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Abstract

Grain size and bed thickness are critical properties for facies interpretation and petrophysical ranking in clastic reservoirs. Routine geological work
infers grain size and bed thickness from sliced core samples which only cover a very limited segment of the reservoir. Well log-core integration is
therefore necessary to extrapolate geological properties from cored depth intervals to remaining wells and into the reservoir. Grain size often
controls reservoir quality and has a measurable impact on most well logs. Additionally, bed thickness affects well logs in various ways because of
differences in vertical resolution. We aim to quantitatively classify rock and bed types based on well logs and use the classification for facies
interpretation and stratigraphic reservoir modeling.

We numerically simulate theoretical well-log responses originating from clastic reservoirs with different grain sizes in the context of deepwater
turbidite systems. The simulation takes into account fluid effects such as capillary transition and salty connate water. Petrophysical relationships are
examined between grain size and pore geometry as inferred from the combined effects of initial connate-water saturation and reservoir capillary
pressure. From the numerically simulated logs, we derive several quantitative log attributes, which highly correlate with grain size. Rock
classification is then performed based on the relevant set of log attributes to detect and rank different rock types with specific grain sizes. A Thomas-
Stieber plot is constructed to identify thinly bedded sections. We apply variance cutoff techniques to determine bed boundaries for medium and
thick beds and for calculation of bed thickness.

The methods are applied to two field cases of deepwater turbidite reservoirs, one from the Gulf of Mexico and another from the Central North Sea.
In both cases, we perform facies interpretation based on the vertical succession of rock types and the inferred variations of bed thickness. We show
that these two geologic attributes significantly contribute to reducing uncertainty and non-uniqueness in the construction of reservoir stratigraphic
models. Results indicate that the classified rock types and their petrophysical ranking agree very well with production measurements, thereby
lending credence to the estimation procedure developed in this paper.
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