L&U DOK. SENTER

L. NR. e O OcM ke
KODE \gous 2c/i=2 neS

Returneres etter bruk }

This CONFIDENTIAL report is madeavailable subject to the condition that the recipient will
neither use or disclose the contents except as agreed in writing with the sponsoring party.

Copyright 1s vested in Shell Internationale Research My. B.V., The Hague.

KONINKLIJKE/SHELL EXPLORATIE EN PRODUKTIE LABORATORIUM
RIJSWIJK, THE NETHERLANDS

{Shell Research B.V.}




=

August 1983

RKER 83.115

SOURCE ROCK ANALYSIS OF
CORES AND CUTTING SAMPLES FROM INTERVAL
3000 ~ 4662 M FROM WELL 30/11-3, NORWAYXY
by
Th.Krueger and L.Hermans
' code: 774.10300

Investigation

9.5.4570

This CONFIDENTIAL report is made available subject to the condition that the recipient will
neither use or disclose the contents except as agreed in wriling with the sponsoring party.

Neither the whole nor any part of this document may be reproduced, stored in any retrieval
system or transmitted in any {orm or by any means lelectronic, mechanical, reprographic,
recording or otherwise) without the prior written consent of the copyright owner.

Neither Royal Dutch Petroleum Company nor The "SHELL” Transport and Trading
Company p.l.c. nor any company of the Royal Dutch/Shell Group will accept any liability for
loss or damage originating from the use of the information contained therein.

Although SHELL companies have their own scparate identities the expressions **SHELL" and
“GRQOUP’’ are used for convenience to refer to companies of the Royal Dutch/Shell Group in
general, or 10 one or more such companies as the context may require.

Copyright is vested in Shell Internationale Rescarch Mij. 8.V., The Hague.

KONINKLIJKE/SHELL EXPLORATIE EN PRODUKTIE LABORATORIUM
RIJSWIJK, THE NETHERLANDS

(Shell Research B.V.)




4

.

CONTENTS

page
1.0 Introduction.....ceeceececscccocacssssassssasnssesl
2.0 RESULES .. eeeencecceecctssscscoeasscssssscsnnsssssesd
3.0 DiSCUSSION. et eeeoeeesoaaosoassccsososscscscnsscsssssd
4.0 CONCIUSIONS et eeeeesesoocsccacsesccsscasoscscsnsocsscsel

Figure 1 Location map

Figure 2-23 Vitrinite reflectance histograms

Figure 24 Vitrinite reflecance/depth plot
Table I Source rock properties
Table II Maceral description, comment lines

Enclosure 1 Geochemical log



N

Page 1

1.0 INTRODUCTION

A source rock evaluation has been carried out on cores
and cutting samples from well 30/11-3, NORWAY. The approxi-
mate location is shown in Figure 1.

The samples are taken from interval 3000m - 4662m, 1i.e
Jurassic to Upper Cretaceous. '
Total depth was reached at 4662 m b.d.f..

The purpose of the investigation was:
1. to detect the presence (or absence) of source rocks in
the samples.
2, to determine the quality of the organic matter, as well
as its distribution.
3. to establish the degree of organic metamorphism (level
of maturity).

A source rock is identified by measuring the amount of
temperature reactive ("1live") organic matter present, i.e.
the amount of organic matter that yields hydrocarbons upon
pyrolysis. The method excludes any ("dead") organic matter
such as inertinites,

In addition, the total organic carbon content can be de-
termined which gives the sum of "1live" and "dead" organic
carbon. Rocks containing less than 0.5%wt organic carbon
are not considered to have a potential for commercial oil
accumulations.

The source rock indications (SRI), which are a measure of
the amount of pyrolysable organic matter, are determined on
the original samples and in certain cases also after extrac-
tion with organic solvents. A systematically lower value
after extraction is due to the presence of extractable
hydr ocar bons. These may consist of trapped oil, o0il gene-
rated in situ by a source rock, or e.g. gasoil used in the
drilling fluid.

In general, samples with source rock indications of 30 or
less do not represent (immature or mature) source rocks.
Values between 30 and 100 generally indicate marginal source
rocks, while values above 100 commonly indicate good source
rocks.
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Intervals or samples with high source rock indications
are investigated under a microscope to ensure that the high
values indicate genuine source rock properties and are not
due to contaminants of an organic nature such as lost circu-
lation material.

The quality of a source rock for oil/gas generation de-
pends on the type of organic matter present. Five catego-
ries of organic matter can be distinguished, viz.: humic,
mainly humic, mixed, mainly kerogenous , kerogenous. This
classification is based on the hydrogen content of the orga-
nic matter.

Source rocks with organic matter of kerogenous, mainly
kerogenous and/or mixed type generate predominantly oil.
Organic matter of humic type generates gas only. Strata
with organic matter of mainly humic quality generate either
gas, or gas and oil.

In addition to the type and the concentration of the or-
ganic matter , the source rock quality is also characterised
by the distribution of the typical organic constituents, or
macerals (1), in the sediments. The maceral distribution can
be used to further qualify the source rock, especially when
mainly humic quality is found. For this purpose a micro-
scopic investigation on polished rock fragments is carried
out.

The "maturity" of source rocks is expressed in terms of
degree of organic metamorphism. With increasing degree of
organic metamor phism the organic matter is gradually car-
bonised while generating hydrocarbons. With increasing car-
bonification the light reflectance of vitrinite, one of the
coal macerals, increases. The degree of organic me tamor-
phism can be assessed by measuring this reflectance.

l)maceral: an organic constituent which can be recognised
with the microscope (with objectives 25x to 50x)
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2.0 RESULTS

The results are listed in Table I (source rock indica-
tions, total organic carbon content, type of organic mat-
ter), Table II (maceral description, comment 1lines), Figs.
2-23 (vitrinite reflectance histograms) and Fig. 24 (vitri-
nite reflectance/depth plot). All chemically obtained
results are summarised in Enclosure 1 (Geochemical log).

3.0 DISCUSSION

3.1 Interval 3000 to 3283 m

All samples of this interval show insignificant source
rock indication (SRI) values. The maceral descriptions of
samples 3004 and 3241 m show only (very) small amounts of
sapropelic organic matter (SOM).

This interval cannot be regarded as source rock.

//jgi;\\&nterval 3292 to 3319 m (Kimmeridge clay formation)

All samples of this interval reveal good to excellent
SRI-values together with high amounts of organic carbon
(9.5%wt).

The maceral description shows fair amounts of partly
micrinised SOM in a distribution which is favourable for oil
expulsion. Next to the SOM sporinite, liptodetrinite,
microplankton and fusinite have been detected.

The type of organic matter determined on samples 3301 and
3313m is "kerogenous" which 1is in agreement with the
observed maceral content.

This interval is concluded to contain good to excellent
source rock for oil.

. : . et
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3.3 Interval 3328 - 3436m (Heather formation)

Samples of this interval show fairly good SRI-values at
the base of the interval grading into good values towards
it's top, but seem to be partly contaminated by caved
material derived €from the overlying Kimmeridge clay forma-
tion. For sample 3364m an organic carbon content of 3.7%wt
was obtained.

The maceral composition within this interval (sample
3364m) resembles very much that of interval 3292 - 3319m
(Kimmeridge clay formation), although somewhat poorer with
less SOM present. Moreover, the distribution of the SOM is
less favourable for oil expulsion. The type of organic
matter is "kerogenous to mainly kerogenous".

This interval might be regarded as fairly good source
rock for o0il and gas. However, the possible presence of
caved material may downgrade the source rock potential of
this interval.

3.4 Interval 3445.0 - 3451.2m

Core samples of this interval show excellent SRI-values
and an organic carbon content of 61.8 %wt for sample
3450,3m.

The maceral description of this 1layer reveals high
amounts of telocollinite and vitrinite-2 (desmocollinite) in
layers and lenses and fair amounts of sporinite, cutinite,
liptodetrinite and exsudatinite. The determined type of
organic matter (mixed) is in agreement with the observed ma-
ceral distribution.

Vitrinite reflectance measurements on samples 3450.3 and
3451.2m give VR-values of 0.78 and 0.74 (DOM:64/65 and
63/64). These values indicate a mature stage for oil gene-
ration.

This interval is an excellent source rock for gas.

3.5 Interval 3481 - 3688m (Hugin formation)

Samples of this interval reveal marginal to good
SRI-values together with Ct-values of 3.1 and 5.5 swt for
sample 3526 and 3634m, respectively.
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The maceral description shows predominantly vitrinite-2
that grades into SOM which is locally micrinised.

The type of organic matter is "mixed to mainly humic® for
sample 3526m and "mainly humic to mixed" for sample 3634m.

The lower part of the interval (3598 - 3688m) is somewhat
richer and seems to reflect the abandonment phase of the
coal deposition of the foregoing Sleipner formation.

Vitrinite reflectance measurements obtained from telocol-
linite of samples 3526 and 3622m reveal VR-values of 0.69
and 0.76 (DOM:62 and 64) ; (just) mature for o0il genera-
tion.

This interval is regarded as fairly good source rock for
gas.

3.6 Interval 3697 - 4162m (Sleipner formation and Upper
Dunlin group)

Samples of this interval show in general excellent
SRI-values and organic carbon contents in the range of
12.6%wt at the base of this interval (4093m) to 60.9%wt at
the top (3703m).

The maceral composition reveals as main constituents fair
amounts of SOM predominatly in a distribution which is not
favourable for o©0il generation and telocollinite, and
relative high quantities of vitrinite-2 that grades into
SOM. The SOM is partly micrinised and oxidised. Other
macerals such as sporinite, liptodetrinite, exsudatinite,
fusinite and micrinite are present.

The type of organis matter is "mainly humi¢" and "mainly
humic to humic”". <

Vitrinite reflectance measurements have been carried out
on telocollinite of 12 samples over this interval. The
VR-values obtained range from 0.80 to 1.03 (DOM:65 - 71) and
increase to depth indicating an advanced to post-mature
stage of organic metamor phism for o0il source rocks.

Based on these data it is concluded that interval 3697 -
4162m contains excellent source rock for gas. Some samples
of this interval (3904 and 4003m) may have been source rocks
for 0il and gas when immature.
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3.7 Interval 4171 - 4642m (Dunlin group)

Samples from this interval are highly contaminated by
caved material from the overlying coaly interval and by mud
additives.

The SRI-values determined decrease from good at the top
of the interval towards marginal at the base. Only some
samples at the base of the interval (samples 4477 - 4549m)
reveal fairly good to good SRI-values. These higher
readings are possibly also caused by contamination.

The organic carbon content determined for three samples
(4351, 4513 and 4594m) is 3.6, 4.7 and 2.5%wt respectively.

The maceral composition resembles in general that of the
overlying 1interval. SOM is present in a distribution which
is not favourable for oil generation.

Vitrinite reflectance measurements on telocollinite give
scattered and relatively low VR-values in the range of 0.80
to 0.96 (DOM:65 - 69), confirming the presence of caved
material. Only the VR-value of 1.12 (DOM:73) for sample
4207m seems to complement the trend of vitrinite reflectance
measurements retrieved from the overlying interval and
indicates a post-mature stage of organic metamorphism for
oil source rocks.

This interval probably contains no source rock. The
marginal to good SRI-values obtained in this interval are
probably due to caving and by mud additives.
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4.0 CONCLUSIONS
Interval 3292 - 3319m (Kimmeridge clay formation)
contains good to excellent source rock for oil.
Interval 3328 - 3436m (Heather formation) might be

regarded as fairly good source rock for o©0il and gas.
However, the possible presence of caved material may
downgrade the source rock potential of this interval.

Interval 3445,0 - 3451,2m is an excellent source rock for
gas.

Interval 3481 - 3688m (Hugin formation) 1is regarded as
fairly good source rock for gas.

Interval 3697 - 4162m (Sleipner formation and Upper
Dunlin group) contains excellent source rock for gas.

Interval 4171 - 4642m (Dunlin group) probably contains no
source rock; the marginal to good SRI-values obtained in
this interval are probably due to caving and mud additives.

Vitrinite reflectance measurements on telocollinite 1in
cores and cutting samples from intervals 3445.0 - 3451.2m
and 3481 - 3688m indicate a just mature to mature stage for
oil generation (VR:0.69 - 0.78 / DOM:62 - 64/65).

Vitrinite reflectance measurements on telocollinite from
cutting samples from the interval 3697 - 4162m show an
increasing VR with depth from 0.80 (DOM:65) at the top to
1.03 (DOM:71) at the base of this interval.

The reflectance measurements on cutting samples below
4171m are unreliable due to caving.
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SEOCHEMICAL SGCURCE ROCK DATA

TASLE 1 (PART 2) WELL: 30/11-3
DEPTH 1YPE SOURCE SOURCE TYPE ORGANIC
OF ROCK ROCK OF CARBON
SAMPLE INDICATION INDICATION ORGANIC CONTENT
MATTER
Y BEFORE AFTER W
EXTR., EXTR.
2265 o 5 - -
2274 o 15 - -
3283 c 5 - -
3292 X c £25 550 -
3301 * C > 9010 > 933 K 9.5
3310 c 640 515 -
3313 > c 0 - K -
3319 C 645 500 -
3328 c 455 295 -
3327 C 230 240 -
3346 o 155 120 -
3355 c 215 165 ' -
3364 o 510 260 K/ MK 3.7
3373 o 32% 255 -
3387 o 185 170 -
3391 c 180 155 -
3400 C 220 175 -
3409 C 145 125 -
3418 o 165 130 -
3427 o 3.5 245 -
3436 c 90 80 -
Iyqgs C 10% g5 -
3445 R > 900 > 900 W MH -
3450.30 R > 900 > 900 M 61.8
3451.20 R > 900 > 900 -
Iyn1 C 125 110 _
3490 C 90 8S -
3499 C 35 35 -
3506 o 35 25 -
3517 C 69 55 -
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GEDCHEMICAL SOURCE ROCK DATA
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395
900
9GO0
9GO0
715

> 903 -
> 900 -
> 900 MH 23.2
> 900 -
> 900 -

900 -
900 -
900 -
933 -
315 -

vV VvV VvV

900 -
900 -
900 -
900 -
900 MH 266

n vvvyv

545 -
> 900 -
> 900 -

620 -

460 -

395 -
900 -
900 -
> 900 -

715 -

A\VAR V4




GEOCHEMICAL SOURCE ROCK OATA

TaslLeg 1 (PART 5) wELL: 33711-Z2
DEPTH TYPE SOURCE SOURCE TYPE ORGANIC
OF ROCK ROCK OF CARBON
SAMPLE INDICATION INDICATION ORGANIC CONTENT
MATTER
M BEFOKRE AFTER TW
FXTR. EXTe.
4039 Cc > 9C0o > 900 -
4pus C 620 620 -
4ps7 C 745 745 -
4066 C 700 670 -
4975 C 715 720 -
4384 C > 900 > 900 -
4093 c > o0 > 900 MH /3 12.6
41p2 C 560 555 -
4111 o 510 530 -
4120 C 635 640 -
4129 C 210 205 -
%313S C 435 (L -
4iuy C 625 640 -
4153 C 415 410 -
4162 C > ¢30 > 300 -
4171 C 2G5 175 -
4180 C 375 365 -
4189 C 200 200 -
4198 o 245 260 -
4207 c SGS 450 MH T.1
4216 o 270 280 -
4225 C 310 295 -
4224 C 3155 360 -
4243 C 610 635 -
42%2 o 170 170 -
4261 C 280 260 -
4270 C 80 90 -
4279 C 160 170 -
4288 C 100 80 -
4297 C 420 360 -

—— . — ———— - T ——— - A - = = — - — - - - —— - -t T — — — v G —

4468 C ' g5 75 -




MACERAL DESCRIPTION OF 41 SAMPLES FROM WELL
30/11-3, NORWARY
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STVAYIINI

ORGANTC INORG.
VITA. LIFTINITE IMERT.
RLGAE
IN M TYPE ] e o ] e s el o o M P BRI
[3004. 0| CTGS - - -1 /|-
13241.0| CTGS / - - -1 /¥ -
[3238. 0] CT1GS H IRV VAL
3301.0| CTGS Ho ] R
13313.0] CTGS + -/ + / +H |||+ +
[3364.0| C765 + SREE o] |/
[3445. 0| CORE /| |/ w1/l -
3450. 3| CORE /1 [/ /1 1% -
345{.2| CORE [ |+/]-1-|/ L+ |1/
1345i.2| CORE [ |+ /1|17 + /]
[3526.0| €TG5S BEGRRE RVGRUREEE
3622.0{ CTGS /1 1K/ |/ VAR N RS VAVAVA
13634.0] CTGS /L VARVAREEEVAVAVS
(3703.0 €165 /i [ T+ R VRV
3706.0{ CTGS VAR I V4 IR RS IR VAR VA V4
3736.0] CIGS /|+ X/ 1/ /U Il /-
3748.0] CTGS VARt VARV x| |+{x -1/
L EGEND |
X ABUNDANT
+ COMMQN
/ FEW
- RARE
1ABLE - IIa
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GEOCHEMICHL LOG NELL 30/11-3

SCALE 1:5000 LOCATIGN

REGEG IDENTIFIER

= ud = =z
= = & 8l = o
— = —~ SOURCE ROCK INDICATION 3 SOQURCE ROCK INDICRTION [ —_ X L O
= e = N 2| =x S © Z B
= — - OF ORIGINAL SAMPLE e OF SAMPLE AFTER EXTRACTION WITH CHLORCFORM = - . b W &
wi n o 3 o L - 0. (& o O
o o 19| o 100 200 300 400 500 600 & 100 200 300 400 500 600 z W o o - e«
@ w o] o (5 (X1 [ow] O o~ - [un =
J | I I | i ] i | ! ] ]
1ép)
9000~ I i YALUES SMALLER THAN 30 RRE CONSIDERED : —  3000—
= n - - N
. - : NOT TG BE OF SIGNIFICANCE .
© . - - ]
" ] — - .
3100 = 2 3100
3200— - - 3200—
n B - - INTERVAL 3292-3319M (KICLAYFM) .
3 - - IS CGNCLUDED T8 CONTRIN GOOD 3
;] — - TG EXCELLENT SCURCE RGCK FOGR OIL  |_ | .
KI CLAY FN ] — 19.5 KERGGENOUS
3o T ] 3800 KERGGENGUS
o ’ = .
25| W . INTERVAL 3328-3436M MIGHT BE ]
Zo|l T 1 — REGRRDED AS FAIRLY GOOD SOURCE 137 BRBREE REBadBNous
x5 = E : ROCK FOR OIL AND GAS (CAVING?Z! .
— 3400— 3400—
= (T ~ ]
- 2 — ]
I — VR=0.78 ] = ] st.8 Hi%EB 7O
] INTERVAL 3445.0-3451.2M IS AN . ] HAINLY HURIC
ol = 3500 ‘ EXCELLENT SOURCE ROCK FOGR GAS 3500—]
] VR=0.89 F—— —— INTERVAL 3481-3688M (HUGIN FM) s P HI¥ED, T
-5 = ] —— — IS REGARDED AS FRIRLY GOOD ] Y HUMIC
o = ; — - SOURCE ROCK FOR GAS X
o . — — N
= W 3600 3600—
N i —— |VR=0.76 INTERVAL 3697-4162M (SLEIPNER FM 1 5.5 BTN fepHmIC
N AND UPPER DUNLIN GP) CONTRINS . ED
) ] —— EXCELLENT SOURCE ROCK FOR GAS ]
=) 3700~ —— | YBZ0:B3 — 3700—] 60.9 MAINLY HUMIC -
. —_ YR=0. 3
1 ——_  |VR=0.83 .
. 3800— —— | VR=0.83 3800—] 23-2 MAINLY HUMIC
g = 1 —  |vR=0.84 :
o : .
U ] — | ¥Ret:68 5
W w b 3900~ e 3900—] 26.6 MAINLY HUHIC
| - ] ]
» ] :
= 4 —_— YR=£.91 .
a0c0— ——— | VR=0.98 : 4000—] 14.7 MAINLY HUMIC
. 1 -
P VR=1.C3 +100— 12.6 BB INLY cHUMIC
o ; _ :
4200— _____ | VR=1.12 4200—] 7.1 MAINLY HUMIC
O 1 | VR=0.93 l_ ;
- = -1
o . o ]
4300.;. e VR=C.82 - 4300—-
() n oo - 3
1 — ‘ « .
1 — — = 138
— . — INTERVAL 4171-4642M (DUNLIN GP) ., .
’ F C PROBABLY CONTAINS NGO SOURCE x 7
— 440C— —— — ROCK:; MARGINAL TG GOGC SRI-VALUES « 4400
. — — ARE PRGBABLY DUE TO CAVING AND  * .
- —_—_ ] = -1
1l : _ — Vnuo F!DDITI'IVE? | = ]
. it :
< 4500—] VR=0. 4500 , 4 MAINLY HUMIC
1 —— |VBB:38 L] X
- : h
) . :
as00— T VR=C.80 4600—] 25
— |~ SIATEJQRD) . — —— ]
v - .
TD 4669 . « .
' 4700—] @ 4700
Z = 3
= ]
. - .
. 2 E—J ]
1 © = ]
4800— — ™ 4800—]
1 =w ]
. O Wl ]
1 n . ]
4 wao ]
1 o= ]
a9c0— S 4900—]
- G: -
7 O e, .
- W < ]
10 ]
1 & .
sooo— T O 5000—
NUMBER OF SAMPLES ANALYSED 180 NUMBER OF SAMPLES ANALYSED 15§
L E GEND KONINKLYXE/SHELL
EXPLORATIE £N PRODUKTIE LABORATORIUM
TYPE OF SAMPLE = CORE
p= SIDEWALL SANPLE GEOCHEMICAL LOG
. COUNTRY : NORWRY
CONTAMINATION € = UNSPECIFIED
. RLNUTS WELL : 30/11-3
€ : CELLOPHANE INTERVAL : 3000 - 5000 M.
- SCALE 1:5000
F =z FIBRES
, P = PLASTIC OR PAINT AUTHOR: KRUEBER | onte: musist 1088
REF: 33/171/11% !!’(CL! 1in1mu.nu:




