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OBJECTIVE

The overall objective of this project is to demonstrate that a development program—
based on advanced reservoir management methods—can significantly improve oil recovery at
the Nash Draw Pool (NDP). The plan includes developing a control area using standard reservoir
management techniques and comparing its performance to an area developed using advanced
reservoir management methods.  Specific goals are:  (1) to demonstrate that an advanced
development drilling and pressure maintenance program can significantly improve oil recovery
compared to existing technology applications and (2) to transfer these advanced methodologies
to oil and gas producers in the Permian Basin and elsewhere throughout the U.S. oil and gas
industry.

SUMMARY OF TECHNICAL PROGRESS

This is the ninth quarterly progress report on the project.  Results obtained to date are
summarized.

Management and Project Planning

Geological, engineering, geophysical, and simulation teams continue compiling and
analyzing data. Data has been entered into a geological model, and initial reservoir simulation
runs have been performed. The 3-D seismic data has been interpreted, and areas have been
identified for targeted drilling. The first well based on the seismic data was drilled in March
1997.

Communication and coordination between the team members located in a diverse
geographic areas requires the use of state-of-the-art communication systems. Therefore, to meet
our reporting requirements, we use a combination of E-mail, the Internet, and high capacity data
transfer to successfully exchange data and conclusions among the groups.

Geostatistics and Reservoir Mapping

The second annual report discussed the results in the L-zone amplitude-porosity
correlation used to locate NDP Well #29.  The porosity encountered in Well #29 was 40% less
than that predicted from correlation.  During the past quarter, two different approaches were
investigated to forecast the  spacial reservoir properties. A production interference analysis was
conducted to define flow units and several mapping techniques were used to describe the static
reservoir properties.

Oil rate versus cumulative production curves were reviewed for evidence of interference
resulting from the production from newly completed off-set producing wells.  Conventionally,
the information is graphed as Cartesian plots; however, changes in the slopes of the curves are
more readily observed with a semilog presentation, as seen in Fig.1.

The early and late time slopes, along with the initial GOR, are given in Table 1.  The
wells are tabulated in chronological order of completion.
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There is no established slope at Wells # 29 and #38, due to insufficient production
history. The wells were assigned to the flow units based on the a slope change and the initial
GOR.  A high initial GOR with a constant slope indicates that pressure depletion had occurred at
the time of completion.  In this case flow units are defined as areas exempt from interference
from off-set wells. The flow units are illustrated in Fig. 2.

Several mapping techniques were used to describe the spatial distribution of the L-zone
static reservoir properties.  Since the objective is to optimize the placement of drilling locations,
the hydrocarbon pore volume (h*φ*so) was the reservoir mapping parameter.  The h*φ*so

parameter was developed from log information and mapped with a conventional, 1/r, nearest
neighbor technique, with a kriging technique based on a spherical variogram model, and with
fractal model.  As seen in Fig. 3, the maps resulting from the three different methods are similar.
The fractal map (3D) includes only the wells shown in Fig. 2.

In addition to the static reservoir properties mapped in Fig. 3, a “drill here” map requires
an estimate of bottomhole pressure to be complete.  Estimates of the distribution of dynamic
reservoir properties such as pressure are best obtained by matching the past reservoir history with
a simulator which was reported in the annual report.  However, a pressure indicator is included in
the map shown in Fig. 4.  Bottomhole pressure was estimated based on the current producing
GOR data and the PVT data.  These estimates were normalized with the 2950 psi discovery
pressure and then used to calculate h*φ*so*p/pi.  These values were used to generate the fractal
map seen in Fig. 5.

The delineation of the flow units (Fig. 2) coupled with the hydrocarbon pore
volume/BHP map (Fig. 5) suggests that future primary development should be towards the
northwest under the playa lakes.

Reservoir Engineering

To estimate drainage areas for each well,  the decline curves were extrapolated to predict the
ultimate oil recovery from each well and this value was divided by the oil recovery per acre. This
resulted in a calculated drainage area, presented in Table 2. The calculated drainage area was
then adjusted depending on the seismic amplitude in the “L” zone.

The seismic amplitude coincides with areas that are compartmentalized or continuous. Negative
amplitudes of 0 to -20 are associated with areas that are compartmentalized and areas with
negative amplitudes from -20 to -60 are in areas where the zones are more continuous. Analysis
of the areas that are compartmentalized indicates that approximately 75% of the pay interval is
continuous enough to contribute to production. The drainage areas associated with these wells
are multiplied by a factor of 1.33 to adjust for zones that are not continuous and this yields an
indicated drainage area.

By comparing the indicated drainage area to the drainage area the well was predicted to drain,
based on governmental proration units or stimulation designs, a drainage ratio “D” can be
calculated. If the wells are effectively draining the area they are designed to drain, the drainage
ratio should be 1.00.  Presented in Table 2, the drainage ratios range from 0.15 to 1.23, with 53%
ranging from 0.75 to 1.25.
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The other factor influencing oil recovery is interference from offset wells and the resulting
depletion. Depletion is evidenced by initial gas-oil-ratios (GOR) that are above 2,000 SCFG/BO
as shown in Figure 6. The initial wells and wells drilled away from developed areas had initial
GOR’s of less than 2,000 and wells drilled in developed areas or later in the development of the
field had GOR’s of 2,000 to 14,000 to 1.

This results in the early wells, such as #1, #11 and #13, recovering more oil than predicted and
later wells such as #12, #29 and #38 recovering less oil than predicted. The drainage areas for
each of the areas predicted in the Geostatistical Analysis are shown in Table 3.

A strong correlation was found between the transmissivity (kh/µ), the number of sacks of sand
used in the frac treatment and the ultimate recovery. The ultimate recovery can be approximated
by the following relationship:

BO= ((kh/µ) x No. Sx. Sand).5 x 1,000

A closer correlation is obtained by adding the drainage ratio to the equation to obtain:

BO= ((kh/µ) x No. Sx. Sand).5 x Drainage Ratio x 1,000

The results of this correlation can be seen in Figure 7. This correlation will be explored further to
determine the applicability to forecast recoveries from Delaware wells ,and as a tool to size
fracture treatments.

Reservoir Characterization/Reservoir Simulation

Activities of the Reservoir Characterization/Simulation Team for the last quarter of 1997
were focused on evaluating the Apprentice/Merlin reservoir simulator from Gemini Solutions,
Inc. The Apprentice is a graphical preprocessor that can be used to construct engineering
representations of geology for several reservoir simulators.  In addition to Merlin, it supports
VIP® (Landmark) and Simbest™ (Scientific Software-Intercomp). Merlin is a black oil-like
simulator designed for use with PCs.

The target for this software evaluation is NDP #36, the planned horizontal well to be
located in Blocks 11 and 12 (see Fig. 8). This well will terminate in a horizontal segment
approximately 1120 ft long. It is anticipated that four vertical fractures will be induced
hydraulically to promote drainage around the horizontal segment of the well. The purpose of the
simulation is to determine:

C whether the Apprentice/Merlin simulator can handle horizontal wells with fractures
C what the initial conditions are in the drainage area of NDP #36
C what recoveries can be expected from the proposed configuration of NDP #36
C whether additional fractures would provide additional cost-benefit

At the outset of this effort, it was hoped that the Apprentice/Merlin package would allow
somewhat faster turn-around than the SGM/Eclipse software used previously by the reservoir
simulation team. There does seem to be a steep learning curve with this package, so that this first
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use of the Apprentice/Merlin has not progressed as quickly as had been hoped. Nevertheless, the
goal is to address the four issues posed above before the NDP #36 is drilled in April, 1998.

Miscible Recovery Simulations

The Nash Draw miscible recovery evaluation has been progressing in two areas:
evaluation of the Nash Core with CT scanning and simulation of the carbon dioxide injection
pilot area.

The core provided to the University of Houston was sampled as a 4x1 in. plug.  The plug
was subjected to CT scanning for a determination of three-dimensional porosity distribution.
This data is currently being analyzed to present both several displays of porosity distribution
from the complete three-dimensional data to simple x-y plots of the distribution.  This data will
then be used in a simulated miscible displacement study to determine the connected porosity and
a quantitative measure of bypassing to be expected.  This data will then be utilized in the
simulation to limit the amount of recovery by miscible injection.

Simulation were performed based on the history match data provided to the University of
Houston.  Qualitative analysis of the results showed similar results to those presented in the
annual report for the project.  Since a different simulator was being used, a more detailed
analysis of the history match will be performed to ensure that results are indeed the same.  Two
prediction cases were made: a continued operations case and a case involving miscible injection
with an infill injector.  A comparison of recoveries for the two cases showed a dramatic
improvement: 90MSTB for the base case compared to 188MSTB for the miscible injection case.
These results should be tempered by the assumptions that were made for the miscible injection
case: first-contact miscible miscibility and 5% residual oil saturation.

Nonetheless, these results are encouraging.  Further analysis and simulations will be
performed to ensure more realistic assumptions in the next set of simulations.  This will require
additional laboratory and field data.

Technology Transfer

Transferring technical information generated during the course of this project is a prime
objective of the project. Toward this objective, Strata has participated in several meetings and
workshops to promote the dissemination of information generated during this quarter. A
summary of technology transfer activities during this quarter is outlined below.

SPE Paper  - A paper titled “Reservoir Characterization as a Risk Reduction Tool at the Nash
Draw Pool,” was presented at the SPE Annual Technical Conference and Exhibition in San
Antonio, Texas in October, 1997.

SPE Paper  - A paper entitled “Implementation of a Virtual Enterprise for Reservoir
Management Applications,” which describes the Nash Draw virtual team, was presented at the
SPE Annual Technical Conference and Exhibition in San Antonio, Texas in October, 1997.

Logging Workshop - The log analysis techniques used at the Nash Draw Project were presented
at a workshop entitled “Advanced Applications of Wireline Logging for Improved Oil Recovery
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Workshop.” The workshop was organized by BDM Oklahoma and the PTTC and was held at the
CEED in Odessa, Texas on November 13, 1997.

Core Workshop - The Nash Draw Core and associated material will be exhibited at a core
workshop to be held in Midland, Texas on February 26, 1998. The workshop is sponsored by the
Permian Basin Section/SEPM for cores from DOE projects in the Permian Basin.

SPE Papers - Two papers will be presented at the 1998 Permian Basin Oil and Gas Recovery
Conference in Midland, Texas on March 23-26, 1998. The titles of the papers are “Reservoir
Characterization as a Risk Reduction Tool at the Nash Draw Pool” and “Using Reservoir
Characterization Results at the Nash Draw Pool to Improve Completion Design and Stimulation
Treatments.”

Internet Homepage: The Nash Draw Website can be accessed at:
http://baervan.nmt.edu/prrc/resdiv/react/reactnew.html.  The current site includes the previous
reports and the most recent annual report.
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Table 1
Production Interference Analysis

Well Flow Unit Early Slope Late Slope Initial GOR, mcf/bbl

9 A 1.8 2.4 1.6

1 A 3.5 6.7 2.0

10 A 3.0 4.8 1.8

13 B 1.3 3.2 1.5

6 A 1.7 3.7 1.4

11 B 1.8 constant 1.2

14 A 2.5 constant 2.6

5 C 3.6 constant 1.2

20 A 3.3 constant 5.9

15 E 1.5 constant 2.7

19 F 1.4 constant 1.5

24 D 1.4 constant 2.5

23 A 3.9 constant 5.7

12 B 7.3 constant 14.0

25 A 1.4 constant 4.7

29 C 8.1

38 C 6.2
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Table 2. Drainage Areas

1-1-98 CALCULATED "D" "P" "S"

ULTIMATE DRAINAGE SEISMIC INDICATED DESIGNED TOTAL INITIAL

RECOVERY RECOVERY AREA CONTINUITY DRAINAGE DRAINAGE DRAINAGE TRANSMISSIVITY SAND P-S-D GOR

WELL # BBLS. BO/ACRE ACRES INDEX ACRES ACRES RATIO (OIL AND WATER)  SX. INDEX SCFG/BO

1 61,776 2,758 22.40 1.33 29.90 40 0.7475 11.620 357 48,146 2,000

5 71,722 2,926 24.51 1.33 32.72 40 0.8180 12.826 410 59,322 1,200

6 57,525 2,627 21.90 1.33 29.23 40 0.7308 13.772 410 54,914 1,400

9 58,822 1,545 38.07 1.33 50.82 60 0.8471 4.687 1,150 62,189 1,600

10 48,162 1,613 29.86 1.33 39.86 40 0.9965 6.374 358 47,601 1,800

11 142,173 2,896 49.09 1.00 49.09 40 1.2273 14.050 410 93,151 1,200

12 34,580 2,957 11.69 1.00 11.69 60 0.1949 14.699 1,900 24,429 14,000

13 87,644 5,325 16.46 1.33 21.97 40 0.5493 22.460 540 60,493 1,500

14 89,832 3,085 29.12 1.33 38.87 40 0.9718 15.235 479 83,016 2,600

15 124,598 2,964 42.04 1.00 42.04 60 0.7006 20.890 1,860 138,104 2,700

19 134,171 2,205 60.85 1.00 60.85 60 1.0141 9.380 1,192 107,217 1,500

20 55,240 1,937 28.52 1.33 38.07 40 0.9518 7.721 410 53,549 5,900

23 41,315 1,710 24.16 1.17 28.15 60 0.4691 4.338 2,239 46,232 5,700

24 128,583 3,338 38.52 1.33 51.42 60 0.8570 10.746 1,894 122,276 2,500

25 9,721 1,178 8.25 1.33 11.02 60 0.1836 0.975 1,650 7,364 4,700

29 23,335 2,640 8.84 1.00 8.84 60 0.1473 19.609 2,169 22,785 8,100

38 27,504 1,389 19.81 1.00 19.81 60 0.3301 10.477 1,798 33,982 6,200

TOTAL 1,196,703 474.09 564.35 860.00 1,064,773

Table 3
Unit Areas

Unit Wells Area, ac.

A 1, 6, 9, 10, 14, 20, 23 & 25 265.92

B 11, 12 & 13 82.75

C 5, 29, & 38 61.37

D 24 51.42

E 15 42.05

F 19 60.85

Total 564.36



 

Figure 1. Cumulative production vs. rate.
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Fig. 2.  Flow units (A, B, C, D, E & F) derived from interference analysis.

Fig. 3a.  Map of hydrocarbon pore volume generated with nearest neighbor techniques.
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Fig. 3b.  Kriged map of hydrocarbon pore volume generated with spherical variogram

.

Fig. 3c.  Map of hydrocarbon pore volume generated with fractal algorithm.
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Fig. 3d. Fractal hydrocarbon pore volume map rescaled to include only the unit wells seen in
Fig. 2.

Fig. 4.  Fractal bottomhole pressure map.
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Fig. 5.  Fractal hydrocarbon pore volume map conditioned with normalized bottomhole pressure.

Fig. 6.  Initial GOR
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Figure 7. Ultimate recovery correlation.

Fig. 8.  Location of the planned horizontal well, to be located in Blocks 11 and 12 of NDP #36.


