INDICATOR SIMULATION SUMMARY AND CONCLUSIONS

Soft Constraint Proportion Map of Stochastic Facies Model Stochastic Facies Model Neural network analysis coupled with lithofacies descriptions and available well data provide a basis to construct

Oolitic C omplexes From Well Data Indicator Simulation - Simple Kriging Indicator Simulation - Bayesian Kriging improved fine-scale facies models using stochastic simulation methods. These models improve our understanding of
the distribution and controlling factors on the external geometry of relatively thin ooid grainstone intervals 1n the St.

Louis Limestone of southwest Kansas. Object-based simulation and indictor sitmulation with kriging were used to
build facies distributions of oolitic deposits based on geometric data and lithofacies curves predicted from well logs
using a neural network. Within the facies framework, the model illustrates the internal and external geometry and
distribution of St. Louis Limestone oolitic reservoirs and associated lithofacies. The fine-scale distribution of rock
properties can be assigned to each facies according to the spatial relationship built from variogram analysis. The
defined static geological models can be upscaled to run simulations 1n order to explore responses to fluid flow.
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. Lot S | R . . N 4 // The following SpGCi fic conclusions are drawn from this stu dy:
Eolianite complex N o/ R Eolianite complex QR = vy
Igiﬁﬂ.i”iifn ZT::C deposit . — _ Igimin:n :e“:c deposit RSt e <~ . 1. Three-dimensional spatial distributions of the St. Louis Limestone oolitic reservoirs are modeled and explored
S e g W Tidal flat deposit o Feel 00—t with object-based simulation and indicator simulation with kriging. Results 1llustrate that the location of structural
|| Background 0 Meter 2438.4 = 11| Backgrounc 0 WMeter 2438.4 e highs and general trends at the time of deposition had an impact on distribution and orientation of the St. Louis
" ' Limestone oolitic complexes. Oolitic deposits formed linear belts along the edge of a local embayment trending

approximately northwest-southeast, while additional shoals were formed on the platform adjacent to, but not on, local
highs.
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2. The observed pattern change 1n the lateral extent and geometric connectivity of modeled oolitic deposits from zone
B Cormentes ooltc depost N ——— e et S SN Y N = D to zone A suggests the overall agradation of oolitic deposits during relative rise 1n sea level (zone D to zone B)
' ' | ' ' ‘ ' emented OClC deposi S s\ A S _ = \‘:Hm — o /. /A :‘"“ . . . . . .
Bl 140 120 100 8 | SN A SNy = M SN =Sy = followed by deepening near the top of the St. Louis Limestone prior to erosion at the base of the Ste. Genevieve
0 Meter 2438 4 Layer S h “ = = D N . N = = Limestone.
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LEFT - Facies proportion maps of oolitic complexes calculated from facies model built using object- Oolitic complex Oolitic complex RS- W A 3. Oolitic deposits are generally absent 1n the center of the embayment. Modeled oolitic complexes illustrate an

based simulation. A) Facies prOPOrtiOIl map of oolitic COmpleXCS for zone A, Overlay of restored ~Tidal flat deposit e -- ‘ h“ ~Tidal flat deposit 3 Foo 8000“ S agradational and the Shghtly progradational depgsitional pattern as they accumulated from zone D thr()ugh 7zone A.
structural map of zone A, B) Facies PI‘Oportion map of oolitic COmpleXGS for zone B, OVerlay of restored . Backgroud ‘“ . Backgrouna 0 Meter 2438.4 RS Eolianite depOSitS show a back-stepping depOSitiOnal pattem and some were accumulated on the local structural
structural map ot zone B; C) Facies proportion map of oolitic complexes for zone C, overlay of restored kT highs and some in the local lows on the slope. Eolianite deposits abundance and thickness increase upward from zone
structural map of zone C; D) Facies proportion map of oolitic complexes for zone D, overlay of restored B D to zone A. Tidal flat deposits are thinner, laterally extensive, and accumulate and thicken into the structural lows
structural map of zone D. In all zones, occurrence of oolific complexes 15 hugher around the edges of the Indicator simulation 1s a difterent approach to building " . - Ny and toward the embayment. The content of tidal-flat deposits decreases from the bottom to the top within each zone,
embayment, relative to structurally highest and lowest areas. facies distributions. Tnstead of using scometric data to Loy - & ST . and 1s interpreted as indicating transgression and followed by agradation of shallow-marine to non-marine facies

L , L , o model facies objects, indicator simulation 1s based on ' within each zone.
RIGHT - A) The distribution of length and width of oolitic deposits, measured from oolitic complexes variograms generated from facies curves. The

on top of each St.. .Louis Zone. The ratio of length and width shows a general trend of 3:1. The lateral variograms represent both the size and 3D spatial Eolianite complex S x. Eolianite complex - : 4. Eolianite complexes are better represented at locations where oolitic complexes are relatively thin (1.e., structural
extent of the oolitic deposits increased from zones D to zone C and B, and then decreased at the top of frequency of the facies patterns. Experimental ICemented oolitic deposit S T D s ICemented oolitic deposit v highs and localized low areas on the slope). The processes that deposited the oolitic complexes eroded the previously

Oolitic complex Oolitic complex

zone A; B) Geometric connectivity calculated in each modeling layer for oolitic complexes, displaying a variograms are first computed from facies curves in the A —— Tidal flat deposit Iy deposited eolianite complexes and tidal-flat deposits.

. . . < e O Feet 8000 0 Feet 8000
general trend of increase from zone D to zones C and B. Within zones D, C, and B, the connectivity wells, and then fitted to the variogram model to obtain | Background S Water 2364 11 Background 0 Weter 2438.4

curves show a sigmoid shape. The rates of increase in connectivity are slow starting at the bottom, reach horizontal and vertical ranges of the facies. To add 5. The cemented oolitic deposits have been modeled as barrier/battle layers among the oolitic complexes and are
a maximum, then decrease toward the top of each zone. The geometric connectivity values are high and geological constraints to the simulation realizations, concentrated at their edges.

relatively stable at the lower part of zone A, and then drop dramatically near the top of zone A. vertical facies proportion curves and two-dimensional facies proportion maps were built from the well data and used as soft constraint. Two simulations were performed using | o | o N |
simple kriging (SK) and Bayesian kriging (BK). The primary axis of the horizontal variogram model was east-west, respecting the general structural orientation. In both simple 6. Uncertainty and variability of the external and internal geometry of the St. Louis Limestone oolitic reservoirs were
and Bayesian-derived facies models, oolitic complexes are adjacent to the local highs in the St. Louis Limestone zone B following the trend of the deeper embayment in the explored using stochastic simulation methods, producing multiple equally probabilistic realizations.

south, which 1s well defined by the facies proportion constraints. The facies model simulated using Bayesian kriging tends to combine nearby similar facies together, and shows

more connectivity in the oolitic deposits and more geologically reasonable geometry for facies compared with the facies simulation results from simple kriging. Multiple equally 7. Object-based simulation produced more geologically reasonable facies distributions than indicator simulation. The

Variogram az;énr;g Variogram type probabilistic realizations are gained by repeating this stochastic procedure. different geostatistical approaches produce similar facies patterns and provide support to the interpretation. Because
Horizontal range [ Vertical range of relatively high well density, object-based simulation required longer computation times than indicator simulation.

S T & =0 o — =—— Compared to the object-based simulation, facies simulated using indicator simulation show a similar overall distribution, but geometric distribution of individual facies is more

it e ihorental dispersed and shows decreased lateral and vertical connectivity. Since the facies objects were 1nitially simulated around wells, facies in the object-based model tend to show 3. The results and statistical models are usefu1. for understaqding the geometry pf oolitic compl.exes or qther shallow
Complex . (power = 0.7) condensation in the vicinity of the wells even though the same volume proportions were used as 1n indicator simulations. The dimensions of oolitic complexes (8,845 ft [2654 m] X marine sand bodies. The methodology can be implemented in complex depositional systems without seismic data.
Cemented cEEE 3370 1t [1011 m]) and the cemented oolitic deposits (5237 1t [1571 m]X 1890 ft [567 m]) computed by indicator simulation are comparable to the geometry computed with the object-

oolitic exponential
deposit (power = 0.6) based models.

Eolianite General

=Sl 2 (zﬂ‘;’:iﬂg% In both indicator and object-based approaches, the modeled depositional trends, geometry and patterns reflect lithofacies curves and proportion data calculated from well data. The

Tidal Flat General modeled facies distributions support an interpretation of the St. Louis Limestone as a series of oolitic grainstone shoals deposited during fluctuations of relative sea level. Object-
exponential

ot =07} based and indicator 3D geostatistical facies models provide similar insights into the uncertainty of facies architecture of the St. Louis Limestone. ACKNOWLED GEMENTS
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