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t SUMMARY

This report contains the results of total organic carbon and "Rock-Eval"
pyrolysis analyses of core chips taken from
Haltenbanken area well - 6507/12-1. Brief

j 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 RoberCson 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. S176, 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 Mfdler-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, vltrinite 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.

DOBERTSOn
ntaHMHHMRESEAPICM



r
r
r
r
r
r
r
r
r

n
1
i

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 preparation procedure, the cores were carefully cleaned to remove any
evidence of cut edges which might he 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 (TOG) and
pyrolysls.

| All pyrolysis analyses were carried out on IFP-Fina "Rock-Eval" pyrolysis
equipment. The numbers of samples and the different procedures used in their

j analyses are listed in Text Table 1. Vitrinite reflectivity analysis was
undertaken on three carbargilites from 6507/12-1.r , . .
2. Presentation of results

•i 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.
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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-prone (probably waxy) kerogen, particularly
with respect to their organic richness. Many of these samples are
carbargilites, having total organic carbon contents 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» entirely gas-prone.

The shales at 2521.2m and 2714.4m contain mainly humic (gas-prone) kerogen and
have poor gas potential.
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TEXT TABLE 1

DETAILS OP WELLS AND SAMPLE TYPES RECEIVED AND ANALYSES CARRIED OUT

WELL SAMPLE TYPE

AND NUMBER

TOTAL ORGANIC CARBON SOLVENT PYROLYSIS ANALYSIS

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

SAMPLE
DEPTH

(METRES)

2521.2

2523.5

2524

2524.8

2525.5

2529

2707.4

2708.5

2708.8

2709.5

2710.4

2710.7

2712

2712.8

2714.4

tu

II
V»

Core

••

H

H

M

n

M

H

N

M

H

n

M

N

H

ANALYSED LITHOLOGY

SH. «ed -dk gy

SH. gy-blk

A/a

SH. gy-blk. carb

A/a

SH. «ed-dk gy

SH. gy-blk, carb

SH, gy-blk

Va

SH, gy-blk, carb

A/a

A/a

SH, gy-blk

A/a

SH, dk gy

CHEMICAL ANALYSIS DATA

o * *
z * '

flC ^f w
O {_y C

2.74

29.63

40.49

13.48

57.02

3.85

39.86

13.55

34.05

37.15

37.93

52.30

11.01

18.16

5.23

PYROLYSIS
u

il«
HE

439

430

430

434

431

432

426

434

431

436

430

433

437

433

436

m
Ml
UK

II

C

56

250

138

112

231

176

213

242

199

102

102

144

112

428

89

K*
O"

4

3

1

1

3

5

2

3

1

18

8

32

2

45

36

«e
£x
U Ul
90
OKo-
«

j—»

.10

.04

.0

.04

.02

.05

.05

.04

.02

.05

.07

.05

.06

.02

.06

li!
0 ~"

1560

74340

56210

15140

131960

6800

85000

32920

67930

38110

38980

75740

12340

77790

4690

SOLVENT EXTRACTION
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*H

KM,"
•"0

MYOROCARiOHJ
M. a*o «o
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u

Ml

* 1

-23*§s25«
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TABLE H Chemical Analysis Data
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TABLE 5

Vitrlnite Reflectivity Data

6507/12-1 2525.5m
6507/12-1 2707.An
6507/12-1 2710.7m

RESEARCH



PROJECT HO. 25143HELL-6507/12-1 8LOCK949B PROJECT HO. 25143
WELL'6507/12-1 BLOCK9508 PROJECT HO. 25143

WELL'6507/12-1 BLOCK951B

OPERATOR' ST DEPTH 2525.5
ORTE 21/8/84

I

1
2
3
4
5
6
7
6
9
10

I

31
32
33
34
35
36
37
38
39
40

9.29
0 31
0.31
0.31
0.32
0.32
0.33
0.35
0.36
0.36
+ 10

0.43
0.43
0.43
0.43
0.43
0.44
0.45
0.46
0.47
0 48

+ 19

0.39
0.33
0.38
0.38
0.39
0.39
0.39
0.39
0.40
0.40

1-29

0.48
0.48
0.48
0.50
0.51
0.51
0.67
0.00
0 80
0.00

+20

0.40
0.40
0 41
0.41
0.41
0.42
0.42
0 42
0.43
0.43

+30

e.ee
ø . 00e.ee0.00
0.08ø.øe

OPERRTOR' ST
ORTE

I

1
2
3
4
5
6
7e
9
10

I

31
32
33
34
35
36
37
38
39
40

21/8/84

0.30
0.31
0.32
0.32
0.32
0:33
0.33
0.33
0.35
0.36

+ie
0.42
0.43
0.43
0.44e. 44
0.44
8. 45e. 43
8. 46
0.47

DEPTH 2707.4

+ 10

0.36
0.37
0.38
0.38
0.39
0.39
0.39
0.39
0.40
0.40

+20

9. 47
0.00e. 00
0.00e. 00e.øae.eø0.00e. 00
0.00

+ 20

0.40
0.46
0.40
0.40
0.40
0.41
041
0.41
0.42
0.42

+30

0.00
0.00ø.øe
0.00e.eee.ee

OPERRTOR' ST
DRTE

I

1
2
3
4
5
6
7
8
9ie
1

31
32
33
34
35
36
37
38
39
40

21/8/84

0.38
0.40
0.40
0.40
0.41
0.42
0.42
0.42
0.43
0.43

+ 10

0.50
0.50
0.50
0.50
0. 51e. sie. sie. sie. 54e. 57

DEPTH 2710.7

+ 10

0.41
0.43
0.44
0.44
0.44
0.44
0.45
0 45
0.45
0.45

+20

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.80

+ 2ø

ø 46 .
6. 47
0.47
0 47
0.48
0. 49
0.49
0.49
0.49
0.49

+30

0.00
0.00
0.00
0.00
0.00
Ø.øø

STRT1ST1CS OH SELECTED CLftSS
Min: 30 Max' .53
Ho.of values 45
Mean .41'.'
Std.Deviation .05.
F i l e : 6507 Record1 2.

STATISTICS ON SELECTED CLftSS
M i n > .30 Max- .55

No.ot values
MeanStd.Deviation
File 6507

41
.39
.05

Record

STflTISTICS OH SELECTED CLflSSMin« .30 Hax' .55
No.of values 39Mean «6Std.Deviation .04
File' 6507 Record= 4
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Ac
ADD
Al
Åa
ang
AKH
åren
arg
BAS
bd
B (IT)
bl
bid
blk
bri
bru
calc
CALT
carb
CCL
CHK
CHT
CLTST
CHT
Comp
crs
CSC
Ctgs
Cu
C(vd)
decarb
Di
dk
DLT
DOL/dol
dsk
Ex
Exa
extr
f
fei
f er
flu
fm
foss
fr
frac
fragå
Fu
CLC/glc
gn
grd
grns
gy
CTP
HAL
hd
hor
H (RV)
_!-'
i/b
ICM
inc
Inert
lam
LCK
LIG/Lig
Ina
L (RV)
LST
It

åa above
acricarcha
•ud additive
algae
amorphous
angular
anhydrite
arenaceoua
argillaceous
baaalt
bedded/bedding
bitumen/bituminoua
blue
bleached
black
brilliant
brown
calcareoua
calcite
carbonaceoua
conglomerate
chalk
chert
claystone
cenent
compoaite
coarse
casing point/shoe
ditch cuttings
cuticle
caved
decarbonated
dinocysts
dark
dolerite
doloBlte/doloaitic
dusky
exinite
exsudatinite
extracted
fine
feldspathic
ferruginous
fluorescence
formation
fosails/fossiliferous
friable
fracture
fragments
fusinite
glauconite/glauconitic
green
graded/grading to
grains
grey
gypsum
halite
hard
horizontal
high reflecting vitrinlte
i so-
inter-bedded
Igneous rocks
including
inertinite
laminae/laminated
loat circulation material'
lignite/lignitic
lena(ea)
low reflecting vitrinite
1!•«•cone
light
aaasive

KDST
•ed
MET
mic
•icr
•in
mnr
mod
•tl
.57
NA
nod
MS
occ
ol
ool
omg
OS
P
pal
Ph
pnk
por
PP
Pr
pred
Prt
Ptl/pyr
QTZ(T)
Re
R(ew)
rnd
Sap
sbng
sbrd
SCI
Sf
sft
SH
shly
sil
sks
SLA
SLT(ST)
slty
SND
sndy
Sp
SST
st
stks
sue
surf
sue
TD
TOC
tr
t rna
v
vgt
Vit
vn
VOLC
VR
vht
xln

gy-gn
gy/gn
gn-gy

audstone
•edlun
aetaaorphic rocka
alca/alcaceou.
aicritic
aineral
alnor
moderate
aottled
normal
not available
nodule/nodular
no sample
occasional
olive
oolitic
orange
oil stain
picked lithology
pale
phytane
pink
porous/porosity
purple ...
•prlstane f -
predominantly
present.'
pyrite/pyritic
qu«rts(ite)
resin
reworked
round(ed)
•apropcl
subangular
subrounded
spore colour index
scmifusinite
soft
shale
shely
siliceous
slickenaide surface
slate
silt(stone)
silty
sand
sandy
spores
sandstone
stained
streaks
sucrosic
surface
side veil core
total depth
total organic carbon
trace(s)
transparent
very
variegated
vitrinite
vein
volcanic rocks
vitrinite reflectivity
white
crystalline? --. " . .
yellow-•• *»^-"'--'• '"'•

no analysis carried out
analysed but no data obtained
greyish green
grey-green (gradation)
greeniah grey

Note: (H-curity data table, only). Number in bracket, refers to nuaber of reflectivity value, averaged to give quoted
result. Preferred value, for indlgenou. phytocla.ta are listed first.
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APPEKDII 2

ANALYTICAL PROCEDURES AMP TECHHIQPES

Thi* appendix «urnaer!*** th* ula *t*p* la th* analy*** carried out IA th« Robert con Racearch International Ltd.
petroleum geocheai*try laboratoriea . Analytical pathway* ar* «hova on th« flow chart (Appendix Figur* 1) and d«tail« of
laboratory proc«dur«« and technique* ar* given in the tax t. Theae aay in cartain circumatance* ba adaptad to «ult
particular cample* or condition*. Intarpratation guideline* ar* alao dafinad.

1. Sample Preparation

General
Saaplea «r* received into th« laboratoriaa in th* fota* of vell~*it* g^"«M ditch cutting*. bagged ditch cutting* in
varloua ctaga* of preparation fro* wet. unwaahed to dried. veahed; *idevall cor**, conventional cores» outcrop «amp lei.
crud* oil cample* and ga* *«mpl**. Each *«apl* i* a**ign*d * nuaber which 1* *nt*r*d into a computer *y*t*a to monitor
•ample **l*ction and progr***. Preparation technique* are directed toward* obtaining clean MB?!**, fr*e of drilling
aud and wud additive*. obvioua caring contamination «ad indeterminate fin* Material. Vaahlng with cold water 1*
•tandard but further weaning with *olvent (dlchloroa* thane. DCM) 1* carried oat If oil-baaed aud ia preaent, after which
•aaplee are dried, described and individual llthologiea hand-picked where practicable. Saaplee are rough cruched to
approximately pea-*ixed fragaenta for kerogen preparation or finely all led for rhealnl analyiia.

Karogen Preparation
Karogea concentrataa for aicroccoplc ezaainatioa and eleaental analy*!* *r* prepered uaing atandard palynological
procedure* bat oalttlng oxidation or acetolyeia. Acid maceration involve* the u*e of hot hydrochloric acid (HC1) to
reaove carbonate* and hot 60Z hydrofluoric acid (HF) to reaove or break down cillcate*. Mineral reaidae* are **parated
froa the kerogen by a coabination of nltraaonic vibration and sine broalde flotation. Kerogea aaaple* for «pore colour
and kerogen typing are aounted on glaaa elide* in glycerin jelly* thoa* for vltrinlte reflectivity are dried and aounted
in epoxy reain. Eerogen raaiduaa are atored in aethanol.

2. Maturity Evaluation

The technique* eaployed for interpreting aaturity and theraal hlatory la theae laboratoriaa are baaed aalnly on apor*
colouration and vltrlalt* reflectivity aeaaureaent. •uppleaeated by data obtained froa ainpace ga* and gacolina
analycl*. pyrolyal* Taaz. and hydrocarbon analyai* Including ga* chroaatography and gaa chroaatography-aaa*
•pectroaetry.

Spore Colouration
Sporoaorph colour ia a****a*d uaing a >20u cieved kerogen fraction viewed ia traaaaitted light on a • tandard
palynological alcroacope. Onucual hoe* are checked uaing incident blue/UV light fluorescence. Meaaureaent i* made by
eye againat reference aet* of aingle grain «pore aounta end trained operator* achieve a high degre* of accuracy and
reproducibility. The 1 to 10 Spore Colour Index (SCI) acale we* dealgned for linearity with increasing depth and
teaperatore and correlate* approximately with the following con** of oil generation: 1.0 to 3.5. imaature; 3.5 to 5.0.
early aature, generation of low gravity oil* (28 to 35 'API); 5.0 to 7.0. aiddle aature. generation of aedlua gravity
oil* (35 to 42'API); 7.0 to 8.5. late aature. generation of light oil* (>42*API) and condenaatea; 8.5 Co 10. poet
mature, generation of condenaate. wet ga* and. ultimately, dry ga*. Linearity of acale ia of great value in prediction.
by extrapolation, of the depth to aay part of the oil generation cequence. The value of SCI aaaaareaent lie* In the
objective «election of aeaaured grain*. *o ff^«»<«<«g problca* of caving and reworking, end ia it* more direct
correlation againat oil generation than.vitrinlte reflectivity aearareaent. Limitation* in ita u*« .concern the
difficulty of correlation againat other colour acalea and the inaanaitivity of the ccale ia the late to po*t mature
region, anoaalou* colour* aay reault froa bleaching or «taining during depoaltlon and diageneaia. The correlation of
SCI againat Theraal Alteration Index (TAI) given on the SCI vercu* depth plot in the report* we* made by direct
coaparioon of Staplln'a «tandard elide* with SCI «tandard «lidea.

of preparation* *xaained under reflected light in theae laboratories are made uaing >20u *l*ved kerogen.
•«Minted in re«iu block* and poliihed with carborundum and aluaina although total karogen may be ue*d *rh*n *aapl* *ize i*

2.1
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it_ic-<i. Picked coal*, organic-rich «hale* or llaeccone* coocalolag «olid bitumen ar« mounted directly la reala block*
d poli*hed In th« uaual way. Meaeureaenc la mad* cm a Lalcz OrChoplaa microscope fitted with an MPY Compact

hocoaecer which f**d* valu** dlraec Co a da*k Cop' computer for data proceeding froa aach *aapl*. Th* *yetem la
callbratad agalnct glaaa ataodard* and raflaccanca value* are axpreaaed aa arlchavacic meana of meaaurementa Cakea In oil
laaerclon (R or R ..). *_.- an<* *_< **J D* «eaaured and quoted In certain clrcumacancaa but cha difference 1*
Insignificant below about R l.OZ. Some operator «election of particle* during measurement la eaaanClal and obvioua
contaminanta or non-vitrinitic aacerlal are noted but not neceacarily quoted. The value quoted on data tablåa i* Chat
which ia interpreted aa «oat appropriate, but ocher poaaibilltiea «ay alao be given. Plotted figure* aaaume a
logarithmic increaaa of reflectance with depth. RQ 0.5Z ia a widely accepted threahold value for the onaac of oil
generation, although aa tha klnecica of oil generation may not ba identical co choaa of vitrlnlte reflectivity
development Chia muac ba aaan only aa a general guide. Tha floor for oil generation ia characterised by a reflectance
value of about 1.3Z. Vat gaa generation peaka at a value of about 1Z and ceaaea at tha 2Z level. Dry gaa generation
peaka ac a reflectance of about 1.5Z and ceaaea at tha 3Z to 4Z level. Correlation of reflectance valuaa with other
maturity paraaatera may not be universal becauae of tlae-teaperature faetora aad ia beat made oa a local baaia.

Reflectivity aaaauraaaat ia a widely naed and veraatile tool which may ba readily callbratad againat eaaily obtained
atandarda. It ia applicable over a wide range of maturity atagea from iaavature to poat mature (0.2Z to SZ 1). High
aurfaca intercepta oa plotted figurea aad dlacordancea at faulta aad unconformitiea can give realiatle eatiaatea of tha
aaount of aection miaaing. It la of limited value ia Early Palaeozoic aaetlona where land plant material ia abeent.
although a general guide to maturity may be obtained from chltlnoua organic matter. Even a akllled operator may have
difficulty la diatinguiahlng indigenooa vltrlnita from aoma fora* of laertlalta. anomaloualy reflecting
"paeadovltrlnlte". cavlnga aad reworked fragmenta.

Alrapaca Cea Analyala • ,̂~
Vat cuttinga era collected at thawell aita aad aaalad ia partly full cane containing bacterlclde. la the laboratory,
tha alrapaca (haadapaea) gaa ia extracted ualng a can piercer fitted with a aeptua and aaalyaad by gaa chroaatography.
Tha proportlona of æthane, ethane, propane, lap- aad ii-butane are calculated froa integrated peak areaa by coaparlaon
with a atandard mixture of theae gaaea. Methane ia tha *«** «««*• gaa ia iaavacura and poat mature eedlaeata, eoaprlaiag• . - . i. , . - . - . .
90-lOOZ of total gaa, fallIng to 30-70Z ia aatnre aediaenta. The onaet of maturity'for oil.generation (SCI 3.5) la
charactarlatleally marked by aa iacreaae la wet gaa (C--C«) to between 10 aad 20Z with further increaaea; in maturity
Indicated by a decreaae la tha ratio of iao- to ii-butane. Ratloa of >1.0 ara typical for iamature aediaeata aad <0.5
are «aval la mature aediaenta. Oeparturea froa eoapoaitloa veraua depth trenda aay ba uaeful la indicating migrant gaa
at faulta. unconformlclaa or reaervolr rocka but limit tha aechod aa a reliable maturity indicator. Alrapaca gaa
aaalyaia ia aa Inexpenaive aad rapidly executed method of acreeaiag aaaplea for further maturity aad hydrocarbon content
deterainatlona. ,.;

Caaoliae Analyala and Cutting* Caa Analyaia
Cutting* aaaplea received wet. preferably in aealed containere, are aultabla for gaaoline aad cuttinga gaa aaalyeia. A
portion of cha weaned cuttinga aaapla ia retained wet. pulveriaed in a aealad «baker aad warmed to expel che C^ to C?
hydrocarbon component* Into the ahakar air apace. A «ample of Chia alrapaca gaa la thea removed and aaalyeed by gaa
chroaatography either for cuttinga gaa (C. to Ĉ ) or gaaoline* .(Ĉ  to Cj). Up to 28 hydrocarbon coaponenta are -
identified la the C^ to C? range and their relative proportiona calculated froa Integrated peak areaa with reference to
atandard mixturea. Immature aource rocka yield low total abundance* and Halted nuabera of coapoaeata whareaa aature
•ource rocka uaually contain a full complement of identified hydrocarbona with the oaaet of maturity Indicated by a
rapid riae ia total gaaollna abuadancaa with depth. Anomaloua aaouata of gaaollnea may mark the preaence of oil atala.
Caaoliaea may be «aed ia oil to oil or oil to aource rock correlations but the conceatratlon of aoam of tha aeaaured
componenta ia not only a function of aource but alao dependa oa maturity, migration and alteration In the reaervolr.
Uelng the moat «table compound., pair* with alailar cheaical atructure; aad ,boilla*KPOiat̂. ' -. •• » . ..,,*M.*• .vVrT .,/•**-• , . , ....... ^*,>,̂  r^ :̂ >**e*rS8̂
compared with the earn* pair ratloa la other olla or poaaible aource rocka. Ceeoline analy«ia-la>a valuable .tool in that

; . * . ̂  / * • • ' * ' • . • - • U ' ' ' • " . " * ' - • " " ' ' • " *

it meaaurea directly the hydrocarbona being genereted from a •ediaeac but ita aenaitlvlty la detecting tracea of oil
placea conatrainta oa ita uae aa a maturity indicator.
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Rock-Eval Pyrolysis. Caa Chroaatography (CC) and Caa Chroaatography-Maas Spactromatry (CC-MS) in Maturity Analysis
These three analytical procaases aeaaure paraaeters which are functions of both maturity and kcrogen type. Data froa
chaa may give e general guide to aaturity but if the kerogen typea are known, acre specific conclusions aay be drawn.
From Rock-Eval data, the temperature of «sTlanta rate of pyrolyaia. Taax. la the aost useful datua; gaa chroaatograa* of
alkanea. separated from aource rock extracts or olla, yield carbon preference ladlcea (CPI) and iaoprenoid ratios; CC-MS
quantitative fragmentograma provide abundance ratloa for apecific compounda which are particularly uaeful In assessing
the level of maturity at which source rock hydrocarbona or oila have been generated. All theae supplementary data aay
be uaed to confirm results from visual analysis or supplant them If poor or unavailable.

3. Source Rock Evaluation

Total Organic Carbon Content (TOG)
Orgaalc carbon value* are obtained by treating O.lg of crushed rock sample with hot. concentrated HC1 to remove
carboaatea. Th* washed reaidue is filtered on to a glass fibre pad and ignited in a Laco carbon analyser. For
screening purpose*, samplea are analyaed singly but where further analyses, such «« pyrolyals or solvent extraction are
anticipated. * duplicate sample is run. Blanks «ad standards «re run e« routia* and where value* from duplicated,
aamplea do not concur within atriet accuracy limit*, they «r* rerun., Vhere «ample* are heavily •taiaed with oil. either
from aatural deposits or drilling mud. TOG is repe«ted oa the dried, solvent extracted •ample. • - "

\s TOG measurement is fundamental in «•••••lag source rock quality «lace when comblaed^wlth.kerogea type aad maturity, an full description of th* potential to genarat* oil may b* given. It is found la practice,' that aedlments-containing laaa
than 0.3Z TOG «r* unlikely to have «ay aource potential, thoa* containing betw*«n^3Z and >1Z may>b* .marginal aourcaa

.* but th* better quality sources contain in exceaa of 1Z TOG. g<*r^t*f "g .frv:*"̂  *• *iti*r»{nr* «n <MatpaM«W »nA -vmftA ••_•'
•̂ y. method of aelectloa of samples for further aaalysia la source potential evaluation. V V^V.

n
lock-Eval Pyrolyal»
Pyroly«l« data «r* obtained ualag th* ITP-Flna Rock-Eval apparatua. 100 mg of cruahad. whole rock either from bulk
aampla or picked lithology la weighed accurately into a crucible and introducedtlato a furnace at 2SO"C. Free

. - >-v } -Jt: r«..'':.- •••" ••̂ •.-•••-« • • >.-*"•• .-. ' --' -V. • • ' •
hydrocarbona (roughly equivalent to «olveat aztraccabla hydrocarbon*) «re volatilised aad quantified by flam* ioaiaatioa
d*t*ctor (FID) to giv* Peak 1 (Ŝ . ppm). The furnace temperature !• increaaed .to-550*C «r 25*C/miaute «ad within talc
range, kerogeaa crack to give hydrocarbona. meaaurad by FID to giv* Peak 2 (Sg.pp*^ «ad carbWdioKLde. measured by
thermal conductivity detector (TCD) to give Peak 3 (S_. ppm). The temperature at the ••T-tanmi rate of evolution of
cracked volatile* (Tmax) la meaaured automatically but can alao b* monitored vlaually. Th* instrument !• c«librated
daily aaiag ataadarda both «t the beginning of the work period «ad at regular latarvala thereafter and crucible blanka
are rua «• routine. The tabulated data la report* compriaa the following parametara:

Tmax *C - temperature of maTlmiim rate of Peak 2 hydrocarbon evolution.

Hydrogen Index (HI) - S2/TOC (mg/g) or ratio of releaaed hydrocarbon to organic carbon content. Tola la a meaaur* of
the hydrocarbon generating potential remaining In tha kerogen aa oppoaad to that of th* whole
rock.

Oxygen Index (01) - S./TOC (mg/g) or ratio of releaaed carbon dioxide to organic carbon content.

Production ladex (PI)- S./S.+S.. or ratio of the amount of hydrocarbona releaaed la the fIrat ataga of heating to the
total amount of hydrocarbona releaaed aad cracked durlag pyrolyii*.

Potential Yield (FT) - S, (ppm) or total of hydrocarbon* releaaed during cracking of karogen .compared to original
.... - . • • • « • . • -•»_. «,. • .'«*•.«»';•- *>_•••'• - , • • i~: •• • » - - . - --^.i- • •.- -

weight of rock. w

Tmax. hydrogen index and oxygea ladex are each function* of both maturity and kerogea type. Uaing publlahed aad
empirical data, it haa bean poaaible to aaaemble a model to ahow the relationahlpa of thaae factor* to maturity aa
meaaured by apore colouration and vitrlnlte reflectivity for a «election of pure kerogea typea. The karogen typea uaed
are algal aapropel (type I), waxy aapropel (type II). vitriaite (type IIIA) aad inertialte (type IIIB) and a computer
program haa beca deviaed by which the amouata of thaac compooenta may be calculated from tha HI. 01, Tmax and maturity
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data for any sample. These are the values expreaaed in the "karogen compoaition by calculation" columns tabulated in
cha reports.

The hydrogen index is a meaaure of the hydrocarbon generating potential of the kerogen and la analogous to the atomic
H/C ratio. Immature, organically rich source rocks and oil shales give values above 500, mature oil source rocks give
valuea between 200 and 550. For a given kerogen type, theae values progressively diminish with increasing maturity.

The temperature of marlmum rate of pyrolyeia depend» pertly on the kerogen type but the tranaitlon from immature to
mature organic matter ia marked by temperature» between 415* and 435*C. The maturity tranaitlon from oil and wet gee
generation to dry gaa generation ia marked by temperature» between 455* and 460*C. In practice, greater variation than
these ideal temperature range» may be eeen. but they are nevertheleaa uaeful aa general guidea to the level of maturity
attained by the sediment.

The production index increaaea with maturity from valueå near cero for immature organic matter to maylmnm valuea of 0.15
during the late stagea of oil generation. Anomaloualy high valaaa indicate the presence of oil or contaminants. The
potential yield ia an indication of the predicted yield of hydrocarbons from the source rock at optimum maturity and ia
a meaaure of the quality of the eource rock. For immature sediments, valuea of 0 to .2000 ppm of hydrocarbon
character!»» a poor aource rock. 2000 to 6000 ppm fair, 6000 to 20 000 ppm good and above 20 000 ppm very good.

Pyrolyeia tachniquea have in recant years provided a major advance in the assessment of source rock quality and
generating potential. Hydrocarbon yields from Immature aource beda examined on-etructura may be tranalated into actual
oil productivity from the earns bads in mature baainal. off-structure situations»;. Models 'relating;maturity and .karogen
type may be used to define original eource rock quality gradaa which are of;great value'in mapping: organic faclea;'
Amorphous kerogen types, indistinguishable in microacopic preparations over a wide range,of chamlrsl^properties, may be
readily differentiated by pyrolysls. The problem of analysing bulk samples containing mixed kerogens haa been largely
overcome by the kerogen type/maturity model and anomalous results arising from the presence of caving contamination and
drilling mud additives can uaually bet.explained by inapection. High oxygen indicea aometimaa occur ss a result of the
presence of met«stabla carbonatea and in such caaea the sample is add decarbonated and re-run. :°

Visual Examination of Karogen Concentrataa . V.' '. •
All palynologlcal preparations on which SCI determinations are made ara also eTaminmd for kerpgen type. Visual
eatimationa of the relative abundance of the broad groupa vitrlnita. inartinite and aapropel ars made on the total

«•*.... ' ' > ".."»-. -.

karogen slide mount but reference Is also made to the >20u sieved fraction to assist in Identification. The scheme of
identification is ahown in Appendix Table 1. Full uae ia made of- incident blue or TJV light'in dlatinguiahing immature
or early mature oil-prone karogen from gaa-prone karogen.

Extract Analyaia
The soluble organic material» preaent in rock» can be extracted with organic solvents, fractionated and analysed. The
type and amount of material extracted depend» largely upon the nature of the contained karogen and ita maturity,
although the preaence of migrant oil or drilling contamination may be the determining factors.

A ms-Haiim of 40g of cruahed sample ia extracted for a minimum of 12 hours in a Soxhlet apparatua using laboratory
rediatilled DCM. The solvent and the more volatile components (approximately up to £r l̂5) are lost by evaporation in an
air flow and the reaulting total extract ia weighed, dissolved in hexane and asperated into alkene (saturate)
hydrocarbon, aromatic hydrocarbon, reaene and asphaltene (polar) fractiona by ailica adaorptlon chromatography in the
latroacan proceaa.

Larger fractiona. auitable for further analyaia, are obtained .by column chromatography.^The extract i« run through a
abort glace column packed with ailica and alumina and eluted with hexane (to give the aaturate fraction).
(3:1 hexane: toluene mixture (to give the aromatic fraction) and methaaol (to give the polar, or reaene and aaphaltene,
fraction). A small proportion of non-eluted polar compound» usually remain* on the column.
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The data tabulated In report» compriaa the following paraaetera:

Total extract - «olubl*1 organic «attar, haavlar than about npC^, axpraaaad aa-ppa of walght of rock.

Hydrocarbon* - •«• of alcana and aromatic hydrocarbona. axpraaaad aa ppm of walght of rock.

Extract X of organic - total axtract ppm; tha extractability.
TOG x 100

carbon (EFOC)

Hydrocarbona mg/g of
organic carbon - total hydrocarbona normallaad to lg of organic carbon.

Hydrocarbon* Z axtract - total hydrocarbona aa a proportion of total axtract.

Alkanae Z hydrocarbona - tha proportion of alkanaa (aaturataa) in tha total hydrocarbona. Tha proportion of aromatlca
la (100 mlnua thla value) axpraaaad aa a parcantaga.

Tha extractability of oil-prona aapropalic organic mattar Incraaaaa rapidly in tha oil generation sona and dlalnlahaa to
vary low valuea in poat mature aedimenta. Overall tha axtractability of aapropalie orgaaie «attar ia graatar than that
of gas-prone humic organic mattar for almilar levela of maturity. Samplea with axtractabilitiaa of graatar than 20Z
generally contain migrant oil or ara contaminated with mud addltlvea. .

Aa maturation proceeda ia tha oil ganaration «one tha proportion of hydrocarbona ia tha total axtract increaaea fro*
laaa than 20Z to a maximum in tha moat productive horlzona of axotmd 60Z. Thia tread ia reversed aa tha oil-condeneate
xona ia entered. Tha relative proportiona of alkanaa to aromatic* can be uaed aa å check for low levela of *
contamination. Fractiona of the extract, aeparated by column chromatography are retaiaed for further analyala by gaa
chromatography or for atable carbon iaotope determination.

r

A portion of the Soxhlet axtract ia elnted with hexana through a abort ail lea column to yield tha aaturata hydrocarbon
fraction. Thia fraction ia evaporated ia a atream of dry nitrogen at room temperature. A aatall portion of tha fraction
la thea taken up la hexana and introduced into a 25 metre» wall-coated, open tubular glaaa capillary column .'coated with
OV-1, or equivalent, mounted ia a Carlo Erba gaa chromatograph which ia temperature programmed from 70"C to 270*C at
3*C/«inute.

C15+ chromatograma are iaapected for tha diatrlbutiona of nj-alkanaa. aad tha preaeaca aad abundance of iaoprenoida
(particularly priatane and phytana), ateranaa aad triterpaaea aad uareaolved envelopea of naphthenlc compounds. The
ratioa priatanerphytane and priatane:ch-C._ are calculated. Carbon Preference Index (CPI) valuea quoted are thoae aa
defined by Philippl aa the ratio 2C.0 to 3̂0̂  uni"a otherwiae atatad. Chromatography may reveal Information about
the kerogen type of the aourca rock, ita maturity aad condition of dapoaition aad, if migrant oil ia preaant, whether
thia haa been water-fluahed or b lode graded. Contaminant drilling mud additivaa may be identified.

Capillary Caa Chromatography of Aromatic aad Branched/Cyclic Alkanea
The aromatic portion of the Soxhlet extract ia eluted from a abort ail'ica/alumina column by a hexaae/toluene.mixture.
The dried fraction ia taken up ia DCH aad introduced into a 25 metre, wall-coated, opea tubular glaaa capillary column
coated with OV-1, or equivalent, mounted in a Carlo Erba gaa chromatograph which ia temperature programmed from 70"C to
270-C at 3'C/ minute. "

• , . • • -''-" *'•*&'->&^^•jfc+'&?i'•*••••&•'•**&•£-?¥?£.- *'•Branched chain alkanea are aeparated from normal alkanaa by urea adduction'and treated aa for total'alkanaa.
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C«s Cbromatography-Maaa Spactroaatry
Maaa apactroaacry ia a t«chnlqua ta which aolaculaa ara boabardad with high anargy alactrooa caualng lonlaation and
Cragaantatlon of cha aolaculaa into lona of varying aaaa(a) and charga(«). Tha way in which a aolacula fragaanta into
iona of varioua a/« valua is known åa les fragaancation på t tårn, or aaaa apactrua and in uniqua. Whan linkad to a gaa
chroaatograpb cha aaaa apactroaatar can ba uaad in two diffarant aodaa:

1. Full Scan Hoda: A aaaa apactrua ia obcainad of aach paak aluting f roa tha gaa chroaatograph and a structural
idaneificacion of tha compound producing that paak can ba aada.

2. Multipla or Singla Ion Monitoring Hoda: Tha aaaa apactroaatar ia tunad to cartaln a/c valuaa to datact whathar a
compound, aluting froa cha gaa chroaatograph. fragaaata to giva åa loa at that valua. Cartaln fragaantatlona ara
indicative of «pacific coapound typaa aad tha aoat coaaoaly aoaltorad fragaaat iona uaad in patrolaua gaochaaiatry
ara thoaa with a/z valuaa of 191. 217 aad 259 which ara tha principal fragaaat loaa obtalaad froa groups of alkaaaa
known åa tritarpanaa. ragular ataranaa aad raarrangad ataranaa raapactivaly. Thaaa ara coapounda containing 27 to
35 carbon atoaa arrangad la a polycycllc. noraally 4 or 5 rlog. atructura. occurring la tha J*-C26 Co —"̂ 35 r**lon

of a gaa chroaatograa. Tha baaic aolacalar akalatona of thaaa coapounda ara vary •lallax to thoaa of tha original
organic aattar dapoaitad la tha aadlaaat aad ao thaaa 191. 217 aad 259 dlatrlbutloa plota. known aa aaaa-
fragaantograaa or aaaa chroaatograaa, form a pattarn cbaractarlatlc of tha aourca aatarlal. Thla tachniqua of
"flngarprlntiag" la alao oaa of tha aora axact aathoda of corralatlng aa oil to Ita aourca. or to anothar oil.

Carbon laotopa (13C/12C) Katio Aaalyala
Carbon baa two stabla iaotopaa. tha aora abundant C laotopa aad tha haaviar C isotopa, which la natura foraa about
1Z of earboa. Daviationa froa tha C/ C ratio ara axtraaaly aaall and carbon laotopa ratloa. aa aaaaurad by aaaa
apactroaatry. ara axpraaaad aa darlationa frost a standard, tha Paa Daa Balaanlta carbonata (PDB atandard) in parta par
thouaaad (parta par ail; /oo). Poaitlva daviationa indicata
ladlcata C iapovarlahaant.

C anrlchaant aad convarsaly, nagatlva davlatlona

tthila tha carbon laotopa ratloa of olla aad rock axtracts can raaga froa -20 to -32 /oo dapandlng on tha aourca organic
aattar typa. tha dlffaranca batwaan a apaclflc oil and Ita sourca la aaall. oaaauraavaata ara uaually aada on tha C,-.
alksna aad aroaatic hydrocarboa fractloaa aaparataly and thara should ba no aora than l °/oo dlffaranca batwaan tha oil
aad Ita aourca for althar fraction. If thara la any doubt that tha aourca rock extracts ara not ladiganoua to tha
aourca rock karogan. tha carbon laotopa ratio of tha aztractad aourca rock karogaa can ba aaaaurad.

i

r

Pyrolyala-Caa Chroaatography
Tha hydrocarboa pyrolyaata darlvad froa tharaal, aahydroua cracking of karogan la analyaad by capillary gaa
chroaatography. A f av ag of rock. karogaa or aaphaltana la haatad to 600*C for 20 aaconda la tha injactor of a gaa
chroaatograph. Tha chroaatograph ovan la kapt at -30*C during pyrolyaia and thaa ralaad to 300*C at a prograaaad rata
of 7.5'C/alnuta. Chroaatograaa producad thla way ara of tåa vary diffaraat f roa thosa of aourca rock axtracts or oils In
that braachad aad cyclic isoaars ara ganaratad fraaly giving nuaaroua, cloaaly spacad paaka. along with unaaturatad,
alkana (olafln) bydrocarbona. Tha "doublat" paaka oftåa obsarvad la thaaa Chroaatograaa coaprlaa alkaaa-alkaaa pairs,
tha fIrat aluting. aad uaually aaallar paak. balag tha alkana. Tha Chroaatograaa raaga froa C. to C._ or abova aad
although varlabla. ara broadly charactarlatic of aourca rock typa. C*a-prona karogaa eracka to giva a aora llaltad
aolacular walght raaga of products, concantratad towarda tha light aada. wharaaa oll-prona karogaa giraa aora proaiaaat
alkaaa-alkaaa doublata la tha CJ2 to C.- ragion. Tha largast paak froa both typaa ia uaually aathaaa.

Elaaantal Analysis
Total (unalavad) karogaa ia praparad aa dascribad ia Sactioa 1. Tha driad aatarlal is coabuatad ia oxygan la aa
alaaental aaalysar and tha oxldaa of carbon» hydrogaa, aitrogaa aad sulphur ara aaaaurad. Tha unburnt raaidua la tha
aah contant. Oxygan ia uaually calculatad by dlffaranca but can ba^datarainad saparataly If raquirad. laaulta ara
quotad aa parcantaga weights of C. H. O. H. S and Aah with tha atoalc ratio B/C and O/C calculatad and plottad on tha
standard van Cravalan dlagraa. Tha ralatlva aaounta of C. H and O praaant in organic aattar ara dapandant on both
aourca and aaturity. At known aaturity lavala, aoaa aaaaura of aourca quality aay ba datarainad. Llaltationa of tha
aathod in aource rock aaaaaaaant involva tha difficulty of obtaining pura karogan (in particular, fraa froa pyrita) and
tha lack of a alapl*, diract dataralnatioa of oxygan contant.
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A. Oil Analysis

JLRI laboratories offer a wide range of oil .analyses both tor geocbemical purposes and industrial uae. Physical
roparty determinations are based mainly on IP methods and are available for lubricating oils, fuels and greases aa well
crudes. Frequently measured properties of crude oila presented in geochemistry reports Include: A

Chemical analysis

laboratories offer a wide range of oil .analyses both for geochemical
--••--- --- v.__j _.4.ĵ y on jp aethods and are available *.«». *uBt.i,e«i..ui|i O.U.B, EU«A.S «na greases aa we

ties of crude oils presented in geochemistry reports Include: API gravity, pour
. sulphur, wax. aaphaltene, nickel, vanadium and other metals. Chemical analyalpoint, viscosity and contents of water

of oil» 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/mlnuta.

aaeoclated gaa

Caaollne analysis

Topping of cha oil

Column chromatography and
gaa chromatography

- If oil haa high gaa/oil ratio.

- aa for gaaolinaa in rock samplea but a weighed quantity of oil la uaed.

- chla la equivalent co cha removal of Cha fraction boiling below about 210*C and givaa a
mora standardised produce for comparlaon of gaa chromacograma of cha C... fracclon.UT .

- aa for solvent extracts, analysis la- carried one on copped oil.

5« Ca» Analysis -V. f< " ..
. • • • • • » •*"'*>',• .- • .
""•' v -̂;"'•'"'* ~1\ r*-*?*'•|i'5»'-r? '

The hydrocarbon gaaea. C. to C.. may be collected from cha airspace of sealed canned samplea or may be received from •
wall-sice tests in a apacial sealed gaa cylinder (gaa mouae). Chromacographic saparacion of the C. Co C^ guiaaa ia •
effected aa described under airspace gaa analysis. In addition, cha aeparated gaa components may be analysed: for stable
carbon and hydrogen iaoeopa composition which may provide valuable cluea to cha origin of Cha gaa.

6. Solid Bitumen Analysis '-ii^rv"
———————————————— ——— >; >̂ '.-V ---T: V ' •

'••'•"". .,. V- ̂  "
In some oil fielda. problema ara encouncered where bitumen developments form contlnuoua or pacchy layera .wiehin
reaervolrs. dividing cha pay lonea and acclng aa barriers Co natural fluid movement or Inhlbiclng enhanced oil recovery
cachniquaa. Incagraced geochemlcal and aadlmancological studlaa aim to produce geological modala capable of predicting
cha occurrence of bitumen layere and Chair likely thickness and abilicy Co ace aa permeability barriere.. Of further
concern ara cha past or preaent relationships becwaen cha bitumen and reaarvoired oil* Chair eourca rocks and the timing
of blcumen formation.

Analysis schemaa involve screening of samplea by assessing the amount of bitumen in polished core piecea ualng reflected
light microecopy. followed by solvene extraction of control samplea co estimate cha proportion of aolvene aolubla
blcumaa. Diffarene phaaaa of bitumen formation are differentiated by reflectance measurement aa described for vicrinlca
reflectance maaauremane. Soluble extracta ara fracclonated co give alkene, aromatlea. aaphaltene and rasene componencs.
Separated bitumens may be subjected Co element*! analysis.
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Typing Scheme for Transmitted White and Incident Blue/U.V. Light

General Properties

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

Humlc
(Gas-prone)

RRI Report
Data Tables

Algal Sapropel

Waxy Sapropel

Vitrinite.

Inertlnite

Type *

Type I

Type II

Type IIIA

Type IIIB

Amorphous

Non-Fluor es cent

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

Type IIIA/B

Oil residues (hitu

Fluorescent

Type I
Sapropel
Type II
(degraded
spores)
Soft bitumens

mens)
Mineral (undigested)
Grease contamination
Mud 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

Microf oraminlf era ,
chitinozoa etc.
(Not usually important)

Spores» cuticle etc.
at high maturity
levels

Fluorescent -

Cuticle
Spores
Pollen ••• ' ^

~ -k • • ••••"•'• -~~ ;v-iV-;:*VDinocysts :U Hf ~;
(Tŷ ê II)-̂
>.;^_X,,/ ;-:-;>?-" , .

'. '

Resinite
.Algae.
(Tasmanites,
Botryococcus
etc.)

(Type I)

Mud Additives - walnut etc.

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

APPENDIX 3

ROCK-EVAL" PYROGRAMS

WELL: 6507/12-1 LOCATION: HALTENBANKEN

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

2523. SB
Att: SO/20
Teop: 430
ley: I

2524.Om
Att: 50/20
Temp: 430
Key: t

2524.8«
Att: 50/50
Temp: 434
Key: t

2525.Sa
Att: 50/100/20
Temp: 431
Key: 1

l

l
KEY TO ABBREVIATIONS

A. Pyraenm of ttmpti:- 1. A* Rtoi»»d
2. Ator Extraction
t Aftw O

B. Att.:- lait«m«it Am««<l««
C. Tema.:- MRecfc.E«T T MM.



COMPANY: HOBSKE SHELL

APPENDIX 3

ROCK-EVAL" PYROGRAMS

WELL: 6507/12-1 LOCATION: HACTEHBANKBI

2529.Om
Att: 20/20
Temp: 432
Key: 1

2707.4m
Attr 50/20
Temp: 426
Key: 1

2708.5m
Att: 50/20
Temp: 434
Key: 1

2708.8m
Att: 50/20
Temp: 431
Key: 1

2709.Sm
Att: 50/20
Temp: 436
Key: t

2710.4m
Att: 20/20
Temp: 430
Key: 1

A.>yraffMi «f «"P

KEY TO ABiREVIATIONS
1. At Rewiwd
2. Ator ExtractiM

B. Att.:- iHstrwmirt Atttmmti*"
C. Ttmp.:. "Hodk-£«T T MM.



COMPANY: NORSKE SHELL

APPENDIX 3

ROCK-EVAL* PYROGRAMS

WELL: «507/12-1 LOCATION: HALTENBANKEN

2712.0»
Ate: 50/20
leap: 437
Key: 1

2710.7m
Att: 50/20
Temp: 433
Key: 1

27l2.8a
Att: 20/20
Temp: 453
Key: 1

2714.4m
Att. 50/20
Temp: 436
Key: 1

KEY TO ABBREVIATIONS

A. Pyra«ra« ef wnpta:- 1.
L Af»c6*tnrtloii

B. Att:- Imtnimiiit Attt««*tl««
C. Ttrap.:- "Recfc-E«r T Mu.


