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SUMMARY

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

Brief

pyrolysis analyses of core chips

Haltenbanken area well - 6407/2-1,
comments are made on organic richness and predictions of possible kerogen

compositions.
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INTRODUCTION

This report countains the results of a series of pyrolysis 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 amnalysis were teceived by telex reference FOR 210610, dated
21st June 1984, and Norske Shell Service Order No. S Nr. 5176, received
29th June 1984. o

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 Mgller-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.
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RESULTS AND INTERPRETATION

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

samples consisting of o
' 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 (TOC) 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.

ROBERTSON /774



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 gemerating 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 IIL (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 0.8%, 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 aboui 5% contain poorly

gas—prone kerogen, aund have no significant hydrocarboan generating potential.

OBERTSON




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 -
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COMPANY:  NORSKE SHELL WELL: 6407/2~1 LOCATION: HALTENBANKEN

GENERAL DATA CHEMICAL ANALYSIS DATA
At | = % PYROLYSIS - SOLVENT EXTRACTION.

DEPTH | W ANALYSED LITHOLOGY o0 1k [ Bxlme | Bx | Zaq | 285 |48c|55x Moo ertes

eueTazs) | ZF S2=|3f |20 |2B | 3E | EEl | BET |E2E|i:[sEml.E|iE

v o3S|FE |25 87| g7 | 877 [ "8° | =3°|EIS | FeR | =k |3

3086.6 Core |SLIST, 1t gy, mic+ SST, lt gyl .66 (441 | 72| 73] .16| 480 -
lam

3087.3 © |aa 70 {4s0| 89| s6f .16 630
3088.3 * |SH, med gy+ SLTST, med gy 1.8 {434 | 67| 13| 5| 1000
3091.5 * |SLTST, 1t gy, mic+ SST, a/a «66 1429 | 42 = «20 280
3093.4 YA 1.34 | 431] a2 22| .14 570
3094.4 * |na 56 |436 ) 74| 43] .1a] 420
3095.5 * |aa 9 |a30| 90| 32| .10] 860
3097.3 * a/a .57 {438 90| e1] .16]  s20
3098.5 " lala 91 43| 132| 73] .09| 1200
3099.2 “ |aa 1.06 | 435/ 131| 31| .08] 1370
3099.8 “ |ala 1.12 [437 145 39| -.08| 1630
3478.9 v |su, dk gy .93 438|393 9| .03] 19410
3481.4 * | coaL 59.00 [438 |331] 7] .04] 195400
3482.8 “ | SH, med-dk gy 2.29 |a4s | 40| 14} .10 920
3483.4 “ | s, dc gy s.85 |435|231] 7| .os| 13s70
3484.3 * | a2 62.50 | 435{322] 5| .0s| 201810
3486.5 * lwa 1.79 |461 {173 18] .06] 3100
3489.2 v M2 30.10 | 437} 370 9 .05 111570
3485.2 " lala .85 { aas| 6s| 2| .09 seo
3490.3 " |ooa 54.20 | 438] 297| 43| .0s| 161000
3490.6 " SH, gy-blk 12.95 | 437} 301 9 04 39030
3491.8 w | ST, med gy .24 [460 | 13] «ae| .20 30
3493 = | su, gy-bik 10.10 {438 | 209] 11| .04| 21170
3493.9 “ |na 2.03 444 | 66] 13| .10] 1350
3494.2 « |wa 38.10 [442 | 330] 7] .03] 126010
3494.7 » 1 Ma 1.64 |as0] €3] 13] .08] 1040
3495.8 " las 6.90 | 438[296| 7| .03| 20490
3496.8 " |aa 31.00 | 440{ 289{ 11| .04 a9620

TABLE 2 Chemical Analysis Data



TABLE 5

vitrinite Reflectivity Data
6407/2~1 3481.4m
6407/2-1 3490._3}11
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14
12
19

DN &R

FROJECT NO. 25143
HELL: 64087 /2~1 BLOCK48C
OPERATOR: ST DEPTH  3481.4 °
DATE 21/8/84
1 +19 +20
t 9.58 8.65 2.69
2 8.61 e.6? 0.70
3 9.61 9.67 0.70
4 0.61 9.68 0.70
s 0.62 8.68 9.70
6 0.63 0.68 0.71
7 9.63 0.69 8.71
8 .65 ©0.69 8.71
9 9.65 9.69 9.714
18 e.65 8.69 0.72
1 +10 +20 +30
31 9.72 0.00 ¢.00
32 9.72 .00 9.90
33 8.72 6.090 0.00
34 0.74 .00 8.00
35 8.76 0.00 0.00
36 8.76 8.00 8.00
37 e.82 8.89
38 9.99 .09
39 8.00 0.80
40 9.09 0.00

STATISTICS ON
Min: .93

No.of values
Mean
Std.Deviation

File: 63587

FNTIELITEE

1499082980e

SELECTED CLASS
Max* .80

3¢
.68
.04

Record: S.

FROJECT NO. 25143
HELL: ¢497,2~1 BLOCK4SL
OPERATOR: ST DEPTH 3498.3
DATE 218,84
I ) +20

1 9.65 8.638 e.70

2 8.66 9.68 8.7

3 0.66 9.68 9.70

4 0.66 9.68 8.7@

3 9.67 9.68 8.71

6 0.67 6.69 0.74

4 2.68 8.69 0.77

8 9.68 9.69 8.79

9 8.68 0.69 9.81
10 9.68 8.69 0.83
STATISTICS ON SELECTED CLRSS
Min: .60 Max: .80
No.of values 28
Mean .69
Std.Deviation .83
File: €507 Record: €.
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APPENDIX 1
ABBREVIATIONS USED IN ANALYTICAL DATA SHEETS

sla - as above MDST - mudstone
Ac - acritarchs ned - medium
ADD - mud additive MET - metamorphic rocks
Al - algae mic - uica/micaceous
Am - amorphous micr - wmicritic
ang - angular =min - mineral
ANH - anhydrite zny - minor
[ ; aren - arenaceocus nmod - moderate
{ arg - argillaceous utl - mottled
BAS - basalt o~ - normal
bd - bedded/bedding NA - not available
B(IT) - bitumen/bituminous nod - nodule/nodular
E bl - blue NS - no sample
i bld - bleached occ - occasional
blk - black ol - olive
bri - brilliant ool - oolitic
brn - browm orag - orange
cale - calcareous 0s - oil staein
CALT - calcite . P - picked lithology
carb - carbonaceous pal - pale
, CGL - conglomersate Ph - phytane
lpi CHK - chalk pak - pink
i CHT - chert por - porous/porosity
CLYST - claystone PP - purple
T - cement ¢ Pr .- pristane
Comp - composite . pred - predominently
{ crs - coarse Prt - present
| cse -~  casing point/shoe PYR/pyr -  pyrite/pyritic
Ctgs - ditch cuttings QrzZ(T) - quartz(ite)
Cu - cuticle Re - resin
C(vd) - caved R(ew) - revorked
decarb - decarbonated rad - zound (ed)
o3 - dinocysts Sap - sapropel
dk - dark sbng - subangular
DLT - dolerite sbrd - subrounded
r DOL/dol - dolomite/dolomitic SCI - spore colout index
dsk - dusky St - semifusinite
Ex - exinite sft - soft
Exs - exsudatinite SH - shale
extr - extracted shly - shaly
f - fine sil - siliceous
fel - feldspathic sks - slickenside surface
fer - ferruginous SLA - slate
flu - fluorescence SLT(ST) - silt(stone)
fa - formation slty - silty
; foss - fossils/fossiliferous SND - sand
I g - friable sudy - sandy
frac - fracture Sp - spores
frags - fragments SST - sandstone
Fu - fusinite st - stained
) GLC/glc - glauconite/glauconitic stks - streaks
. gn - green suc - sucrosic
grd - graded/grading to surf - surface
gras - grains SWC - side wall core
r 34 - grey ™ .- - total depth
(3¢ 4 - gypsum TOC - totsl organic carbon
HAL - halice tr - trace(s)
hd ~  hard trans - tranaparent
hor - horizontal v - very
{ H(RV) - high reflecting vitrinite vgt - variegated
| & -~  iso- Vit - vierinice
1/b -~ inter-bedded vo - vein
IGN - igneous rocks voLC - volcanic rocks
inc - including VR - vitrinite reflectivity
} Inert - inertinite wht - white
. lam - laninae/laminated - - xln . ctystlllinﬁ%w‘,' .o .
;. LeM ~  lost circulation material yel * 7= yellow™ c
w LIG/Lig -  1lignite/lignitic - '
1ns ~  leng(es) - ~  no analyeis carried out
] L(RV) - low reflecting vitrinite * - enalysed but no data obtained
LST - limestone gy-gn - greyish green
it ~  lighe gy/gn -  grey-green (gradation)
nass - massive gu-gy - greenish grey

Note: (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.
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APPENDIX 2

) ANALYTICAL PROCEDURES AND TECHNIQUES

This appendix susmarises the main steps in the analyses carried out in the Robertson Research Internmational Ltd.

petroleun geochemistry laboracories. Analytical pathvays are showa on the flow chart (Appeadix Figure 1) and details of
laboratory procedures and techniquas are given in the text. These may in certain circumsetances be adapted to suit

particular samples or conditions. Interpretation guidelines are also defined.

l. Sample Preparation

General
Samples are received into the laboratories in the forms of well-site canned ditch cuttings, bagged ditch cuttings in

various stages of preparation from vet, unwashed to dried, vashed; sidewazll cores, conventionel cores, outcrop samples,
crude oil samples and geas ssmples. Each sample is assigned & number which is entered into & 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 wvashing with solvent (dichloromethane, DCM) is carried cut if oil-besed mud is present, sfter vhich
ssmples are dried, described and individual lithologies hand-picked vhere practicable. Samples are rough crushed to
approximately pea-sized fragmente for kerogenm preparation ar finely milled for chemical analysis.

Kerogen Preparation
PR ) N ot - -
Kerogen concentrates for microscopic exsmination and elemental analysis are prapsred using standard palynclogical

procedures but omitting oxidation or acetolysis. Acid maceration involves the use of hot bydrochloric acid (HC1) to
remove carbeonates and hot 60X hydrofluoric acid (HF) to remove or bresk down silicates. WMineral residues are separsted
from the kerogen by a combination of ultrasonic vibration and zinc bromide flotation. Kerogen samples for spore colour
and kerogea typing are mounted on glass slides in glycerin jelly, those for vitrinite reflectivity are dried and mounted
in epoxy resin. Kerogen residuea are stored in methanol.

2. Maturity Bvaluation

The techniques employed for interpreting maturity and thermal history in these laborstories are based mainly on spore
colouration and vitrinite reflectivity measurement, supplesented by data cbtained from airspace gas and gasoline
anslysis, pyrolysis Tmax, end hydrocarbon analysis including ges chromstography and gas chromatography-ssss

spectrometry.

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

palynologicsal microscope. Unusual hues are checked using incident blue/UV light fluorescence. Weasurement is made by
eye against refersnce sets of single grain spore mounts snd trained operators achieve a high degree of accuracy and
reproducibility. The 1 to 10 Spore Colour Index (SCI) scale was designed for linearity with increasing depth and
temperature and correlates epproximately with the following zones of oil generation: 1.0 to 3.5, immature; 3.5 to 5.0,
early mature, generacion of low gravity oils (28 to 35 ®API); 5.0 to 7.0, =iddle mature, generation of medium gravity

oils (35 to 42°API); 7.0 to 8.5, late mature, geaseratiou of light oils (>42°API) and condensates; 8.5 to 10, post
Linearity of scale is of great value in prediction,

nature, generaticn of condensate, wet gas and, ultimately, dry gas.
The value of SCI msasurement lies in the

by extrapolation, of the depth to any part of the oil generation sequence.
objective celection of measured graing, so minimising problems of caving and reworking, and in its more direct
correlation against oi{l generatioa then vitti.nito tcfhctivity ua:ntmﬂt. Emucuu 1n itl use ‘comm tha
difficulty of correlation against other colour ocalu and the 1;:‘.&1:“1:; ‘of ¢ the scale tn thc h:o to pocc nature
Teglon. Anomalous colours may result from bleaching or staining during deposition and diagenesis. The correlation of
SCI ageingc Thermal Alteration Index (TAI) given on the SCI versus depth plot in the rsports vas made by direcc

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

Vitrinite Rcfhc:ivtcz

The majority of Preparations examined under reflected light in these laboratories are made using >20u sieved kerogen,
founted {n resin blocks and polished with carborundum and elumina although total kerogen may be used when sample size is

2.1
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Picked coals, organic-rich shales or limestones countaining solid bitumen are mountad directly in resin blocks

liniced.
Measurement is made on a Leitz Orthoplan microscope fitted with an MPV Compact

and polished fn the usual way.
photomater which feeds values direct to a desk top computer for data processing from each sample. The system is

calibraced nzd.nlc glass standards and reflectance values are expressed as arithmetic mesns of measurements taken in oil
and R may be measured and quoted in certain circumstances but the difference is

Some operator selaction of particles during measuremeant is essential and obvious
The value quoted on data tables is that
Plotted figures assume a

imsersion (R or R oil)' LI
insignificant belov about R 1.0Z.
contaminants or non-vitrinitic matarial are noted but oot necessarily quoted.
which is interpreted as most appropriate, but other possibilities may also be given.

logarithzic increase of reflectance with depth. Ro 0.52 1a & widely accepted threshold value for the onset of oil

generation, although as the kinetics of oil generstion may not be ideatical to those of vitriunite rafleccivity
development this must be seen only &s a general guide. The floor for oil generation is characterised by a reflectance
valus of about 1.32. Wet gas generation peaks at a value of sbout 1X end ceases st the 2% level. Dry gas generation
peaks at a reflsctance of about 1.32 and cesses st the 3X to 42 level. Correlation of reflectance values wich other
maturity parameters may not be universal because of time-temperature factors and ie ‘but nade oo & local Puu.

Reflectivity wmeasurement is & widely used and versatile tool which may be readily calibrsted agsinst sssily obtained
standards. It is applicable over a wide range of maturity stages from immature to post mature (0.2% to 5% lo). High
surfece intercepts on plotted figures and discordances at faults and unconformities can give realistic estimates of the

It 1s of limited value in Early Palaeozoic sections where iand plant material is sbsent,

amount of section .liuing
Even a skilled mza:ot nay have

although a general guide to maturity may be obtained from chitinous organic matter.
difficuley in discinguishing indigenocus vitrinite from some forms of ln.tcinin. anomelouely uthctm

"pseudovitrinite”, cavings and reworked fragments.

+

<

Airspsce Gas Analysis
Vet cuttings are collscted at the well site and sealed in partly full cans containing bactericide. In the laboratory,

the zirspace (headspace) gas is extracted using & can piercer fitted with a septum and analysed by gas chromatography.
The proportions of methane, ethane, propans, iso- and n-butane are calculated from integrated pesk areas by comparison
with 2 lcandard mixture of these gases. Methane is the dominant gas in immature lnd post mature sediments, comprising
90-100% of :ou]. gas, falling to 30-702 fn mature sedimencs. The onset of maturity fot oil gensration (SCI 3.5) is
characteristically marked by sn incresse in vet gas ((:2 ‘) to bctvun‘ 10 and 20X with further increases 7in maturity
indicaced by a decrease in the ratio of iszo- to n-butans. Ratios of >1.0 are typical for immature sediments. and <0.5
ere usual in mature sediments. Departures from composition versus depth trends may be useful in Mu:tng' aigrant gas
at faults, uoconformities or reservoir rocks but limit the wethod sz a relisble maturity indicator. Airspace gas
analysis is an inexpensive and rapidly executed method of screening ssmples for further maturity and hydrocarbon content

deterainations.

Gasoline Analysis end Cuttings Gas Acalysis

Cuttings samples received wet, prefersbly in sesled containers, are suitable for gasoline and cuttings gas smalysis. A

portion of the washed cuttings sample is retained wet, pulverised in a sealed shaker and warmed to expel the Cl to c7

hydrocarbon components into the shaker airspace. 4 semple of this airspace gas is then removed and analysed by gas

chromatogzraphy either for cuttings gas (cl to c‘) or gasclines (c‘ to c7). Up to 28 hydrocarbomn components are :
identified in the C, to C, range and their relative proportions calculated fromw integrated peak ‘areas with referesnce to
standard mixtures. Immature source rocks yield low total abundences and limited numbers of components whereas mature
source rocks usually contain & full complement of identified hydrocarbons with the onset of maturity indicated dy a
rapid rise ian total gesoline abundances with depth. Anomalous amounts of gasolines may nsrk the presence of oil stain.
Gasolines may be used in cil to oil or oil to source rock correlations but the coac-n:ruion ot soma of chc -cuund

components is not only a function of source but also depends on maturity, -:uracm and duutm in tho rcumi.z.

U inn An reduced . to pair_ uuoa and
eing the ”l‘t ‘:ﬂnb}c:o:poundl. pairs with cilﬂa.t chaiu.} ﬁiucmtg#%*%po ced €0 pals 2

cnplud with the same pair ratios in otlur oils or poseible source rocks. F‘ uulyouﬁum nhuhlc ool in that

it measures directly the hydrocarbons being geaerated from a sediment but its sansitivity in detecting traces of oil

Places constraints on its use as a maturity indicator.

OBERTSON
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Rock-Eval Pyrolysis, Gas Chromatography (GC) and Gas Chromatography-Mass Spectrometry (GC-MS) in Maturity Analysis
These three analytical processes messure parameters vhich are functione of both maturity and kerogen type. Data from
them may give a g;unl guide to maturity but if the kerogen types are known, more specific conclusions may be drawm.
From Rock-Eval data, the temperature of maximum rate of pyrolysis, Tmax, is the most useful datum; gas chromatograms of
alkanes, separated from source rock extracts or oils, yield carbon preference indices (CPI) and isoprenoid ratios; GC-MS
quantitative fragmentograms provide abundance ratios for specific compounds vhich are particularly useful in assessing
the lavel of maturity at which source rock hydrocarbons or oils have been generated. All these supplementary data may

be used to confira results from visual analysis or supplant them if poor or unavailable.

3. Source Rock Evaluation

Tatal Organic Carbon Content (TOC)

Organic carbon valuas are obtained by treating 0.1g of crushed rock ssmple with hot, concentrated HCl to remove
carbonates. The washed residue is filtered on to a glase fibre pad and ignited in & Leco carbon analyser. For
screening purposes, sauples are anslysed singly but vhere further snslyses, such as pyrolysis or solvent extraction ;n
anticipated, & duplicate sample is run. Blanks and standards are run ss routine and v!uu values from duplicated
samples do not concur within strict sccurscy limits, they are rerun.. Where samples’are heavily stained with oil, either
from vatural deposits or drilling mud, TOC is repested om the dried, solveat extracted ssmple.  -°

TOC measurement is fundamental in assessing source rock quality since vhen cu-b!.n.d vith karogen eypc and uznti:y.
full description of the potential to genarate oil may be given. It is found in pnetiu‘ chu udhnunconu.tning lees
than 0.3Z TOC are unlikely to have any sourcs poteatial, thogce concaining bcu«n 0.32 and «1: uy»hm aty inal sources
but the better qnaucy sources contain in excess of 1% TOC. Screening by T0C h.tlu:cton @ h&:&f‘#ﬁ up;d -
method of selaction of samples for further analysis in source potential eveluacion, & NS

Rock-Eval Pyrolysis
Pyrolysis data are obtained using the IFP-Fina Rock-Eval spparatus. 100 mg of crushed, whols rock either from bulk

sample or picked lithology is weighed accurately into & crucible and introduced .into & tumca nt .250°¢c. !‘:u
hydrocarbous (roughly equivalent to solvent extractable hydrocarbous) ere whci].f;:l and” qmtif cd by th-n {onisstion
detector (FID) to give Pesk 1 (S;+ ppm). The furnace tewperature is increased :o 550'0 at u‘c/-mu end within thix
range, kerogens crack to give hydrocarbons, measured by FID to give Paak 2° (32, pp-) and carbom dicr.uh measured by
thermal conductivity detector (ICD) to give Peak 3 (33. ppm). The temperaturs at “the maximum rate of evolution of
cracked volatiles (Tmax) fs measured sutomatically but can alsc be monitored visuslly. The instrument is calibrated
daily using etandards both at the beginning of the work period and at reguler intervals thareafter and crucible blasks

&re run as routine. The tabulated data in reports coeprise the following parzmaters:

Tmax °C -~ temperature of meximum rate of Pesk 2 hydrocarbon evolutien.

Hydrogen Index (HI) §,/T0C (ug/g) or ratio of released hydrocarbon to organic carbon content. This is & measure of

the hydrocarbon generating potential remaining in the kerogen 2s opposed to that of the whole
rock.

Oxygen Index (OI)

Ssl‘toc (wg/g) or ratio of released carbon dioxide to organic csrbon content.

Production Index (PI)- 511814-82. or ratio of the amount of hydrocarbons released in :l_n £1ixst stage of heating to the
. total amount of hydrocarbons released and cracked during pyrolysis.
Potcnfill Yield (PY) - 5, {ppw)} or total of hydrocarbons !ﬁ{g“!j&g}"‘ ﬁcx;nckl:u a£ h’roccn_eglpugs‘_to_. original
weight of rock. -
s
Tmax, hydrogen index and oxygen index are each functions of both maturity eud kerogen type. Using published and
empirical data, it has been poesible tc assemble a model to show the relationships of these factors to maturity as
messured by spore colouration and vitrinite reflectivity for a salection of pure kerogen types. The kerogen types used
are algal sapropel (type I), waxy sapropel (type II), vitrinite (type IIIA) and inertinite (type IIIB) and a computer
Program has been devised by which the amocunts of these components may be calculated from the HI, OI, Tmax and maturity
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dacs for any sampla. These are the values expressed in the "kerogen composition by calculation" columms tebulated {n

the Teports.

The hydrogen index is a messurs of the hydrocarbon generating potential of the kerogen and is analogous to the aromic

g/C tratio. Iomature, organically rich source rocks and oil shalas give values above 500, maturs oil source rocks give

values between 200 and 550. For s given karogen type, these valuas progressively diminish with {ncreasing maturity.

The temperature of maximum rate of pyrolysis depends partly oa the kerogen type but the transition from immature to
mature organic matter is markad by temperatures between 415° and 435°C. The maturity transition from oil and wet gas
generation to 4ry gas generation is marked by temperstures between 455° and 460°C. In practice, greater variation than
these ideel temperature ranges may be seen, but they are nevertheless useful as general guides to the level of maturity

attained by the sediment.

The production index incresses with maturity from velues nesr zero for immsture organic matter to maximum values of 0.15
during the late atages of oil generation. Anowslously high values indicate the presence of oil or contaminants. The
potential yield is en indication of the predicted yield of hydrocarbons from the source rock st optimum maturity and is
a messure of the quality of the source rock. For immsture sediments, values of O :o:.zog;q m;n of hydrocarbon
characterise & Paot source rock, 2000 to 6000 ppm fair, 6000 to 20 000 ppm good ud ‘bcn Zf) 000 ppe very geod.

T

Pyrolysis techniques have in recent years provided a major advance in the assessment of cou:ec rock gnd.i:y and
generating pount:ul. Hydrocarbon yislds from immature source beds examined on—-:mm. uy bc trmhud i{nto actual
oil productivity ‘from the same beds in mature basinal, off-structure situstions. - Models rchd.ngutn:ity nnd h:onn
type may be used to define originsl scurce rock quality grades which are of great vllu “",",?“,%,":ff‘:’f tc‘.d.u.
Anorphous kerogen types, indistinmhhabh in microscopic preparations over a wide nuc of ' e pzopcr:in. =ay be
readily differentiated by pyrolysis. The problem of suslysing bulk samples containing dzbd h:ogm ties been largely
overcome by the kerogen type/maturity model and anomalous resuits erising frow the puunu of uvin; contemination and
drilling mud additives cen usually be sxplained by inspection. High oxygen indices somatimes occur as a result of the
presence of metastable carbonstes and in such cases the sample is acid decarbousated and Te-run. .

v - «

- . -
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Visusl Examination of Xerogen Concentratas 1
All palynclogical preparstions oan which SCI determinstions sre mede are also mnin-d for kcrogm typc Vuud

estimations of the relative abundance of the broad groups vitrinite, inertinite and aspropel are udc on chc total
kerogen slide mount but reference is also made to the >20u siaved fraction to ul:l.l: in iduuﬁutm. The scheme of
{dentification is shown in Appeudix Table 1. Full use is made of- incident blue or UV light in distinguishing immsture

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

Extract Analysis
The soluble organic materisls present in rocks can be extracted with organic solvents, fractionsted end snalysed. The

type and smount of materisl extracted depends largely upon the nature of the contained kerogen and its maturity,
although the prasence of migrant oil or drilling contsmination may be the determining factors.

A maximum of 40g of crushed sample is extrscted for a minimum of 12 hours in a Soxhlet apparatus using laboratory
redistilled DCM. The solvent and the more volatile components (approximstely up to _g_-cu) are lost by evaporation in an
air flow and the resulting total extract is veighed, dissolved in hexane and separsted into alksne (saturate)
hydrocaxbon, sromatic hydrocarbon, resene and asphaltene (polar) fractioms by silica ld‘lotptﬂiﬂ chromstography in the

Iatroscan process.

Lazrger fnct:lons. suitable for futthct analysis, are obt‘inul by colm chrmeoguphy.év ‘nn cx:nc: is run, throuzh s
short glass colu-n plckcd with -uiu aod alumins and eluted \rl.:h hmnc (to give the u:uu:c ftlction).

(3:1 hexane: toluene mixture (to give the aromatic fraction) and methanol (to give the polar, or resene and asphaltene,
fraction). A small proportfon of non-eluted polar compounds usually remsine on the columa.

OBERTSON



The data tabulated in reports coumprise the following parameters:

Totsl extract soluble organic matter, hesvier than about _n_-Cls_._. expressed as-ppm of weight of rock.

sum of alkane and aromatic hydrocarbons, expressed as ppm of veight of rock.

Hydrocarbons

T~

total extract ppm; the extractability.

Extract I of organic
TOC x 100

carbon (EPOC)

Hydrocarbons mg/g of

organic cazbon total hydrocarbons normalised to lg of organic carbon.

Hydrocarbons X extract - total hydrocarbons as a proportion of total extract.

Alkanes I hydrocarbons - the proportion of alkanes (saturates) in the total hydrocarbons. The proportion of aromatics
is (100 minus this value) expressed zs & psrceatsge.

The extractsbilicy of oil-prone sapropelic organic matter increases rapidly in the oil ;muz-inn zone and diminishes to
very low velues in post mature sedimeunts. Overall the extractability of sapropelic orgsnic matter is greater than that
of gas-prooe bumic organic matter for similar levels of maturity. Samples with extractabilities of greater than 202
generally contain nigunt 0il or are contaminated with mud sdditives. :

As maturation proceeds in the 0il generation zone the proportion of hydrourbm in the total extract incresses from
less than 20Z to a maxisum i{n the most productive horizous of around 60Z. This trend is reversed &s the oﬂ-eonduutc
zone is entersd. The relative proportions of alkanss to aromatics can be used as a check for low levels of ’
contamination. Practions of the extract, separated by column chromatography are retained for further analysis by gas
chromatography or for stable csrbon isotope determination.

7

Capillary Gas Chromatography of 0154_ Alkanes -
A portion of the Soxhlet extrsct is eluted with hexane through & short silics column to yleld the saturate hydrocarbon

fraction. This fraction is evaporated in e stresm of dry nitrogen at room temperature. A small po:tim of the fraction
is then taken up in hexane and introduced into a 25 metre, wall-coated, cpen tubular glass capillary column:coated with
OV~1, or equivalent, mounted in a Carlo Erba gss chromatograph which is temperature programmed from 70°C to 270°C at

3°C/minute.

C15+ chromstograns are inspected for the distributions of n-alkapes, and the presence and sbuyndance of isoprenoids
(particularly pristane and phytane), steranes and triterpanes and unresolved eavelopes of naphthenic compounds. The
ratios pristane:phytane and pristane:p-C 17 e calculated. Carbon Preference Index (CPI) values quotod are those as
defined by Philippi as the ratio Zcz to ((:z 30) unless otherwise stated. Chromatograpby may reveal information about
the kerogen type of the source rock, its maturity and condition of deposition and, if migrant oil is present, whether
this has been water-flushed or biodegraded. Contaminant drilling mud edditives may be identified.

Capillary Gas Chromatography of Aromstic and Branched/Cyclic Alkanes
The aromatic portiom of the Soxhlet extract is eluted from a short silica/slumina column by a hexane/toluens mixture.

The dried fraction 1is taken up in DCM and introduced into & 25 metre, vall-coated, open tubular giass capillary column
coated with OV-1, or equivalent, mounted in a Carlo Erba gas chromatograph which is tempersture programmed from 70°C to
270°C at 3°C/ minute.

B g, e Wl e SITE L
Branched chain alksnes sre separated from pormal alkanes by urea add\u:tion “and t:u:cd as for total al o
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Cas_Chromatography-Msss Spectromecry
Mass spectrometry {s a technique {n which nolecules are bombarded with high enargy electrons csusing lonisstion and

fragmentation of the molecules into fons of varying mess(a) and charge(z). The way in vhich s wolecule fragmeats fato
{oas of various w/z value is koown as its fragmentation pattern, or mass spectrum and is unique. When linked to a gas

chromatograph the mass spectrometer can be used in two differeat modes:

Full Scan Mode: A mass spectrum Ls obteined of each peek eluting from the gas chrowstograph and a structural

1.
identification of the compound producing that pesk can be made.

Multiple or Single Ion Monitoring Hode: The mass spectromecer is tuned to certain w/z values to detect vhether a
compound, eluting from the gas chromstograph, fragments to give &u fon at thac value. Certain fragmentstions are
indicstive of specific compound types and the most commonly monitored fragment ions used in petroleum geochemistry
are those vith m/z values of 191, 217 and 259 which are the principsl fragment ions obtained from groups of alkanes
known as triterpanes, regular stersnes and rearranged steranes respectively. These are compounds coantaining 27 to
35 carbon atoms arranged in a polycyclic, norwally & or 5 ring, structure, occurring in the _g-czs to 5-c” region
of a gas chromatogram. The basic molecular skeletons of these compounds are very similar to those of the original
orgenic matter deposited in the sediment end so these 191, 217 and 259 distribution plots, known as mass™
fragmentograms or msss chromatograms, form a pattern cheracteristic of the source materiel. This technique of
“fingerprinting” is slso one of the wore exsct methods of correlating an oil to its source, or to snother oil.

2.

Carbon_Isotope (ucluc) Ratio Analysis
Carbon has two stable isotopes, the more abundant 12(: {eotope and the heavier 13c isotope, vhich in nature forms about

iZ of carbon. Deviations from the 130/12(: ratio are extremely small and carbon isotope ratiocs, as measured by m-
spectrometry, are expressed as deviatione from a standsrd, the Pee Dee Belemnite carbonate (PDB standard) in parts per
thousand (parts per mil; °Ioc). Positive daviaticns indicate "36 enrichment and conversely, negative deviatious

tndicate 3¢ tmpoveristment.

While the carbon isotope ratios of oils and rock extracts can range from -20 to -32 °/oc depending on the source organic
macter type, the difference between a specific oil and its source is small. Measurements are usually made on the Cise
alkane snd aromstic hydrocarbon fracticns separately and thers should be no more than 1 °/oo difference betveen the oil
and its source for either fraction. 1If there is sny doubt that the source rock extracts are not indigencus to the
source rock kerogen, the carbon isotope ratic of the extracted source rock kerogen can be messured.

Pyrolysis-Cas Chromatography

The hydrocarbon pyrolysate derived from thermal, anhydrous cracking of kerogen is analysed by capillary gas
chromstography. A few mg of rock, kerogen or asphaltene is heated to 600°C for 20 seconds in the injector of a gas
chromatograph. The chromatogreph oven 1s kept at «30°C during pyrolysis and then raised to 300°C at a programmed rate
of 7.5°C/minute. Chromatograme produced this way are often very different from those of source rock extracts or oils ia
that branched and cyclic isomers are generated freely giving numerous, closely spaced pesks, along with unsaturated,
alkene (olefin) hydracarbons. The ™doublet™ peaks often observed in these chromstograms comprise alkene-slkane pairs,
the first eluting, and usually smaller peak, being the alkena. The chromatograms range from cl to 030 or above and
although varisble, are broadly charscteristic of source rock type. GCas-prone kerogen cracks to give a wmore limited
molecular weight range of products, concentrated towards the light ends, vhersas oil-prone kerogen gives more prominent

alkene-alkane doublets in the clz to c3° region. The largest pesk from both types is usuzlly methane.

Elemental Analysis
Total (unsieved) kerogen is prepared as described in Section 1. The dried material is combusted in oxygen in an

¢lementel anslyser and the oxides of carbon, hydrogen, nitrogen and sulphur sre measured. The unburnt residue is the
ash coutent. Oxygen is ususlly calculated by difference but can be_ determined separately if required. Results gre
quoted as percentage weights of C, H, 0, N, S and Ash vith the atowic ratio B/C and 0/C calculated and plotted on the
standard ven Krevelen diagram. The relative amounts of C, B and O present in organic matter are dependent on both
source and maturity. At known maturity levals, some measure of source quality may be determined. Limitetions of the
method in source rock assessment involve the di1fficulty of obtaining pure kerogen (in particulsr, free from pyrite) and
the lack of a simple, direct determination of oxygen coatent.

lr————-:r-—-—'-—————.ms.ezgga.
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4. 01l Analysis

RRI laboratories offer a vide range of 0il analyses both for geochemical purposes and industriel use. Physical
propercy determinations are based mainly on IP methods and are available for lubricating oils, fuels and greases as well
as crudes. Frequently messured properties of crude oils presented in geochemistry reports include: API gravity, pour

potiat, viscosity and contents of water, sulphur, wax, asphaltene, nickel, vanadium and other matals. Chemical analysis
of oils involves the following:

whole oil gas chromatography ~ using split syringe injection and a temperature programme from ~20°C or -30°C up to 270°C

&t 4°C/minuce.

Associated gas ~ 41f oil hase high ges/oil ratio.

as for gssolines in rock samples but & weighed quantity of oil is used.

Casoline anslysis

Topping of the oil = this is equivalent to the removal of the fraction boiling below about 210°C and gives a
more standardised product for comparison of gas chromatograms of the C15+ fraction.

Columm chromatography and - as for solveant extracts. Analysis is carried out on topped oil.

gas chromatography

5. Gas Analysis

The hydrocsrbon gases, cl ta Cl.. may be collected from the airspace of sesled cauned samples or may be uuivad tm B
well-gite tests in a special sealed gas cylinder (gas mouse). Chromatographic separation of the cl to c‘ nm 1:
effected as described under airspace gas analysis. In addition, the separsted gas components may be snalysed for stable
cerbon and hydrogen isotope compogition which may provide valuable clues to the origin of the gas.

6. Solid Bitumen Analysis .

Io soma o1l fields, problems are encountered vhere bitumen developments form continuous or patchy hyoti within
vesarvoirs, dividing the pay zones and acting es barriers to natural fluid movement or inhibiting echanced oil recovery

Iategrated geochemical end sedimentological studies sim to produce geologicsl models czpable of predicting

techniques.
Of further

the occurrence of bitumen layers and their likely thickness and ability to act as pcmnhili;y barriers.
concern are the past or present relaticnships between the bitumen snd reservoired oil, their source rocks and the timing

of bitumen formstion.

Analysis schemes involve scresning of samples by sssessing the smount of bitumen in polished core pieces uaing reflected
light wicroscopy, followed by solvent extraction of coutrol samples to estimate the proportion of solvent soluble
bitumen. Different phases of bitumen formation sre differentiated by reflectance measurement as described for vitrinite
reflectance measurement. Soluble extracts are fractionated to give alkane, aromatics, ssphaltene and reseme components.

Separated bitumens may be subjected to elemental analysis.

2.7
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Rerogen Typing Scheme for Transmitted White and Incident Blue/U.V. Light

General Properties RRI Report Type *
I § Data Tables
Algal Sapropel Type I

Sapropelic

(Oil-prone gas-prone Waxy Sapropel Type 11

at high maturity) .

Vitrinite. Type 1I1IIA
Humic
(Gas-prone) Inertinite Type IIIB
Amorphous Structured : BN
Non~Fluorescent Fluorescent Non-fluorescent Fluorescent -
Type I/II Type I Vitrinite (Type IIIA) Cuticle
at high Sapropel brown/black, woody Spores
maturity Type II tissue _Pollen
(SCI >7.5) (degraded Digggys;si
spores) (TypeiIl)~
Soft bitumens
Type IIIA/B
0il residues (bitumens) Inertinite (Type IIIB) | Resinite
Mineral (undigested) very dark brown/black, |, Algae
Grease contamination woody tissue (Tasmanites,
¥ud additives Botryococcus
etc.)

Solid bitumen - brown/
black (oil residue)
often with crystal
imprints (Type I)

Microforaminifera,
chitinozoa etc.
(Not usually important)

Spores, cuticle etc. .
at high maturity ’
levels

Mud Additives -~ walnut etc.

* Types I, II, III approximately sensu Tissot et al but Type III subdivided into
IITA (vitrinite) and IIIB (inertinite)

{ APPENDIX TABLE 1
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FLOW CHART FOR GEOCHEMICAL ANALYSIS
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APPENDIX 3
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COMPANY:

NORSKE SHELL

APPENDIX 3

~ROCK-EVAL” PYROGRAMS

WELL: 6407/2-1

LOCATION: HALTENBANKEN
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Temp:433 ! Att:50/100/20
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KEY TO ABBREVIATIONS
- B, At instrument Attenwstion

A. Pyvogram of sample:- 1. As Received

2. After Extrection

% Atier NMancrhnastion

C. Tempa.:- “Rock-Ewel”™ T Max.
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APPENDIX 3
“ROCK-EVAL” PYROGRAMS

*

COMPANY: NORSKE SHELL WELL: 6407/2-1 LOCATION: HALTENBANKEN
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KEY TO ABBREVIATIONS

A. Pyrogram of samplez- 1. As Recsived 8. Att.:- lnstrument Attenustion
2. After Extrection C. Temp.:- “Rock-Evel” T Max.
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APPENDIX 3
"ROCK-EVAL" PYROGRAMS

coMPANY :  NORSKE SHELL WELL: 6407/2-1 LOCATION: HALTENBANKEN
*
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KEY TO ABBREVIATIONS .
8, Ate.:. Instrument Attenustion

A. Pyragram of sample:- 1. As Recsived
2. Afwr Extraction C. Temp.:- “Rack-Eval” T Mex,
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