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Transition metals in source rocks have been advocated as catalysts in extent,
composition, and timing of natural gas generation (Mango, 1996). This controversia
hypothesis may have important implications concerning gas generation in unconventional
shale-gas accumulations. Although experiments have been conducted to test the metal-
catalysis hypothesis, their approach and results remain equivoca in evaluating natural
assemblages of transition metals and organic matter in shale. The Permian Kupferschiefer of
Poland and Germany offers an excellent opportunity to test the hypothesis with immature to
marginally mature shale rich in both transition metals and organic matter. Twelve subsurface

mine samples containing similar Type-I1 kerogen but different amounts and types of transition
metals were collected and subjected to hydrous pyrolysis at 330 and 355°C for 72 h. The
generated gases were quantitatively collected and analyzed for their molecular and stable-
isotopic compositions. Immiscible oils, reacted waters, and spent rock were also quantitatively
collected and analyzed for transition metals. This study examines the effects of 21 detected
transition metals on yield, composition, and timing of gas generated in the experiments.

A summary of the results is shown in Figure 1, with relationships expressed relative to
the summation of the major transitions metals considered in the literature to be the most
catalytic (e.g., Masel, 2001). This metal summation is expressed relative to the total organic
carbon (TOC) in each sample. Figures 1a and 1b show that transition metals have no effect on
methane yields or the gas dryness relative to ethane, respectively. Similarly, §C vaues of
generated methane, ethane, and propane show no systematic changes with increasing
transition metal content. The potential for transition metals to enhance gas generation and oil
cracking was also examined by comparing the ratio of the generated hydrocarbon gases to
generated immiscible oil (i.e.,, GOR). Figure 1c shows that there is no systematic change in
GOR with increasing transition metal content. Assuming maximum yields at 355°C for 72 h
and first-order reaction rates, pseudo-rate constants for methane generation at 330°C were

calculated. Asshown in Figure 1d, no increase in the rate constant for methane generation is
observed with increasing transition metal content.
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The apparent lack of a significant catalytic effect of transition metals on the extent,
composition, and timing of natural-gas generation in these experiments is attributed to the
form in which the metals occur. As an example, nickel has been shown to have a high
catalytic activity as pure Ni° and NiO. Eh-pH diagrams for seawater concentrations of nickel,
sulfur, and carbon dioxide indicate these solid phases are thermodynamically unstable under
the anoxic conditions typically prescribed for source rock deposition and thermal maturation.
Although highly reducing conditions exist (—227 to —345 mV), the redox potentia is not
reducing enough for the formation of Ni°. Aqueous Ni *2 activities are not sufficient to form
NiO but are sufficient to form Ni-sulfides, which have been shown not to be catalytic in
methane generation (Mango, 1996). Ni*? coordinated with oxygen may occur in detrital clay
minerals of a source rock, but its limited charge-imbalance substitution for Al in insular

octahedral layers curtails its effectiveness as a catalyst.

16000 LI L LN L UL L L L T T T TT1TTT T T T TTTTT T T T
[ " Te ] x 11 &

Dryness] || [GoR] ||  [Rates]

12000 —

[ J © x ar
8000 | o “F © - x - + .
[ ] ) o 3
© x %
[ ] © X ar
4000 | ° “F © - %3 - o .
o0 © (00} » X P

Cu+Ni+V+Mo+Zn+Co (ppm/TOC)

N CO MNP }1L2) RN ) NP (C) B

‘ T T
0 5 10 15 20 2504 05 0.6  0.7100 1000 _10000 4 6 83
C, (mg/igTOC) C,/[C;+C)] Gas:Oil Ratio C, K330 (1071)

Figure 1. Hydrous pyrolysis results at 355°C for 72 h: (a) methane yields; (b) methane-
ethane dryness on amass basis; (c) ratio of standard cubic feet of C1-C4 gasto barrels of
immiscible oil; and (d) pseudo-rate constants at 330°C for methane generation.
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Tuha Basin has been considered to be a prolific area for coa-derived oils in China.
Here two Jurassic coals and one carbonaceous mudstone were chosen from this basin for
pyrolysis in a confined system in order to gain insight on their oil generation characteristics.
The samples are all immature and contain type |11 organic matter, as shown by their low H/C
atomic ratios (Table 1). The hydrogen index of the carbonaceous mudstone is about 146 mg/g
TOC, much lower than those of the coals (Table 1).

Kerogens were isolated from these samples and pyrolyzed in a confined gold vessel
placed inside an autoclave under 50 mPa pressure. Two heating rates (20 and 2 K/hr) were
used. The results show that the carbonaceous mudstone was much more oil prone than the
coals though it has similar HI and H/C ratios to the coals. The maximum yield of the C6+
fractions from the carbonaceous mudstone is about 80 mg/gTOC, 2.7 and 6 times as much as
those from the No. 1 coal (30 mg/gTOC) and No.2 coa (only 13 mg/gTOC) respectively.
Therefore, both Hydrogen Index and H/C atomic ratio are not adequate parameters to measure
the true hydrocarbon generative potential of various source rocks in coa measures. In other
words, application of the same set of criteria in evaluating petroleum potential for coals and
carbonaceous mudstones may significantly under estimate the contribution from dispersed
organic matter in carbonaceous mudstone or shale.

Table 1. Basic data of the samples used in pyrolysis experiments.

TOC Tmax S S S Extract H/C. Ro

+
@) (C) (Mg (Mg (mys (g (T (k) Sope (0

Burial depth

Sample m)

Age Lithology

No.1 Coa mine J;b Coa 7207 436 989 18754 579 19743 260 232750 0.82 0.63

No2  2257-2259 J,b Coal 6701 429 375 13326 684 13701 199 27865 0.75 0.59

Carbonaceous

No.3 2494-2495 Jib mudstone

358 439 039 522 044 561 146 1058 0.77 064

A comparison of the possible C;s" potentials determined by pyrolysis experiments and
the measured C1s™ quantities (by solvent extraction) for samples collected from the Taibei
Depression of the Tuha Basin indicates that the coaly petroleum in this depression was more

likely derived from the coay dispersed organic matter in carbonaceous mudstones/shales
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instead of the coals. The solvent extract yield in the Middle and Lower Jurassic coals ranges
from 1.19 to 3.0%, within the same range as their maximum hydrocarbon potential (0.85-
1.14%). The maximum Cis~ yield was measured using the No. 1 high grade coal. However,
the mean solvent extract yield in the Middle and Lower Jurassic mudstones is only about
0.0607%, much lower than their hydrocarbon generative potentials. Clearly, most of the
generated hydrocarbons in the coals are adsorbed by themselves, but the carbonaceous

mudstones could expel most of the generated hydrocarbons.

The Cg" fraction was generated relatively early in the coa measures. The Cg' yield
peaks at around 395-405°C (20 K/hr) or about 0.85-0.95% (EASY-R,) (Fig.1l). The early
hydrocarbon generation and cracking coincides with the natural evolution trend indicated by
solvent extract yields in coals in the Tuha Basin. The drop in the C,5" yields in coal could be
caused by early cracking rather by expulsion. Therefore, the HI evolution with R, as a

measure of petroleum expulsion should be used with caution.
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Figure 1. Theyields of C,.5, Cs.14 and Cy5' fractions generated from the samples at a 20 K/hr

heating rate.
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It is widely accepted that marine gases can be generated from primary cracking of
kerogen or secondary cracking of oil. Assessment of the gas amounts and compositions from
these two precursors in the whole maturation process is important for the deep-buried marine
source rocks. Closed system provides a suitable way to study both the primary and secondary
cracking of kerogen/ail. A problem for closed system is the gases from kerogen and those
from oil are mixed, which hinders the further understanding of the gas generaion. Here, a
new procedure was used to isolate kerogen and oil physicaly after the “oil window”, and
afterwards they were heated continuously in two gold tubes for examining their further
cracking behaviour and quantifying their contributions. Kerogen for experiment was isolated
from a low maturity (Ro=0.53%) marine shale from the upper Proterozoic outcrop in
Zhangjiakou, northern China and the pyrolysis apparatus used is a closed, temperature
programmed gold-tube system. The end temperature of “oil window” in laboratory heating
rates (2-20°/h) was determined which was around 390° for this sample. Then, two
experiments were performed: one is a pyrolysis of the low-maturity kerogen at T=300-620°
and P=50Mpa and the other one is designed as two stages. Firstly, kerogen was heated at the
rates of 2 and 20°/h to the end temperature of “oil window”, then the experiment was paused
and the samples were taken out. The oil was extracted using chloroform. The isolated extracts
and the residual kerogen were sealed in two gold tubes and the experiments continued from
the stop temperatures. Two gold tubes were heated in the same pressurized autoclaves for
keeping the same heating conditions. 10-12 points were set from 400 to 620° at each heating
rate and the gas compositions and carbon isotopes were anal ysed.

The results indicate that the amount of gases generated from the oil is far greater than
that from the residual kerogen. The accumulative gases (C,5) from the extracts reach 552
ml/g while those from the residual kerogen are around 90 ml/g. The gas compositions of both
methane (C,) and heavy gases (C,s) exhibit the similar trends (Fig. 1a). In maturation process,
more than 80% C,.5 gases are from oil cracking while 20% C,.5 gases are from the residual

kerogen. Similarly, 70-85% methane and more than 90% heavy gases are from oil cracking
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whilel5-20% methane and less than 10% heavy gases are from the residual kerogen.
Interestingly, the proportions of gases from two precursors keep steady in whole maturation
process while the proportion of methane from oil become increase with the maturity. Heavy
gases are dominantly from the secondary cracking of the oil and less of them (<10%) can be
generated from the residual only in the stage of Ro<2.0 (Fig. 1b). The gas wetness (C,.5/Cy.5)
of oil-cracking gases is quite greater than that of kerogen-cracking gases. From the derived
kinetic parameters, it can be found oil-cracking gases show higher activation energy (Ea) for
the generation. Eaof C, from residua kerogen is between 52-69 kcal/mol comparing with 52-
76 kcal/mol of that from oil cracking. Furthermore, the volume proportions of two kinds of
gases are independent of heating rate, so they can be extrapolated to geological conditions.
Fig. 1c shows the gas (C.5) generation yields of two precursors as the function of maturity at
geological conditions (3°/my) through kinetic extrapolating. Here, this method was applied to
assess the gas resources from the oil and the residual kerogen of Cambrian source rocks in
SW Tarim, China. Also, two types of gases demonstrate different carbon isotopes. Oil-
cracking gases are inclined to accumulate lighter isotopes. The §3C of C;, C, and C; from ail
cracking are 3-7%o lighter than those from residual kerogen (Fig. 1d). Here, gas carbon
isotopes are modelled using Cramer’s (2001) method 2 (Fig. 1d). The modelling isotope plots
are ud in Hetianhe gas field, SW Tarim for identifying the gas origin and assessing the gas
maturity. Results show that gases of Hetianhe are the mixture of low-maturity (Ro<1.8%)
gases originated from oil cracking and high-maturity dry gases (Ro>2.1%) originated from
the residual kerogen. The derived the kinetic parameters in this study can be applied for gas

resource assessment and origin identification for high-maturated marine source rocks.
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Immature terrigeneous organic matter or mixtures of terrigeneous and marine organic
matter can be thermally stabilised during maturation by second order recombination reactions
(Schenk and Horsfield, 1998). The recombination process can lead to a significant dry gas
potential at very high maturity levels (R, ~2%) and geologica temperatures (>200°C)
(Erdmann and Horsfield, 2006; Dieckmann et a., 2006). Thisisin contrast to many organic-
rich marine type Il source rocks which generate mainly secondary gas at lower levels of
thermal stress (R, >1.2%; T >150°C). In this study we investigate potential bimolecular
(second order) reactions by performing pyrolysis experiments on synthetic mixtures of three
immature source rock samples stemming from different sedimentary environments. We show
that phenolic/aromatic moieties in immature terrigeneous organic matter play an important
role in second order recombination reactions.

The three immature source rock samples used in the study originated from Brazil
(lacustrine type | kerogen concentrate), Norway (mixed marine-terrigeneous type I1/1l1
kerogen concentrate, Spekk Formation) and Canada (fluvio-deltaic coal, Kugmallit Sequence).

Two sample series were produced by preparing synthetic mixtures of two original
source rock samples at atime. The first series was made up of two mixed samples consisting
of type | and type Il/111 kerogens with defined mixing ratios (weight-%) of 3:1 and 1:3, three
mixed samples consisting of type I1/I1l kerogen and coa with defined mixing ratios of 3:1,
1:1 and 1:3 and two mixed samples consisting of type | kerogen and coal with defined mixing
ratios of 3:1 and 1:3. Non-isotherma open system pyrolysis (bulk kinetics) and non-
isothermal closed system micro scale sealed vessel (MSSV) pyrolysis were performed on this
sample series. The second sample series was made up of three mixed samples consisting of
type 11/111 kerogen and coal with defined mixing ratios of 3:1, 1:1 and 1:3. Preparative non-
isothermal closed system (MSSV) pyrolysis was applied to perform non-isothermal open
system pyrolysis (bulk kinetics) on the artificially matured pyrolysis residues of this sample
series.

For the first sample series no second order reactions are detectable by open system
pyrolysis. The TOC, S2- and S3-yields of mixed samples depend linearly on yields of their

original source rock samples (Rock-Eval 6) and generation rate curves (temperatures) of
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mixed samples lie between those of the according parent material (bulk Kinetics). This can be
explained by the immediate transport of thermal extractable compounds out of the hot
reaction zone by an inert gas flow inhibiting possible second order recombination reactions of
first formed products with the residual organic matter.

In contrast, closed system pyrolysis reveals second order reactions during artificial
maturation in both samples series. The bulk kinetics of the pyrolysis residues in which
terrigeneous derived organic matter is present display second order reactions by a shift of
generation rate curves out of the envelope of the corresponding immature sample to higher
temperatures. This phenomenon indicates the formation of a thermal stable pyrobitumen due
to recombination reactions of Ce:+ primary products with the kerogen in a closed system
(Erdmann and Horsfield, 2006). For the first sample series second order reactions are made
visible by the single chemical compound yields of coal-containing mixed samples which do
not linearly depend on the yields of their corresponding source samples (MSSV to 440°C).
Reduced yields of long (n-Cys5.) and short (n-Cg.14) akyl-chains could be explained by the
integration of those compounds into a thermal stable pyrobitumen (Erdmann and Horsfield,
2006). In addition, strongly increased yields of phenolic compounds are generated by coal-
containing mixed samples relative to the pure coal sample. Thismay be explained by a partial
suppression of recombination reactions in which phenolic and also aromatic compounds take
part. Aliphatic hydrocarbons provided by the lacustrine or marine organic matter enhance the
solvating properties of the reaction medium which improves the hydrogen transfer efficiency
in the closed system inhibiting recombination of free radicals (Mansuy et al., 1995).

The prediction of significant charges of late dry gas from source rocks in which
terrigeneous derived organic matter is present has important implication for petroleum

exploration in regions where éligible sediments are sufficiently buried.
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The study of kerogen cracking in either open or closed system enables to understand
() the main steps of kerogen thermal decomposition and (ii) the mass balances obtained in the
two systems. Results show that in both systems, NSOs (i.e., resins and asphaltenes) are major
compounds generated from kerogen cracking. In closed-system pyrolysis, these compounds
are generated earlier than the main phase of hydrocarbon generation. Thus, the following
primary kinetic scheme was established:

Kerogen — Total NSOs —> Petroleum Hydrocarbons

This new kinetic scheme takes into account kerogen cracking in both closed- and
open-system pyrolysis as shown on Figure 1.
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Figure 1. Comparison of yields for different organic classes obtained
using kinetics from open system data with those recovered
in closed system experiments for Type |1 kerogen.

In open-system pyrolysis (e.g., Rock Eval), due to the very high content of the NSOs
produced at the onset of kerogen cracking, a major part of the generated NSOs are not swept
away by the carrier. The NSOs, which cannot be vaporized because of their high molecular
weight, remain in the pyrolysis chamber and undergo secondary cracking with increasing
severity. Consequently, the kinetics obtained in open-system pyrolysis is a combination of
kerogen cracking and the decomposition of NSOs. Thus, two successive reactions might be
taken into account for the total conversion of both the kerogen and the total generated NSOs
in open-system pyrolysis:
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Kerol+aNSOsl —25 5 A, C,-C, +A, C,HC+A, C, HC+A, (1-a)NSOs1+A, Kero2
(1-a)NSOsl —25 5 A, C,-C,+A, Cy, HC+A, Cy, HC+A, NSOs2+ A, Prechar

The two-step concept was initialy observed in the oil-shale retorting experiments of
the early and mid-1900s. Early quantification of the timing of petroleum formation by Tissot
and Welte (1984, p. 586) recognized the two steps but for computational reasons combined
them into one (i.e., kerogen to oil). Subsequent controversy and discussion has occurred over
kinetic parameters based on products from a two-step concept that is readily recognized in
hydrous pyrolysis and a combined one-step concept that is typically advocated in open-system
nonhydrous pyrolysis (Lewan et a., 2006; Lewan and Ruble, 2002; Lewan, 1998; Burnham,
1998; Ruble et a., 2003; and Curry, 2003). A magjor implication of this study, based on
closed nonhydrous pyrolysis, is that it is critical to engage the two-step concept in evaluating

Kinetic parameters for natural oil formation.
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Hydrocarbon generation in geological basins is generally simulated using laboratory
pyrolysis experiments in which the source rock is heated in either a vapour or a mixed water-
vapour phase. Pyrolysis systems can include open systems in which inert gases are used to
heat the samples in an oxygen-free environment (e.g. Rock-Eval), or closed systems with the
vessels containing either sample-inert vapour (e.g. MSSV), or sample-water-inert vapour
mixes (e.g. hydrous pyrolysis). However, in geological basins, source rocks mature under
water saturated conditions with the water being either hydrostatically pressured or
overpressured. Previous investigations into the effects of pressure have generated some
conflicting conclusions; some studies conclude that pressure has no effect, while others
suggest that pressure is significant. Much of the confusion about the effects of pressure arises
from the failure to appreciate that the physical characteristics of the pressure phase
(compressible vapour versus incompressible water) plays an important role in determining

whether the pressure exerts a significant control on the reactions being studied.

Using a stainless steel pressure vessel rated up to 500 bar (ca. 7000 psi, 50 MPa) at
350°C, both liquids, vapours or mixtures of the two can be used to pressurise the vessel; this
configuration enables the effect of both the pressurising phase and the amount of pressure to
be evaluated. A source rock containing an immature Type || kerogen was used. The amounts
of bitumen and gas generated, together with the gas composition combined with TOC, Rock-
Eval, py-gc and vitrinite reflectance data from the solid residues, were used to determine the
degree of transformation. The temperature regime was chosen to produce conversion of the
kerogen into carbonaceous residue, bitumen and gas, while preventing cracking of the

bitumen to oil and gas and any potential secondary cracking of oil to gas.

The results show that the amount gas generated rises to a maximum as the water

volume is increased from O ml (anhydrous) to 10 ml (steam) (Fig.1). Further increasing the
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water volume towards 30 ml, but still retaining steam vapour conditions produces a
significant drop in the volume of gas generated, and this reduction continues as the pressure
phase changes from steam to pressurised water. The amount of bitumen generated also
changes with water volume and with the water phase, initially increasing from anhydrous to
steam vapour, before decreasing as the pressure phase becomes entirely liquid (Fig. 1). Both
bitumen and gas generation therefore appear to be retarded in the presence of pressurised
water compared with the amounts generated under either anhydrous or steam conditions.
Studies on the solid residues after pyrolysis show that both the vitrinite reflectance and py-gc
data indicate that the source rock heated at 500 bar is less mature, and retains more of its
original potential than samples heated under either closed anhydrous or closed hydrous
conditions. The conclusion is that water pressure results in the retardation of maturation and
hydrocarbon generation relative to the conventional anhydrous or hydrous conditions used by

geochemists.

The reasons for the retardation of the volumes of hydrocarbon that can be generated
under water pressure will be discussed, as will the implications for modelling hydrocarbon

generation in geological basins.
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Figure 1. Variation in bitumen and gas yields as a function of pyrolysis conditions
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Pyrolysis of lignite was conducted at high temperatures from 400 °C to 700 °C and
high pressures 1 GPa and 3 GPa in a closed system in order to investigate pressure and
temperature effects on organic matter maturation. The liquid and solid pyrolysate were
measured by GC/MS. The dataindicated that the total yield of liquid hydrocarbons decreased
with increasing pressure and the maximum of production was obtained at a higher
temperature. At a given pressure, organic matter has a more mature characteristic with
increasing temperature. Increasing pressure significantly controls all aspects of organic matter
metamorphism, including hydrocarbon generation, maturation and therma destruction.
Considerable amount of liquid hydrocarbons with the carbon number up to Cs5 and the
isoprenoid hydrocarbon, which is considered extinct exceeding the “dead line” for liquid
petroleum, with relatively low thermal stability, were found at 3 GPa and 700 °C, which are
much higher than the threshold of the traditional model for organic matter evolution. The
experimental results demonstrated that the relative abundance of high molecular weight
hydrocarbons may exist under the conditions of the lower lithosphere, which not only breaks
through the traditional concept that alkanes mainly present at stage of “oil window”, but also

enhances the possibility to find the oil in the high temperature and pressure areas.
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Deep seated, high pressure- hot reservoirs (T>200°C, pressures up to Kbars) are
among exploration targets for the petroleum industry. Yet, such unconventional reservoirs
present high exploration risks and prediction of the nature and physico-chemical state of their
fluids is important. One aspect of this problem is to be able to properly reconstruct the
evolution of hydrocarbons in such reservoirs during basin evolution. One approach is to study
the thermal stability of petroleum and hydrocarbons by means of laboratory experimentation.
Y et, the use of temperatures higher than in nature (T<250°C) and short times (few hours to
several weeks) necessitates the use of kinetic models to extrapolate experimental results to
geological conditions

We are presenting the advantage of using kinetic modelling with explicit chemical
reaction mechanisms to understand the behavior of hydrocarbon mixtures during thermal
cracking at laboratory and geological time-temperature-high pressure conditions. Our
approach is based on the construction of an evolutive kinetic model based on elementary
radical reactions. These reactions are universal to any study of hydrocarbons pyrolysis. Y et
high pressure experimentation data are scarce, this is why we conducted numerous high
pressure experiments on pure hydrocarbons as well as on their mixtures. For each experiment
we compute reaction mechanisms networks which allow the construction of a kinetic model.
When the model describes correctly the experiments al important reactions were considered
and the kinetic model is validated. The model can be extended with the addition of any new
experiments on new reactants. Doing so, cross-reactions between hydrocarbons are taken into
account. This model, based on the specific properties of elementary radical reactions can then
be extrapolated to geologica time-temperature conditions: this is fundamentaly different
from the extrapolation based on Arrhenius first order rate laws, very commonly applied in
geochemistry.

Our results reveal the major kinetic effect of the presence of aromatic hydrocarbons

on the thermal stability of alkanes at geologica time-temperature conditions. This can be
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explained by specific effects related to 1) the structure of the aromatic hydrocarbons (for
instance, the presence and size of akyl substituents on the benzene ring leads to major
different reaction pathways), 2) temperature range at which the reactions are considered
(change in chemical selectivity) 3) influence of pressure on reaction mechanisms.

Very significant deviations of the behaviour of the hydrocarbons mixtures between
experimental and geological time-temperature conditions are evidenced which can absolutely
not be predicted by the Arrhenius first order kinetic models. Not taking into account chemical
selectivity with temperature drop between experiments and reservoir conditions will lead to
major misinterpretation. Finally we will illustrate the use of our model to the prediction of

the thermal stability of natural hydrocarbon mixtures at reservoir time-temperature-pressure
conditions.
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Kinetic parameters for hydrocarbon generation and destruction are, amongst others, key
input parameters in basin modelling computations. Increasing need of the last two decades to
integrate Petroleum System Analysis and Reservoir engineering highlighted the need to have
compositional kinetic data that allows - in combination with PVT-simulation and Shell’s
earlier reported fully coupled generation and expulsion module — accurate prediction beyond
only hydrocarbon (HC) masses. Estimation of parameters such as oil gravity, gas to oil ratio
(GOR/CGR), and/or aromaticity is a key in a pre-drill phase of exploration. Moreover, the
composition has to be directly compatible with the HC mass fractions used by reservoir
engineers within their models. Present basin modelling software packages, however, use
kinetic data and utilise kinetic models that are often too simplistic to attain the quality-levels
necessary for the correct prediction of these parameters. In contrast to Shell, they use a
decoupled approach to model generation and subsequently expulsion. These packages predict
very inaccurate gas compositions (too wet in comparison to actual natural gas composition),
or oil compositions of too aromatic a character. Such assumptions can jeopardise a serious
effort at predicting phase compositions along migration pathways and within reservairs.

To address the lack of predictive ability a comprehensive and complex analytical
scheme has been developed to first characterize the organic matter, including series of closed
(gold tube) pyrolysis experiments. Different source rocks types from well-known major
hydrocarbon systems such as the North Sea, Green River or Lal.una have been studied. The
anaytica scheme included careful sample preparation, fractionation and detaled
characterization of various fractions, including careful C, H, N, and O quantification. Data
obtained allowed for generation of compositional kinetic values for the saturate, aromatic,
resin and asphaltene (SARA) fractions in the C15+ domain, the saturate and aromatic C6-14
fractions, and hydrocarbon as well as non-hydrocarbon gases.
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We will demonstrate that kinetic values obtained for various fractions enable fluid
property predictions (through data fitting and modelling) that match the actual field/well fluid
properties and compositions in the reservoirs of the natural petroleum systems. In order to
achieve a high predictive standard a newly developed PVT module, based on well established
EOSs and calibrated against standard tools such as PV T-Sim, was linked to Shell’ s generation
and expulsion engine, within Shell’s inhouse 3-D basin modelling software. Without such a
linkage, a petroleum generation model isincomplete.

The results generated by the models are directly comparable to standard geochemical
criteria such as SARA composition, aromaticity, gas wetness and GOR/CGR. The accuracy of
our modelling capabilities will be demonstrated at a regional and prospect scale. These
improvements provide a new perspective on the use of large regional calibrations which were

always a laborious necessity in the previous more simplistic models.



