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Abstract

Widespread glaciations during the late Pliocene-Pleistocene resulted in extensive erosion from the continental shelf areas of the Norwegian
Barents Sea. It also led to synchronous deposition of thick sedimentary wedges on the continental slopes (Laberg et al. 2010, 2012). This large-
mass redistribution resulted in uplift and tilting of underlying traps, and most likely affected the entire hydrocarbon systems. Some of the
potential consequences are changes in hydrocarbon generation, secondary migration, fluid composition and location of pools (Dor¢ et al. 2000,
2002). In the Norwegian Barents Sea, many of the uplift consequences have not been fully understood yet. The most important questions are
Have the Cenozoic uplift and erosion events of the western Barents Sea caused gas expansion and leakage? What is a magnitude of gas
expansion and leakage caused by these events? How much petroleum has leaked and how much is left?

In order to address these questions SINTEF Petroleum Research introduced the project 'Tmpact of Cenozoic structural development and glacial
erosion on gas expansion, hydraulic fracturing and leakage' using basin modeling approaches. A key part of this project is my Ph.D. work. I am
going to present the Ph.D. work setup that includes building a complete basin model of a selected area in the Norwegian Barents Sea. The basin
model input I am going to use includes a new source-rock model, new pressure and secondary migration model. Physical parameters of
sedimentary rocks dependent on uplift will be refined by lab tests. Cenozoic burial history will be reconstructed, considering new erosion and
glaciation concepts (Knies et al. 2012, Laberg et al. 2012). An impact of various ice-load scenarios on the pressure and migration modeling will
be evaluated by using probabilistic Monte-Carlo modeling techniques.
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Background & Main Questions
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Glaciations over sedimentary basins can have a number of serious consequences for late | the basin model (orange
petroleum systems (Lerche et al. 1997). The most important are: changes in Weichselian -~ box) over the main
ice-stream structural elements,

hydrocarbon generation rates, migration directions, accumulations and also in rock
physical properties. Moreover, glaciations may lead to severe erosion and to uplift of
glaciated terrains. These cycles of loading and unloading can also cause fracture
development within cap rocks leading to hydrocarbon leakage from traps.
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It is thought that these consequences, in combination with pre-glacial Cenozoic uplift
and erosion, might be a reason why hydrocarbon exploration in the Barents Sea has not
met previous expectations. However, it is not very well known which of these Constrained parameters and
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were the magnitudes of these consequences. We would therefore like to answer the
following questions: 5_ ‘ ‘I ;i m
£ ol Parameter Y = _,Egﬁ
* How much oil and gas is left and how much has been leaked due to glaciations and pre-glacial ] — jll “' e Parameter 2 = ol .nll”” | “l“l-. .
upllft and erOSIon? /% S SN e \,P:;m:;e:( W 5- -c’ " ‘\'b‘;z'%;ﬂ'ﬁ'%"5'ﬂl"_‘v'x-\'i:f;:::":;’h%%' o ‘4-\.'\..
* Were either Cenozoic glaciations or pre-glacial mechanisms the most catastrophic for Construction of @ posteriori
etroleum systems? parameter distribution based
petrol y
. . . . . . he best-fi
* How did rock mechanics and PVT properties in traps change due to multiple uplift events? on fhe bestit %uns
Y Thermal, maturation, expulsion,
g O oy
Approach modelling xNruns
We will build a complete basin model and carry out petroleum systems modelling. The Bt Selection of best runs Workflow of the basin modelling Monte
. - C . : . - gl ding to the | t . : :
basin model will include the newest findings from literature, and include methodology L e Car?_— Sz_condqry mlT%r_atlon appzoacx
: : : : : . : modelled and measured | i used in this project. This approach wi
for capturing the evolution of the sediment properties, reflecting the specific Cenozoic vdracarbon column heights | be employed for assessing the
burial history of this area. - FRIENE: ‘:_4; probability of hydrocarbon
: . : : Probabhility maps of a1 accumulations, testing petroleum
We will employ probabilistic Monte Carlo - secondary migration approach (Sylta & hydrocarhon y system sensitivity to various glacially-
A . . . accumulations and
Krokstad 2003) to test how sensitive the petroleum system is to various glacially-related system sensitivity to related parameters and constraining
scenarios and parameters. The same approach will be used to construct a posteriori narameters distributions of these parameters.
parameter distributions and therefore improve knowledge about Cenozoic burial
history. We tentatively propose to test the following parameters: average ice-sheet
thickness, duration of the glacial periods and different amounts and scenarios of
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Due to the nature of the probabilistic basin modelling approach we will constrain Kauerauf (2009)

glacially-related parameters and therefore expand knowledge about Cenozoic burial
history in the Barents Sea. The final results from basin modelling will consist of
probability maps of hydrocarbon accumulations.
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