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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any of
their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Abstract

Log data (porosity and water saturation) for D and the C sandswas available at 0.5 foot
intervals. The datawas imported into HERESIM, a geostatistical tool. This permitted
assigning constraining surfaces

Methodology

The Data

Petrophysical properties were generated in section 25 for D1-sands. Sixteen wellsin the
section were used. The log information included porosities and water saturations at 0.5
foot intervals. The section map with all the wellsis shown in Figure 1. The map aso
shows the reference grid used, which was twenty blocks in the x-direction and twenty
blocks in the y-direction. The block dimensions in both the x and y directions were 264
feet each.

Lithofacies Definitions and Constraining Surfaces

As afirst step, lithofacies were defined based on porosities. The lithofacies definitions
are provided in Table 1.

Tablel-Lithofacies assignments

Porosities Lithofacies Designation
-10-12.5 10
12.5-15 20
15-17.5 30
17.5-20 + 40

Lithofaciesin four of the wells (10-25, 11-25, 12-25 and 13-25) (type logs) are shown in
Figure 2. The lithofacies are bound by three surfaces. The two upper and the lower
surfaces are the upper and the lower boundaries of the sand while the middle surface was
chosen at the middle of each sand simply as areference surface. A northwest-southeast
crosssection through section-25 is shown in Figure 3. The surfaces for the defined cross-
section are shown in Figure 4. The entire D-sand reservoir was modeled as one lithounit.
A parallel grid was used in describing the stratigraphy.

Elevation of the top surface is shown in Figure 5 and the corresponding map for the
bottom surfaceisin Figure 6. The reservoir is basically constrained between these two
surfaces. The thickness distribution is shown in Figure 7. The reservoir is thickest in the
central portion and tapers off at the edges.




Porosity-Permeability Relationship

Permeability was modeled using the cross-plot shown in Figure 8. A semi-logarithmic
correlation between permeability and porosity was found to fit most measured porosity-
permeability values across the field. The equation for the permeability-porosity cross-
plot was:

log(k) ? 0.218? ? 2.225

where, k was in millidarcies and ? was in percentage . The general statistics for the entire
data set for permeability and porosity is shown in Table 2.
Table 2: General permeability and porosity statistics for the entire section.

Lithofacies40 | Lithofacies30 | Lithofacies20 | Lithofacies 10

Attribute | ? K(md) | ? K(md) | ? K(md) | ? K(md)
#samples | 86 86 114 114 121 117 91 80
Min 15.93 | 17.7 1503 |11.2 |1228 |28 10.01 | 0.9
Max. 20.3 |158.7 | 1749 | 387 |1634 |21.8 |1251 |32
Mean 186 |74.02 (162 |21.1 |139 |6.992 |115 |2085
Stdev 0.854 | 3324 |0.71 |7.7 079 |278 |0.71 |0.63

Generation of Lithotypes Fieldwide

Using the appropriate variogram parameters, lithotypes were ssimulated over the entire
field. Lithounit distribution in the same cross-section (asin Figure 3) is shown in Figure
9. Corresponding porosities and permeabilities are shown in Figures 10 and 11.

Upscaling

At the chosen resolution, there were atotal of about 250 half foot layers, which would
yield atotal of 100,000 grid blocks. It would be possible to build a reservoir model with
these many blocks; however, the awkward aspect ratios of grid blocks is expected to
cause numerical instabilities. Hence, first series of reservoir models were built by
upscaling the blocks vertically. A total of 13 vertical blocks were created. The proportion
of porosity as afunction of elevation is shown in Figure 12. Thisdiagramis used to
select locations of upscaled layers. Upscaled layers were selected at regular intervals.
The reservoir suitable for simulation was built using the upscaled information. The
reservoir grid (plan view) is shown in Figure 13.

The upscaled crosssections for the section shown in Figure 3 are presented in Figures 14
(porosity), Figure 15 (permeability) and Figure 16 (water saturation). The basic quality
of petrophysical property distribution is preserved in the upscaling process.

The upscaled models were later modified for the incorporation of hydraulic fractures.



The same methodology was used in generating petrophysical models for c-sands. The
thicknesses, porosities, permeabilities, and water saturations are shown in Figures 17-20.
The thicknesses are generally much lower than for D-sands. The porosities,
permeabilities and water saturations are comparable.

The reservoir description so generated was used to simulate production in section 25 and
to see if production results match the field data. Results will be provided in the reservoir
simulation report.

Conclusions

The conventional log data can be used effectively to create detailed reservoir images
based on geostatistics. The models need to be appropriately upscaled for use in reservoir
simulation.



X (ft)

¥ (ft)

= = g = = =
g g g £
& - @ & -l "] i3
¢ ; : b ; b
O e
S : _ : : _ -
2 ! : " : : 48
MI 1 1 1 1 1 _l..M
g ! " " : " 1 o
= 1 1 1 1 1 1 a5
m » : : : : n M
- R ERERRY RIRTER PSR SR ERCAEY i {Per (SRR G Hyre f Ly o | S M| e AN e £ 0 ) S A it Pl e s et .
R L " : g e i
= ] & ; G iy | = " 2 (%]
1 = 1 1 1 i &
Ik 1 1 ' ) - o d-lv
" " : : " =
! " " " | )
T | | ' | I o ..hl
1 1 1 7 ! ﬁ [ —
_ _ _ & i " <
= R i ~ i ! i F
o 1 _../__ 1 | 1 m ! [ d d
@ | | ™~ 1 | ij 2
g e _ : = g =
.n_l. ..... e = ey e s = ey = L e i ey L SO SN S el pas -._.hw
% " : : " 2 o
. " " : j e = =
- " " " - " B >
! ! | N R | > <
1w i H 1 T | A__. i -
i i _ o | L= o i & o)
% " > | . | o | =
e ; : ; : =
. : ; : _ - (@)
) ! _ _ i 1 %
© 1 T - 3 ey 45 O G T By I . Q
ﬂ T [ T G T h Y I - A
B . h : o ) | c
i he-J i & 1 b 2 i o
i | . | 1 ! "| m
o m : : m . 5
g : : " : : e g
@ I ! ! ! ; Hod &
-~ 1 1 1 ] 1 1 -
% : " : " " | @ 7 9]
el | L L ol L | b c
m 1 _..M— 1 1 1 1 W.— 1 1 1 1 m_ 1 1 1 1 m_. 1 1 1 1 M— 1 1 1 _m._ —.1'm
g g 3 2 2 2 E >
A 7 ks s & k- ¥ 5
(@)]
(3F) & i



Figure 2: Lithofacies in some of the wells.
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Figure 3: A northwest-southeast cross section through section 25.
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Figure 4: The three surfaces along the cross section.
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Figure 5: Contour map of the top surface. Elevations are with respect to sealevel.
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Figure 6: Contour map for the bottom of the sand. Elevations are with respect to sea
level.
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Figure 7: Sand thickness map.
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Figure 8: Porosity-permeability crossplot used in creating the petrophysical properties.
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Figure 9: Lithtype distribution in the crosssection shown in Figure 3.
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Figure 10: Porosity distribution in the croosssection shown in Figure3.
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Figure 11: Permeability distribution in the crosssection shown in Figure 3.
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Cross-Jection in the Grid
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Figure 14: Porosity distribution in the crosssection shown in Figure 3 for the upscaled

reservoir.



Cross-3ection in the Grid
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Figure 15: Permeability distribution in the upscaled reservoir for the crosssection shown
in Figure 3.
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shown in Figure 3.



Section 25- Try1 with real data
Grid Thickness (ft) 1995-08-22
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Figure 17: The C-sand thickness map.



Section 25- Try1 with real data
Paorosity 1995-08-22
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Figure 18: The C-sand porosity map.




Section 25- Try1 with real data
Permeability | (md) 1995-08-22
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Figure 19: The C-sand permeability values.



Section 25- Try1 with real data
Wifater Saturation 1995-08-22
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Figure 20: C-sand water saturations.




