erba gas chromatograph which iy temperature programmsd from

30 ninure.

inspectad for the distributions of ge~slkenss, and the presenge and abupdance of lsspransids

9 + chromatogransg Ay

21

t
partdeulariy priscanms and phvtane), stevanes and tyiterpanes and unresolved ssvelupes of maphthenis compounds. Tha

Pand

0., are caleularad., <Carbem Preference Index (LRI} velues quotad ars thoise es
oy wnlese otherwise stated, Chromacography may ravesgl infopmation about
ami condicion aof depesitiod and; 1f migrans pil s presenc, whethar

&
this hbas besn wagnr~flushed or biodegraded. Convaminsuc driliing wud additdves may be identified.

Capillary Gas Uhrowatography of Aromasic and Branched/Syalie &3

The srematisz poryion of fhe Bmxhlat sxtract is eluted from & shory silice/alumiza columks by a bewasne/toluens Bixwure.

The dried frvaaticn is taken up in BOM and {ntroduasd dnge a IF metre, wall-tested. open tubular glass wmapiliazy column
Erbs gas chromatograph whick i fempavaruys programged from 7070 wo

poared with V-1, or equivalent, mounted in 2 Jarlo
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IFWPC ar 30/ winuise.

pazaced from normal alkaspes by wrea adductien and sreated as forx toral alluanes.
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and chargei{z). The way in ehich a woleculs Ifragmenvs inro
ions of various w/z wvalue is koown as its fragmenvatios patrern, or mass spestywm and is unigus. When linked te 2 gas

chromatograph the mags specirometed can be uaed in two diffewsnt wmades

1. Full Scan ¥ode: 4 maes spectvuwm i obtained of =ach peék wluting frem the gas chrowatopraph and & structudal
identification of she compound producing then peak can be wade,

L. suleiple or Simgle Ion Monltoring Mode: The ®ass spectrometsr is twusd fo caxrain n/z values to detent whasihes a
smmpouad, eluting from the gas chromatograph, frsgments fo give an lvn at &hst valee. Cervadn fvagmentations dre
indicarive of specific compousd types and the west commonly mopiteved fragment iovs used in petroleum geonlemiscry
are those with mfs valuegs of 191, 217 and 258 «hich are the principal Ifragoent ious obtained from geukps of alkaass
Ynewn 2s Criterpases, regular sterswes and, rearvenged stsranss vespeculvely. These svs cowpounds conyaiaing 27 o
35 cavrbon atows agvasged (o3 polveycliz, wommally 4 or 5 ring. stewelure, cocurving in che_gfczﬁ te R"CJE regiom
af a gas chromabograw. The basic molscular skeletons of chese cospounds: are vary similar o thoss of the origisal
organic mavter deposized in rhe sediment snd se these 191, 217 and 15¢ distribuiion plove, kuown ds mass
fraguentograns or mass chromatograms, Sowm & paviesn chavacteristic of che scurze materdal. This techoique of
Peipgerprinting” 1s also ope of the wmove exact methods of cowrrelating &w oil o ifs seurce, ¢f i anacher oil,

arboy ;Aggggg_(ljﬂ; tatic snalysiz
B — 1 -
Carbaa has two stable the mors ehundant LQC isotops and the hesvier 1"C isotgpe, which is naturs forms abous
3,,12

1% of sarbow. Veviag fhe TTCHTOC racio are extramely small aud cavbon isorope vatdos, as measured by mass
Spenirometty, Ars axpressed as deviztions from & standard, the Pes Ues Jelamalve carbonata {PDR standard} in parts per

; o, - . o :
thousand {pavts per mily jos). Posirive deviavioms isdisaete "¢ esrichment and coavarsely. nsgative deviarions

El
ipdieate "YC lmpoverishment.

3o 33 f o dapending on the swuros. crganie

o

Yhile the sathor isstows ratios of oils and veochk extracts ¢an raogs fyom 20

5
wattal type, the diffsvencs barwess z specific =il aad ivs souves is small. xaasuramants ars vsually made on the 13‘

sikape and aromatic hwdrocarbon fyaskious separatsly and theve showdd b2 no more thas l av differance between the oi

1

apd iva ssures for elthsr fyactisw. Tf thers dis any doubt that the sourde voek eXINacis ars not indigsnous o el

% kerogen, the carbon fsdcope ratid of the axtrasited souros rogck Revopsn can ba wmessured

Prvolyvsis~Gas Chromassgranhy

The hydrocarbon prrolvsate devived from thevwal, sshydrous srachking of kerogen Is analyssd by capillary gas
chromatography. & fow mg of rosk, kerogen o asphalvens is heaved to SU0°C for 20 seconds im the injsctor of a gas
zhromatogr gh. The chromstograph oves e kept st -30°C during pyrolysis and then raised fn J00°C 3¢ a programmed vate
of F.5°C/minces.  COhromatograms producad this way are often vevry differens frow thoss of sousus rock szivasts or oils in

that branched and cyclic fsopers are gesevated fresly giving numerouss :lasaly spaced paaks, aleng with wgsaturatsd,

alkeme {wlefin) hydrmcarbonss The "doubler” peaks ofvan obssrvad in these chrowstograms comprise slkemw~alkawve palrs,
¥

the £irst slupisg, smd usuaily smaller peak, beigg She alkens. The chromavagrams wasgs frvew T, 8 a?n cr aboys and

yoe. Oas-prons Kersgen cracks ts give a wove limdied

-t

aslthough variabla, are broadly charzetaristic of gourcs rouk

b4

4

molecniar welght range of producks. soncentraked fowards the light ands, whareas oil-prome Reroges glvss more promines

alkena~alkave doeudblets in the ., ¥ CqQ regiva. The largest peak frsm both types is usvally methane.
2 3
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Flemental analvsis

Total {unsieved) kervomen is prepared as deserided in Secrion 1. The dried marsrdial ts conbusted o oxygen {n sq

{
elsmental amalyser aud the oxides of warbom. hydvegen; nizxoges and sulpbur ars weasured. The vmburni vesidue is the

ash congest. Oxygew is usually calsulaved by ddffersmce bur ¢an be deterwinmed separatsly £f reguived. Results are

2

quoted as parcentage welszhts of €5 B, O, %, € and &sh with the atomiz rvavic B/C and 0/C caloulaved and plotted om che

standard ven Kpavelsn disgram. The ralavive amounts of O, ¥ and O presest im organde matter are dependent sn beth

source and merurity. AC knows maturity levels; soues measurs of ssdrow quality mey be detarmined. Limitations of the
mathod in source rack assmssment invoive the difffculry of chtaininmg purs kersges iinm partiselav, free from pyrive) amd

the lack of a simple, direct devexminatism of oxygen contant.
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ange of il analyses both for geochemical purposes and industrial usa. Physical

ing oils, fusls and greases as well

281 laboratories 2ffsr 3 wide
sds and arg availablzs for lubrica

2]
5]
1
g
o

sroperty determinations arve based mainiy on T
of orude oils presanted in geveheamdscry reports {malu

I ogravity, pour
tain. Chemical analysis

as crudes. Trequently peasured properties
poiung, viscosity and conteuss of waser, swiphur, wax, asphaltens. nickel, vanadium and cthar we

of oils iovelves the fsllowin

Wasle sil gas chromatography ~ using split syrings injeeticn aud & cemperavurs programee frowm ~209C sr «307C up wa E70%C
ak 4 0/ minute,
Associazad Ra =~ 4 oil has digh gasioil rxeds.
Gasoline analysis « ag far gasolisex in Tock sawples bus & weighed gquantity of oil is used.
- this is squivalest to the vemowal of the fraection hoiling belew abour 2I87C and gives a

Topping of The oil
were stasdardissd produst far compardson of gas chromatograms of the 91g+ Eracrtiocn.

Column chromavagraphy and ~ as for szolvemt sxtraccs., Analysis is carvied our oun ispped oil.

gas chromasography

s

Fas Analvsis

The hydrocarbow gases, O, o CQ, may he wallscted €wrow the airspace of sealad cannsd sampleg o mey be received from
well-site fears in 2 special sealsd gas cylimder {(gas wousel. GChromstographic sspararion 4% the £, fo €, gases is
i :

efisoted as desevibed under aivepite gas analysis. In sdditins, the sapazated
2

fzutops compasition

gag components may be anglysed far stable

carbon and hydrogs whizh may provide valuable zlsag ce the origds of the gas.

6. Solid Rltvwen Analvsis

fislas, problems ave socountersd whers Mitumen developments {orm continuous o parchy laysrs withis

Tw sowe oil
resarvoixs, dividing the pay zomss and gcoving s barviers to magural Fludd movemens or imbibiting enhancsd odl resovery

sachudgqueas. Incegrated geschemical and sedimentslogingl studiew zdim to produce geclogilcal medsls capabdble of pradicting
the srourrancs of bitusen laysrs amd thair likely thiskmess and ability fo sc aa permeahiliry darvdevs. 0€ fu

avwean the bivumen and Tesarwoired sil, thedr seurcs rocks god the timing

a

conmgrry are the past or prasent relatitmships

of bivumewn formatiua.

Agdlysiz sehases favolve soreening of samples by assassing vhe swounr of Tivumer dm palished core pleess using reflectad
by selvent sxivaction of control semples fu estimats cthe
bitemen,. Different pheases of dirumen formatiman are diffsresviaved by vaflectance measurement as descrided for vitrinite
rafldctance messurament. 3oluble extracts avz frackicnarad o give slkana, arowmatics, asphalisne and Pesansg CORMBORABLS.

1ghy mioroesnpy, followed propotvrion of solvent selulle

Separated bitumens may % subjecred io elazmental analysis.
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Rercgen Typing Scheme foX Transmitted White an

4

Tonoddent Blus/U.V, Light

Ganeral Fropertiss BRI Report Iypa #
Data Tablaes
algal Sapropel Typs 1T

Sapropalic
{0ii~prTong gas-prone
at high marurity)

Waxy Sapropel

Microioraminifars,
chitinozoa etd.
{Nov usually important)

Sporas, cutlole efa.
at high matuzity

lavels

Ticrdinite Type LLld
Huade
{Gas~prone) Inevvinita Tepe LTI
Anorphous Structured
Non~Fluorasaaut Fluorescsnt Non-finovescent Fluoreseant
iType I/II Type L Vitrinite (Type LITA} Cuticle
at high Sapropel brown/black, woody Spores
maturity Typas IX tissus Follen
{SCT »7.33 {degraded Dinonysts
gporas;) {Typa I}
Seft bitumens
Type LILA/R
Gil rasiduses (hitumens) Inertinits (Type IIIR) Rasinits
Mineral (undigested) vary dark brown/black, Algas
Zresse coutamination woody tilssus {Tasmanitas,
Mud additives Botyyocootus
ato. )

Selid biteumen ~ brown/

black (o1l residue)

sitan with crystal

imprinns (Type I}

Mud Addinives ~ walout etg,

* Typag I, I, a
ITI8 {vitripdse) and

APPENDTY TABLE 1

ouimately sensu Tisaat et al but Type IIZ
{imeroinins)
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subdividad intge
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