AL STUBIE

GEQUHEMICS

. Metter

P
hd

R.

Report by:

fantas

Fakiuda

My
Gregury

arfy

. R.
H. M.
o AL
poda

Analyses by:

72

iU

\
) | U

7
_
ZZZ

-

G

Divist

Fvaluation

Reservair

.
.

S

Septamber 1

-~

\

-

.

\\

L

3

FROPERTY OF STAT

UND e AFKIVET




iste

T

&e.

Pl G
o I z
¥ R
il - i §

} i
£ g,
Sty uM H g
P g’ 55
Vi s il
000 M v BV
o o
4 v e i
PR L



EXXON PROGUCTION RESEARCH COMPANY

GEOCHEMICAL STUDIES OF ROCK AND U3L SAMPLES FROM 33/9-7,
33/12-6 AND 34/730-1, 2 AND 3, OFFSHORE NORWAY

R: E. Metter

Reservoir Evaluation Divisian

Septémber 1879

EPR.ILZES.7S

Charges for this work for Statoil were gpecifically ‘authorized by
Esso Exploration and Production MNorway inc. and dre not covered by
praoduction research dgreementy with Exxon Producticn Rezesrch Company.



GEOCHEMICAL STUDIES OF ROCK AND OFL SAMPLES FROM 33/9-7,
33/12~6 AND 34/10-1, 2 AND 3, OFFSHORE NORWAY

R. E. Metter

CONCLUSIONS

Hydrocarbon Sdurce Pattperns

id

The drifled sections in the five weils of this study all failed to reagh
a mature zone, as is indicated below:

Well Deapegt Sample Studlied

Un it Maturity

33/9-7 Statfiord Immatune
33/12<6 Triasyic Transitional
3h/10-1 Statfiord {matura
3I47/10-2 Trigssic Transitional
FhA10-3 Triassic immature
Of course; the eguivaltent intervals off«structurs may be mature dus o
3 g ¥
deeper burial and Kigher subsUrface temperstures,
} g o
Shales from the Brent, Dunlin and Statfjord intervals, as well as Doggser

shales averlying the Brent sand, include good to rich potential sources
of gas and oil. No definite Malm shales ware analyzed in this study, but

we assume the Malm also includes good to rich potentiasl source Focks that

would genmerate considerable amounts of oil wharever they might be mature.
All of the Jurassic units and some of the Uretacsous a2lso contained
shales that were rated as fair potential sources.

Correiations of 0ils, Tars and Rock Extracts

Dils from the Brent sands {n 34/10-1, 34710-3 and 33/9-7, & condensats

from the Brent in I&/10-2, an ofl from the Statflord wnit in 34/10-2, and

a tar from the Brent sand in 33/9-7 al!l come from a single genetically
related oil family. The oils from 34710-1 and 34/10-3 have been hotably
dTtered presumably by blodegradation and possibly by water washing.

FPerhaps the oil from 33/9+7 has been siightly altered by the same processes.

Three tars from the Trisssic inwell 33/12-6 are nearly identical to sach
other, but they reprasent a different family than the oils listed above.

Four cuttings samples from 34/10~3, representing Cretaceous, 8rent and
Dunlin shales, do not correlate with the oils and tars. The immaturity
of the section in this well would not lead us to expect a good correla~
tion in the first glace.
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Eight cuttings samples from the 34/10~2 well, representing the

same three stratigraphic intervals as those from 34/10-3, inciude
sgveral whose hydrccarbon Extracts by most of our ¢orrelation ocriteris
resemble the oil sample from the Statf] ord of 34/10-2. The Cretaceous
samples, in particular, resemble the oil; but so do samples from the
:8r9ﬁr and Dunlin intﬂrvai This might imdizate that the oil was

gemerateﬁ by 5ﬁa§aa rom the #ntire iurassic and Cretacecus iﬂtarvait

=

by oil that was e;rher iﬁLerUCEd by add:rg Sta xord Oi! ta the
dritling mud, or by the natural upward migration of ressrvoired ofl
from the Statfjord sands through the younger strata. The apparent
tack of mature beds in the section here supports the latter idea of
migration.

5. We have nor identified a SQE”ific aour:e OF the 01?> we ana Tyzed.

' 3 wih T i Ye. " inTany
"case, stawdard cores provide a much more re,§ab7é type o sample for
this purpase than do cuttings, which are quite susceptible to contar
mingtion from mud additives or from mixing with oii-bearing reservair
sands wWithin the mud stream.

BACKGROUND
Canned cuttings from the 34/10~2 and 34/10-3 wells, and dry unwashed {plus
some washed) cuttings from 34/10-1, 33/9+7 ard 33/12+6 wells were analyzed
reytinetly for hydrncarbov source characteristiss: The results were Iransmitted
in four reports whizh are listed later at the and of the Discussion.

Five ofl samples from wells 34/10-1, 34/710-2, 34/10-3 and 33/%-7, and four
tars foumd in cuttings envelopes from 33/9-7 and 33/12~6, were analyzed for
geochemical “fingerprint' characteristics, and these were comparad with selected
cuttings from wells 34/10-2 and 34/10-3, The purpose was to identify oil
families among the samples and to identify possible sources of the reservoired
hydrocarbons.,

Standard core sampies are best for providing rock extracts to compare with
ails, but we did not have any suitable ones . for this purpose. Also, we did not
, have usable o ngs. samples. from the Malm, whish.ls a. prim it
”tﬁa major source of oll in this ares.

This work was authorized in the Technical Service Job Authorization
Na. 1119 of March 18, 1979 by J. Barrier of Esso Exploration and Production
Norway, Inc. Work on the study has been assigned to Exxon Produgtion Research
Job No. 11332,

ANALYTICAL PROCEDURES

Sourge Analyses

Hydrocarbon source analysis procedures are discussed in ths individual
wall reports Yistsd at the end of the Discussion. Basisally, they include a
measuré of total organic carbon in the samples, plus ong or more snalyses of
Bhydrocarbons pressnt.  IF canned cuttings were available, determinations ware
made of hHydrocarbon gases (C.«C&B, light gasolimes (C;-C,) and on selected
samples, heavy hydrocarbons §c§5+} : ®o
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Sithough visual ksrogen description is not @ chemical technigue, 2 is an
integral part of source evaluation and was included as a part of the Ygeochemicsl”
analysis, The visual kerogen in the 34710 Block samples was studied by transmitied
3;gbt and described according to the so-called "Staplin Method', whereby alterationg
of certain spores and pollien are rated on a 1 to § scale, with 1 being {mmature, §
metamorphosed, and the 2+ to 3 renge being mature. Types of kerogen are identified
a5 amorphous and algel {oll-pr {1 coaly or woudy, {saszorenel and herbaceou §
and gEey SN A e &

U AR AN AN

YFingerprint! analyses

Samples of the crude oils were Ytopped' by heating at A8°C for 18 hours to
drive off the gasoline-kerosine compounds. The remaining heavy fractipns were then
treated with pentane to remove asphaltenes, and the pentane~soluble portions were
separated by liguld column chromatngraphy into saturates, arometics, eluted N&ED
compourids and “noneluted NS0'sY.  These results are given in Table 3 under "“Gross
Lompositian™. The four tars were similarly analyzed, but topping wes not necessary.
The heavy saturate fractions were analyzed by gas chromatography (Figs. 5 thru 13},

Both the hsavy saturate and heavy aromatic fractions were analvzed by mass
spectrometry for the moleculsr types of compounds in them {Table 3}. They were
aiso analyzed by & different type of mass 5pectromeLer for thelr carbon iTsotope
vatues, expressed as parts per thousand {(®/oo) deviation from the Pee Dee belemnite
standard {Table 3}. The molecular data and isotope dats wers plotted graphigsally
{Figs. 2 and 3).

The ltight gasolines (C%~C?) in the crude oils were analyzed by gas chroma-
tography {Table 4. :

The canned cuttings provided the only samples we had that were adequate for
Bfingerprint comparisons with érude gils, The dry cuttings damples were Yoo
small. ECight samples from 34/10-2 and four from 34/10-3 were sent to Gealhem
Laboratories of Houston for heavy (€. ) soluble organic watter analysis (Table 2).
This consists of extractions of organfc matter with methanol-methyleng chloride
solution and analysis of the extracts (after deasphaltening) by means of liguid
column chromatography. Gas chromatograms were run on the heavy saturate fractions
{Reports EPR.I3ZES.79 and EPR.IZRES.TY}.

The twelve heavy {C,,. } hydrocarbon éxtracts from the cuttings were theb
analyzed by the same techfigues described above that were used on the Tive crude
oil samples and the four tar samples. Results ars gliven in Table 2, and in Figures
2 and &,

DISCUSSION

The analytical program of this study was in two phases. First, cuttings
samples from the five wells {Fig. 1} were analyzed routinely for hydrocarbon source
characteristics. These resulls were transmitted in the four EPR service reports
listed at the end of this section. in addition, “fingerprint analyses’ were used
to compare five crude oils and four tar samples from these same wells with heavy
hydrocarbons that were extracted from a suite of twelve lithologic samples taken in
the 34/10-3 and 34/10-2 wells. The results on those comparisons are presented in
this report.
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Although most of the emphasis here is on the comparisons of the hydrocarbons,

g brief discussion of both phases of the study Ts included below,

&, Source Bnalyses
Canned cuttings from 34710~2 and 347103 wers analyzed and graphic summaries
of the results are presented in Figs. 18 and 15, Details were given in
reports EPR.132E5.79 and EPR.IZLES.79. ODry gnwashed cuttings from 33/9-7 end
33/12-6, and Y'wet” samples from I8/10~1 were also analyzed and results werse
given in reports EPR,IZ5ES.79 and EPR.IZBES.79. The latter thres groups of
samples were not sultable for gas (C,-0,} or light gssoline analyses, and they
were also too small for heavy hydrocarbon {Ciﬁ*} analyses. & few core samples
suppiementated the cuttings studies. ‘
The results may be summarized as follows:
Approximate
Depth of immature Unlt and Maturity of Potential food tg Rich Source
Well Zone {meters) Deepest Sample - Beds When Mature®
33/6-7 3082+ Statfjord-{mmature Shales in Dunlin
34/10-3 2802+ Triassie~mmature Shales in Brent, Dunlin
3kA10-1 23k 3+ Statfiord-immature Shales in Dogger & Dunlin
3L/10-2 2884 Triassic~Transitional Shales in Dogger, Dunlin,
Statfjord
32/12~6 3450(7} Triassic~Transitional Shales in Dogger, Dunlin,
Gtatfiord
2411 of ‘the Jurassic intervals and some of the L{retacesous include shales that
are at least falr potential sources.
8. Comparisons by ""Fingerprint' Analyses

Five oil samples, &% tars and 12 rock samples were analyzed for comparisons
{Table V}. The oils included four from the Brent sands and one from the
Statfiord. Results of their analyses are listed in Tables 3 and & and they
are shown graphically in Figures 2 thru 13. Below are listed our conclusions
and the reasons for them:

1. The five olls are from the same family.

a:  The three Brent oils from 34/10-1, 34/10-3 and 33/9-7 have nearly
identical isotope values {Fig. 2}. The saturate fraction of the
Brent condensate from 34/10-2 has sbout the same isotope Vaiug as
the first three ails, but the aromatic fraction is about 1.5 "/foo
less negative. The Statfjord oil from 34/10~2 has both saturate and
aromatic values about 1.5 /oo less negative than the other three
oils (Fig. 2)}. The less negative values at 34710-2 are tentatively
attributed to a more mature state of the hvdrocarbons there due to
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greater depth of burial. Thess dats do not preciude the 34/10-2
samples from being genetically relatsd to the other three oils
or to each other.

b. The aromatic molecular patterns and the patterns of b-ring
naphthenes in the samples are similar {Fig, 3}. However, the
saturate molecutar patterns are different dus to alterativns
attributed to blodegradation. The paraffins arg depleted In
oils from 34/16~1 and 34/10~3 and there may be a slight deple-
tion in paraffins in the 33/9~7 oil {Fig. 3). This paraffin
depletion is strikingly shown in the suite of gas chromatograms
of the saturate fractions {Figs. 5-9).

2. The three Triassic tars from 33/12-6 asre nearly identical to sach
other, but they differ encugh from the dils to be classed as 3 separate
family.

#. Thelr isotope values [(Fig, 2}, their patterns of molecular types
{fig. 3), and the gas chromatograms of their heavy saturate
fractions (Figs. 11-13) are essentially identical.

b. Their carbon isotope valyss and thelr aromatic malecular patterns
definitely differ from those of the oils (Figs. 2, 3).

3. One of the rock extracts from 34/10-3 correlatas with the oils (Fig.
3 vs. Fig. &), but the other three do not. isotopigally the Cretacaous
gxtract from 1751 meteérs is similar to the ol} from 3%/10-3, and the
mojegular patterns of the d-ring naphthenes and heavy aromatics are
aleo similar to those of that oil. The gaturalte molegular patrerns
are simitar (o that both show 3 depieticn of paraffins, and their gas
chromatograms both show a notable daplerion of paraffins (Fig. 8 this
report vs. Fig. 2 in EPR.V32£S.79). However, there were no measurshle
gasolines in the 1751 meter sample and the sample was so lean In
organic matter and hydrocarbons that It was rated as a poor sourge,
it seems likely that this extract represents leakage upward from the
Brent Reservolr rather than indigencus hydrocarbons.

4, Several of the 34/10-2 hydrocarbon extracts had lsotope values similar
to those of the 34/10-2 oils {Fig. Z), and they came from Upper
Cretaceous, Brenmt and Dunlin intervals. The Cretacecus samples ara
closest to the oils In their values (Fig. 2). in molecular patterns
there is also a resembiance bstween extracts and oils {Flg. 3 vs,
Fig. 4). "For example, the Brent extract from 3125 meters (Fig. &)
! has molecular patterns that ¢losely match patterns that would be
i produced by mixing the oil and condensate from 34/10-2. The isctape
values would also be comparable. These two samples correlate chemically,
but we are not confident that the extract s indigenous. The reason
for suspecting 1t might not he indigencus iz the fact that by these
same criteria mast of the extracts, from the Cretacsous sample at
#7285 f¢. down to the Dunlin sample at 3275 meters, caf alse be
correlated with the oils (Fig. 3 vs. Fig. &) and this suggests contamina~
tion. The contamination could be natural, due to migration upward
through the section, or bt Zould be due to possible use of Statfjord-
derived wil as a mud additive. Shale core samples would help in
 resolving this problem.

PN L 5w,

aeetnesy,




e

5. The three Trigssic tars from 33/12-6 have carbon isotope values
similar to those of the extracts of the Brent shales from 34/10-3,
but their molecular patterns are different from those of the extracts
{Figs. 2, 3 & 4}. The Brent tar from 33/9~7 has isotope values
nearty identical fo those of the 34/10-2 ol1, and the saturate and
aromatic molecular patterns of the two are similar. We conclude that
this tar s from the same family as the oils, and is different from
the three Triassic tar samples.

&. Data on an ol sample From 257116 was ingluded in this report for
purposes of generval comparisons. This ofl fatls between the 34/10+2
oil arg the other three olils in isoteple velues, and in molscular
patterns E* raseﬂbles these oils, except for a lasssr amount of
steranés in the b-ring naphthenes). This oll iy assigred to
the same os% Taﬁ3§Y as the 34-Block oils.

7. The gasoline data {Table 4) do not help clarify the correlations.
None of the oils correlate well with the rock extracts {see previous
reports). The oil and condensate from 347102 are distinetly different
from the 34/10-1, 234/10-3 and 33/9<7 cils in their gasoline compositions.
Gesoline data are influenced to considerable extents by migration and
maturation histories, and are not glways dseful e “'Fingeepristing?
samples. The 34/10-% and 34/10-3 oils, which have similar geslogic
and geographic positions, alse have simitar gasoline patterns,

RELATED EPR SERVICE REPORTS

SEPR, 1328578 “Hydrocarbos Source Analyses of Samples from STATCIL 34/10-3,
“Norway' ' by R, £. Metter, August 1979,

FEPR.IJGES . 7G  VSTATOIL 34/10-2, Norway: Hydrocarbon Source Patterns” by
R. E. Metter, August 1979.

EPR.I35ES.79 ‘“Source Analyses on Sampies from Wells 33/3~7 and 34/10-1,
Gffshore Norway'' by R. €. Metter, August 1979.

EPR. 138ES5.79 ‘''Hydrocarbon Source Frofiles, Mobil 33/12-86, Offshoari Norway'
by R. E. Metter, August 1879,

* Samp?es were all canned cuttings which wor? ana%yzed for hydrocgrben
gases e 3 and light gasolines (ﬁ =C as well as for total grganic
carbon (%DC and visual kerogen. Samp gs from 33/Q~7 3%[1 ~& and
34/10+1 were dry cuttings; therefore Cg~r? analyses were not made on

these.,



Tahle 1 Sampies Inc!ﬁded in Correlation Study
AP &
Well Jepth (meters) EPR No.  Sample Unit Remarks {at E0°F}  Sulfur
QI SAMPLES
34/10-1 1788~G2% 59423 D57-3 Brent Separator 011 28.7 .81
34/10-2 - 70334 ps7-2 Statfiord Flow 25 Pour Point 3.0 02
about 21°0
! ~ 70335 p&ET-5 Brent Condensate from gas 44,4 .31
34/10-3 1935-60% 70088 RST~2 Brant Flow 2 29.3 32
33/8-7 {2491-93)7 RG7E6 7 Brent{?}  Sample not clearly 37,2 A1
jdentified

25/11=§ - 69605 ? 0 psi Flash 23.& §5
TAR SAMPLES
33797 2457+98 20U crtgs Brent Tar and sand mixture
33/12+6 4356+58 70211-8 " Triassic )

42B3I+8E Je1-C " “

4872 702130 " "
CUTTINGS EXTRACTS
34/10-2 2275-85 897834 citgs Crat Ses Report EPR.I34ES.79

2345-75 63783-M ) K "

2700 597840 " &

2575-3005 69784-N ! Brent ¥

3038 65784-0 " " "

3125 £9784~R i " "

3185 69784~T ! Qunlin "

3275 69785-~C " ! "
34/10-3 1757 700871 -4 ! U, Cret Ses Report EPR.IZZES.TY

18084 70083-A  core Brant #

1945+ 70083-8  core " "

2348 JUDEE-R ¢ttas Bunlin

*Perforated Interval
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Table & Light Gasolines ’Chjﬁ?) of Oils
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