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SUMMARY

O

The Simpson field in the Barrow Sub-basin (Carnary|
Basin) is nearing depletion. Most of the produciveils

are showing relatively high water cuts. Based pn
volumetric mapping and the drilling results fromarey
analogous fields, some unproduced reserves |are
potentially remaining in the field within compartnie
separated by low permeability shale barriers. The
challenge is to establish a methodology for idgimtd
these compartments and to quantify unproduced oil.

The reservoir of the Simpson field is the Earlyt@ceous
Flag Sandstone. The reservoir zone has threendisfi
lithotypes: oil-saturated sandstone, water-satdrate
sandstone and shale. The shales encountered \ivettse
have a typical thickness of less than 3 m, sigaifity
below seismic resolution. However, these lithotygiesw
good statistical separation of elastic propertieg.(P-
Impedance and Vp/Vs), so a properly-constrained
geostatisitcal inversion can be used to predict the
relatively thin shale barriers.

The geostatisitcal inversion is based on Bayesjan
Inference and uses a Markov Chain Monte Carlo ntetho
to randomly sample the probabilistic distributiomsimg
from all input beliefs. The end result is multipdéastic
property and lithotype realizations. The analysfighe
realizations output from the geostatistical invensied to
improved reservoir volumetric calculations and the
identification of highly probable shale barriers.
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INTRODUCTION

The Flag Sandstone is a lowstand complex consistihg
gravity mass flow sandstone deposited beyond tledf sdge

of the Early Cretaceous Barrow delta. A seriesibfind gas
fields have been discovered in the Flag Sandstoride

Simpson field is one of the oil-bearing fields thistnearing

depletion. Most of the producing wells are showielgtively

high water cuts, yet based on volumetric mappind #re

drilling results from nearby analogous fields, sam@roduced
reserves are potentially remaining in the fielde Temaining
oil is hypothesized to be in compartments separatedow

permeability shale barriers. This paper illussatéhe

application of a geostatistical inversion methodglofor

identifying these compartments and quantifying tbkime of

unproduced oil.
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The reservoir zone has three distinct lithotypaksaturated
sandstone, water-saturated sandstone and shakere3érvoir
is primarily sand with a relatively low percentagé shale
(approx 5-10%). The shales are relatively thirhvaitthickness
range from 0.5 to 4 m. The orientation of the ehais
uncertain due to the mass-flow nature of Flag Samnds
deposition and could be dipping in any directiepehding on
the location with respect to the main channel axes.

METHOD AND RESULTS

The geostatistical inversion workflow consists bfee parts:
building a geological model, modeling the stataitic
characteristics of the existing well data, and ekeg the
inversion in an iterative manner to optimize altgraeters. The
model building process is meant to minimize somethef
uncertainty and often involves the use of a deteistic
inversion. For the Flag Sandstone model the obgtwvere
to refine the Top Flag interpretation (clearly defi on
bandpass Vp/Vs) and to constrain the oil-water acinbased
on structural closure considerations. The remainimgertainty
lies with the position of shales within the resérvaevhich thus
becomes the main focus of the geostatistical inwers

The geostatistical inversion is based on Bayesrdarénce.
The Bayesian Inference method for integrating rmlti
sources of disparate data in an unbiased mannies reh
expressing all input in the form of probabilistieliefs. These
beliefs can take a variety of forms including vgram ranges,
lithotype probabilities, multivariate probability edsity
functions (pdfs), wavelets and seismic angle stacKsiken
individually, these beliefs do not provide enougfoimation
to generate highly detailed and realistic models tio¢
reservoir. However, taken collectively and with explicit
acknowledgment of the various sources of uncestaiitis
possible to generate a single probabilistic distidn of the
reservoir given all known information. A Markov @h

Monte Carlo method can then be used to sample this

distribution and obtain multiple realizations oftheservoir.
None of these is necessarily perfect, but all daegible and
together give an intuitive and realistic represgoiaof the
underlying uncertainty associated with the reservoi

One of the key beliefs is the multivariate elagtioperty pdfs
for the expected lithotypes. These statisticsceméved from
the existing well control. In Figure 1 the sepiamatof sands
and shales is shown in a crossplot of P-Impedandeva/Vs
for wells in the study area. It is clear that saadd shales do
not separate based on P-Impedance alone — theatiepais
only clear if P-Impedance and Vp/Vs are taken iatcount
jointly. A prestack AVO inversion is sensitive toth Vp/Vs
and P-Impedance so the inclusion of angle stacknsei
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amplitudes and wavelets as beliefs coupled by théOA
physics provides the most important constrainthendutput.

Shale:

Wet Sand

Q Oil Sand:

Figure 1. Separation of Flag Sandstone lithotypesased on
elastic properties P-Impedance and Vp/Vs.

One of the fundamental reasons to apply a geditatis
inversion is to obtain greater detail than what barobtained
using bandlimited seismic alone (e.g. in a deteistin
inversion). This increase in detail is shown in e 2, in
which P-Impedance from a deterministic inversionampared
to a single realization of P-Impedance from thestgtistical
inversion.

Figure 2. Comparison of P-Impedance detail from
geostatisitical inversion (top) with a deterministc inversion
(bottom) for an arbitrary line through 8 wells. The large
scale features are similar, but the geostatisticahversion
results are sharper, more realistic and contain farmore
detail.

The output from the inversion consists of multigets of
elastic property and sand/shale. An example rdalizais

shown in section in Figure 3, which clearly shows t
importance of the Top Flag and oil-water contacidums. The
modeling of the reservoir with shale in a geostiats

inversion context has two significant benefits: semoir

volumetrics can be estimated with high accuracyabse the
shale distribution can be reliably predicted botfamand away
from well control, and the possibility exists foregicting the
presence and sealing capacity of shale barriefs itz be
compartmentalizing the reservoir.
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Figure 3. An example geostatistical inversion reaation
consisting of P-Impedance (top), Vp/Vs (middle) and
Lithology (bottom), with the associated well logswerlain.

Reservoir Volumetrics

A traditional approach for computing reservoir voktrics in a
field with relatively dense well control consistsaveraging or
kriging the net to gross of the existing wells. isTimay be
acceptable for cases in which the wells are reptatee of the
entire reservoir, but such a condition is not neaely met in

the Flag Sandstone where the wells have been didle the
crest of the structures and few wells have bedredmear the
channel fringes. With a geostatistical inversiothe

realizations honor the variations in seismic armpis away
from well control so changes near the fringes @f structure
will be incorporated in the overall model. Thealled net-to-
gross available from a summary of geostatisticalelision

results is shown in Figure 4. A comparison of tbimetrics
computed using only the wells versus the volumegtric
computed from the inversion realizations is showitable 1.

Figure 4. Net to gross obtained from the mean of 9
geostatistical inversion realizations.
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Net Rock Volume from well-based analysis 8.3katB
Net Rock Volume from Geostatistical Inversioi.4x1G m3
Table 1. Comparison of reservoir volumetrics

Reservoir Compartmentalization

The analysis of reservoir compartments relies anitmportant
aspects: the overall volumetrics compared to thedyced
volumes and the availability of evidence to shoe fosition
of the hypothesized shale barrier(s). The firsanegle is
within a structure penetrated by 2 wells, Simpsoiid

Simpson-8. Simpson-1 has produced 2.1 millionédarof oil

and the volume of recoverable oil computed fromitiversion

results in the vicinity of these wells closely ntes this
number. A section through the oil sand probabiNiblume

computed from multiple realizations is shown inUfig5 with

the two wells Simpson-1 and Simpson-8 in overl@ere are
clearly no statistically significant shale barridsetween the
two wells. The log analysis of the Simpson-8 wsibwed
depleted reservoir indicating that Simpson-1 hactessfully
drained the reservoir.

Figure 5. Oil sand probability volume showing good
connectivity between the two wells Simpson-1 andr8pson-
8. The well paths are approximately 160m apart.

Close to Simpson-1 is another closed structureresfeto as
the West Simpson Field. This structure is penedraty 2
wells, West Simpson-1 and Tanami-4. The total poed
volume of oil is 1.1 million barrels. This is rougt0.5 million
barrels short of the estimated recoverable oil 6 illion
barrels. A section through the oil sand probabilitylume
computed from multiple realizations is shown inUfig 6 with
wells West Simpson-1 and Tanami-4 in overlay. slevident
that the relatively thick shale present in Tanandekes not
extend to the south—in fact, there is a very highbpbility of
a compartment to the south of Tanami-4. The ar@nt of
this shale has been defined based on the changesisofic
amplitudes along the Top Flag Sandstone. The cdmpat
created by the shale can be identified in 3D byybmapturing
from the oil sand probability volume as shown igle 7.
The volumetrics associated with this compartmerticiate
approximately 0.3 million barrels of recoverablé @ihich is
in agreement with the estimated remaining oil. &nalysis
suggests other compartments may also exist witlhie
structure with the combined recoverable oil in thege of 0.2
million barrels.
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Figure 6. Oil sand probability volume showing potetial
unproduced compartment above shale break in Tanam#-
The well paths are approximately 700m apart.

Figure 7. 3D view of body-capture from oil sand prbability
volume showing separation of upper sand penetratetly
Tanami-4 (blue body) from compartment to the south(red
body).

CONCLUSIONS

The statistical separation of lithologies based eastic
properties provides the potential to identify thieds (below
standard seismic resolution) using a geostatistia®lo
inversion of seismic angle stacks. This study shthas for a
sand reservoir the identification of probable ibesided
shales allows for accurate volumetric computatians the
prediction of reservoir compartments and potential
unproduced oil. The key benefit derived by usirBagesian
inversion methodology is the unbiased integratidn ab
available data to come up with a consistent sebuput
realizations.
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