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Abstract

The Vuko Mesa reservoir is a finely laminated mixed clastic carbonate sequence deposited in a marine shelf environment. Reservoir
quality varies rapidly vertically due to the influence of minor transgressive and regressive cycles. Mesa stratigraphic sequences are
intercalated with the deposits of fine-grained sandstone and siltstone to very fine-grained and shaly sediments with argillaceous
markers. The best producing reservoir intervals are typically 1-2 ft thick in the Mesa reservoir.

The presence of very fine bedding poses a serious challenge to formation evaluation and the estimation of oil volumes and oil
recovery. Reservoir units on the order of several inches thick are below the resolution of conventional wireline logs. This leads to
difficulties in estimating reservoir properties that are fundamental to oil recovery. Net to gross can be overestimated in this case, along
with under-estimation of reservoir porosity and over-estimation of water saturation in the dynamic reservoir model. This problem has
recently been addressed by a field cross-functional team of reservoir engineers and earth scientists working to integrate available static
and dynamic data.

At the Vuko Mesa Field, core data was reviewed to determine a core-based net to gross ratio. Core data was used to develop new
transforms of wireline porosity and permeability processing using the GEOLOG program. Enhanced Vertical Resolution (EVR)
processing of the raw wireline field tapes was also conducted in an attempt to obtain net to gross ratios consistent with core-based
estimates. These data have been integrated into a new three dimensional reservoir model to improve waterflood management of Vuko
field.
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@ Mesa Stratigraphy

1 Abstract

*The Vuko Mesa reservoir is a finely laminated mixed clastic carbonate sequence deposited in a marine shelf environment. Reservoir quality varies
rapidly vertically due to the influence of minor transgressive and regressive cycles. Mesa stratigraphic sequences are intercalated with the deposits
of fine-grained sandstone and silststone to very fine-grained and shaly sediments with argillaceous markers. The best producing reservoir intervals
are typically 1-2 ft thick in the Mesa reservoir. « Deposited in a middle to outer shelf environment with relatively low primaries porosities (3 to 30 %) and permeabilities (.01 to 100 md).

* The Mesa Reservoir, of the Upper Cretaceous Iabe Formation, is a shallow marine system composed of mixed clastic-carbonates.

* The lithology is dominated by siltstones and fine- to very fine-grained sandstones.

* Reservoir consists of thinly interbedded dolomitic limestones/sandstones VFG Sandstone, Sandy siltstone and muddy siltstone with calcite cement.

. A - - " - - n A Best reservoir is the M2 package
*The presence of very fine bedding poses a serious challenge to formation evaluation, and to the estimation of oil volumes and oil recovery. ° reservoir p 9

Reservoir units on the order of several inches thick are below the resolution of conventional wireline logs. This leads to difficulties in estimation of
reservoir properties that are fundamental to oil recovery. Net to gross can be overestimated in this case, along with under-estimation of reservoir
porosity and over-estimation of water saturation in the dynamic reservoir model. This problem has recently been addressed by a field cross-

functional team of reservoir engineers and earth scientists working to integrate available static and dynamic data.  Shales of the flooding marine units act as Vertical Seals over the tops of the reservoirs, reducing the Vertical Permeability.
* Other considerations: - diagenesis (dolomitization, cementation)

« Difficult to resolve intermediate horizons in the seismic. Overall sediments coarsen upwards within facies, not by a significant increase in the grain size
of the coarse elements, but rather by a decrease in the amount of silt plus mud plus carbonate mud, this indicating the occurrence of shoaling.

eAbsence of coarser sediment suggests that the area was far from a siliciclastic source.

*At the Vuko Mesa Field, core data was reviewed to determine a core-based net to gross ratio. Core data was used to develop new transforms of
wireline porosity and permeability processing using the GEOLOG program. Enhanced Vertical Resolution (EVR) processing of the raw wireline field
tapes was also conducted in an attempt to obtain net to gross ratios consistent with core based estimates. These data have been integrated into a

new three dimensional reservoir model to improve waterflood management of Vuko field. @ Vu ko Mesa Vert cal comga rtments
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@ Depositional Environment & Facies Interpretation
Determine Cutoff from Core Study

#Shales of the flooding marine units act as Vertical

Seals over the tops of the reservoirs, reducing the
Vertical Permeability.

« Depositional environments: distal shelf muds to
proximal tidal environments

* Best production is in tidal channel deposits (With

better lateral continuity and coarser grain size) I\
« Poorer production is found in shoreface deposits | -
(Upward coarsening with variable p and k). \ \
* Poorest production is found in flood tidal delta L +
deposits (more fines, internal permeability barriers). L i
L 3
H
el
Three lithofacies have been interpreted from core: L f
1. Facies I : Argillaceous Siltstone, abundant detrital clay. * The Mesa reservoir is composed of mixed clastics and L -3
carbonates deposited in a marine shelf setting.
Marginal reservoir quality rock (Patchy Light Staining). + Best producing reservoir intervals are typically composed of
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: Oil Saturation in the S4A from reservoir simulation model. Green
represents high oil saturation.

QUADRATIC Solution_
PERM = 10*(1.8878 + 10.7799* (PHI)+0.298485* (PHI)**2)

passes of the density log
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@ Alternate Earth Models for Vuko Mesa
az High Resolution Reservoir Characterization ' :

Variogram Range -- Connectivity Variables

Key Point:
External Histogram Ranges -- OOIP Variables
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3. Probabilistic Reservoir Model Permutations
Key static subsurface uncertainties associated with Mesa reservoirs in
Block 0 have been identified and can be summarized into two questions: Different model building
- how much oil is there? (Original Qil in Place parameters, such as Net to
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* A family of reservoir models have been constructed for the Vuko Mesa field that are consistent with the available log, core, seismic and
stratigraphic concepts. Resolution of the model is the same as that of wireline logs.

* Wireline logs for the field have been normalized, tied to wells, and the highest resolution logs possible have been used to build the current
reservoir model. EVR processing was attempted, but was unsuccessful.

* Family of current models are “centered” around the current log data. However, we recognize that the current wireline logs are still limited
by resolution, and additional work is required to investigate this effect on the dynamic (oil recovery) model.

Next Steps

* History-match of the current family of earth models is now underway. This will provide information about the range of parameters that
provide a reasonable history match. It is anticipated that the low-side of models will provide the best match, given the over-estimation of
NTG caused by the “averaging” of wireline logs.

* Net to gross corrections need to be applied to the current model, by comparing NTG in the cores and logs.

* A series of small models (or sectors) will be constructed at core resolution, and their recovery compared to the current family of models at
log resolution, and the coarser resolution of the dynamic simulator.

« It is very important to maintain the proper dynamic behavior of this layered reservoir to obtain credible performance estimates for new
injector and producer wells. This is a critical step in recovering the most reserves from Vuko Mesa.






