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SUMMARY

This report contains the results of total organic carbon and "Rock-Eval"

pyrolysis analyses of core chips taken from

Haltenbanken area well - 6407/2-1. Brief

comments are made on organic richness and predictions of possible kerogen

compositions.
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INTRODUCTION

This report contains the results of a series of pyrolysls analyses carried out

on 43 small fragments of closely spaced core samples from the 6407/2-1

well

The samples for analysis were despatched by Norske Shell on 21st June 1984* and

received at Robertson Research International Limited on 26th June 1984. The

Instructions for analysis were received by telex reference FOR 210610» dated

21st June 1984, and Norske Shell Service Order No. S Nr. 5176, received

29th June 1984.

Initial results from the analyses were sent to Norske Shell by telefax reference

7454-JS on 25th July 1984.

The personnel Involved during the course of the project were:

Mr. Per M«Sller-Pedersen of A/S Norske Shell, and Messrs. P.C. Barnard and

S. Thompson of Robertson Research International Limited.

In view of the interesting character of the coals and carbargilites in these

samples, vitrinite reflectivity analysis and brief petrographic examination were

carried out on five selected samples. The data from these analyses have been

included in this report at no extra cost to Norske Shell.

[RESEARCH
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RESULTS AND INTERPRETATION

I. Methods

The samples received for analysis were small fragments of cores and cuttings

samples consisting of

mainly siltstones in 6407/2-1. Coals are present in 6407/2-1,

During the preparation procedure, the cores were carefully cleaned to remove any

evidence of cut edges which might be contaminated by drilling fluids. Ditch

cuttings were sieved through coarse (>5 mesh; 4mm) and fine (35 mesh;

500 micron) sieves to remove large, possibly caved cuttings and fine, possibly

recirculated silt respectively. The samples were then submitted for brief

lithological description and crushed in a disc mill to pass through a 60 mesh

sieve. The resulting powders were then submitted for geochemical analyses.

The first analyses carried out were total organic carbon content (TOO) and

pyrolysis.

All pyrolysis analyses were carried out on IFP-Fina "Rock-Eval" pyrolysis

equipment. The numbers of samples and the different procedures used in their

analyses are listed in Text Table 1. Vitrinite reflectivity analysis was

undertaken on two coals from 6407/2-1.

)

2. Presentation of results

The results obtained from the source rock analyses are presented in Tables 1

to 4. Copies of the pyrograms for the samples are shown in Appendix 3, and the

vitrinite reflectivity data are presented in Table 5.

An interpretation of kerogen composition has not been made for the samples in

this study but comments are made below on each set of data.

RESEARCH



3. Comments on kerogen composition and source potential

3.2 6407/2-1

The siltstones and sandstones between 3086.6m and 3099.8m show no significant

hydrocarbon generating potential» and only traces of possible oil-staining.

However, the coals and carbonaceous shales between 3478.9m and 3496.8m show very

good oil generating capacity, and may have started to generate oil; the

vitrinite reflectivities and pyrolysis maximum temperatures both suggest that

these sediments are in the 'oil window*. The exceptionally high hydrogen

indices and low oxygen indices of the coals indicate mixtures of type II (waxy)

and type IIIB (inertinitic) kerogens rather than a type IIIA (vitrinitic)

kerogen. The reflectivities of the coals are about 0.7Z, but the reflectivity

of the semi-fusinite is only 0.8Z, suggesting that the bulk of the coal is not

vitrinite. Examination under incident ultra-violet light revealed laminations

of orange-yellow fluorescing waxy particles.

The shales with total organic carbon contents of below about SZ contain poorly

gas-prone kerogen, and have no significant hydrocarbon generating potential.

RESEARCH
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TEXT TABLE 1

DETAILS OF WELLS AND SAMPLE TYPES RECEIVED AND ANALYSES CARRIED OUT

WELL SAMPLE TYPE TOTAL ORGANIC CARBON SOLVENT PYROLYSIS ANALYSIS

AND NUMBER AS RECEIVED AFTER EXTRACTION EXTRACTION AS RECEIVED AFTER EXTRACTION

6407/2-1 28 Cores 28 - 28



COMPANY: NORSKE SHELL WELL: 6 4 0 7 / 2 - 1 LOCATION: HALTENBANKEN
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TABLE 5

Vitrlnite Reflectivity Data

6407/2-1 3481.4m

6407/2-1 3490.3m
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APPENDIX 1
ABBREVIATIONS USED IN ANALYTICAL DATA SHEETS

r

(S LIG/Lig

L(RV)

mass

as above
acrltarchs
aud additive
algae
amorphous
angular
anhydrite
arenaceous
argillaceous
basalt
bedded/bedding
bitumen/bituminous
blue
bleached
black
brilliant
brown
calcareous
calclte
carbonaceous
conglomerate
chalk
chert
claystone
cement
composite
coarse
casing point/shoe
ditch cuttings
cuticle
caved
decarbonated
dinocysts
dark
dolerlte
dolomite/dolomitic
dusky
exinite
exsudatinite
extracted
fine
feldspathlc
ferruginous
fluorescence
formation
foaslls/fossiliferous
friable
fracture
fragments
fuslnite
glauconite/glaucoDltlc
green
graded/grading to
grains
grey
gypsum
halite
hard
horizontal
high reflecting vltrlnlte
iso-
inter-bedded
Igneous rocks
including
lnertlnlte
laminae/laminated
lost circulation material
lignite/lignitic
lens(es)
lov reflecting vltrinlte
limestone
light
massive

MDST - mudatone
med - medium
MET - metamorphlc rocks
mlc - mica/micaceous
micr - micrltlc
•In - mineral
mnr - minor
mod - moderate
mtl - mottled
ii- - normal
NA - not available
nod - nodule/nodular
MS - no sample
occ - occasional
ol - olive
ool - oolitic
orng - orange
OS - oil stain
F - picked llthology
pal - pale
Ph - phytane
pnk - pink
por - porous/porosity
pp — purple
Pr •- -pristane *

_pred - predominantly
" Prt - present
FTR/pyr - pyrite/pyrltlc
QTZ(T) - quarts(ite)
Re - resin
R(ev) - reworked
rnd - round(ed)
Sap - eapropel
abng - subangular
sbrd - subrounded
SCI - spore colour index
Sf - •ealfuslalte
sft - soft
SH - shale
shly - shaly
sll - siliceous
sks - sllckenslde surface
SLA - slate
SLT(ST) - silt(stone)
elty - silty
SND - sand
sndy - sandy
Sp - spores
SST - sandstone
st - stained
stks - streaks
sue - sucrosic
surf - surface
SVC - side wall core
TD • - total depth
TOC - total organic carbon
tr - trace(s)
trns - transparent
v - very
vgt - variegated
Vit - vltrinite
vn - vein
VOtC - volcanic rocks
VR - vltrinite reflectivity
vht - white
xln .- crystalline;- - •
yel '*-' yellow- '**" '* ~ "

no analysis carried out
* - analysed but no data obtained

gy-gn - greyish green
gy/gn - grey-green (gradation)
gn-gy - greenish grey

Hote: (Maturity data tables only). Number in brackets refers to number of reflectivity values averaged to give quoted
result. Preferred values for indigenous phytoclasts are listed first.



APPENDIX 2

ANALYTICAL PROCEDURES AMP TECHHIQUES

This appendix suonarlses the sain steps in the analyses carried out in the Robertson Research International Ltd.

petroleum geochemistry laboratories. Analytical pathways are shown on the flow chart (Appendix Figure 1) and details of

laboratory procedures and techniques are given in the text. These may in certain circumstances be adapted to suit

particular samples or conditions. Interpretation guidelines are also defined.

1. Sample Preparation

General

Sample* are received into the laboratories in the forms of well-site »—<«4 ditch cuttings, bagged ditch cuttings in

various stages of preparation from wet, unwashed to dried, washed; sidewall cores, conventional cores, outcrop samples,

crude oil samples and gas samples. Each sample is assigned a number which is entered into a computer system to monitor

sample selection and progress. Preparation techniques are directed towards obtaining clean samples, free of drilling

mud and mud additives, obvious caving contamination and indeterminate fine material. Washing with cold water Is

standard but further washing with solvent (dlchloromethaae, DCS) is carried out if oil-based mud is present, after which

samples are dried, described and individual lithologiea hand-picked «her* practicable. Samples are rough crushed to

approximately pea-sized fragments for kerogen preparation or finely milled for chemlcail analysis.

Kerogen Preparation

Kerogen concentrates for microscopic examination and elemental analysis are prepared using standard palynologlcal

procedures but omitting oxidation or aeetolyala. Acid maceration involves the ase of bot hydrochloric add (HC1) to

remove carbonates and hot 60X hydrofluoric acid (HF) to remove or break down silicates. Mineral residues are separated

from the kerogen by e combination of ultrasonic vibration and sine bromide flotation. Kerogen samples for spore colour

and kerogen typing are mounted on glass slides in glycerin Jelly» those for vitrlnlte reflectivity are dried and mounted

in «poxy resin. Kerogen residues axe stored In methanol.

2. Maturity Evaluation

The techniques employed for Interpreting maturity and thermal history la these laboratories are based mainly on spore

colouration and vitrinite reflectivity measurement, supplemented by data obtained from airspace gas and gasoline

analysis, pyxolysis Tmax, and hydrocarbon analysis Including gss chromatography and gas chromatography-maas

spectrometry.

Spore Colouration

Sporomorph colour is assessed using a >20u sieved kerogen fraction viewed in transmitted light on a standard

palynological microscope. Unusual hues are checked using incident biue/UV light fluorescence. Measurement is made by

eye against reference sets of single grain spore mounts and trained operators achieve a high degree of accuracy and

reproduclbility. The 1 to 10 Spore Colour Index (SCI) scale was designed for linearity with increasing depth and

temperature and correlates approximately with the following sones of oil generation: 1.0 to 3.5, immature; 3.S to S.0,

early mature, generation of low gravity oils (28 to 35 *API); 5.0 to 7.0, middle mature, generation of medium gravity

oils (35 to 42*API); 7.0 to 8.5. late mature, generation of light oils (>42*API) and condensates; 8.5 to 10, post

mature, generation of condensate, wet gas and, ultimately, dry gas. Linearity of scale la of great value in prediction,

by extrapolation, of the depth to any part of the oil generation sequence. The value of SCI measurement lies in the

objective selection of measured grains, so minimising problems of caving and reworking, and in its more direct

correlation against oil generation than vitrlnlte reflectivity measurement. Limitations in its use .concern the > -

difficulty of correlation against other colour scales sad the insensltlvlty of the scale in the late to post mature

region. Anomalous colours may result from bleaching or staining during deposition and diagenesis. The correlation of

SCI against Thermal Alteration Index (TAI) given on the SCI versu* depth plot in the reports was made by direct

comparison of Staplin's standard slides with SCI standard slides.

Vltrlntte

?*>• ujorlty of preparations examined under reflected light in these laboratories are made using >20w sieved kerogen.

•ounted in resin blocks and polished with carborundum and alumina although total kerogen may be used when sample size is



United. Picked coals, organic-rich shales or limestones containing solid bitumen are mounted directly in resin blocks

and polished in the usual way. Measurement is made on a Leitz Orthoplan microscope fitted with an MPT Compact

photometer which feeds values direct to a desk top computer for data processing from each sample. The system is

calibrated against glass standard* and reflectance values are expressed as arithmetic means of measurements taken in oil

lnerslon (R or R . , ) . R_-_ *°d R , may be measured and quoted in certain circumstances but the difference is

insignificant below about R 1.0Z. Some operator selection of particles during measurement la essential and obvious

contaminants or non-vitrlaltic material ere noted but not necessarily quoted. The value quoted on data tables is that

which is Interpreted as most appropriate, but other possibilities may also be given. Plotted figures assume a

logarithmic increase of reflectance with depth. R 0.5Z la a widely accepted threshold value for the onset of oil

generation, although a* the kinetic* of oil generation may not be identical to those of vitriaite reflectivity

development this must be seen only as a general guide. The floor for oil generation is characterised by a reflectance

value of about 1.3Z. Vet gas generation peak* at a value of about 1Z and ceases at the 2Z level. Dry ga* generation

peak* at a reflectance of about l.SZ and cease* at the 3Z to 4Z level. Correlation of reflectance value* with other

maturity parameters may not be universal because of time-temperature faetor* and 1* beat made oa a local basis.

Reflectivity measurement Is a widely used and versatile tool which may be readily calibrated against easily obtained

standard*. It la applicable over a wide range of maturity stage* from Immature to post mature (0.2Z to SZ R Q). High

surface Intercepts oa plotted figure* and discordances at fault* and unconformities can give realistic estimates of the

amount of section missing. It 1* of limited value la Early Palaeozoic sections where land plant material 1* absent,

although a general guide to maturity may be obtained from chltlaous organic matter. Even a skilled operator may have

difficulty la distinguishing indigenous vltrinlte from some form* of inertinite, anomalously reflecting

"psaudovitrlalte", caving* aad reworked fragment».

Airspace Gas Analysis _f

Vat cutting* ara collected at the/well alt* aad sealed la partly full can* containing bactericide. la the laboratory,

the airspace (headapaea) ga* la extracted using a can piercer fitted with a septum and analysed by gas chromatography.

The proportion* of methane, ethane, propane, l*o- and n.-butaa* are calculated from integrated peak area* by comparison

with a standard mixture of these gases. Methane 1* the dominant gas la Immature aad post mature sediments, comprising

90-100Z of total gas, falling to 3O-70Z la mature sediments. The onset of maturity for oil generation (SCI 3.5) 1*

characteristically marked by aa Increase la wet gas (C,-C.) to between 10 and 20Z with further increasesTin maturity

Indicated by a decrease la the ratio of l«o- to n-butane. Ratio* of >X.O are typical for immature sediment* aad <0.5

are usual la mature: sediments. Departure* from composition versus depth tread* may be useful la indicating migrant ga*

at faults, unconformities or reservoir rock* but limit the method as a reliable maturity Indicator. Airspace ga*

analysis is aa inexpensive aad rapidly executed method of screening samples for further maturity aad hydrocarbon content

determinations.

Gasoline Analysis and Cutting* Ca* Analysis

Cutting* samples received wet, preferably la sealed containers, are suitable for gasoline and cutting* gas analysis. A

portion of the washed cuttings sample 1* retained wet, pulverised la a sealed shaker and warmed to expel the C^ to C?

hydrocarbon components into the shaker airspace. A sample of this airspace ga* la thea removed aad analysed by ga*

chromatography either for cutting* ga* (Cj to C4) or gasoline* (C^ to C ?). Up to 28 hydrocarbon compoaeata are -

identified la the C^ to C? range and their relative proportions calculated from integrated peak area* with reference to

standard mixtures. Immature source rock* yield low total abundance* and limited number* of components whereas mature

source rock* usually contain a full complement of identified hydrocarbons with the onset of maturity indicated by a

rapid rise la total gasoline abundances with depth. Anomalous amount* of gasolines may mark the presence of oil stain.

Casollae* may be used la oil to oil or oil to source rock correlations but the concentration of com* of the measured

component* la not only a function of source but also depend* oa maturity, migration and alteration la the reservoir.

O.iag the moat «table compounds, pairs with similar chemical «tructure«tr
la thatcompared with the same pair ratio* la" other oil* or possible source rock*. <U*olin«~analy*ia'>l*:>a valuable .

It meaaure* directly the hydrocarbon* being generated from a sediment but It* sensitivity la detecting trace* of oil

place* constraint* on It* use as a maturity indicator.

2.2
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Rock-Eval Pyrolysls. Gas Chromatography (CC) and C«s Chromatogr«phy-Ma»a Spectrometry (CC-MS) In Maturity Analysis

These three analytical proceasea aeaeure parameter* vhich are functions of both aaturlty «ad kerogen type. Data from

thea aay give a general guide to aaturlcy but If the karogen typea are known, sore specific conclusions may be drawn.

Froa Sock-Eval data, the temperature of asriaua rate of pyrolyals. Tmax, la the aoat useful datua; gas chroaatograas of

alkene», separated froa source rock extracts or oils, yield carbon preference Indices (CPI) and lsoprenold ratioa; CC-MS

quantitative fragaantograaa provide abundance ratioa for specific compound» which are particularly useful la asseesing

the level of aaturity at which sourca rock hydrocarbon» or oils have been generated. All thaae supplementary data may

be used to confirm results froa visual analyaia or supplant thea If poor or unavailable.

3. Sourca Rock Evaluation

Total Organic Carbon Content (TOC)

Organic carbon values are obtained by treating O.lg of crushed rock sasple with hot. concentrated HC1 to remove

carbonates. The washed realdue is filtered on to a glass fibre, pad and ignited la a Leco carbon analyser. For

screening purposes, samples **« analysed singly but where farther analyses, such as pyrolysls or solvent extraction are

anticipated, a duplicate saaple is run. Blanks and standards are rua as routine and «hare values froa duplicated

samples do not concur withia strict accuracy limits, they ara rerun.. Vhere aaaplas are heavily stained with oil, either

froa natural deposits or drilling and, TOC is repeated on the dried, solvent extracted sample.

TOC measurement is fundamental in assessing source rock quality sine* whan coablned^wleh kerogen type and maturity, a

full description of the potential Co generate oil may be given. It is found la practice? that sediments".,containing less

than 0.3Z TOC are unlikely co have any source potential, those containing; between 0.3X and 4 Z may*bs) '•marginal sources

equivalent to solvent extractable hydrocarbons) are volatilised aad^qvantlfled'by flame loaisatloa

. __ __.» Peak i (S,, ppm). The furnace temperature la Increased to'550*C at'25*C/ain»te and within this

but the better quality sources contain la excess of 1Z TOC. Screening by TOC is,therefore an inezpenslva aad rapid

method of selection of samples for further analysis la sourca potential evaluation. >• *-* ., -\P

Rock-Eval Pyrolysi»

Pyrolysis data are obtained using the IFP-Plna Rock-Eval apparatus. 100 ag of crushed, whole rock either from bulk

sample or picked liehology is weighed accurately into a crucible and introduced,into a furnace at 250*C. Free,

hydrocarbons (roughly " " " " "

detector (FID) to give

range, karogeas crack to give hydrocarbons, measured by FZD to give fask 2'(3.,y ppa) and carbon' dioxide, measured by

thermal conductivity detector (TCD) to give Peak 3 (S-, ppm). The temperature at the martini rate: of evolution of

cracked volatllea (Taaz) is measured automatically but can also be monitored visually. The instrument is calibrated

dally using standards both at the beginning of the work period and at regular Intervals thereafter aad crucible blanks

are run as routine. The tabulated data in reports comprise the following parameters:
t

Tmax *C - temperature of -«•»J-H~I r ate of Peak 2 hydrocarbon «volution.

Hydrogen Index (HI) - S./TOC (ag/g) or ratio of released hydrocarbon to organic carbon content. This Is a measure of

the hydrocarbon generating potential remaining in the karogen as opposed to that of the whole

rock.

Oxygen Index (01) - S./TOC (ag/g) or ratio of released carbon dioxide Co organic carbon concent.

Production Index (PI)- S ^ S ^ S , . or ratio of the amount of hydrocarbons released la the first stage of heating to the

total amount of hydrocarbons released aad cracked during pyrolysls.

Potential Held (Ft) - S, (ppa) or total of hydrocarbons released during cracking of kerogea.compared to original

weight of rock.

Tmax. hydrogen index and oxygen index are each functions of both maturity and kerogen type. Using published and

empirical data, it has been possible to assemble a model to «hov the relationships of thaae factors to maturity aa

measured by spore colouration and vitrinite reflectivity for a selection of pure kerogen types. The kerogen types used

are algal aapropel (type I), vaxy ««propel (type II), vitrinite (type IIIA) and lncrtlnlte (type IIIB) and a computer

prograa has been devlaed by which the aaounta of thcee components may be calculated froa the HI, 01, Taax and maturity
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data £»r any sample. These ara Cha values expressed In tha "kecogan eonpoaictoa by calculation" columns tabulated in

the reporta.

The hydrogen lndax la a measure of Cha hydrocarbon generating potential of Che karogen and la analogous co cha atomic

g/C ratio. Immature, organically rich aourca rock» and oil ahalea give values above 500, nature oil aource rocks give

valuea between 200 and 5S0. For a givan kerogea type, chaae values progressively diminish with Increasing maturity.

The temperature of —«-f—m rate of pyrolyala depends partly on cha kerogen type but cha transition from immature to

mature organic natter la marked by temperatures between 41S* and 435*C. Tha maturity transition froa oil and vac gaa

generation Co dry gaa generation la marked by CaaparaCuraa between 455* and 460*C. la practice, greater variation than

chaaa ideal caaparacura ranges aay ba seen, buc they ara nevertheless useful aa general guides co cha level of maturity

attained by Cha sediment.

Tha production lndax increaaea wich maturity froa valuea near sero for Immature organic matter Co aaxlana valuea of 0.15

during cha late acagea of oil generation. Anomalously high valoes indicate cha presence of oil or contaminants. Tha

potential yield la an indicaClon of Cha predicted yield of hydrocarbona froa Cha source rock at optiaua maturity and ia

a measure of Cha quality of Cha aourca rock. For immature sediments, valuea of 0 to -.2000 ppa of hydrocarbon

characterise a poor aourca rock, 2000 Co 6000 ppa fair» 6000 to 20 000 ppa good and above 20 000 ppa very good.

Fyrolyala Cechniquea have In recant yeara provided a major advance la cha of source.cock quality and

generating potential. Hydrocarbon yields froa immature source beds nr«mined on-atructure may be tranalated into actual

oil productivity froa the aaae beds ia aatuxe baainal, off-structure sltua'tioas»*.- Models relating:, aaturity sad kerogea

type aay be used to define original source rock quality grades which ace of gxeac value in mapping: organic fid«. k

Aaorphous~kerogea types, indistinguishable la microscopic prcparaclona over a wide range of chaalcal "properties, aay be

readily differentiated by pyrolysis. The problem of analysing bulk saaplea containing mixed kerogens has been largely

overcome by the kerogea type/aaturity model and aaoaalous results arising froa the presence of caving coatsaiaatloa and

drilling and additives can usually be explained by inspection. High oxygen indices eoaetlaes occur as a result of the

presence of aetaatable carbonates and in such cases the sample is add decarbonated and ce—run.

Visual Examination of Ksrosen Concantracea ~̂

All palyuologlcal preparations on which SCI determinations are made are. also ynrii""1 for kerogea ,type. - Visual

estimations of the relative abundance of the broad groups vltrinlta, iaertlalte sad aapropel ace aade oa the total

karogen slide mount but reference is also made to the >20u slaved fraction to assist in Identification. The schema of

identification is shown in Appendix Table 1. Full use la made of- incident blue or BV light in distinguishing immature

or early mature oil-prone kerogen froa gas-prone kerogen.

Extract Analysis

The soluble organic materials present la rocks can be extracted with organic solvents, fractionated and analysed.

type and amount of material extracted depends Largely upon che nature of the contained kerogea and Its macurity,

although che praaence of migrant oil or drilling contamination aay be the determining factors.

Tha

A •aTlmum of 40g of crushed saaple ia extracted for a -<^H-«« of 12 hours la a Soxhlet apparatus using laboratory

redistilled DCM. The solvent and the more volatile components (approximately up to S~C15) « • l°st by evaporation in an

air flov and the resulting total extract is weighed, dissolved in hexane and separated into alkaaa (saturate)

hydrocarbon, aromatic hydrocarbon, rasene and aaphaltene (polar) fractions by silica adsorption chroaatography in the

Iatroacaa proeeaa.

Larger fractions, suitable for further analysis, are obtained by column chroaatography.* The extract Is run.through a

shore glass column packed with allies and alumina and eluted with hexane (to give the ssturate fraction),

(3:1 hexane: toluene mixture (to give the aroaatlc fraction) and aethanol (Co give Che polar, or rasene and aaphaltene,

fraction). A small proportion of non-eluced polar compounds usually remain» on Che column.
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The data tabulated in reporta coopriae the following parameter*:

Total «attract - soluble organic matter, heavier than about *-C15+. expressed a*»ppa o£ weight of rock.

Hydrocarbon. - aua of alkana and aromatic hydrocarbons, expreesed aa ppa of vaight of rock.

Extract Z of organic - total extract ppa; the extractabillty.
TOC x 100

carbon (EPOC)

Hydrocarbons ag/g of

organic carbon - total hydrocarbona noraaliaad to lg of organic carbon.

Hydrocarbon» Z extract - total hydrocarbona aa a proportion of total extract.

Alkanes Z hydrocarbona - the proportion of alkanaa (saturates) in the total hydrocarbon*. The proportion of aroaatica

la (100 minus this value) axpreaaed a« a percentage.

The extractabillcy of oil-pron* sapropellc organic matter increase* rapidly in the oil generation sona and diminishes to

•cry low values in poat mature aedlaant*. Overall the «xtractablllty of eapropellc organic matter is greater than that

of gas-prone humic organic matter for siailar levels of maturity. Saaplea vita extractsbilitiea of greater than 20Z

generally contain migrant oil or are contaminated with aud additives.

As maturation proceeds in the oil generation son* the proportion of hydrocarbons in the total extract increase* froa

less than 20Z to a -r»-*-— in the most productive horizons of around 60Z. This trend is reversed a* the oil-condensate

son* is entered. The relativ* proportion* of «lianas to aromatic* can be used as a check for low levels of

contamination. Fractions of th* extract, separated by column chroaatography are retained for further analysis by gas

chroaatography or for stable carbon isotope determination.

Capillary Gas Chroaatograahy of C... Aliranea ' •

A portion of the Soxhlet extract is elated with hexan* through a short silica column to yield the saturate hydrocarbon

fraction. This fraction is evaporated in a stress of dry nitrogen at rooa temperature. A small portion of th* fraction

is then taken up in hexan* and introduced into a 25 metre. wall-coat*d, open tubular glass capillary column-coated with

OV-1, or equivalent, mounted in a Carlo Erba gaa chroaatograph which is temperature programmed froa 70*C to 270*C at

3*C/alnut«.

C 1 5 + chromatograas are Inspected for the distributions of n-alkane«. and the presence and abundance of iaoprenoids

(particularly prlstane and phytane), steranes and trlterpanea and unresolved envelopes of naphtaenie compounds. The

ratio* prl*tan*:phytan« and pristim«:n-C17 are calculated. Carbon Preference Index (CPI) value* quoted are thoae a*

defined by Fhllippl as the ratio 2CjO to <C28+C3Q) unleaa otherwise stated. Chroaatography may reveal information about

the kerogen type of th* source rock, its maturity and condition of deposition and. If migrant oil is present, whether

this has been water-flushed or biodegradad. Contaminant drilling mud additives may be Identified.

Capillary Ca« Chroaatography of Aroaatlc and Branched/Cyclic Alkane*

The aromatic portion of th* Soxhlat extract is «luted froa a short silica/alumina column by a hexanc/toluen* mixture.

Th* dried fraction is taken up in DCM and introduced into a 25 metre, wall-coatad, open tubular glass capillary column

coated with OV-i, or equivalent, mounted In a Carlo Erba gas chroaatograph which is temperature progressed from 70'C to

270*C at 3*C/ minute.

Branched chain alkanes ar* separated froa normal alkane» by urea adduction and treated as for total alkanes
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Ca» Chromatography-Mass Spactrometry

Masa spectromecry ta a technique In which molecules ara bombarded with high «nargy electrons causing ioniaacion and

fragmentation of tha molecules into iona of varying mess(m) and charge(s). Tha way in which a molecule fragments into

iona of various m/c valua ia known aa ita fragmentation pattern, or mass spectrum and la unique. When linked to a gaa

chromatograph the mase spectrometer can be uaed in two different modea:

1. Full Scan Mode: A maaa spectrum ia obtained of each peak eluting from the gaa chromatograph and a structural

identification of the compound producing that peak can be made.

[. 2. Multiple or Singla Ion Monitoring Mode: The maaa spectrometer ia tuned to certain m/c values to detect whether a

compound, eluting from tha gaa chromatograph, fragmenta to giv* an loa at that value. Certain fragmentation* are

indicative of «pecific compound type* and tha moat commonly monitored fragment iona uaed In petroleum geochemistry

are thoae with m/s valuea of 191, 217 and 259 which ara tha principal fragment lona obtained f roa groupa of alkanea

known aa triterpanea, regular «teranee and rearranged eteranea respectively. These arc eompounda containing 27 to

35 carbon atoma arranged la a polycyclic, normally 4 or 5 ring, structure, occurring la the £-C26
 t o —"^35 r e 8 i o n

of a gaa chroaatograa. The basic molecular akaletona of these compounds are very similar to those of tha original

organic matter deposited in the sediment and so these 191, 217 and 259 distribution plots, known as aeas"*

fragmeatograa* or mass chroaatograaa, fora a pattern characteristic of tha source material. This technique of

"fingerprinting" Is also on* of the more exact methods of correlating an oil to ita source, or to another oil.

Carbon Iaotope (l3C/12C) Ratio Analysis

Carbon has two stable Isotopes, the BOX* abundant C isotope and the heavier C isotopa, which In nature forma about

1Z of carbon. Deviations from the C/ C ratio axe extremely small and carbon Isotopa ratios, as measured by mass

apectroaecry, axe expressed as deviations from a standard, the Pee Dae Belemnlte carbonate (FDB standard) la parts per

thousand (parts par all; °/oo). Positiv* deviations Indicate C enrichment and conversely, negative deviations

indicate C impoverishment.

While the carbon Isotope ratios of oils and rock extracts can rang* froa -20 to -32 °/oo depending on the source organic

matter type, the difference between a specific oil aad Its source is small. Measurements are usually made on tha C 1 5 +

alkans and aromatic hydrocarbon fractions separately sad there should be no more than 1 °/oo difference between the oil

and its source for either fraction. If there la say doubt that tha source rock extracts are not indigenous to the

source rock kerogen, the carbon Isotope ratio of the extracted source rock kcrogen can be measured.

Pyrolvaia-Caa Chromatography

The hydrocarbon pyrolysate derived froa thermal, anhydrous cracking of kerogen is analysed by capillary gas

chromatography. A few mg of rock, kerogen or asphalteae is heated to 600*C for 20 seconds in the injector of s gas

chromatograph. The chromatograph oven Is kept at f30*C during pyrolysis aad thea raised to 300*C at a programmed rat*

of 7.5*C/ainute. Chroaatograa* produced this «ay «re often very different froa those of source rock extracts or oils in

that branched and cyclic Isoaers axe generated freely giving numerous, closely spaced peaks, along with unsaturated,

alkene (olafla) hydrocarbons. The "doublet" peaks often observed la these chroaatograms comprise alkene-alkane pairs,

the first eluting, aad usually smaller peak, being the alken*. The chroaatograas range froa C^ to CjQ or above aad

although variable, are broadly characteristic of source rock type. Cas-pron* kerogen cracks to give a mora limited

molecular weight range of products, concentrated towards tha light ends, whereas oil-prone kerogea gives more prominent

alkens-alkane doublets la the C J 2 to C.Q region. The largest peak froa both types Is usually methane.

Elemental Analysis

Total (unsicved) kerogea is prepared as described la Section 1. The dried material is combusted la oxygen la aa

elemental analyser and the oxides of carbon, hydrogea, nitrogen aad sulphur are measured. The unburnt residue Is the

ash content. Oxygen Is usually calculated by difference but can be determined separately If required. Results are

quoted as perceatage weights of C, H, 0, K, S and Ash with the atomic ratio H/C and 0/C calculated aad plotted on the

standard van Krevelen diagram. The relative amounts of C, H and 0 preaent la organic matter are dependent on both

source and maturity. At known maturity levels, some measure of source quality may be determined. Limitations of the

method in source rock assessment involve the difficulty of obtaining pure kerogea (In particular, free froa pyrite) and

the lack of a simple, direct determination of oxygen content.
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A. Oil Analyst»

RRI laboratories offer a wide range of oil .Analyses both for geocheaical purposes and industrial us*. Physical

roperty determinations are based mainly on IF methods and are available for lubricating oils, fuels and greaaes aa well

as crudes. Frequently measured properties of crude oils presented in geochemistry reports include: APT gravity, pour

point, viscosity and contents of water, sulphur, wax, asphaltane, nickel, vanadium and other metals. Chemical analysis

of oils involves the following:

Whole oil ga» chromatography - using split syringe injection and a temperature programme from -20*C or -30*C up to 270*C

at 4*C/minute.

Associated gas

Caaollne analysis

Topping of the oil

- if oil has high gas/oil ratio.

- aa for gasolines la rock samples but a weighed quantity of oil la used.

- this la equivalent to the removal of the fraction boiling below about 210*C and gives

mor* standardised product for comparison of gas ehromatograms of the C.-^ fraction.

Column chromatography and

gas chromatography

- aa for solvent extracts. Analysis la- carried out on topped oil.

5. Gas Analysis

The hydrocarbon gases, C, to C^, may be collected from the airspace of sealed canned samples or may be received from '•

wall-alt* tests la a special sealed gas cylinder (gas mouse). Chromatographic separation of the C, to C^ gases Is

effected as described under airspace gas analysis. In addition, the separated gaa components may be analysed for stable

carbon and hydrogen isotop* composition which may provide valuable clues to the origin of the gas.

6. Solid Bitumen Analysis

In som* oil fields, problems are encountered «her* bitumen developments form continuous or patchy layers within

reservoirs, dividing the pay cones and acting as barriers to natural fluid movement or inhibiting enhanced oil'recovery

technique*. Integrated geochemical and sadlmantologlcal studies aim to produce geological models capable of predicting

the occurrence of bitumen layers and their likely thickness and ability to act as permeability barriers. Of further

concern are the paat or present relationships between the bitumen and reservoir*d oil, their source rocks and the timing

of bitumen formation.

Analysis schemes involve screening of samples by assessing the amount of bitumen in polished core pieces using reflected

light microscopy, followed by solvent extraction of control samples to estimate the proportion of solvent soluble

bitumen. Different phases of bitumen formation are differentiated by reflectance measurement as described for vitrinite

«reflectance measurement. Soluble extracta are fractionated to give alkene, aromatic*, aaphalten* and resen* components.

Separated bitumens may be subjected to elemental analysis.
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Kerogen Typing Scheme for Transmitted White and Incident Blue/U.V. Light

General Properties

Sapropelic
(Oil-prone gas-prone
at high maturity)

Humic
(Gas-prone)

RRI Report
Data Tables

Algal Sapropel

Waxy Sapropel

Vitrinite.

Inertinite

Type *

Type I

Type II

Type IIIA

Type IIIB

Amorphous

Non-Fluorescent

Type I/II
at high
maturity
(SCI >7.5)

Type IIIÅ/B

Fluorescent

Type I
Sapropel
Type II
(degraded
spores)
Soft bitumens

Oil residues (bitumens)
Mineral (undigested)
Grease contamination
Hud additives

•

Structured

Non-fluorescent

Vitrinite (Type IIIA)
brown/black, woody
tissue

Inertinite (Type IIIB)
very dark brown/black,
woody tissue

Solid bitumen - brown/
black (oil residue)
often with crystal
Imprints

Microforaminlfera,
chitinozoa etc.
(Not usually Important)

Spores, cuticle etc.
at high maturity
levels'

Mud Additives - walnut

*

Fluorescent •

Cuticle
Spores
Pollen _ "
Dino cysts
(Type ill) ~

Resinite
. Algae
(Tasmanites,
Botryococcus
etc.)

(Type I)

etc.

* Types I, II, III approximately sensu Tissot et al but Type III subdivided into
IIIA (vitrinite) and IIIB (inertinite)
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FLOW CHART FOR GEOCHEMICAL ANALYSIS
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APPENDIX 3

"Rock Eval" Pyrograms
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COMPANY: NORSKE SHELL

I

3099.2m
Att:10/10
Temp:435
Key.1

3482.8m
Att:20/20
Temp:445
Key:1

APPENDIX 3

"ROCK-EVAL" PYROGRAMS

WELL: 6407/2-1 LOCATION: HALTENBANKEN

3099.8a
Att:10/10
Temp:437
Key:1

3483.4m
Att:5O/2O
Temp:43S
Key:1

u
3478.9m
Att:20/50/20
Temp:438
Key:1

/

KEY TO ABBREVIATIONS

V
3481.4m
Att:50/20
Temp:438
Key:1

3484.3m
Att:50/100/20
Temp:435
Key:1

2. AfurExtnctiaa

B. An.:- Imtramrat Atttmatfoa
C. T«m*:- "Ro*k^*r T M«t



COMPANY: NCSSKE SHELL

APPENDIX 3

"ROCK-EVAL" PYROGRAMS

WELL: 6407/2-1

3485.2m
Att:10/10
Temp:445
Key:1

3490.3m
Att:50/100/20
Temp:438
Key:1

3486.5m
Att:10/10
Temp:441

3490.6m
Att:50/50
Temp:437
Key:1

LOCATION: HALTENBANKEN

3489.2a
Att:50/100/20
Temp:437
KeyM

3491.Bm
Att:10/10
Temp:460
Key:1

KEY TO ABBREVIATIONS

A. Pyreinm «f umv»»:- t.
2L

B. Att:- «wtniiiwnt Atttwi«««"«
C.Ttmp.:."B«ck-E«TTM«.



COMPANY: NOTSKE SHELL

APPENDIX 3

'ROCK-EVAL- PYROGRAMS

WELL: 6407/2-1 LOCATION: HALTENBANKEN

3493.0m
Att-.50/20
Temp:A38
Key:1

3 4 9 3 . 9 B
Att:2O/iO
Temp:444
Key.1

3494.2m
Att:5O/1OO/20
Teop:442
Key:i

3494.7m
Att:10/10
Temp:440
Key:1

3495.8m
At«a 50/20
Temp:438
Key:1

3496.8m
Att:50/100/20
Temp:440
Key.1

KEY TO ABBREVIATIONS

A. Pyroiram of «mp«t:- 1. AtRctaivcd
2. Atar ExtfKtioii
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