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Abstract

An important step in the evaluation of a play or prospect is to consider the potential supply of petroleum charge, which is ultimately
constrained by masses and volumes supplied by the source bed. The two factors limiting the mass of petroleum expelled from the organic
matter in the source bed are: (1) its initial expulsion potential, and (2) the cumulative fraction of potential that has been expelled up to its
maximum state of maturation. To evaluate the initial expulsion potential, we introduce a workflow to estimate the Ultimate Expellable
Potential (UEP), which represents the cumulative mass of oil and gas that can be expelled upon complete maturation of the source rock. For use
in resource estimation, these masses can be converted to surface volumes of oil and gas per unit area (mmstb/km? and bscf/km? or mmboe/km?,
respectively). UEP can be mapped across the depositional extent of the source bed, just as a reservoir depositional system can be mapped.

We show examples of UEP mapping based on available public data. Three of the example source rocks are aquatic Organofacies that have
charged major conventional petroleum systems: the marine Organofacies A Middle to Upper Jurassic of the Arabian Basin, Saudi Arabia; the
marine Organofacies A/B Volgian Bazhenov Formation of the West Siberian Basin, Russia; and the lacustrine Organofacies C Eocene-
Oligocene Shahejie Formation of the Bohai Basin, China. We also include an unconventional system: the marine Organofacies B latest
Devonian-earliest Mississippian Bakken Formation of North Dakota, USA. The UEPs of the studied source rocks in the Arabian Basin and
West Siberian Basin define “World Class” in marine source rocks since these basins are ranked number one and number two in the world by oil
endowment. Until more data is available on other lacustrine basins, we offer the UEP of the studied Bohai Basin source rock as an example. In
contrast, the UEP of the Bakken Formation source rocks (combined Upper and Lower Members) is relatively small despite its “World Class”
unconventional oil endowment. The Bakken's effectiveness, despite its relatively low UEP, reflects the negligible migration losses involved in
charging the Middle reservoir member. This illustrates that the often-touted term “World Class” can be rather meaningless. It needs to be
considered in context given the task in hand: the greater the (vertical) migration losses incurred in charging reservoirs, the higher the UEP will
need to be to overcome them.
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How we define Organic Matter (OM) type:
the Organofacies Scheme

How expelled oil & gas yield profiles (mmboe/km2, normalized per m per % Corg)
vary with Organofacies and HI. HI and ‘type’ are independent

Cumulative Expelled: Of_A through Of_F with ‘default” HI Cumulative Expelled: Of_A & Of_D/E ‘default’ +/- 150 HI
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Tuwaig Mountain Fm, Arabian Basin: marine aquatic Organofacies A,

Age: late Callovian-early Oxfordian paleothermal maximum - Acme 161

............... Lithology: laminated clay-poor calcareous mudstones (A,)
EOD: shallow intra-shelf basin confined by coeval Tuwaiq Mountan carbonate platform growth
Context: main source interval for the basin with the worlds largest conventional oil endowment and field (Ghawar)

Map Components UEP Map Results

Isopach of dark mudstone > 1% C,,,
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Establish UEP per m at pre-expulsion well (Khurais area)

Well screened for C,,, by extrapolation of data UEP per m calculated for the gross interval
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/27 Bazhenov Fm, W. Siberian Basin: marine aquatic Organofacies A/B:
Age: Volgian (Tithonian-early Berriasian); global Acmes 144 & 148 combined

Lithology: organic-rich argillaceous-siliceous mudstones interbedded with radiolarites and argillaceous limestones
EOD: silled anoxic basin during marine transgression accompanying an increase in tectonic subsidence
Context: source rock for 80-90% of the oil in a basin with the world’s second largest conventional oil-endowment

Map Components UEP Map Results
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44 Shahejie Fm 31 Mbr, Bohai Basin: lacustrine aquatic Organofacies C;

---------------------------
--------------------------------

Age: Eocene

Lithology: dark clay-rich mudstone
EOD: freshwater lake in warm, humid climate, facies ranging from shallow lake margin to deep lake in half grabens
Context: the Bohal basin is the offshore extension in a series of prolific oil-producing basins in NE China

Map Components UEP Map Results
Isopach of Shahejie Formation, 3™ Member (E2S3)

From Jiang et al. (2016) Shaneje m E253 sopacr
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Bakken Fm, Williston Basin: aquatic marine Organofacies B
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........ Lithology: pyritiferous, non-calcareous, black, clay-rich mudtones
EOD: below wave base during marine transgressions into a shallow, silled embayment
Context: source rocks above & below the Middle Bakken Mbr reservoir, the world's largest tight oil endowment

Map Components UEP Map Results

Workflow as per Bazhenov (C,,, map not shown)
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Arabian Basin

Comparison of the UEP of the Source Rocks

West Siberian Basin

Williston Basin
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* Area includes bald highs but thickness, Corg and HI statistics are calculated for the non-zero isopach

Marine source rock condensation: thick and rich source beds are rare, C,,, Hl, UEP / m inversely correlate with thickness
Rift-hosted lacustrine source rocks can be extremely thick with high UEP in basin center, but limited in small deep lake area
Bakken not “world class” compared to Tuwaig Mtn or Bazhenov, but adequate given reservoir proximity and minimal losses
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