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SUMMARY

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

pyrolysis analyses of core chips
6507/12~1. Brief

Haltenbanken area well -
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 pyrolysis analyses carried out
on 43 small fragments of closely spaced core samples from the

6507/12-1 well

The samples for analysis were despatched by Norske Shell on 21st June 1984, and
received at Robertson Research International Limited om 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

7454-3S 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. Barnmard and

S. Thompsoun of Robertson Research Intermational 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 amnalyses have been

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

e
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II

RESULTS AND INTERPRETATION

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

samples consisting of mainly dark grey shales in

6507/12-1,
and highly carbonaceous shales in 6507/12-1.

During the preparationm 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 countent (TOC) aad

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 three carbargilites from 6507/12-1.

)

2. Presentation of results
The results obtained from the source rock analyses are presented in Tables 1

to 4. Coples of the pyrograms for the samples are shown in Appeudix 3, and the

vitrinite reflectivity data are presented in Table 5.

An interpretation of kerogen composition has oot beea made for the samples in

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

N
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3. Comments on_kerogen composition and source potential

3.4 6507/12-1

The early mature grey-black shales of the interval 2523.5m to 2712.8m have

variously good oil generating potential and good oil and gas generating
potential. The shale intervals with hydrogen indices of over about 200 probably
contain significant amounts of oil-prome (pfobably waxy) kerogen, particularly
with respect to their organic richness. Many of these samples are
carbaigilites, having total organic carbon coantents of up to 57.02Z.
Ultra-violet light examination revealed laminations of yellow fluorescing spores
in the carbonaceous layers. The less hydrogen-rich kerogens indicated by the
shales with hydrogen indices of around 100 to 150 are also relatively lean in
oxygen, suggesting that they contain mixtures of oil-prone and gas-prone

kerogen, and are not usually, eutirely gas~prone.

The shales at 2521.2m and 2714.4m contain mainly humic (gas-prome) kerogen and

have poor gas potential.
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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

6507/12-1 15 Cores 15 - - 15 -




COMPANY:  NORSKE SHELL WELL: 6507/12-1 LOCATION:  HALTENBANKEN
GENERAL DATA CHEMICAL ANALYSIS DATA
e = ) — PYROLYSS ] sowsn:fxr:::‘?cg:m“'
DEFTH | T ANALYSED LITHOLOGY R R R E R HEamEs
(METRES) | X+~ AR AR B RO EHEHEEE
vels | RS S5 | 755 | "% |38
2521.2 Core | SH, med-dk gy 2.76 {439 se| &7| .10] 1560
2523.5 “ | sH, gy-blk 29.63 |430] 250] 34| .04| 74340
2524 “ lwna 0.49 | 430 ] 138| 12| .02 se210
2524.8 « | su, gy-blk, card 13.48 434 | 112] 17] .04] 15140
2525.5 " | Na s7.02 | 431 | 231] 34| .02 131960
2529 ~ | SH, med-dk gy 3.85 |432| 176] so| .os5| 6800
2707.4 " | su, gy-blk, carb 39.86 | 426 | 213] 22| .0s| 8sooco
2708.5 = | s, gy-blk 13.55 | 434 | 262] 32| .04| 32920
2708.8 * | Na 36.05 {431 | 199] 15| .02] 67930
2709.5 | * |sH, gy-blk, carb 37.15 [ 436 102] 18] .0s| 38110
2710.4 “ | aa 37.93 [430| 102| 86| .07| 38980
2710.7 VA 52.30 | 433 | 164| 32| .0s| 75740
72 « | su, gy-blk 11.01 [ 437 12| 25| .06| 12340
2712.8 A 18.16 | 433 | 428] 4s| .02| 77790
27144 v | s, ax gy s.23 {436 | 89| 36| .06] 4690

TABLE 4 Chemical Analysis Data




TABLE 5

Vitrinite Reflectivity Data

6507/12-1 2525.5m
6507/12-1 2707.4m
6507/12-1 2710.7m
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ﬁEEfEE;G?Uiz 125!43 ' PROJECT NO 25143 PROJECT NO 25143
S t R 7/ - Q49 . . J . K
BLucka4ss ' MELL 16507/12~1 BLOCK950@8 WELL ' 6587/12~1 BLOCKOS18
OPERATOR: ST DEPTH .
DRTE 21-,8/84 . 2523.5 OPERATOR: ST DEPTH 2707 . 4 OPERATOR: ST DEPTH 271e.7
{ +19 +20 OATE 21/8-84 DATE 21/8/34
________________________________ 1 +19 +20 1 +19 +28
1 2.29 0. ee mmmmmmmmmemmemmmmemcem—emeee e
2 8.31 e.gg 8_:3 1 9.30 9.36 2.40 1 0.38 f.43 0.46
3 8.31 Q.33 9.41 2 8.3t 8.3?7 e.4e 2 8.40 .42 ©.47
4 0.31 0.38 8.4t 3 0.32 8.38 9.40 3 0.40 0.44 8.47
5 9.32 8.32 0.41 4 8.32 0.38 8. 40 4 0.40 8.44 8.47
6 8.32 8.39 0.42 3 9.32 0.39 0.40 s 0.41 8.44 @.48
? 9.33 0.33 Q.42 ] 8.33 0.39 0.41 6 8.42 0.44 e 49
8 8.35 0.39 0.42 7 9.33 0.39 8. .41 7 9.42 9.45 0.42
9 9.36 9.49 0.43° 8 0.33 0.39 0.41 . 8 8.42 8.45 0.49
10 e.36 0.40 9.43 9 9.35 9.49 8.42 9 9.43 8.4% 0.49
10 8.36 0.40 8.42 10 8.43 8.45 ©.49
e e e 1 +10 +20 +30 1 +10 +20 +30
3 0.43 0.4 80" -—— - ——— — e —————————
32 0.43 e,.S g_ggu 31 8.42 0.47 8.080 31 8.58 8.00 0.00
33 0 43 8. 48 0. 90 32 0.43 8.00 0.00 32 2.50 .80 2.e@
34 9.43 9.50 0.00 33 0.43 0.09 8.00 33 8.50 0.00 0.00
s 0.43 8.51 0.00 . 34 Q.44 9.00 9.080 34 8.59 0.00 9.00
36 0.44 0.51 0.08 35 0.44 0.00 0.00 33 8.51 0.00 0.00
37 @45 0.67 36 8.44 0.00 0.00 36 e.51 8.00 0.00
38 8.46 8.80 37 0.45 0.00 37 e.51 .00
Bosa o T S B
@ 643 6.00 49 @.47 0.00 48 .57 ©.00
STATISTICS ON SELECTED CLASS
in: . STATISTICS ON SELECTED CLASS STATISTICS ON SELECTED CLASS
Min .39 Max: 55 Min: .38 Maxt .55 Min: .30 Max: .33
:2;2‘ values 43 41t Ho.ot values 41 19 :o.o( values 39 .6
S iati ‘oS Mean . : ean . .
Std.Deviation 83 Std.Deviation .85 : Std.Deviation [04
File: 6307  Recora: 2., File: 6507  Record: 3. File: 6507  Record: 4.
NO % . no % HO %
16 134 i 14 lad : 16 140 :
14 fos. v ‘ : 14 135 :
12 Y25 2 12 12 {30
10 f21. T 10 : 10 {25 H
8 {17. L 8 8 {20
6 f12. 31 6 1 6 {15
4 {8.5 % 4 4 {10
2 4.2 e 2 2 13
0 lo——— B e Srra— 0 ‘0 S e e ey 0 e ety
VITRINITE REFLECTANCE % VITRINITE REFLECTANCE % VITRINITE REFLECTANCE
N ¢ VvV ® N ¢ 9o ©® N ® Y O “ " 0 w
e Ot Y® e e - “aree Ve - ® e e e .

st e - - - e M W =
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APPENDIX 1
ABBREVIATIONS USED IN ANALYTICAL DATA SHEETS
-
A - as above MDST - mudstone
Ac - acritarchs med - medium
ADD - mud additive MET - metamorphic rocks
Al - algae uic - nica/micaceous
=~ am - amorphous micr -  micritic
ang - angular min - mineral
| ANH - snhydrite anr - uinor
| aren - arenaceous mod - moderate
L arg - argillaceocus utl - mottled
BAS - basalt - - normal
bd - bedded/bedding NA - not available
B(IT) - bitumen/bituminous nod - nodule/nodular
bl - blue NS - no sasple
bvld - bleached . oce - occasional
blk - black ol - olive
— bri - brilliant ool - oolitic
bra - brown orang - orange
cale - calcareous oS - oil stain
CALT - calcite . P - picked lithology
carb - carbonaceous pal - pale
- CGL - conglomerate Ph - phytane
' CHK - chalk pak - pink
| CHT - chert por -~ . porous/porosity
CLYST - claystone . - PP - . purple .. ..
oaT - cement ¢ “Pr - pristane ©
Comp - composite . pred - predominantly
crs - coarse Prt - present.’
csG - casing point/shoe PYR/pyT - pyrite/pyritic
! Ctgs - ditch cuttings qQrz(T) - quartz(ite) -
Cu - cuticle Re - resin
h] C(vd) - caved R(ew) - revorked
! decarb - decarbonated rnd - round (ed)
' p1 - dinocysts Sap - sapropel
dk - dark sbug - subangular
DLT - dolerite sbrd - subrounded
DOL/dol - dolomite/dolomitic . SCI - spore colouf 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 T - ferruginous SLA - slate
flu - fluorescence SLT(ST) - silc(stone)
r-1 fu - forwation - slty - silty
l foss - fossils/fossiliferous SND - sand
fr - friable sady - sandy
frac - fracture Sp - spores
+.1 frags - fragments SST - sandstone
Fu - fusinite st - stained
’ " GLC/gle - glauconite/glauconitic stks - streaks
gn - green suc - sucrosic
grd - graded/grading to surf - surface
gras - grains SWC - side wall core
n 8y - grey ) - - total depth
cYP - gypsua TOC - total organic carbon
HAL - halite (34 - trace(s)
. hd - hard trus - transparent
hor - horizontal ’ v - very
Q H(RV) - high reflecting vitrinite vgt - variegated
1- - iso- Vie - vitrinice
) 1/b - inter-bedded va - vein
: b= - igneous rocks voLC -  volcanic rocks
iac - including VR - vitrinite reflectivity
laert - inertinite vhe -  white
L. lam - laminse/laminated - + xln. _‘g',,',ch't‘114“‘z“;.§: P
b, L - lost circulation material” 7 yel “Far yellow™ - Cant i
5 LIG/L1 -  lignite/lignitic - .
| lns - lens(es) - -  no analysis carried out
L(RV) - low reflecting vitrinite * -  analysed but mo dats obtained
.. LST - limestone gy-gn - greyish green
s it - lighe gy/gn - grey-green (gradation)
‘ nass - massive go—-gy - greenish grey
|
-

/ Note: (Maturity data tables only). Number in brackets refers to nuaber of reflectivity values averaged to give quoted
result. Preferred values for indigenous phytoclasts are 1isced first.

*———— pOBERTSON



- Tegion. Anomalous colours may result from bleaching or staining during deposition and diagenesis.

APPENDIX 2

ANALYTICAL PROCEDURES AND TECHNIQUES

This appendix summarises the main stepe in the analyses carried out in the Robertson Rasearch Iacernacional Led.

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

laboratory procedures and techniques are given in the text.
Interpretacion guidelines are also defined.

These may in certain circumstances be adapted to suit

particular samples or conditions.

1. Sample Preparation

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

various stages of preparation from vet, unwashed to dried, wvashed; sidevall cores, coaventional cores, outcrop saamples,
crude oil samples and gas saxples. 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
wud and wud additives, obvious caving contsmination and indeterminate fine material. ‘Washing with cold water 1is
standard but further washing with solvent (dichloromethane, DCY) is carried out {f oll-based mud 1s present, after vhich
samples are driod; described and individual lithologies hand-picked vhere practicable. Samples are rough crushed to
approximately pea~eized fragments for kerogen preparation or finely milled for chemical analysis.

htogcn Preparacion
Karogen cancu:u:u for microscopic examination and alemental mlysu m ptqurcd uing -undn:d palynological

procedures but omitting oxidation or acetolysis. Acid macaration lmlvu the use of hot hydzod:latic acid (HC1l) to

remove carbouates and hot 60X hydrofluoric acid (HF) to remove or break down silicaces. Mineral residues are separated
from the kerogen by & combination of ultrasomic vibration and zinc bro-idn flotation. Karogen samples for spore colour
and kerogen typing are mounted on glass slides in glycerin jelly, those for vitrinite reflectivity are dried and mounted

in epoxy resin. Kerogen residues are stored in mathanol.

2. Maturity Evaluation

The techniques employed for interpreting maturity and thermal history in these lsboratories are based mainly on spore
colouration and vicrinite reflectivity measuremant, supplesented by dats obtained from sirspace gas and gasoline
analysis, pyrolysis Tmax, and hydrocarbon analysis including gas chromatography and gas chromatography-mass

spectrometry.

Spore Colouration
Sporomorph colour is assessed using a >20y sieved kerogen fraction viewed in transmitted light om a standard

palynological microscope. Unusual hues are checked using incideat blue/UV light fluorescence. WMeasuremenc is made by
eye against reference sets of single grain spore mounts and trained operators achieve a high degree of accuracy and
reproducib{licy. The I to 10 Spore Colour Index (SCI) scale vas designed for linearity with increasing depth aad
temperature and correlates approximately with the following gones of oil gensratiom: 1.0 to 3.5, immature; 3.5 to 5.0,
early mature, generacion of lov 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, geseration of light oils (>42°API) and condensates; 8.5 to 10, post
Linearity of scale is of great value in prediction,

The value c;t' SCI measurement lies in the

mature, generation of condensace, wet gas and, ultimately, dry gas.
by extrapolacion, of the depth to any part of the oil generation sequence.
objactive selection of measured grains, so minimising problems of caving and reworking, and in its more direct

correlation against oil generation than. vtumu ntheuvtty umu-cnt.. Lmutiou ln 1:- use xcogﬁcn the -

difficulcy of correlation sgainst other col.our lulu and :hi Llumiuvity ot :hc lcuc in tlu lntc to poct u:uu
The correlation of

SCI against Thermal Alteration Index (TAI) given on the SCI versus depth plot in the reports vas made by direct
comparison of Staplin's standard slides with SCI standard slides.

Vitrini{te Reflect iviey

The majority of Preparations examined under reflected light in these laboratories are made using >20u sieved kerogen,
mounted {n resia blocks and polished vith carborundum and alumina although total kerogen may be used vhen sample size is

ROBERTSON



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

linited.
Measurement is made on a Leitz Orthoplan microscope fitted with an MPY Compact

and polished in the usual way.
photometer vhich feeds values direct to a desk top computer for data processing from each sample. The system is

c;u.bund against glass standards and reflectance values are expressed as arithmetic means of measurements taken in ofl
R and R may be measured and quoted in certain circumstances but the differeace is

tamerston (R, or R, g4y).
Some operator selection of particles during seasurement is essential and obvious

1nsignificant below about .'o 1.0,
conctaminants or non-vitrinicic material are noted but uot secessarily quoted. The value quoted on dats tables is that

vhich is interpreted as most sppropriate, but other possibilities may also be given. Plotted figures sssume a
logaritbmic increase of reflectance with depth. lo 0.5Z 1s a videly accepted threshold value for the onsat of oil
generation, alchough as the kinetics of oil generation may not be identical to those of vitrinite reflactivity
developmant this must be seen ouly as a general guide. The floor for oi{l generation is ;lu.ucn:uul by a reflectancs
value of sbout 1.3I. Vet gas generation peaks st a value of about 1I and ceases at the 2I level. Dry gas generation
peaks at a reflectance of about 1.5I and ceases at the 3% to 4% level. Correlation of reflectance values with other
maturity parameters say not be universal becsuse of time~temperature factors sad u bu: -ldc on.a local buu.

Reflectivity messurement is a widely used and versatile tool vhich may be readily calibrated against easily obtained
standards, It is appnuhh over a wide range of maturity stages from immature to ;ou ilmrc (0.2% to 52 l ). High
surface unxc-pu on plotted tuuru and discordsnces at faults and unconformities can ;11- ‘realistic uziuzu of the
amount of section missing. It 1s of limited value in Early Palaeczoic sections ‘vhere land plane nntm is absent,
although 3 general guide to maturity may be obtained from chitinous organic macter. Even 2 skilled opcn:or may have
d!.tf!.ad:y in distinguishing indigencus vicrinite from some forms of mmm:-. ana-n.louly nthecm

puudovitt!.un s mtna and reworkad fragments.

-

M.r_tgncc Gas Analysis : v : .
Vet cuttings are collected at the well site and sealed in partly full cans con:h;nh. bactericide. In the’ laboratory,

the airspace (MW) gas 13 extracted using a can piercer fitted with & septum and analysed by gas 'ch:o-i:ouapby.
The p:oporcimu of methane, ethane, propane, iso- and n-butans are éllcu.h:od from integrated pesk areas by comparison
with & lundnxd uixture of these gases. WNathane is the dominant gu in tmtun -nd post mature ud.h-n:-. comprising
90-100% of l:on.l gas, falling to 30-702 in mature sediments. The cunt of umnq !ot ofl. gmnuou (sc: 3.5) 1is
chlruumduuy marked by an increase in vet gas (C «c‘) to botvm 10 and 202 -m: further mrmu n n:urity
indicated by a decreass in the ratio of 1so- to a-butane. Ratiocs of >l. ) are typical ‘for mmc sedimencs. and <0.5
are usual in maturs sediments. Departures from composition versus dcpch ‘trends may be useful in ;ndicat;a‘ migrant gas
at faclts, unconformitiss or reservoir rocks but limic the method as a reliable maturity indicacor. Alrspace gas
anslysis is an inexpensive and rapidly execucted method of screening samples for further utu_éie_y_ aad kydgou:bon coateat

determivations.

Gasoline Analysis and Cuttings Gas Analysis : .
A

Cuttings samples received vet, preferably in sealed containers, are suitable for gasoline and cuttings gas analysis.
portion of the washed cuttings sample is retained wet, pulverised in a sealed shaker and wvarmed to ,cxpd. the cl- to C7
hydrocarbon components into the shaker airspace. A sample of this airspace gas is then removed and analysed by gas
chromatography either for cuttings gas (C to C ) or gasolines (C to C7). Up to 28. hyd:oarbon eo-ponu:- are
identified in the C, to C, range and thcir r.hun proportions ulcuh:od from integrated peak ‘areas with reference to
standard mixtures. Ismature source rocks yield low total abundances and limited numbers of components wheress mature
source rocks usually contain a full complement of identified hydrocarbons with the onset of Anturtty indicated by a
rapid rise ia total gasoline abundances with depth. Ancmalous amounts of gasolines msy mark’ ﬂIO presence of oil stain.
Casolines may be used in oil to oil or oil to source rock correlations but the mntndn o! some of tbo uuucd
components is oot only a function of source but alec depends on macurity, lizntion aad. dccutiﬂll An th‘ Teservoir.
Using the -au -ubh c:{-gound-. pd.n with u.-ﬂu chemical acguctu:’ n‘%‘ b:"u’._t:g po!.nu cro todu‘cw.‘g‘:ojﬁ:‘l’z{nuo- and
COIpand vich :ho ‘same pair ratios in’ o:tut oils or ponibh sou:ci :inh K au.u mlyon"u». vdubh tool ia that
ic messures directly the hydrocarbons being generated from a udiuu: but its mittvtty ia doucun; craces of ofl

Places constraints on its use as & maturity indicator.

ROBERTSON



Rock-Eval Pyrolysis, Gas Chromatography (GC) and Cas Chromacography-Mass Spectrometry (CC-MS) in Macurity Analysis
These three analytical processes maasure parameters which are functiocns of both maturity and kerogen type. Data from

them may give a g.cuul guide to maturity but if the kerogen types are known, more specific conclusions may be drawva.
From Rock-Eval data, the temperature of msximum rate of pyrolysis, Tmax, is the most useful datum; gas chromatograms of
alkanes, separated from source rock extracts or oils, yield carbon preference indices (CPl) and isoprenoid racios; GC-MS
quantitative fragmencagrams provide abuandance ratios for specific compounds which are particularly useful in assessing
the level of maturity at wvhich source rock hydrocarbons or oils have been generated. All these supplementary data may

be used to confirm results from visual analysis or supplant thea 1if poor or unavailable.

3. Source Rock Evaluation

Total Organic Carbom Countent (TOC)

Organic carbon values are obtained by treating O.lg of crushed rock .nlpl. with hot, concntutod HC1 to remove
carbonates. The washed residue is filtered om to a glass £ibre pad and ignited i.n .8 Laco’ ‘carbon nn.!.yux. For
lcrunin; purposes, samples are analysed singly but vhere furthar udyus. such as molylu or solvent extraction are
anticipated, & duplicate sample 1s run. Blanks and standards are run as routine and vhere values fro- dnpuutod
samples do not concur within strict accuracy limits, they are umn. VWhere samples nn huvﬂy -ui.ud v!.:h ou. either
from natural dcpocin or drilling wud, TOC 1is repsated ou the dricd solvent utrnctod u-plc. -

TO0C Weasurement 1is fundamental in ulu-in; source rock quality u.nc. wvhen canb!.n.d vich hto.cn typc nml u:unty. )
Ic u found in’ p:acc:lu clu: mu~mtm‘ less

full dmtip:m of the pouncu.l to gensrate oil may be given.

mathod of selaction of u-plu for further analysis in source ponnl:m cva.hucion

Rock~Eval Pyrolysis

Pyrolysis data are obtained using the IFP-Fina Rock-Eval apparatus.
sample or picked lithology is weighed accurately into a crucible and. u:roheod uu:o a £umu at ZSO‘C. .
hydrocarbons (roughly cqu.vd.cnc to solveat extractable hydrocarboms) are whctnud nd qunt!.ﬂ.d by th. fonisstion
detector (FID) to give Peak 1 (Sl. ppm). The furnace temperature is hu:tuld to SSO’C ac- ZS‘CI-.tmto ud within this
range, kerogens crack to give hydrocarbons, measured by FID to give Puk 2 (52. pp-) and’ carbon’ uodd.. measured by
thermal conductivity detector (TCD) to give Peak 3 (33, ppm). The :-pc:nmn at ‘the maximum rats: ‘of evolution of
cracked volatiles (Tmax) is measured automatically but can alsc be monitored visually. The instrument s calibraced
datly using standards both ac the beginning of the work perfod and at regular incervals thereafter and crucible blanks
are run as routine. The tabulated data in reports comprise the following plt‘lﬂt-ttl; ’

100 mg of cmhd. whole rock either from bulk
!tu :

Tmax °C - temperature of maximum rate of Peak 2 hydrocarbon evolution.

This i{s & measure of

Bydrogen Index (HI) §,/T0C (mg/g) or ratio of released hydrocarbon to organic carboa content.

the hydrocarbon generating potentisl remaining in the kerogen as opposed to that of the whole

rock.

Oxygen Index (OI) - s3/roc (mg/g) or ratio of released carbon dioxide to organic carbon conteant.

Production Index (PI)~- 1/3 +$2. or ratio of the amount of hydrocarbons released in tl-u first stage of heating to the

total amount of hydrocarbons released and cracked during pyrolysis.

Potential Yield (PY) - . (ppl) or totsl of hydrocarbous nlcuod durl.n‘ c:u:k.tng ot htogm colpud €0 o:i(ml
’ B vcight of tock g

Taax, hydrogen index and oxygen index are each functions of both maturity aud kerogen type. Using published and

empirical dats, it has been possible to sssemble a model to shovw the relationshipe of these factors to maturity as

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

are algal sapropel (type I), vaxy up}:opcl (type II), vitrinite (type IIIA) and inerctinicte (type IIIB) and a computer

program has been devised by vhich the amounts of these components may be calculated from the HI, O0I, Tmax and macurity
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dacs for any sample. These are the values expressed in the "kerogen composition by calculation™ columns tabulated in

the reports.

The hydrogen index {s a measure of the hydrocarboan generating poteantial of the kerogen aad is analogous to the acomic
Immature, organically rich source rocks and oil shales give values above 500, mature oil source rocks give

H/C ratio.
Yor a given kerogen type, these values progressively diminish with increasing maturity.

values between 200 and 550.

The temperature of maximum rate of pyrolysis depends partly on the kerogen type but the transition from immature to

mature organic mactter is marked by temperatures between 415° and 435°C. The maturity transition from oil and wet gas

generation to dry ges generation is sarked by temperatures betveen 455° and 460°C. Ia practice, greater variation than
these ideal 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 increases with maturity from values near zero for immature organic matter to maximum values of 0.15
during the late stages of oil genaration. Anomalously high values indicate the pfimén of oil or contaminants. The
potential yield {s an indication of the predicted yield of hydrocarbons from the source tock at optimm utudcy and is
4 mesasure of the quality’ of the source rock. For immature sediments, values of 0.to: 2003 pp- of hydnurbon
characterise a poot source rock. 2000 to 6000 ppm fair, 6000 to 20 000 ppl good nd abm 20 000 pp- very good.
Pyrolysis nehniqun have in recent years provided a major advance in the ncu-nn: o£ source, tcck gtult:y and
generating po:ucul. _Bydrocarbou yields from ismature scurce beds examined on-c:mtun v'-'ly ‘be trmhtd into actual
oil produetivity £m :h. eane beds {n mature: bu!.nu. " off-structure umttm lbdch 'rnhuu utnrity nnd h:ogu
type ny be used to- doﬂ.m original cmcc rock qullity grades which are ot gtut vdu i.n -m»’ug :
A-otphou kctoun cypu. tndndmuhhlc in microscopic preparacions ‘over & wide ' rﬁn« of’ eh-fud pmcrcuc. uy be
rudny differentiated by pyrolyu.c. The problem of analysing bulk u-plu coutd.ung uud kc:o.m l:u bo-l hndy
overcome by the kerogen mc/uturity model and anomalous results arising from cho presence o! uvin; conu-!.nncion and
drilling wud additives can usually be explainaed by inspection. BRigh oxygen ndicu somstimes occur as a resulc ot the
presance of metastable carbonates nd in such cases the sample is scid dgmbouuc«l nnd to—m. L o

e

v

Visual Examinstion of nropa Concentrates
All pdmlnd.al prepazations on which SCI determinations are sade are lloo cnd.n.d !or hmgcn.cypo < uml

estimations of the relative abundance of the broad groups vitrinite, Luremn nd upmd m ndc on :hc total
kerogen slide mount but reference 1s also made to the >20y sievad fraction to uuut in “antiﬂucm The scheme of
1dentificstion is shown in Appendix Table 1. Full use is made of incident blue or UV light” in dhting\lum; immature

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

Extract Analysis i ' i
The soluble organic materials present in rocks can be extracted with organic solvents, fractionated and mlycod. The

type and amount of material extracted depends largely upon the nsture of the coutained kerogen and its maturity,
although the presence of migrant oil or drilling contamination may be the determining factors.

A waximum of 40g of crushed sample is extracted for & minimum of 12 hours in a Soxhlet qpuncd using laboratory »
red{stilled DCY. The solvent and the more volatile components (approximately up to _g-c‘,) are lost by cv_nponcion in en
air flow and the resulting total extract is veighed, dissolved in hexane and separated into alkane (saturste)’
"hydrocarbon, aromatic hydrocarbon, resene and asphaltene (polar) fractions by silica nd.norpttn chromatography in the

Iatroscan process.

Larger tncuou. -uinblc for further analysis, are obtauad by coluln chrmtu;rnphy.w 'ﬂu cxtuce is . run. thm;h s

"short glass col.m pac.kad vith sili{ca and slumins and eluted vith luxn. (to give ‘the ntuutc £uction).
(3:1 hexane: toluene mixture (to give the aromatic fraction) and maethasol (to give tha polar, or resene and uyhdnno.

‘“CCW)- 4 small proportion of non-eluted polar compounds ususlly remains on the columa.

ROBERTSOI
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The data tabulated in reports comprise the folloving parameters:

Total extract - soluble organic matter, heavier than about 3—015‘_. expressed as-ppm of weight of rock.

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

Hydrocarboas

¥ of organic = total extract ppmw; the extractability.
Freract ¢ TOC x 100
carbon (EPOC)

Hydrocarbons mg/g of

organic carbon total hydrocarbons normalised to lg of orgaaic carbon.

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

the proportion of alkanes (saturates) in the total hydroa:bcﬁ:. - The proportion of arosactics
is (100 minus this value) expressed as a percentags.

Alkanes I hydrocarbons -

The extractability of oil-prome sapropelic organic matter increases rapidly in the oil gmutm zone and diminighes to
Overall the extractability of sapropelic o::inic matter is greater than that

very low values in post mature sediments.
Samples with extractabilities of greater thanm 20Z

of gas-prone humic organic matter for similar levels of maturicy.
generally contain migrant oil or are contaminated with mud additives.

As maturation proceeds in the oil ganeration zone the proportion of hydrocarbouns in the total cxtuc: tncrmu from
less than 202 to a maximm in the most productive horizons of around 60Z. This trend is reversed as t!n oﬂ-condmuo
The relative proportions of alkanes to aromatics can be used as & chack for lowv levels of -

zone is euntered.
Practions of the extract, separsted by column chromstography ars retained for further analysis by gas

contamination.
chromatography or for stable carbon {sotope determination.

Pl

Capillary Gas Chromatography of C Alkanes -

156 ———

A portion of the Soxhlet extract is eluted with hexane through a short cmu column to yid.d the saturate hydtouzbon
fraction. This fraction is evaporated in a stream of dry nitrogen at room temperature. A small pottm of tho fraction
is then taken up in hexane and introduced into a 25 metre, wall~coated, open tubulsr glass capillary cclnn:ccaud with
O0V-1, or equivalent, mounted in a Carlo Erba gas chromatograph which is temperature programmed from 70°C to 270°C at

3°C/uinute.

154_ chromatograms are inspected for the distributions of n-alkanes, and the presence and abundance of isoprenoids
(particularly pristane and phytans), steranes and triterpanes and unresolved envelopes of naphthenic co-pouuh The
ratios pristane:phytane and pristane:n~C 17 are calculated. Carbon Preference Index (CPI) values quoted are those as
defined by Philippi as the ratio 2629 to (C“ 30) unless otherwise stated. Chromatography may reveal information about
the kerogen type of the source rock, its maturity and condition of deposition and, {f migrant oil is present, whether
this hag been water-flushed or biodegraded. Contsminant drilling mud additives may be Lidentified.

Capillary Gas Chromatography of Aromatic and Branched/Cyclic Alkanes

The aromatic portion of the Soxhlet extrsct is eluced from a short silica/alumina colusn by & hexane/toluans mixture.
The dried fraction is taken up in DCM and introduced into a 25 matre, vall-coated, open :ubuht glase uhﬂhq column
coated with OV-l, or cquivnlcn:. mounted in a Carlo Erba gas chromatograph vhich is temperature yto;:_.d from 70°C to

270°C at 3°C/ minute.

LR /\,. TR DT G AP

Branched chain alkanes are separated from sormal alkanes by urea’ cdduc:ton ‘and :ruccd u “for :ocal alkanes.



Cas Chromatography-Mass Spectrometty
Mass spectromecry is a technique in which wolecules are bombarded with high energy electrons causing ionisation and

fragmentation of cthe molecules tato foas of varying mass(a) and charge(z). The way in which a molecule fragmeats into
{ons of variocus w/z value is kaown as 1ts fragmeanctation pattern, Or wass spectrum and is unique. When linked to a gas

chromstograph the mass spectromster can be used in two different modes:

1. Full Scan Mode: A mass spectrum is obtained of each peak eluting from the gas chromatograph and a structural
{deatificacion of the compound producing that peak can be made.

Multiple or Single Ion Monitoring Mode: The mass spectrometer is tuned to certain m/z values to detect vhather a
compound, eluting from the gas chromatograph, fragmeats to give an ion at thac value. Cartain fragmentacions sre
indicacive of specific compound types and the most commounly monitored fragment ions used in petroleum geochemistry
are those vith m/z values of 191, 217 and 259 vhich are the principal fragment ions obtained from groups of slkanes
known as triterpanes, regulsar steranes and rearranged sceranes respectively. These &re compounds containing 27 co
35 carbon atoms arranged in a polycyclic, mormally 4 or 5 ring, structure, occurring in the n-C,. to a8-C,g region
of a gas chromatogram. The basic molecular skeletoss of these compounds are very similar to those of the original
organic macter deposited in the sediment and so these 191, 217 and 259 distributica plots, known as mass:
fragmentograms or mass chromatograms, form a pattern characteristic of the source material. This technique of
"fingupm:in;" is also one of the more eaxact mathods of correlating sn oil to its source, or to another otl.

Carbon Isotope (13c/12c) Ratio Analysis
Carbon has two stable isotopes, the more abundant _uc f{sotope and the hesvier 13C isotope, vhich in sature forms. sbout

12 of carboan. Deviations from the l'3(21 1z(: ratio are extremely small and carbou isotope ratios, as measured by nass
spectromatry, are expressed as deviations from a stendard, the Peea Dea Belemnite carbonste (IDB. cunda_ni) in parts per
thousand (parts per mil; ®/oo). Positive deviations indicate l’c enrichment and couversely, negative deviatious

indicate uc impoverishment.

While the carbon isotope ratios of oils and rock extracts can range from -20 to -32 °/oo depending on the source organic
matter type, the difference between a thc oll nd its source is small, Messurements are usually sade on the cm_
alkane and arowmatic hydrocarbom fractious separately and thers should be no wore than 1 %/00 differsnce betveen the oil
and its source for either fraction. If there is any ‘doubt that the source rock extracts are not indigenous to the
source rock karogen, the carbon isotope ratio of the extracted sourcs rock kerogen can be messured.

Pyrolysis-Gass Chromatography

The hydrocarbon pyrolysate derived from thermal, snhydrous cracking of kerogen i{s analysed by up!.ihry gas
chromatography. A few mg of rock, kerogen or asphaltene is hested to 600°C for 20 seconds in the injector of a gas
chromatograph. The chromatograph oven is kapt at ~30°C during pyrolysis and then raised to 300°C at & programmed rate
of 7.5°C/minute. Chromatograms produced this way are often very different from those of source rock extracts or oils in
that branched aand cyclic fsomers are generated freely giving numerous, closely spaced peaks, along with unsaturated,
alkene (olefin) hydrocarbons. The "doublet”™ peaks often observed in these chromatograms comprise slkene-alkane pairs,
the first elucting, and usually ssaller peak, being the alkens. The chromatograms range from ¢.‘.l to c30 or above and
alchough variable, are broadly characteristic of source rock type. Gas-prone kerogen cracks to give a wore limiced
wolecular v-cight range of products, concentrated towards the light ends, wvhereas oil-prone kerogen gives more prominent
alkene~alkane doublets in the Cu to cm region. The largest peak from both types is usually methane.

Elemental Analysis

Total (unsieved) kerogen is prepared as described in Saction 1.
elemental analyser and the oxides of carbon, hydrogen, nitrogen and sulphur are measured. The unburnt g‘u@duq 1s the
ash content. Oxygen is usually calculated by difference but can be_determined separately if required. Results are
quoted as percentage weights of C, H, 0, N, S and Ash with the atomic ratio H/C and 0/C calculated and plotted on the

The relative amounts of C, H and O-present in organic matter are dependent on both
Limications of the

The dried material is combusted im oxygen iu an

standard van Krevelen diagram,
source and maturity. At known maturity levels, some measure of source quality may be determined.
wethod in source rock assessment involve the difficulty of obtaining pure kerogen (in particular, free from pyrite) aand

the lack of a simple, direct determination of oxygen coateat.
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4. 0Ll Analysts

RR1 laboratories offer a wvide range of @il analyses both for geochemical purposes and industrial use. Physical

perty determinations are based mainly on IP methods and are available for lubricating oils, fuels and gresees as well
as crudes. Frequencly measured properties of crude olls presented in geochemistry reports include: API gravity, pour
viscosity and contents of vater, sulphur, vax, asphalCene, nickel, vanadium and ocher matals. Chemical analysts

pro

point,
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
at 4°C/minuts.

associated gas ~ 1f o1l has high gas/oil ratio.

Casoline analysis as for gasolines in rock samples but a veighed quantity of oil is used.

this 1is equivalent to the removal of the fraction boiling below about 210°C and ‘;hu a
more standardised product for comparison of gas chromatograms of the cm_ £:ac_t‘icn§

Topping of the oil

Column chromatography and - as for solvent extracts. mli-u 1s. carried out on topped oil.

gas chromatography

5. Gas Analysts

The hydrocarbon gases, (:l to C‘. umay be coucctd from the airspace of sesled canned u-plu or may In rcutvcd tm
well-site tests in a special sealed gas cylinder (gas mouse). Chromatographic separation of the <:1 to c‘ gnu u
affacted as described under airspace gas analysis. In addition, the separated gas componants may be m.lyad tor lublo
carbon and hydrogen isotope composition vhich may provide valuable clues to the origin of the gas.

6. Solid Bitumen Analysis o

In soms o1l fields, problems are encountered vhere bitumen developments totl continuous or patchy hycn .vithu
resarvoirs, dividing the pay sones and scting as barriers to natural fluid movement or tnhibitm cnhncd oil’ rmvcty

Incegrated geochemical and sedimentological studies aim to produce geological nodels upabh ot p:.dictiu

techniques.
"0f further

the occurrence of bitumen layers and their likely thickness and ability to act as pct-sbmty barriers..
coacern are the past or present relationships between the bitumen and reservoired oil, their source ‘tocks and the timing

ot bitumen formation.

Analysis schesas involve screening of samples by assessing the amount of bitumen in polished core pieces using reflected
light microscopy, followed by solvent extractioa of control samples to estimate the ptoportion ‘of solvent soluble
bitumen. Different phases of bitumen formation are differenciaced by reflectance messurement as as described for vitrinite
reflectance messurement. Soluble extracts are fractionated to give alkene, sromatics, asphaltene and resene components.

Separated bitumens may be subjacted to elemental analysis.

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

chitinozoa etc.
(Not usually important)

General Properties RRI Report Type *
Data Tables
Algal Sapropel Tipe I
Sapropelic
(0Oil-prone gas-prone Waxy Sapropel. Type II
at high maturity) ) T ,
Vitrinite. Type IIIA
Humic -
(Gas-prone) Inertinite Type IIIB
Amorphous Structured .
Non-Fluorescent Fluorescent Non-fluoresceat . Fluorgsqeptlu
Type I/II Type I Vitrinite (Type IIIA) | Cuticle’
at high Sapropel brown/black, woody Spores
maturity Type - 1I1 . tisgue
(SCI >7.5) ‘(degraded y
~ spores) s
Soft bitumens y
Type IIIA/B
0i1 residues (bitumens) Inertinite (Type IIIB) | Resinite
Mineral (undigested) very dark brown/black, |, Algae
Grease contamination woody tissue (Tasmanites, .
Mud additives Botryococcus
etc.)
Solid bitumen - brown/
black (0il residue)
often with crystal
imprints (Type I)
Microforaminifera,

levels

Spores, cuticle etc.
at high maturity ’

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




FLOW CHART FOR GEOCHEMICAL ANALYSIS
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NORSKE SHELL

APPENDIX 3
“ROCK-EVAL" PYROGRAMS

WELL:

6507/12-1

LOCATION: HALTENBANKEN

2521.5m
Att: 20/10
Temp: 439
Key: 1

2523.5m
Act: 50/20
Temp: 430
Key: 1

K\OO

2524 .0m 2524 .8; - 2525.5m
Atc: 50/20 . Ate: 50/50 Att: 50/100/20
Temp: 430 Temp: 434 Temp: 431
Key: 1 Key: 1 Key: 1
KEY TO ABBREVIATIONS

A. Pyregram of sample:- 1. As Recoived

2. After Extraction

8. Att.:- Instrument Attenution
C. Tomp.:- “Rock-Eval” T Max.

1 Afwr Decarbonstion
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APPENDIX 3
“ROCK-EVAL" PYROGRAMS

WELL: 6507/12-1 LOCATION: HALTENBANKEN

VL

et e e 0 > S

/

2529 .0m
Att: 20/20 2708.5a
Temp: 432 2707.4m Att: 50720
Key: 1 Ate: 50/20 Temp: 434
Temp: 426 Key: 1
Key: 1
-
2708 .8m 2709.5a -
Atc: 50/20 Att: 50/20 2710.4m
Temp: 431 — Temp: 436 Atc: 20/20
Key: 1 Key: 1 Temp: 430
Key: |
KEY TO ABBREVIATIONS
A Pyrogram of smple:- 1. As Roceived 8. AtL.:- lnstrument Attesustion

2. Afuer Extraction C. Temp.:- “Rock-Evel” T Max.




APPENDIX 3
~ROCK-EVAL” PYROGRAMS

COMPANY:  NORSKE SHELL WELL: 6507/12-1 LOCATION: HALTENBANKEN

i
"
§
o |
'
i l
i
|
!
| i
: i
i v
‘ I 2712.0m
! Atc: 50/20 -
: Temp: 437
J ! Key: 1
2710.7;
Att: 50/20
Temp: 433
Key: 1
;
|
|
V\,\_
2712.8u 2714 4
Att: 20/20 : Att. 50/20
Temp: 453 Temp: 436
Key: 1 Key: 1

KEY TO ABBREVIATIONS

A. Pyrogrem of ample:- 1. As Received 8. Atv:- Instrument Attenustion
2. After Extraction C. Tomp.:- “Reck-Evel™ T Max

2 a¢rer Decarbonstion




