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INTRODUCTION

Historically, producing natural gas from low permeability
formations has been uneconomical and inefficient due to the low
natural flow rates. While massive hydraulic fracturing has
resulted in significant improvements in production from blanket
sands, the results have been disappointing for lenticular tight
gas reservoirs. In 1980, the National Petroleum Council
estimated that these lenticular reservoirs contained in excess
of 370 Tcf of gas, or over 40 percent of the estimated reserves
in the U.S. tight gas basins. More recently (1987), the U.S.
Geological Survey estimated that gas-in-place in the Piceance
Basin lenticular sands alone exceeded 400 Tcf with estimated
recoverable gas at 68 Tcf.

For a number of years the U.S. Department of Energy has
been engaged in research to enhance gas recovery from "tight
gas sands", particularly the lenticular sandstone formations
common to the Western United States. The purpose of this
research is to establish the production potential from
lenticular reservoirs, improve existing production technology;
and ultimately, to demonstrate the economic feasibility of
drilling and completing wells in this unconventional gas
source.

To investigate these Westernm U.S., tight gas sands, DQOE
established the Multi-Well Experiment (MWX), a field research
facility near Rifle, Colorado, where three closely spaced wells
were drilled through the lenticular Mesaverde formation in the
Piceance basin. Testing included extensive coring and core
analysis, production testing, and instrumented fracture
stimulation experiments. Because one of the more important
aspects of the MWX project was to establish the predictability
of well stimulation procedures, extensive pre-frac testing was
conducted in the Paludal, Coastal, and Fluvial zones.

This report concentrates on a review and re-analysis of
the MWX stimulation data for the Paludal zone. The Paludal was
deposited in environments of lenticular distributary channels
and adjacent coal swamps, with sandstones occurring both as
channel fillings and splay deposits. The objectives of the DOE
Paludal experiments were 1) to characterize the lenticular
sandstones for reservoir quality and size, 2) to determine
fracture geometry and behavior in a lenticular environment, and
3) to successfully stimulate lenticular sandstones in the
complex, coal-bearing interval. While the Paludal experiments
were successful and informative in many ways, there still
remained some questionable aspects of the testing at its
conclusion; the most noted being the unexpected, abnormally

high injection pressures during the fracture tests and main
fracture treatment,



The primary goal of the Paludal stimulation data review
was to establish the conditions affecting fracture geometry and
behavior in this lenticular environment; and determine the
degree of predictability of fracture behavior from pre-frac
testing. Since variations of in situ stress are the primary
control mechanism over fracture geometry, a major effort was
made by DOE to collect in situ stress data in the Paludal and
its bounding layers. As the first step in evaluating the final
utility of the stress testing program in terms of: 1) testing
theories of fracture geometry in a field scale environment, and
2) examining the usefulness of pre-frac testing for improving
the predictability of well stimulations; much of this in situ
stress test data was reviewed, and, in some instances, re-
analyzed. The objectives of this initial portion of the review
were to confirm the stress results showing that significant
stress differences can exist in lenticular formations, to
evaluate the micro-frac testing procedure utilized for the MWX
wells, and to examine correlations between measured stresses
and other formation properties. As reported herein, formation
properties correlations with in situ stress were obtainable for
deriving a stress profile.

The derived in situ stress profile was then used in a
fracture simulator to history match the net treating pressures
obtained on the two Paludal minifracs and the main fracture
treatment., This analysis was preceded by re-—analyzing the two
minifrac pressure declines to determine the fluid leak-off
properties for use in the simulator. As reported, this review
and re-analysis of the MWX Paludal data resulted in some very
significant differences from previous analyses. The derived
stress profile possessed some unique differences, the leak-off
coefficients calculated were much lower than previous analysis,
and the history match of the net treating pressures revealed
that, in fact, the measured pressures were not abnormally high
and quite predictable. The results of post-frac temperature
logs from the minifracs and main treatment are confirmed with
the generated height from the simulator.

This work will be followed up with a similar review of the
MWX stimulation data obtained for the Coastal and Fluvial zones
in the Mesaverde formation. A collective analysis of the
results from the three zones will then be conducted to
formulate general guidelines for future testing and analysis of
fracturing data from lenticular sandstone reservoirs,



SUMMARY

Review of Paludal Stress Data

The micro-frac stress tests for the seven Paludal zones in
MWX-2 and MWX-3 were re-analyzed using a plot of pressure
versus the square-root of shut-in time to determine closure
pressure. This method relies on linear flow behavior and is
referred to in the report as the "reservoir type" method. The
results from this method were compared to those obtained in
previous analyses which estimated closure pressure from the
instantaneous shut-in pressure (ISIP). While both methods .
showed good agreement for most tests, it was concluded that the
"reservoir type" analysis was generally superior; yielding

clearer, more definitive results than a subjective pick of an
ISIP.

Large volume stress tests were performed in Paludal sands
3 and 4 on wells MWX-1 and MWX~3. These included a step-rate
test/flowback and pump-in/flowback test. The re-analysis of
these tests showed good agreement with the previous analysis,
using similar methods,

A point clearly indicated by this analysis was that
significant stress differences (on the order of 0.2 psi/ft or
1500 psi) can exist in this layered, heterogeneous formation.
This somewhat unexpected phenomenon has been extensively

commented on in previous MWX publications and was verified with
this re-analysis.

Also, considering the good agreement between the two
analysis procedures and the complexity of the Paludal zone, it
seemed certain that similar agreement would prevail for stress
tests in the lower Marine, and uphole Coastal and Fluvial
zones, Therefore, the previous analyses for these zones was
used in addition to the Paludal results in looking for

correlations between in situ stress and other formation
properties.

Stresé Correlation Analysis

This section examined correlations between measured in
situ stress and other rock properties such as lithology and
acoustic velocity. Stress results considered included those
from 38 tests from the four Mesaverde zones including the
Fluvial, Coastal, Paludal, and Marine. K factor, derived from
the measured closure stress, was used in this analysis instead

of closure stress to normalize out the effects of depth and
pore pressure,

Using the gamma-ray measurements to define lithology, a



correlation existed between stress (K factor) and lithology
(gamma-ray). When data from test zones with a high standard
deviation in gamma-ray (indicating complex, layered lithology)
and also from those that are in or near coal seams were
eliminated from consideration, the correlation was very strong.

K factor values derived from the Poisson's Ratio from the
acoustic log showed a non 1l:1 correlation with measured X
factor. The stresses derived with this correlation were not as
accurate as those from the gamma-ray correlation. Comparing
the non-adjusted sonic log K values from the MWX tests to
published data, the MWX data did not follow the strong linear
correlation observed in other areas.

Stress Profile

A stress profile was derived for the Paludal zone in MWX-
1, using the gamma-ray lithology correlation. The results from
large volume stress tests performed in MWX-1 showed good
agreement with the profile results. A smoothed version of the
profile was used as the basis for pressure/height analysis and
for modeling the two minifracs and main fracture treatment
performed in the Paludal zone in MWX-1.

Minifrac No. 1

From the square-root of shut-in time plot of the minifrac
pressure decline, a closure pressure was evident at about 6400
psi, or the same as predicted from the derived stress profile
for the lower Paludal sand perforated (Zone 3). This being 600
psi higher than the measured stress in the Paludal Zone 4, 1led
to questioning the validity and applicability of the pressure
decline type curve analysis for complex conditions where
different layers are closing at different time intervals during
the pressure decline. Several scenarios were used in
performing the analysis including (1) a gross height of 135 ft
(from temperature log) with a leak-off height of 55 ft (Zones 3
and 4), (2) a gross height of 55 ft (assuming that the higher
stress boundary layers close relatively quick after shut-down,
and (3) a gross height of 25 ft, assuming continued injection
into Zone 4 until the time at which Zone 3 is closed, from
fluid being squeezed from the higher stress zone to the lower
stress zone through either the fracture or through crossflow in
the wellbore., The results from these cases yilelded leak-off
coefficients ranging from 0.00009 to 0,003 ft/min#*#0.5, an
impossible range for designing a fracture treatment. Some of
these values were eliminated, though, as reported herein, to
arrive at a much smaller range of from 0.0001 to 0,0002
ft/min¥%*0,5 or an order-of-magnitude smaller than calculated in
the previous analysis.

In analyzing the pressure decline data, it was evident




that the analysis techniques are not without weakness for
complex stress conditions such as the Paludal. Coupled with
history matching of the actual injection and decline pressures,
though, it is still a powerful tool.

Using the stress profile from the gamma~ray lithology
correlation (with only minor adjustments), a leak-off
coefficient of 0.0001 ft/min*#*0,5, and published rheology data
for 30 1b. non-crosslinked gel; modeling obtained a very close
history match with the measured net bottomhole injection
pressures. The predicted height from the model also very ,
closely approximated the results of the post-frac temperature
log, including the top and bottom of the fracture,.

To ascertain the validity of using the lower leak-off
coefficient, one requirement in history matching the injection
pressures was that the model predicted fluid efficiency match
that calculated in the pressure decline analysis.,

Additionally, model predicted pressure declines were generated
for 0.0001, 0.0002, 0.0003, and 0.001 ft/min**0.5 leak-off
coefficients for comparison to the actual decline. This
analysis showed the early time decline to follow higher leak-
off, but that from 20 minutes to the end of the recorded
pressures, the decline closely approximated 0,0001 ft/min%*¥0.5.
Since the lower perforated sand closed at 20 minutes, the early
higher leak-off was either "real" to this zone or anomalous as
caused by fluid crossflow. The later is thought to be the
case, the lower leak-off value being more consistent with core
analysis which saw very few natural fractures in this zone and
calculated permeabilities in the 1-3 microdarcy range.

Minifrac No. 2

The pressure decline analysis for the second minifrac was
complicated by the fact that the pressure was not recorded down
to a closure pressure. As on the analysis of the first
minifrac, several different ratios of leak-off to gross height
were evaluated; resulting in calculated leak-off coefficients
ranging from 0.00004 to 0.0006 ft/min**0,5. Using a leak-off
coefficient of 0.0001 and the previously revised stress
profile, a good pressure history match was obtained with the
measured pressures. The modeled height was once again very
close to the post-minifrac temperature log interpretation and

the modeling of the pressure decline was consistent with the
lower leak-off value used.

To summarize the analysis of the two minifracs, a detailed
stress profile was generated; which, when coupled with the best
approximation of leak-off from pressure decline analysis, gave
good history matches with the injection pressures. This was
supported by matching the modeled height with temperature
evaluation logs and the consistency of the low leak-off
coefficient with the observed pressure decline and fluid



efficiency. The major conclusions were (1) leak-off
coefficient was an order-of-magnitude smaller than previous
analyses predicted and (2) injection pressures during the
Paludal fracturing tests were not abnormally high as previously
charged. ‘

Main Fracture Treatment

Using the same stress profile and leak-off coefficient
used to model the minifracs, a good pressure history match was
obtained for the propped fracture treatment up to about 50
minutes, At this time the pressure started increasing very
rapidly, suggesting a possible screen-out. This was ruled out,
though, as the primary cause since the crosslinked gel should
have resulted in even lower leak-off than calculated on the
minifracs. Comparing the minifrac and main treatment pressures
on a volume basis revealed similar behavior, the volume of the
minifracs not large enough to reach the point of abnormally
increasing pressures,

Looking at how far the proppant had traveled after 50
minutes, the simulator predicted a propped length of 300 feet.
When compared to the estimated sand geometry for Paludal Zones
3 and 4, it was postulated that proppant reached the outer
boundary(s) of the sand splay and/or channel and that the
stress of the shalier rock beyond this polnt was high enough to
restrict fracture width and cause proppant bridging. Attempts
to simulate the pressure increase were relatively unsuccessful
due to the complex nature of the situation,

The modeled height from the original history match very
closely approximated the interpreted post-frac temperature log.
These were also consistent with the limited borehole seismic
data obtained.



DISCUSSION

STRESS DATA SUMMARY

This section presents a summary of much of the closure
stress data obtained during the MWX fracture testing program.
Most of the stress testing was concentrated in the Coastal,
Paludal, and Marine zones, with four tests being conducted in
the Fluvial zone, Figure 1 is a geologic cross-section of MWX-
1 showing the four zones.' Most of the tests conducted in
wells MWX-2 and MWX-3 were performed using the small volume
(micro-frac) procedure, which typically consists of pumping low
volumes of low viscosity fluid into a 1-2 foot interval at 5-20
GPM and measuring the shut-in pressure (Instantaneous Shut-In
Pressure).?’?'* Because of the low volume injected and the
apparent small fracture volume created, theoretically the
fracture should close quickly after shut-in and the closure
stress can be approximated by the ISIP. Stress tests in MWX-1
were performed on larger perforated intervals and larger volume
injections used to measure closure stress, e.g. pump-in/flow-
backs, step-rate tests, etc.

Table 1 shows Sandia's published results for the stress
tests performed in MWX-2 and MWX-3.% The designation for the
test zone is "well no.-zone-test zone", e.g. 2Fl designates
stress test zone no. 1 in the Fluvial zone of MWX-2. Also
shown in Table 1 for each test depth are the gamma-ray reading,
pore pressure, overburden pressure and K-factor. The K-factor
is discussed later., It should be noted that the closure stress
results in Table 1 were obtained by subjective picking of an
ISIP from a plot of pressure versus time.

Included in NSI's analysis of the stress data are seven of
the micro-frac tests in the Paludal zone. It was hoped that
detailed analysis of the tests would lead to correlations
between closure stress and formation parameters quantifiable by
log analysis. Also, if the Sandia results in the Paludal zone
could be accurately verified, then stress results from outside
the zone could be assumed valid and possibly used for similar
correlation analysis,

PALUDAL ZONE STRESS DATA ANALYSIS

MICRO-FRAC TESTS

The micro-frac tests for the seven Paludal zones in MWX-2
and MWX-3 were analyzed in detail and the results reported in
an earlier Topical Report - "In Situ Stress Analysis", July,
1988.% Detailed plots of the data were included in that report



and will not be repeated here. The main tool used to determine
closure pressure was the plot of pressure versus square root of
shut-in time - Figure 2 showing an example from Test 1, Zone
2P2.7 This analysis procedure consists of looking for linear
flow behavior in the pressure data, with a deviation from this
behavior indicating closure pressure. This is in contrast to
the micro-frac analysis which estimates closure from the ISIP.
For many tests the ISIP analysis may be too subjective, and
"reservoir type" analysis may yield a more definitive fracture
closure.

There were many instances in the data where there was a
definitive deviation from linear behavior on a square root of
time plot, and little or no indication of an ISIP on the
corresponding linear plot. One example of this is shown in
Figure 3, the square root plot indicating a closure stress of
6000 psi and the linear plot providing little character for
picking an ISIP, While Sandia showed a closure stress of 5745
psi for this zone from an earlier test, the linear plot would
indicate a much higher value than this -~ probably between 5970
and 6100 psi. This is probably due to an increasing closure
stress in the water saturated, porous sand section.

There are also instances in the data where there is good
agreement between the square root of time analysis and the ISIP
in a zone. For example the square root plot in Figure 4 shows
a deviation from linearity at 6290 psi and Sandia's pick of the
ISIP on the linear plot was 6325 psi, If closure stress
remains constant in a zone (as it should for any case other
than a liquid saturated porous zone), and there is good
agreement initially between the square root analysis and the

ISIP, this agreement should hold for other tests in the same
zone,

Common to the data sets analyzed from the Paludal zone was
the fact that the square root analysis gave a clearer
definition of closure stress than trying to pick the ISIP. 1In
performing the re-analysis of this data, we concluded that
"reservoir type" methods for determining closure stress were
generally superior to the ISIP technique, even for small volume
tests, This does not imply the infallibility of the square
root time analysis, it only points out that this method tends
to yield clearer, often more definitive results than using a
subjective pick of an ISIP. The results from the re-analysis
of the Paludal micro-frac tests are reported later in
combination with the results from the large volume stress tests
performed in the Paludal zone.

LARGE VOLUME STRESS TESTS

The large volume tests were performed using two distinctly
different methods. One was breakdown/shut-in with fluid being



injected into the zone and the well shut-in downhole to monitor
the pressure decline. The ISIP technique was then used to
determine closure stress. This type test was performed on MWX-
1l interval 7256-7284 feet and on MWX-3 interval 7080-7102 feet
inclusive of two perforated intervals corresponding to Paludal
Sands 3 and 4. The other type test performed was the pump-
in/flowback test, which was performed in the Paludal Sands 3
and 4 in MWX-1 (perforated intervals: 7076-7100 ft. and 7120-
7144 ft.). The focus of this discussion is on the flowback
tests, as no detailed pressure data was available for the
breakdown tests.

A pump-in/flowback test is the preferred method for
determining closure stress in low permeability formations.® If
a correct flowback rate is chosen, closure pressure can be seen
as a change in curvature of the pressure decline. Any series
of flowback tests should start with a step-rate injection,
which helps characterize fracture extension pressure which
serves as an upper limit on closure pressure, The detailed
data plots for this group of tests on MWX-1 was included in the
Topical Report: "In Situ Stress Analysis" and are not repeated
here. Only those plots required for this discussion are
included in the text.

Figure 5 shows the pressure record for the step-rate
injection/flowback test performed in Paludal Sands 3 and 4 in
MWX-1. Sandia's analysis of the step~rate test is shown in
Figure 6 along with NSI's re-analysis of the same data. The
results indicate a fracture extension pressure of 5940 psi from
Sandia and 6010 psi from NSI. The difference.lies in Sandia
plotting the pressure mid-point of each time step and NSI
plotting the stabilized pressure at the end of each time step.
The later is the more widely accepted method for analysis.

Figure 7 shows the decline pressure for the flowback
following the step-rate test. Also included on this plot, is
the pressure derivative (or slope) curve for better defining
where the change in curvature on the pressure versus time curve
occurs, this point of acceleration in the rate of pressure
decline being closure pressure. In Figure 7, closure pressure
appears to be at around 5800 psi. The pressure derivative
curve shows little change in slope from about 6000 psi to 5800
psi, suggesting that closure may be as high as 5900 psi, which
is what Sandia determined. 5800 psi was chosen because this is
where the rate of pressure decline starts to accelerate. This
is in excellent agreement with the closure stress of 5805 psi

found in the breakdown stress test conducted on the MWX-3
interval 7080-7100 feet.

Following the step-rate test/decline, a pump-in/flowback
test was conducted at a rate of 8 BPM. The pressure record for
this test is shown in Figure 8. When the decline pressure and
pressure derivative were plotted versus time (Figure 9), there



was little character in the data and no obvious inflection

point indicative of closure pressure. During testing, data was

recorded down to a pressure of about 5600 psi, however the

later portion of the data is no longer available for analysis.

The results of any analysis on this test would be suspect at

best. T

Following the flowback tests, two minifracs were performed
in the same Paludal interval in MWX-1. Unfortunately, the -
pressure declines were hampered by surface line freezing
problems and insufficient data recorded to get back to the
closure pressure measured on the step-rate test. This data

will be further analyzed and interpreted in the later fracture
modeling section.

SUMMARY OF PALUDAL STRESS ANALYSES

Table 2 shows the results of the seven Paludal micro-frac
stress test zones for which pressure data was available. The
first column designates the test, e.g. 2P1TST3 indicates Test 3
in zone 2Pl. Both Sandia's and NSI's closure stresses are
listed for comparison. There was fairly good agreement between
test results. The pore pressure column in Table 2 gives the
values reported in the literature and the values in the
overburden pressure column assumes a gradient of 1.05 psi/
foot.? Fracture gradients for both Sandia and NSI are
calculated simply by dividing the closure stress by depth,

For shale intervals, pore pressure is assumed equal to
that in nearby porous sandstones. For the geologic environment
of the Mesaverde Group, this seems to be a reasonable
assumption since the formations are being "unloaded" (e.g.
overburden is being reduced) during recent geologic time.
Overpressured shales are common in younger sediments such as
the Gulf Coast where rapid sedimentation (and the resultant
increase in overburden pressure) along with salt dome
intrusions for the particular case of the Gulf Coast, are
loading and compressing the shale formations faster than the
‘resulting excess pore pressures can escape from such low
permeability rocks.

Finally, a "K factor" was calculated to attempt to
normalize out effects of depth and pore pressure in com?aring
the stress results from different zones. Other studies!® have

noted a general linear relation between fracture closure
pressure, depth, and pore pressure which might be written as

0c = K (OB = PLog) + P . (1)

where 0. is closure pressure, "OB" is the overburden pressure,
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and Preg 1s reservoir or pore pressure. This can be rewritten
as

K = (0c - Preg) / (0B = Prgg) (2)

and it is often further assumed that "K" is related to the
elastic properties of the rock by

K =v/ (1 -v).

No assumption is implied here by the use of "K%", it is simply a
convenient means of comparing stress test results from zones at
different depths with different pore pressures.

Overall, there was good agreement between the Sandia
stress results and those from the NSI re-analysis., Figure 10
shows a plot of NSI frac gradient versus Sandia frac gradient.
Even though one may be concerned with the subjective nature of
the ISIP analysis, the results matched well with the more
objective "reservoir" type approach. Linear regression of the
points plotted, with the y intercept of the plot forced to
zero, yield a line with a slope of 0,999, and a coefficient of
linearity R = 0.961. This indicates a very strong linear
correlation for the relation Y = 0.999 X. Since the Paludal
appears to be the most complex of the various zones of the
Mesaverde Group, this good agreement implies that an ISIP
analysis of micro-frac stress tests does yield a consistent,
repeatable result for in situ stress i1f proper care is taken
with the testing and analysis. However, linear flow analysis
(e.g. square root of time plots) can, in many instances,
provide a more definitive and objective analysis method.

Another point clearly indicated by Figure 10 is that
significant stress differences (on the order of 0.2 psi/ft or
1500 psi) can exist in this layered, heterogeneous formation.
This somewhat unexpected phenomenon has been extensively

commented on in previous MWX publications and was verified with
this re-analysis,

Also, considering the agreement between the two analysis
procedures and the complexity of the Paludal zone, it seems
certain that similar agreement would prevail for stress tests
in the lower Marine, and uphole Coastal and Fluvial zones.
Therefore, the previous Sandia stress analyses for these zones
was used in the subsequent analysis in looking for correlations
between in situ stress and other formation properties.

11



STRESS CORRELATION ANALYSIS

This section of the report examines correlations between
measured closure stress and other rock properties such as
lithology and acoustic velocity. An average gamma ray value
for each particular test zone (an eleven foot interval centered
around the zone) was used to "define" lithology. An attempt is
made to build a correlation with the value of K factor derived
from a sonic log, but it is not found to be as accurate as the

gamma ray correlation; the gamma ray correlation having other
advantages.

GAMMA RAY LITHOLOGY CORRELATION

Table 3 presents the stress test results which were
considered for this analysis, including four tests from the
Fluvial, eleven from the Coastal, twelve from the Paludal, and
eleven from the Marine zone., The "Gamma Ray" column in Table 3
gives the average GR over the 2 foot perforated test interval
and the "Mean Gamma" is the mean GR value over the eleven foot
interval surrounding the test zone. The "Std Dev" column gives
the standard deviation in gamma ray associated with the mean
gamma ray results. "K (Stress)" and "Frac Gradient" are based
on published data, the re-analysis of the Paludal data
verifying the accuracy of the earlier results. "X (Sonic)" is
K factor results based on sonic log data from MWX-2 where
reliable data was available. The Poisson's Ratio from the
sonic log, averaged over ten feet, was used to calculate "K"
using the relationship K = v /(1 - v). The Poisson's Ratio
values used in this analysis were those determined from the
original MWX log analysis. No attempt has been made to review
the basic log data for reanalysis of the shear and
compressional wave velocities. The basic logs were reviewed to

insure there were no adverse wellbore effects in the zones of
interest.

When X factor was plotted versus the mean gamma ray
values, Figure 11, there appeared to be a general relation
between stress and lithology, as noted throughout the MWX
testing. However, there was significant scatter to the data.
In the Paludal analysis, data from a stress test was deemed
unsuitable for correlation analysis if it was in or near a coal
section, or if the mean gamma ray value had a large standard
deviation, e.g. complex layered lithology. These zones from
the Paludal section were eliminated from the overall
correlation analysis and tests from other zones, such as the
Coastal and Fluvial, were evaluated for suitability based on
these criteria. As seen in Figure 11, when data obtained near
a coal section or with a high gamma ray deviation were
separated out, the remaining data showed a strong trend of
increasing stress (as characterized by "K") with increasing
gamma ray.
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Figure 12 shows the "filtered" K factor data plotted. It
is hypothesized that the correlation between K factor and gamma
ray may be bilinear. While the data with a mean gamma ray
value greater than approximately 90 API Units shows some
scatter, it appears to flatten out. This flat spot occurs at
or near K = 1, which implies that closure pressure is equal to
the overburden pressure. If closure stress equals or exceeds
overburden stress, injection may tend to create or open a
horizontal fracture(s) instead of the expected vertical
fracture. This would tend to complicate the analysis of
injection/decline tests since the true closure stress may not
be measured - the true stress possibly being higher than the
overburden. Regardless, if the behavior implied in Figure 12
is assumed to be true, then one relationship exists between "K"
and gamma ray for gamma ray values less than about 90 API Units
and above this value, the relationship can be defined simply by
K =1, This correlation enables one to determine the stress
value for any zone based on its mean gamma ray value,
overburden stress, and local pore pressure using Equation 1.

It is unclear whether K factor derived from the lithology
correlation actually measures resistance to vertical
fracturing, or, for shalier/siltier <formations, measures
overburden pressure. The linear trend below GR = 90 API Units,
when extrapolated, may yield the closure stress for a vertical
fracture. If one assumes this to be true, Figure 12 shows that
for a given GR value over 90, the K factor (and closure stress)
derived from this correlation would significantly exceed that
derived from the bilinear correlation, Given this uncertainty,

stress profiles were constructed for both the linear and
bilinear correlations.

The best fit line through the GR data less than 90 API
Units in Figure 12 describes the linear correlation for all GR
values. The equation for this line, determined by linear
regression, is given as:

K = MGR #* 0.01532 - 0.458

where "MGR" is the "mean gamma ray" value for a zone and this
line has a coefficient of linearity R = 0.88, indicating a
highly linear grouping. For the bilinear correlation the
equation above would be used for GR less than 90, For GR equal
to or greater than 90, K would equal 1,0,

Using the linear correlation above, and Equation 1, the
expected frac gradients for the stress test zones can be
calculated. Figure 13 shows the strong agreement -between the
measured versus "calculated" frac gradients determined with
this method. A flattening is evident for frac gradients
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greater than 1.05 (the approximate overburden gradient). Use
of the bilinear correlation takes calculated frac gradients
greater than 1.05 and assigns them a value of 1.05, giving a
slightly better relation as seen in Figure 14, Given a base
uncertainty in the average closure stress measurement of 50 to

100 psi, this simple lithology correlation appears to be quite
accurate.

SONIC LOG CORRELATION

Sonic log data from MWX-2 was investigated in an attempt
to determine if a relationship existed between stress
properties derived from the sonic log and actual stresses
measured in the micro-frac tests. K factor was calculated
using the Poisson's Ratio determined from the sonic log data.
Figure 15 shows the K factors determined from the sonic log for
the Fluvial and Marine zones in MWX-2 versus the measured K
factors from closure stresses, the data having a coefficient of
linearity of R = 0.88. While the Paludal zone data was also
investigated, it showed poor linearity when sonic log K was
plotted versus measured K (only four points available for
analysis), While it is evident from Figure 15 that a relation
exists between sonic derived and measured X, it is NOT 1:1, and
Equation 2 cannot be used to calculate closure stress.

Based on a linear regression fit, the correlation in
Figure 15 can be defined as

K(cor) = 5.2 * K(log) - 0.82 ,

where K(cor) is the sonic log derived K corrected to the best
fit line. Using the corrected K, a comparison of calculated
frac gradients was made to the measured gradients as shown in
Figure 16. Again, no Paludal data was included. While a
reasonable relation appears to exist, the average error between
calculated and measured stress is not quite as good as that
found for the bilinear lithology correlation. When compared to
other published sonic derived versus measured stress data,
Figure 17, the MWX data clearly shows a poorer correlation.?!!?
The following table shows the comparison between the
correlations derived from the sonic log and GR log, with the GR
correlations showing the most accuracy.

Paludal Coefficient Average
Correlation Zone Data of Linearity (R) Error (psi)
Sonic Log Included 0.69 360
Sonic Log Not Included 0.88 257
GR Log Included 0.93 200
GR Log Not Included 0.94 206
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STRESS PROFILES

The two lithology correlations (linear and bilinear) were
used to generate stress profiles for the Paludal frac zone in
MWX-1 and its surrounding layers as seen in Figures 18 and 19.
These profiles provide the basis for history matching the
treating pressures from the Paludal minifracs and propped
fracture treatment. Of particular interest is the indication
of a high stress "shale" between the two perforated intervals
in the frac zone. This, along with the possibly higher stress
in the lower perforated frac interval than in the upper
interval, would contribute to the apparently high treating
pressures recorded for the MWX-1 Paludal fracture treatments.’

LARGE ZONE STRESS TEST RESULTS

In additien to the micro-frac tests used to generate the
Paludal zone stress profiles, several larger volume stress
tests were conducted in MWX-1 and MWX-3. Since this data was
not included in deriving the lithology correlation or the
stress profiles, it is useful to compare the results of these
tests to the generated stress profile.

In the MWX-1 frac zone, the first flowback test yielded a
closure stress of 5900 psi (original Sandia analysis) to 5800
psi (re-analysis discussed previously). The average stress
across the upper perforated interval of the frac zone is 5890
psi - clearly excellent agreement. The breakdown test in MWX-
3, in an equivalent lithology to the MWX-1 frac interval,
yielded a closure stress of 5800 psi, again in good agreement
with the profile results. For the second flowback test in the
Paludal zone in MWX-1, the original Sandia analysis result was
6100 psi. However, as previously discussed, there are several
questions about this test and the results. From the stress
profile, the average closure stress through this lower
perforated interval is about 6400 psi. As shown later this is

the same as the earliest time closure measured on the first
minifrac in this zone.

The good agreement between the large volume stress test
measurements and the stress profiles provides confidence both
in the overall stress profiles and in their use for history
matching the fracturing pressures. The following discusses the
analysis of the minifrac data and the pressure history matches

of the two minifracs and main fracture treatment conducted in
the Paludal zone in MWX-1.
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MWX-1, MINIFRAC #1 - PALUDAL ZONE

The first minifrac performed in the Paludal zone in MWX-1
consisted of pumping 15,000 gals. of non-crosslinked 30
1bs./1000 gals. gel, at an average injection rate of 10 BPM. A
prepad of 2,100 gals. of low pH methanol was used to reduce
formation damage and aid fluid recovery. During the minifrac
injection/decline, a quartz crystal pressure gauge was
installed at 6700 feet. Following the minifrac decline a
temperature survey was run to evaluate fracture height growth.12

MINIFRAC #1 PRESSURE DECLINE ANALYSIS

Figure 20 shows plots of bottomhole pressure versus time
for the injection/decline and pressure decline versus the
square root of shut-in time, From the square root of time plot
there is a distinct change in the slope of the pressure decline
at 6411 psi, indicating fracture closure at a shut-in time of
20.3 minutes. Looking at the stress profile in Figure 21 (from
the linear lithology correlation), this corresponds to the
average closure pressure in the lower Paludal sand. If only
the lower sand was closed at this point, which appears to be
the case, then several questions must be answered before the
pressure decline analysis can be used to determine the leak-off
coefficient, One must know what happens to the fluid in the
higher stress intervals if the leak-off rate is less than or
equal to leak-off in the interval in which the fracture remains
open, While some of the fluid will obviously leak-off to the
formation, the large stress difference may cause the remainder
of the fluid to be squeezed back into the "lower" stress
zone(s), giving the same effect as continued injection. With
injection time in the equation for leak-off coefficient, this
is very important.

0f even greater importance than the use of the correct
injection time, is what gross height and leak-off height to use
in the calculation of leak-o0ff coefficient. At the end of
pumping, gross height was about 135 feet (post-minifrac
temperature log) and the leak-off height was 55 feet (combined
sand intervals)., But, after the high stress intervals close,
is the gross height only the 55 feet? And taking it one step
further, after the lower sand closes, is the gross and leak-off
heights only 25 feet in the upper sand? This degree of
variance in height will dramatically change the resultant leak-
off coefficient calculated,

To analyze the Minifrac #l1 pressure decline, the closure
pressure of 6411 psi was assumed to be the fracture closing
only in the lower sand and the rate of pressure decline
following this closure was extrapolated to 5890 psi (the
average closure of the upper sand indicated by Figure 21) to
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determine when fracture closure in the upper sand would be
reached. This extrapolation gave a final closure time of 148.5
minutes, or 7.3 times longer than the closure indicated in
Figure 20.

With two possible closure pressures and times, thtee
possible gross heights, and two possible leak-off heights;
combinations of these variables were used in the pressure
decline analysis to calculate fluid efficiency and leak-off
coefficient for each. The intent was then to try to match the
fluid efficiency in the history match of the net treating ‘
pressures to try to determine which fluid leak-off coefficient
appeared to be the most correct. Granted, none of the values
calculated would be absolutely correct because of the changing
conditions during the pressure decline, one might be revealed
as more correct than the others.

Figure 22 is the first pressure decline type curve match
for the closure pressure of 6411 psi at a closure time of 20.3
minutes. ' Table 4 shows the corresponding worksheet on which
the fluid efficiency and leak-off calculations are presented.
From Figure 22, the match pressure P¥ (not related to reservoir
pressure) is 400 psi. Using this value, along with other data
presented in the table, a fluid efficiency of 0.28 was
calculated. This compares very close to the efficiency
determined from the time~to-close and the plot shown in Figure
23, and suggests little or no leak-off to a secondary source
such as natural fissures. 7 For a gross height of 135 ft. and a
leak-off height of 55 ft. (values used in Sandia's analysis) a
leak-off coefficient of 0.0028 ft/min¥**0.5 was calculated.
This is twice as high as their results, since they apparently
used the later closure pressure and time for their analysis.
The later closure analysis is presented shortly. The second
scenario looked at for the early time closure was a gross
height of 55 ft., assuming all of the fracture closed very
early with the exception of the two main sand intervals, and a
leak-off height of 55 feet. This resulted in a much lower
estimate of leak-off coefficient, i.e. 0.00047 ft/min¥**0.5.

Figure 24 shows the pressure decline match for an assumed
closure pressure of 5890 psi at a closure time of 148.5 minutes
(assumed because the pressure decline never reached the lower
closure of the upper sand), resulting in a match pressure, P*¥,
of 192 psi. Using this value in the calculation worksheet,
Table 5, a fluid efficiency of 0.69 was calculated from
pressures and from the time-~-to close, the efficiency was 0.63.
These are once again reasonably close, which would suggest that
no secondary leak-off source was interfering with the analysis.
For the later time closure, four scenarios were used for
calculating leak-off coefficient. The first assumed a gross
height of 135 ft. and a leak-off height of 25 ft., this lower
leak-off height being reflective of only the upper sand open
during most of the pressure decline. This resulted in a leak-
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off coefficient of 0,003 ft/min**0.5, Changing leak-off height
to 55 ft. resulted in a coefficient of 0.0014 ft/min¥*¥0.5, or
very close to that determined by Sandia. The third scenario
looked at the case where most of the fracture closed relatively
quick in comparison to the upper sand, leaving only the 25 foot
sand open. In this case the leak-off height was equal to the
gross height of 25 ft., and a leak-off coefficient of 0.0001
ft/min#*¥0,5 was calculated. The final case was for a gross and
leak-off height of 55 ft., assuming that leak-off prior to
closure of the lower sand contributed significantly to the
character of the pressure decline. This resulted in a
calculated leak-off coefficient of 0.00022 ft/min*¥0,5. At
this point in the analysis, it became evident that using only
the pressure decline analysis to determine leak-off coefficient
in a complex zone such as the Paludal could be misleading in
the conclusions drawn,

The third type curve analysis, Figure 25 and Table 6,
assumed that even after shut-down, fluid was being squeezed
from the higher stress intervals into the lowest stress
interval (upper sand). In effect this would be the same as
continued injection up to the point of closure in the lower
sand at a shut-in time of 20.3 minutes. Thus, for this
analysis, the pump time was the surface injection time of 43,1
minutes plus the early closure time of 20.3 minutes or a total
injection time of 63.4 minutes. Also, this would reduce the
later closure time from 148.5 to 128.2 minutes. To take this
approach, would require that only the upper sand be
contributing to leak-off; the leak-off height being fixed at 25
feet, Looking at two cases, a leak-off coefficient of 0.0025
ft/min**0,5 was calculated using a gross height of 135 ft. and
a coefficient of 0,.00009 ft/min¥**¥0.5 was determined for a gross
height of 25 feet.

Table 7 is a summary of the eight possible cases looked at
in performing the pressure decline analysis on the Paludal
Minifrac #1 in MWX-l. From this it implies that the leak-off
coefficient could be anywhere between 0,00009 and 0.003
ft/min*#*0,5, an impossible range for use in designing a
fracture treatment. Some might be eliminated, though, with a
certain degree of confidence. For instance, both of those
values calculated for the early time closure (Cases 1 and 2)
can be eliminated because it is of the belief that at least
part of the fracture was still open for a much longer time. It
is also unlikely that the gross "effective" fracture height
during the pressure decline was 135 feet, most of the fracture
having closed after a shut-in time of 20 minutes. Thus, Cases
3, 4, and 7 could be ruled out with some lesser degree of
confidence. This would leave only Cases 5, 6, and 8, which are
all around 0.0001-0.0002 ft/min**0.5 or an order-of-magnitude
lower than calculated in previous analyses.

In analyzing this data, it was evident that the pressure
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decline analysis is not without weakness in determining leak-
off coefficient for complex stress conditions such as the
Paludal and its surrounding layers. Coupled with history
matching of the actual injection and decline pressures, though,
it is still a powerful tool. In the history match, a wide
range of leak-off values can be used to get an injection
pressure history match simply with minor alterations in fluid
viscosity and modulus (keeping these parameters realistic).
But, the fluid efficiency and pressure decline must be
consistent with the leak-off coefficient used, In the previous
analysis, fluid efficiency was not considered. The following
discusses the pressure history match of Minifrac #1.

MINIFRAC #1 PRESSURE HISTORY MATCH

Using the linear lithology correlation from the gamma-ray
log (Figure 21) and the results from the pressure decline
analysis, an attempt was made to history match the injection
pressures recorded on the first Paludal minifrac in MWX-1l. As
discussed previously, the best estimate of leak-off coefficient
from the pressure decline was 0.0001 to 0.0002 ft/min¥*%0,5,
with fluid efficiency somewhere in the range of 0,537 to 0.66.
Fluid properties for a non-crosslinked gel were obtained from
Dowell's rheology manual?®, these expected to be about the same
for the linear gel system used for the minifrac. Prior to
pumping the actual minifrac, 40 bbls of water, 60 bbls of
methanol, and 140 bbls of gel were pumped; leaving the gel in
the wellbore during a shut-down for a hammer test. The shut-in
period was 1.5 hours or sufficient time for the gel to heat up
and break, Following this assumption, very low viscosity fluid
properties were used in the model to simulate early time
minifrac injection pressures.

The initial attempt to match the minifrac injection
pressures used a leak-off coefficient of 0.0001 ft/min¥%*0,5.
Only very minor modifications to the stress profile (Figure 26)
were required in the fracture model to obtain the history match
shown in Figure 27 and to match the results of the post-
minifrac temperature log shown in Figure 28, This would
indicate that, in fact, the treating pressures for Minifrac #1
were not abnormally high as indicated by the original analysis
of this data; but, instead could be very closely explained
using a more detailed analysis. The I/0 for the computer model
runs used to generate this and other matches in this report are
included in the Appendix, Comparing the stress profile in

Figure 26 to that in the previous Figure 21, the changes
required were:
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Zone (ft) Initial Stress (psi) Revised Stress (psi)

7015-7049 7560 7275
7049-7057 8600 7300
7057-7072 6840 6800
7147-7165 6860 7000
7165-7175 7820 8000

Of these changes, only the zone from 7049-7057 ft was
significant, and this zone was relatively thin and directly
below a thick coal bed. Minor modifications were also required
to the modulus values. In the pay, modulus was increased from
3.8 to 4 x 10*%*6 psi; and above and below the pay, modulus was
decreased from 5 to 4.5 x 10**6 psi - these changes being

within log and laboratory measurement error of the values
reported by Sandia,

Figure 29 shows the width profile generated for the
pressure history match of Minifrac #1, the top and bottom of
the fracture indicated at about 7045 and 7155 ft, respectively;
or a modeled height of 110 ft as compared to Sandia's
interpreted height of 135 ft from the post-frac temperature
log. Figure 30 shows the comparison of the width profile and
temperature log on the same scale. While not an exact match,
the temperature log was run 22 hours after injection and only
has a 10 degree variance over the fractured interval, leaving
some room for interpretation.

To obtain the minifrac pressure history match required
that the fluid efficiency calculated by the computer model
match that determined in the pressure decline analysis, both
from pressures and the time-to-close. For the 0.0001
ft/min**0.5 case, the computer model predicted an efficiency of
about 0.63, This is very close to the efficiency of 0.66
calculated for the pressure decline Case No. 5 shown in Table
7. This implies that most of the pressure decline was
dominated by only leak-off to the lower stress, upper Paludal
sand. To evaluate this further, an attempt was made to match
the pressure decline. Leak-off coefficients of 00,0001, 0.0002,
0.0003, and 0.001 ft/min**0.5 were evaluated as seen in Figure
31. While there is no good match with any one of these,
several important observations can be made from the comparison.
One, the leak-off coefficient is NOT 0.0014 ft/min**0.5 as
suggested by the previous analysis, the projected decline for
this coefficient being much steeper. Also, using this high of
a leak-off coefficient in the computer model results in a fluid
efficiency of less than 0.2, NOT consistent with the pressure
decline analysis efficiency of 0.66.

A second observation from Figure 31 was that the early
time actual data, i.e. less than about 20 minutes or the early
closure time observed in Figure 20, seemed to decline faster
than predicted for the 0.0001-0.0003 coefficients. Beyond 20
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minutes, the actual decline, while 150-200 psi lower, seemed to
parallel the 0.0001 ft/min*%*0,5 curve. One might hypothesize
from this that early in the decline, before the lower Paludal
sand closed at 20 minutes, that the "effective" leak-off
coefficient was higher than 0,0001 ft/min**0,5., This would
cause the faster decline seen early in the data. How much
higher this early leak-off value is, though, can not be
determined. One might only speculate at what would cause such
behavior. Two reasons are most apparent, these being 1) higher
leak-off in the lower Paludal sand and/or 2) crossflow from the
higher stress sand to the lower stress sand. From the pressure
decline analysis, there did not appear to be any significant
leak-off to a secondary source such as natural fissures, the
efficiencies calculated from pressures and time-to-close being
very close., Thus, while not impossible, one would not expect
the lower Paludal sand to have natural fissures while the upper
sand did not. Assuming that both sands were relatively free of
fissures and that leak-off in the lower sand was also 00,0001
ft/min**0.5, then crossflow could explain the behavior seen.
With the stress in the lower sand 600 psi higher than the upper
sand, flow from the lower sand into the upper sand, via the
wellbore (or possibly the open fracture), would create the same
effect as continued injection into the upper sand. Looking at
this case in Table 7, Case 8, a leak-off coefficient of 0.00009
ft/min*%*0.,5 was calculated. While the efficiency of 0.57 is
slightly lower than the model projected value, it is still
within the range of an acceptable match.

From this analysis and discussion, there is still some
question as to the actual leak-off rate during injection. Most
likely it was on the order of 0.0001 to 0.0002 ft/min**0.5 for
both Paludal sands. This would be consistent with the core
analysis which did not see any natural fissures and calculated
permeabilities in the 1-3 microdarcy range. It becomes quite
apparent, though, that the pressure decline analysis has
limitations when used alone to analyze pressure data obtained
in a non-uniform, complex stress distribution. To avoid
misinterpretation, both leak-off coefficient and fluid
efficiency must be consistent in the pressure decline analysis
and the history matching of injection/decline pressures. The
following history matching of Minifrac #2 and the main fracture
treatment on the Paludal zone in MWX-1 will lend support to
this analysis.

MWX-1, MINIFRAC #2 - PALUDAL ZONE

The second minifrac conducted in the Paludal zone in MWX-1
consisted of pumping 30,000 gals (twice the volume pumped on
the first minifrac) of 60 1bs/1000 gals un-crosslinked gel, a

more viscous fluid., The average injection rate was 10 BPM, the
same as the first minifrac.
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MINIFRAC #2 PRESSURE DECLINE ANALYSIS

Figure 32 shows plots of bottomhole pressure versus time
for the injection/decline and pressure decline versus the
square root of shut-in time. From the square root plot there
does not appear to be any indication of closure, as would be
expected since the decline only reached a bottomhole pressure
of 6529 psi or over 100 psi above the lower Paludal sand
closure of 6400 psi.

To analyze the pressure decline from the second minifrac,
the available data was type curve matched as shown in Figure 33
resulting in a P* match pressure of 103 psi. This is
relatively close to Sandia's match pressure of 120 psi. As
with the analysis of the first minifrac, multiple combinations
of gross to leak-off height were investigated. Figure 34 is
the post-minifrac temperature log which shows a gross created
height of 150 feet. Using 55 ft for the total Paludal leak-off
height and 25 ft for leak-off height in the upper sand only,
three different cases were looked at as presented in Table 8.
The first assumes that the entire fracture (135 ft) remains
open throughout the entire pressure decline and that both
Paludal sands (55 ft) are also open during the entire decline.
This results in a calculated leak-off coefficient of 0.0006
ft/min**0.5, or very close to that calculated by Sandia. The
second case looked at having only the Paludal sands open during
the decline, i.e. the higher stress boundary layers closing
very quick after shut-down of injection. Using 55 ft for both
gross and leak-off height, a leak-off coefficient of 0.00008
ft/min**0,5 was calculated. Suspecting that the lower sand
closed early in the decline, the third case looked at a gross
and leak-off height of 25 ft (the upper sand only). This
resulted in a calculated leak-off coefficient of 0.00004
ft/min*%0.5,

Case 1 in Table 8 is not thought to be a realistic
assumption, the higher stress shales and siltier boundary
layers expected to close very quick after shut-down squeezing
their fluid back into the Paludal sands. Thus, the higher
leak-off coefficient of 0.0006 is not thought to be correct.
Instead, one of the lower values is thought to be more
representative of what actually happened based on the results
of the first minifrac pressure decline analysis and history
match,

MINIFRAC #2 PRESSURE HISTORY MATCH

To history match the second Paludal minifrac, the revised
stress profile in Figure 26 (also used to obtain the history
match of Minifrac #1) and a leak-off coefficient of 0.0001
ft/min¥*0.5 was used. Rheology data for the 60 1b non-
crosslinked gel was obtained from the service company manuals.
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As on the first minifrac, the actual minifrac was preceded by
pumping a methanol prepad and flushing part way with the gel
before shutting down for a water hammer test. On this
particular test, 3800 gals of gel was pumped into the wellbore
" prior to the shut-~down and remained static for 71 minutes,
With the total flush volume being about 8400 gals, this put gel
about midway down the hole. The temperature at this point
would be great enough to break the un-crosslinked gel in this
time period, this being evident in the low initial treating
pressures on both minifracs. Thus, a stage of lower viscosity

gel was included in the model to simulate this initial
condition,

The pressure history match of Minifrac #2, shown in Figure
34, was obtained with only minor adjustments to the viscosity
data. No adjustments were required in the stress profile or
any of the other input parameters. Once again, the computed
net treating pressure very closely matched the actual
measurements; indicating that, in fact, the treating pressures
were NOT abnormally high as suggested by previous analysis.

Figure 35 shows the width profile computed by NSI's model
at the end of injection of the minifrac. This shows the top of
the fracture at 7025 ft and the bottom at about 7165 ft, for a
total created height of 140 feet. This is very close to the
temperature log interpretation shown in Figure 36. While the
estimated height from the temperature log is slightly greater,
i.e. 150 ft, the top and bottom of the modeled fracture are
within a few feet of the chosen fracture top and bottom. This
lends confidence to the stress profile and model used to
perform this simulation, and supports the re-analysis of the
data from the first minifrac.

The pressure decline following the minifrac was also

compared to the computer model predicted declines for various
leak-off coefficients. This is shown in Figure 37. As this
same type analysis showed on the first minifrac, the leak-~off
coefficient could not have been nearly as high as calculated in
the previous analysis, i.e. 0.0007 ft/min**0.5. In fact, it is
only early in the actual decline data that the leak-off
coefficient seems to track the 0.0002 ft/min**0.5 curve.
Beyond about 50 minutes, the actual decline is much slower and
more characteristic of a coefficient between 0.00005 and 0.0001
ft/min**¥0.5. As mentioned for the first minifrac, these lower
values would be more consistent with the core analysis which

showed no natural fissures and permeabilities in the 2-3
microdarcy range.

- To summarize, a detailed stress profile has been generated
that has been used to history match the net treating pressures
for both minifracs performed in the Paludal zone in MWX-1.
While the pressure decline type curve analysis provided a wide
range of possible leak~off coefficients, the fluid efficiency
determined from pressures and the time-to-cl¢ose was consistent
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with the lower values, i.e. 0.0001 ft/min**0,5 on Minifrac #1
and 0.00005-0.0001 ft/min¥**0,5 on Minifrac #2. Also, the
actual decline pressures were characteristic of these lower
values. Based on the decline analysis and history matching of
injection and decline pressures, there is no indication that
the leak-off coefficients are nearly as high as those
calculated in the previous analysis. In addition, the model
generated injection pressures are very close to the actual
measured pressures; this contradicting the charge of abnormally
high treating pressures on all Paludal fracturing tests. 1In
fact, modeling of the actual pressures was relatively straight
forward, given a few minor adjustments to the original stress
profile. This profile and the other parameters generated in
this study are tested further in the following history match of

the main propped fracture treatment pumped in the same Paludal
zone,

PRESSURE HISTORY MATCH OF PROPPED FRACTURE TREATMENT

The propped fracture treatment performed in the Paludal
zone of MWX-1 consisted of pumping the schedule shown in Table
9 at an average injection rate of 20 BPM, The treatment was
pumped down the annulus of 7 inch, 29 1b casing and 2-7/8 inch
tubing, with an HP pressure transducer hung in the tubing at
6700 ft to monitor bottomhole treating pressure. Three planned
shut-downs were performed during the pad stage to measure the
instantaneous shut-in pressure for use in performing Nierode's
leak-off analysis. These occurred after pumping 8,000, 12,000,
and 17,000 gals of pad into the formation. One other
"unexpected" shut-down occurred after having pumped 104 bbls of
pad into the wellbore, this due to trouble with the bottomhole
pressure processor, This left gel in the hot wellbore for 40
minutes, probably time enough for the gel to break. Thus, in

the following simulations, the early pad fluid was modeled with
lower viscosity.

Figure 38 shows the Nolte-Smith log-log plot of the net
bottomhole treating pressure (BHTP-5890) versus time for the
fracture treatment, time zero being the time when gel was on
the .perforations after the unexpected 40 minute shut-down. All
fluid injected into the formation prior to this (water and
methanol) was thought to have leaked~off during the shut-in
period. As shown by the figure, at about 50 minutes the net
BHTP started increasing at an abnormal rate indicating that
fracture extension had stopped. Attempts to history match this
abnormal behavior were unsuccessful, Figure 39 shows the best
pressure history match obtained, using a leak-off coefficient
of 0.0001 ft/min**0.5 and the same stress profile used to
history match the minifracs. The crosslinked gel used should
have resulted in an even lower leak-off rate than the un-
crosslinked gels used on the minifracs. This made improbable
the possibility of an early screen-out due to excessive leak-
off and attention was turned to looking at other possible
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causes.

To evaluate why the abnormally increasing pressure was not
observed on the minifracs, the pressures for the two minifracs
and the main fracture treatment were compared on a volume
basis. As shown in Figure 40, all three injections tracked
each other very close, with the BHTP increasing with each
subsequent injection as would be expected due to increasing
fluid viscosity. This figure shows that the amount of fluid
pumped on the minifracs was insufficient to reach the point at
which the pressure started increasing on the main treatment.

Looking at how far proppant had traveled after 50 minutes
of injection, the simulator predicted a propped length of about
300 feet. Comparing this to the estimated sand geometry in
Figure 41 for Paludal Zones 3 and 4, it could be postulated
that the proppant reached the outer boundaries of the sand
splay and/or the channel and the stress of the shalier rock
beyond this point was high enough to restrict fracture width
and cause proppant bridging. This would not necessarily stop
the fluid, though, from continuing to extend the fracture far
beyond this point as suggested by the modeled lengths of the
minifracs. If, in fact, the azimuths shown are reasonably
accurate, then the proppant would have reached the boundary of
the channel first in the upper Zone 3 sand and effectively
"screened-out", causing most of the treatment to then go into
the lower sand. With the lower sand having a 600 psi higher
stress than the upper zone, the injection pressure would then
start to increase at a higher rate. It would again be
expected, though, to level off at a more reasonable slope for a
confined height, unrestricted extension fracture, i.e. 1/8 to
1/4 slope. This behavior was not observed and could be because
proppant reached the outer boundaries of the splay shortly
after reaching the channel boundaries.

In an attempt to simulate the increasing pressures using
the limited sand lens theory, the modeled fracture was forced
to screen-out at about 50 minutes to observed what the
predicted pressure increase would look like. As seen in Figure
42, with the entire fracture screened-out, the pressure
increases even faster than observed. This lends support to the
theory that the fracture stopped growing in only one zone, and
possibly in only one fracture wing in one zone, followed by
additional periodic wing screen-outs in the other zone.

The post-frac pressure decline could not be meaningfully
analyzed as such because of the abnormally high pressures in
the later portion of the treatment and the likelihoood of
insufficient breaker added to the gel. At 200 degrees F, the
40 1b, crosslinked gel will not break very readily and the rate
of pressure decline will be very low, i.e. much lower than
observed on the minifracs. The attempted post-frac pressure
decline type curve analysis performed in the previous analysis!?
may have seen a part of the fracture close, but not the major
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portion. Their calculated leak-off coefficients of 0.0012-
0.0015 ft/min**0.5 are inconsistent with their reported fluid
efficiency of 0.74, In the history match of the injection
pressures using a leak-off coefficient of 0.0001 ft/min**0.5
(Figure 39), the model predicted fluid efficiency was about
0.85. Using a coefficient of 0.001 would have resulted in an
efficiency of about 0.2 as shown earlier in the modeling of the
minifracs. The very slow post-frac pressure decline was not
consistent with their high leak~off coefficients.

Figure 43 shows the post—-frac temperature log run 28 hours
after frac. As interpreted by Sandia, the fracture top was at
about 7000 feet. Due to sand fill in the wellbore, the tool
could not be lowered below 7087 ft to see the bottom of the
fracture. In comparison, NSI's model predicted height (Figure
44) for the history match case in Figure 39 showed the fracture
top and bottom to be at about 6985 ft and 7175 ft,
respectively; or a total created height of about 190 feet.

This is consistent with the limited borehole seismic signals
obtained, which all fell within a 200 ft height window.!?

To summarize, the stress profile used to model both
minifracs seemed to also explain very closely the results of
the main fracture treatment. The high rate of pressure
increase at the end of the treatment is not thought to have
been caused by a screen-out in the conventional sense, i.e.
higher than expected leak-off and dehydration of fluid from the
slurry. Instead, the high pressure is thought to have been
caused when proppant reached the outer boundaries of the sand
lens structures; the fracture continuing to grow outside these
boundaries, but the width pinching down at this point., The
pressure decline data was of little use in trying to determine
a leak-off coefficient because of the complicated nature of the
fracture at the end of injection and the apparent gel breakage
problems. Any analysis of this data would be highly suspect.
The fluid efficiency of 0.74, determined in the previous
analysis, was inconsistent with their high calculated leak-off
values. And finally, in re-analyzing the data, the simulation
of the net BHTP, prior to the abnormal pressure increase, was
very close to actual measurements; indicating once again that
the pressures during the Paludal fracturing tests and the
fracture treatment were about what should have been expected.
This is further supported by the compared results of the post-
frac temperature log and the model predicted height, as well as
the results of the limited borehole seismic data.
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CONCLUSIONS

The re-analysis of the Paludal stress data, plotting
pressure versus the square-root of shut-in time, showed
reasonably good agreement with the previous stress results
estimated from the ISIP's. The square-root of time method,
though, was generally superior; yielding clearer, more
definitive results. Using stress data from the Paludal,
Coastal, Fluvial, and Marine zones; good correlations were
found to exist between in situ stress and lithology (gamma-ray
log) and acoustic velocity (sonic log). The superior lithology
correlation provided a detailed stress profile for fracture
modeling of the Paludal minifracs and main propped fracture
treatment.

In analyzing the two minifracs, it was evident that the
pressure decline type curve analysis has certain limitations.
In a complex stress environment, such as the Paludal and
surrounding beds, multiple closures (occurring at different
times during the decline) must be considered and what effect
this has on the fractures' gross and leak-off heights used in
the leak-o0ff calculations. The leak-off values determined in
the re-analysis, using both the type curve analysis and history
matching of the injection and decline pressures, were an order
of magnitude lower than the previous analysis reported.

The model history matching of the two minifracs and main
treatment revealed that the injection pressures were not
abnormally high as previously charged. In fact, the analysis
was reasonably straight forward, given minor adjustments to the
derived stress profile and service company rheology data. The
main difference in this and the previous analysis was the use
of a more detailed stress profile, the lower leak-off values
not having a significant effect on the model predicted
injection pressures,

The results of the modeling of the Paludal fracture
treatment suggested that the propped portion of the fracture
did not extend beyond the boundaries of the sand lens, this
being consistent with the estimated Paludal sand geometry at
the MWX site., This type behavior is not unique; a similar
undocumented case being experienced in a limited sand lens in
the Uinta Basin., In this particular case, the abnormally
increasing pressure was observed at the end of a minifrac (i.e.
no proppant to bridge). The modeled length of the fracture at
the point of the start of abnormally increasing pressure
closely agreed with the radius of investigation calculated from
pressure transient analysis; and was also verified with the
behavior of the main treatment, which screened-out shortly
after sand reached the outer extremity of the lens. These two
cases would seem to indicate a high degree of difficulty
associated with extending a propped fracture beyond the
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boundaries of a sand lens. Even if a propped fracture could be
extended through the higher stress rock between the sand
lenses, the proppant in this region would likely be squeezed
back into the lenses during closure, leaving little or no
conductivity to interconnect the lenses with the wellbore.
Thus, the limited size and reserves of each lens becomes a very
important economic consideration for completing and stimulating
this unconventional gas source.

The results of this re-analysis study are in no way
intended to discourage the exploitation of tight gas resources
from lenticular sandstones. If anything, it points out the
need for further study of this unconventional energy source.
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MWX-1, MINIFRAC #1 INJ./DECLINE
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PRESSURE DIFFERENCE (PSI)

MWX-1, MINIFRAC #1 INJ./DECLINE
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FIGURE 24: Minifrac No. 1 Pressure Decline Type Curve Match,
P. = 5890 psi, ty, = 43.1 minutes.
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PRESSURE DIFFERENCE (PSI)

MWX-1, MINIFRAC #1 INJ./DECLINE
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FIGURE 25: Minifrac No. 1 Pressure Decline Type Curve Match,
P. = 5890 psi, ty, = 63.4 minutes.
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MWX-1 STRESS PROFILE
LINEAR CORRELATION
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FIGURE 26: Revised Smoothed Stress Profile Through MWX-1 Paludal Zone.
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FIGURE 29: Computed Fracture Width-Height Profile for MwX-1,
Minifrac No. 1 Pressure History Match.
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Paludal Zone, Minifrac No. 2.
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FIGURE 33: Minifrac No. 2 Pressure Decline Type Curve Match,
MWX-1 Paludal Zone.
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Comparison of Created Fracture Height From Temperature Log
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FIGURE 43: Post-Frac Temperature Log, MWX-1 Paludal Frac Treatment.
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o™= 4+ *

TABLE 1:

Summary of Sandia Stress Test Results.

TEST DEPTH JGAMMAJCLOSURE FRAC PORE OB AF K
ZONE RAY STRESSGRADIENT|] PRES PRES JFACTOR
2F1 5851 9¢ 5925 l.81 3408 6144 8.92
2F2 5941 115 5758 8.97 3465 6238 g.82
2F3 5963 65 4688 8.77 348¢ 6261 g.48
2F4 68487 11¢ 6208 1.83 359048 6387 8.96
3C1 6375 125 65449 1.83 41389 6694 2.94

1 3c2 6399 148 6445 l1.01 4398 6719 @.89
3C3 €421 149 68865 1.¢6 4498 6742 1.83
3C4 6443 55 5728 g.89 440¢ 6765 g8.56
3¢5 6461 65 5678 .88 44499 6784 H 8.53
3C6 6513 75 5845 28.9¢@ 4409 6839 g8.59
3c? 6528 145 6665 l.82 4468 6854 8.92
3C8 6549 53 56440 g.86 44849 6876 g.56@
3c9 6566 128 69840 1.86 4408 6894 1.43

3Cle 6687 128 7138 1.08 41588 6937 1.88
3Cllux] 6787 9@ 7108 1.486 4600 7842 l.02
3CllL*] 6766 9@ 7128 1.85 4688 7124 l1.09 I
2P1 +| 6929 115 5830 g.84 4958 7275 g.38
2p2 +] 6964 78 5745 g.82 5838 7312 g.31
2P3 +} 7011 99 6325 .98 5140 7362 8.53
3P1 +f 7833 168 6892 .97 5198 7385 8.73
3p2 +] 7849 3@ 7288 l.82 5238 74061 g.91
3P3 +] 7969 115 5788 g.82 S3¢¢ 7422 8.23
2P4 7178 8d 7088 g.98 539@ 7529 9.76
2P5 +§ 7287 75 6900 #8.96 5458 7567 g.68
2P6 7264 58 6755 .93 5588 7627 .59
2p? 7384 1149 6438 g.88 5558 7669 g.42
2p8 7395 65 6728 g.91 5608 7765 g.52
2P9 7424 39 6865 8.92 5688 7795 .58
2H1 B 7467 5@ 6808 g.91 5800 7849 8.49
2M2 83 7531 55 6598 #.88 585@ 79¢@8 g.36
2M3 4] 7681 85 7618 1.09 55d8 7981 g.82
244 7665 185 8158 1.86 6380 8948 l.86
2M5 7766 185 8598 1.11 63889 8154 1,23
2M6 &) 7858 5¢ 6645 8.85 6158 8243 .24
247 7895 88 6838 2.87 638¢ 82980 8.27
2M8 7924 98 7808 .98 63080 8324 a.74
2M9 7971 Y 6885 g.86 63848 8378 g.28
2M1¢ 8815 118 8154 l1.92 6888 8416 8.84
2M11 8g61 9¢ 8239 1.2 cegd 8464 8.86

ZONES IN COMMUNICATION
ZONES WITH AVAILABLE BOTTOMHOLE PRESSURE DATA
ESTIHATED PORE PRESSURE

3 TEN FOOT PERFORATED ZONES OPEN; 3 MONTH DRAWDOWN (PORE PRESSURE)
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resT [oeeTH | saspral ws: PORE 0B sanpIa | ws: ISANDIAl NSI
cLosure|cLosure| Pres | preEs JoraprenTloraprEnT| X X
2P17sT3| 6929 5830 6815 | 4958 | 7275 g.84 6.87 | 8.38 | 8.45
2p1TsT4] 6929 5830 62088 | 4958 | 7275 8.84 g.89 § 9.38 | 8.54
2p275T1] 6964 5745 5758 | 5838 | 7312 9.82 g.83 | 8.31 ] 8.32
2P27sT2| 6964 5745 5835 | s83e | 7312 6.82 9.84 § 6.31 | 8.35
2p27sT4| 6964 | 5745 6608 | seze | 7312 9.82 8.86 | 9.31 | 8.43
2p3TsT3] 7811 6325 6295 | 5140 | 7362 9.98 g.98 | 0.53 ] 08.52
2p378T4| 7611 6325 6288 | 5148 | 7362 8.9@ g.98 | 8.53 | 8.51
2p37sTs| 7811 6325 6388 | s148 | 7362 8.9@ g.98 | 9.53 | 8.52
3p1TST4] 7633 6860 6718 | 5199 | 7385 8.97 8.95 | @.73 | 8.69
3p1TSTS) 7633 6800 6675 | 5198 ]| 7385 8.97 8.95 | 6.73 | 8.68
3p17sT7] 7633 6888 6795 | 5198 | 7385 8.97 8.97 | 8.73 | ¢.73
ap1TsT8f 7833 6804 6718 | 5198 | 7385 8.97 g.95 | .73 | 8.69
3p27sT3] 7049 72088 7125 | 5238 | 74061 1.62 1.01 F g.91 | 8.87
3p27sT4) 7049 7208 7235 | 5238 | 7481 1.82 1.83 | 6.91 | 8.92
3p27ST5] 7649 7288 7135 | 5238 | 7401 1.02 1.1 | 8.91 | e.s88
sp3rsT4] 7869 5788 5788 | s3ee | 7422 9.82 g.81 f #.23 | e.19
aparsts] 7669 5788 5699 | 5308 | 7422 8.82 8.88 | .23 ]| ¢.18
apstsri] 7207 6908 6828 | 5458 | 7567 8.96 g.95 | a.68 | 2.65
2p57sT2] 7287 6989 6828 | 5458 | 7567 g.96 | @.95 f 8.68 | ¢.65
2p57sT3] 7287 6988 6865 | 5458 | 7567 8.96 8.95 [ 0.68 | 8.67
2PSTST4| 7287 6980 6845 | 5458 | 7567 8.96 g.95 | 6.68 | a.66

TABLE 2: Summary of Paludal Zone Stress Data Re-analysis Results.
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GAMMA MEAN STD FRAC K
RAY GAMMA I DEV IGRADIENT (STRESS) | (SONIC)
S8 199 1@ 1.91 g.353
115 112 11 8.97 B.345
65 4 g.77 ‘ #.269
1148 9 1.83 g.326

3cl 6375 125
3C2 6399 14¢

3C3 6421 15
3C4 6443 7
3C5 6461 2
3C6 6513 8
3C? 6528 21
3C8 6549 4
3Cs 6566 15
3Cl1g 6687 18
3Cliv 6787 7
3C11iL 6766 23

2M1 7467 4 2.
2M2 7531 2 g.
2M3 76081 2 a.
2M4 7665 3 g.
2MS 1766 2 g.
2M6 7858 8 g.
2M7 7895 8 g.
2M8 7924 2 g.
2M9 7971 1 g.
2M19 8615 7 .
2

2M11 8861

* - NO USABLE SONIC LOG INFORMATION IN ZONE

TABLE 3: Summary of Stress, Sonic Log, and Mean Gamma Ray
Data Considered for Correlation Analysis.
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TABLE NO. 4
WORKSHEET FOR PRESSURE DECLINE ANALYSIS - PERKINS & KERN GEOMETRY

Input Data:
Young's Modulus =E' = 4.5 x 106 psi (Source - Sandia
Pump Time = tp = 43,1 min (Source - Minifrac Data
Volume Pumped =V = 15,000 gal (Source - Minifrac Data
ISIP = 6701 psi (Source - NSI
Closure Pressure = g, = 6411 psi (Source - NSI
Closure time = Atc = 20.3 min (Source - NSI
Net p = P = ISIP - Closure Pressure = 290 psi
Match p = P¥ (from Type Curves) = 400 psi

Geometry Parameters:
g = 1.45, 8. = 1.00, B' =0.638 , K =1.00

0o

FFFICTENCY ANALYSIS
from time~to-close and graph * from pressures
T ps/4 K g, P¥ = 0.393
* ec =0 / (1 +p) = 0.282
use efficiency e, = 0.28

efficiency = e, = 0.275 * p

f

LEAX-OFF COEFFICIENT

Leak-0ff Coefficient (ft/min*#¥0.5) =C =P*¥ B' h / T tp**O.S E' r, = hp/h

CASE 1: h = 135', h = 55' C = [ (400)(.638)(135)]/[(0.41)(6.57)(4.5x10°) ]
C = 0.0028 ft/min¥**0.5

GASE 2: h = 55', h = 55' C = [(400)(.638)( 55)1/[(1.00)(6.57)(4.5x10°) ]
C = 0.00047 £t/min**0.5
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TABLE NO. 5
WORKSHEET FOR PRESSURE DECLINE ANALYSIS — PERKINS & KERN GEOMETRY

Input Data:
Young's Modulus = E' = 4.5 x 10° psi (Source - Sandia
Pump Time = tp = 43.1 min (Source - Minifrac Data
Volume Pumped =V = 15,000 gal (Source - Minifrac Data
ISIP = 6701 psi (Source(— NSI
Closure Pressure = g, = 5890 psi (Source - NSI
Closure time = AtC = 148.5 min (Source - NSI
Net p = Py = ISIP - Closure Pressure = 811 psi
Match p = P¥ (from Type Curves) = 192 psi

Geometry Parameters:

g, = 1.45 , g_=1.00 , B' = 0.638 , K = 1.00

EFFICIENCY ANALYSIS
from time-to-close and graph * from pressures

efficiency = e = 0.630 * p=T ps/4 K g, P*¥ = 2,290
* e = D / (1 +p) =0.690
use efficiency e = 0.660

LEAK-OFF COEFFICIENT

Leak-0ff Coefficient (ft/min*#*0.5) = C =P* B' h / r, tp**O.S E' ; T, = hp/h

CASE 3: h = 135', h = 55' C = [(192)(.638)(135)1/[(.185)(6.57)(4.5x10%) ]
, C = 0.0030 ft/min**0,5

CASE 4: h = 135', b =55' C= [(192)(.638)(135)1/[(0.41)(6.57)(4.5x10%) ]
C = 0.0014 ft/min**0.5

CASE 5: h = 25', h = 25' C = [(192)(.638)( 25)1/[(1.00)(6.57)(4.5x10%) ]
C = 0.0001 ft/min**0.5

CASE 6: h = 55', h = 55' C = [(192)(.638)( 55)1/[(1.00)(6.57)(4.5x10)]
C = 0.00022 ft/min**0.5
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TABLE NO. 6
WORKSHEET FOR PRESSURE DECLINE ANALYSIS — PERKINS & KERN GEOMETRY

Input Data:

Young's Modulus = E' =
Pump Time = tp =
Volume Pumped =V =
ISIP =
Closure Pressure = g =
Closure time = Atc =

Net p = P = ISIP - Closure Pressure
Match p = P* (from Type Curves)

Geometry Parameters:

g

Q

from time-to-close and graph

efficiency = e = 0.550

4.5 x 10°

63.4
15,000
6411
5890
128.2

psi (Source - Sandia
min (Source - Minifrac Data
gal (Source - Minifrac Data
psi (Source -~ NSI
psi (Source - NSI
min (Source - NSI

521 psi

192 psi

= 1.45, g_=1.00 , ' = 0.638 , X = 1.00

EFFICIENCY ANALYSIS

*

*

*

P
€f

from pressures
nps/4 K g, P* = 1.470
p/ (1+p)=0.59

use efficiency e = 0.570

LEAK-OFF COEFFICIENT

Leak-0ff Coefficient (ft/min**0.5) = C = P¥R' h / T, tp**O.S E' T, = hp/h

CASE 7: h 25"

135', h
P

it

25', h

25"
P

CASE 8: h

O 0O 0O O

[(192)(.638)(135)]1/[(.185)(7.96)(4.5x10°)]
0.0025 ft/min**0.5
[(192)(.638)( 25)]/[(1.00)(7.96)(4.5x10%)1]
0.00009 £t/min**0.5
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TABLE O. 7

MWX-1, MINIFRAC #1, PALUDAL ZONE
RESULTS OF PRESSURE DECLINE ANALYSIS

CASE _ t(o) P(c) t(c) Eff. h h(p) p# e
(min) (psi) (min) (ft) (ft) (psi) (ft/min*¥*.5)
1 43.1 6411 20,3 0.28 135 55 400 0.0028
2 43.1 6411 20.3 0.28 55 55 400 0.00047
3 43.1 5890 148.5 0.66 135 25 192 0.0030
4 43,1 5890 148.5 0.66 135 55 192 0.0014
5 43,1 5890 148.5 0.66 25 25 192 0.00010
6  43.1 5890 148.5 0.66 55 55 192 0.00022
7 63.4 5890 128.2 0.57 135 25 192 0.0025
8  63.4 5890 128.2 0.57 25 25 192 0.00009
SANDIA
43.0 5805 180.0 - 135 55 180 0.0013
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TABLE NO. 8
WORKSHEET FOR PRESSURE DECLINE ANALYSIS — PERKINS & KERN GEOMETRY

Input Data:

Young's Modulus = E' = 4.5 x 106 psi (Source - Sandia

Puﬁp Time = tp = 88.0 min (Source - Minifrac Data
Volume Pumped =V = 30,000 gal (Source — Minifrac Data
ISIP = psi (Source - NSI

Closure Pressure = O& = psi (Source - NSI

Closure time = Atc = min (Source - NSI

Net p = P, = ISIP - Closure Pressure = psi

Match p = P¥ (from Type Curves) = 103 psi

Geometry Parameters:

8, = 1.45 , 8. = 1.00 , B' = 0.59 , K = 1.00

EFFICIENCY ANALYSIS
from time~-to~close and graph * from pressures
p = mp /4K g P¥=
* ef=D/(1+O)=

use efficiency ep =

efficiency = e = *

LEAK-OFF COEFFICIENT

Leak-Off Coefficient (ft/min**0.5) = C = P*¥B' h / rp tp**O.S E' ; rp = hp/h

CASE 1: h = 150", h = 55' C = [(103)(.594)(150)1/[(0.37)(9.38) (4.5x10%)1
C = 0.0006 ft/min**0.5

CASE 2: h = 55', h =55 C= [(103)(.594)( 55)1/[(1.00)(9.38)(4.5x10%) ]
C = 0.00008 ft/min**0.5

CASE 3: h = 25', h =25' G = [(103)(.594)( 25)1/[(1.00)(9.38)(4.5x10%)]
C = 0.00004 ft/min**0,5
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TABLE NO. 9
MWX~1 PALUDAL ZONE FRACTURE TREATMENT SCHEDULE

Stape Fluid Type Filuid Volume Sand Mesh Sand Conc.

(gals) (1bs/gal)

1 Methanol 7,700 Prepad Prepad

2 Apollo 40 18,000 Pad Pad

3 Apollo 35 3,000 20/40 1.5

4 Apollo 35 5,000 20/40 2.0

5 Apollo 35 6,000 20/40 3.0

6 Apollo 35 14,000 20/40 4.0

7 Apollo 25 18,000 20/40 5.5

8 Apollo 25 1,000 12/20 5.5

9 Water 8,764 Flush Flush

Total Volume : 81,464 gals of which 65,000 gals was gel.
Total Sand :+ 193,000 1bs.
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A.l

MINIFRAC NO. 1, C = 0.0001 ft/min**0.5
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Frac Summary * MWX-1, MINIFRAC #1

Design Data |

!
!
]
!
|
!
|
1
L}
!
|
1
]
I
|
|
I
|
!
!
!
1
|
!
1
i
]
\
1
|
|
|
I
|
]
|
i
i
I
I
}
1
)
1
1
[
I
I
1
]
{
|
|
I
|
{
!
i
|
1

| PLUID LOSS: Coefficient (ft/sqrt(min)) ......... 0.0001 [
l Spurt Loss (gal/l00 sq ft) ......... 0.00 I
- | FORMATION: Modulus (MM pPSi) «.ieeennncniinnanas 4.50 I
[ Practure Height (ft) ............, ‘e 72.0 |
I Fluid Loss Height (£t) ............ . 55.0 [
. i Perforated Height (ft) ............. 68.0 [
| TEMPERATURE:Bottom Hole (deg F) ..iveeune e ee 180 [
| PRESSURE: Reservoir Pressure (psi) ....¢..e¢... 5200.0 |
| Closure Pressure (psi) ......... «ve. 5890.0 |
| DEPTH: Well Depth (££) vivvrvnernnnnnnnnnn . 7076 l
o e e e e e e e e e e e - [
| FROMATION LAYER DATA: |
| Depth Stress at Top Stres Grad Modulus Toughesss |
| 6952 6520.0 0.000 4.50 1.00 |
| 6969 8120.0 0.000 4,50 1.00 |
| 6992 6240.0 0.000 4.50 1.00 |
| 7015 7275.0 0.000 4.50 1.00 |
| 7049 7300.0 0.000 4,50 1.00 |
| 7057 6800.0 0.000 4,50 1.00 |
| 7072 5890.0 0.000 4,00 1.00 |
] 7104 7660.0 0.000 4,00 1.00 |
| 7116 6410.0 0.000 4.00 1.00 |
| 7147 7000.0 0.000 4,50 1.00 |
| 7165 8000.0 0.000 4.50 1.00 |
] 7175 6800.0 0.000 4,50 1.00 |
| 7180 8420.0 0.000 4.50 1.00 [
| 7201 7300.0 0.000 4,50 1.00 |
| 7242 6360.0 0.433 4.50 1.00 |
| Fluid Pressure Gradient (psi/ft) ............ ... 0,433 |
| Fracture Top (£t) ....... cee s Ceea e Ceeseanaaa 7076 |
| Fracture Bottom (£ft) ........ N Cirsaseeaaana 7144 |
| ]

] Calculated Results from 3-D Simulatox
| STIMPLAN (TM) , NSI , Tulsa,OK
| Licensed To: Internal Use - NSI Technologies

- e M e M - L G A 0 S e S S N S — - — o - - ——— - ——— —

WIDTH: Avg width at end of pumping (in) ... 0.03

| 1/2 LENGTH: 'Hydraulic' length (ft) ......¢s.... 2409 |
| . Propped length (ft) ....cievvvenvonnn 0 |
| PRESSURE: Max Net Pressure (psi) .....cv0v0ve 880 |
| TIME: Max Exposure to Form. Temp. (min) .. 28.1 |
[ Time to Close (min) .....ceeeeeeeees 205.3 |
« | RATE: Fluid Loss Rate during pad (bpm) ... 0.0 |
| EFFICIENCY: at end of pumping schedule ......... 0.67 |
| PROPPANT: Average In Situ Conc. (#/sg £t) .... 0.0 |
) | Average Conductivity (md-ft) ....... 0 !
N | HEIGHT: Max Fracture Height (ft) ........... 114 |
I I
I !




| STIMPLAN (TM). NSI Technologies, Tulsa, OK
I Licensed To: Internal Use - NSI Technologies

|WELL ID: I
IMWX-1, MINIFRAC #¥1 I
|DEPTH: Well Depth (£ft) ....... it cec e 7076 |
|PRESSURE: Reservoir Pressure (psi) ....... Creeaas 5200 |
| Closure Pressure (psi) .iievveesesssess 5890 |
| TEMPERATURE: Bottom Hole Temperature (deg F) ....... 180 |
I I
I ** pumping Schedule ** |
| S1 vol Fl Vol Conc Rate Fluid Prop Pump Time |
I (Mgal) (Mgal) (ppg) (bpm) Type Type (min) :
| = e e e e
| 2.5 2.5 0.0 10.0 3 1 6.0 I
I 2.5 2.5 0.0 10.0 1 1 6.0 |
| 7.3 7.3 0.0 10.0 2 1 17.4 |
| 0.0 0.0 0.0 0.2 2 1 1.2 |
| 2.7 2.1 0.0 10.0 2 1 6.4 I
[ mm e e e e - |
| Total Slurry ..... 15.0 Total Fluid .... 15,0 I
| Total Proppant ... 0.0 Avg., Conc ...... 0.0 |
I Total Pump Time .. 36.9 min
I I
| Proppant ID No. 1 20- 40 Ottawa_Snd I
e e e ntubabats l
| Specific Gravity ..... ettt e e e 2.65 I
| 'Damage Factor' ...... e i e r e se ettt 0.70 |
| Closure Pres (Mpsi) 0 2 4 8 16 I
| KEW @ 2 #/sg £t (md-£t) 2000 2000 2000 2000 2000 |
I I
Fluid ID No. 3 nonXL
______________________________________________________________ l
Specific Gravity ......... Ceeea e . 1.04

@Welbor @FormTmp @lHr @2Hr @4Hr @B8Hr/|

vis (cp @ 170 1l/sec) . 5 2 2 2 2

2]

non-Newtonian n' .... 0.90 1.00 1.00 1.00 1.00 1.00]

Fluid ID No. 1 204 |
______________________________________________________________ |
Specific Gravity ....... Cesasenes e e P 1.04 |
@Welbor @FormTmp Q@1Hr @2Hr @4Hr Q@B8Hr|

vis (cp @ 170 1l/sec) . 14 5 2 2 2 2|
non-Newtonian n' .... 0.80 0.90 1.00 1.00 1.00 1.00]
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| Fluid ID No. 2 304 |

| Specific Gravity .o iiiiiiiia., e 1.04 |
| @Welbor @FormTmp @lHr @2Hr @4Hr @8Hr!
| vis (cp @ 170 1/sec) . 32 20 10 5 5 5]
I
|

non-Newtonian n' .... 0.58 0.67 0.80 0.90 0.90 0.90}
: [
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Time History #* NSI STIMPLAN 3-D Fracture Simulation
MWX-1, MINIFRAC #1
Time Pen Pres Rate Prop 81 Vol Eff- Loss Hght W-Avg
(min) (£t) (psi) (bpm) (PPG) (MGal) ciency (bpm) (£t) (in)

0.5 140 421 10.0 0.0 0.2 0.67 1.3 72 0.01
0.7 210 437 10.0 0.0 0.3 0.60 1.7 72 0.01
1.0 280 465 10.0 0.0 0.4 0.59 2.0 72 0.01
1.5 350 496 10.0 0.0 0.6 0.60 2.0 72 0.01
1.9 420 528 10.0 0.0 0.8 0.61 2.1 72 0.01
2.4 490 562 10.0 0.0 1.0 0.61 2.2 72 0.01
2.9 560 588 10.0 0.0 1.2 0.62 2.3 72 0.01
3.3 630 6093 10.0 0.0 1.4 0.62 2.4 72 0.02
3.9 700 626 10.0 0.0 1.6 0.62 2.5 73 0.02
4.4 770 635 10.0 0.0 1.9 0.62 2.5 74 0.02
5.0 840 649 10.0 0.0 2.1 0.62 2.6 75 0.02
5.6 910 651 10.0 0.0 2.3 0.62 2.1 76 0.02
6.2 980 660 10.0 0.0 2.6 0.62 2.1 76 0.02
6.9 1050 670 10.0 0.0 2.9 0.62 2.8 77 0.02
7.6 1120 685 10.0 0.0 3.2 0.62 2.8 78 0.02
8.3 1190 690 10.0 0.0 3.5 0.62 2.8 79 0.02
9.1 1260 700 10.0 0.0 3.8 0.62 2.8 79 0.02
10.0 1330 700 10.0 0.0 4.2 0.62 2.8 79 0.02
10.8 1400 713 10.0 0.0 4.6 0.63 2.8 88 0.02
11.8 1470 693 10.0 0.0 4.9 0.63 2.8 88 0.02
12.7 1540 724 10.0 0.0 5.3 0.63 2.9 90 0.02
13.7 1610 715 10.0 0.0 5.8 0.63 2.9 90 0.02
14.7 1680 764 10.0 0.0 6.2 0.63 2.9 94 0.02
15.7 1750 768 10.0 0.0 6.6 0.63 2.9 96 0.02
16.8 1820 793 10.0 0.0 7.1 0.63 2.9 99 0.02
18.0 1890 783 10.0 0.0 7.6 0.63 2.9 99 0.03
19.2 1960 817 10.0 0.0 8.1 0.64 2.9 103 0.03
20.7 2030 810 10.0 0.0 8.7 0.64 2.8 103 0.03
22.5 2100 849 10.0 0.0 9.5 0.64 2.8 108 0.03
24.9 2170 834 10.0 0.0 10.5 0.65 2.6 108 0.03
27.3 2240 878 10.0 0.0 11.5 0.66 2.5 113 0.03
29.3 2286 834 10.0 0.0 12.3 0.66 2.3 113 0.03
30.5 2301 797 0.2 0.0 12.3 0.65 2.2 113 0.03
32.8 2336 860 10.0 0.0 13.3 0.66 2.3 113 0.03
35.3 2371 880 10.0 0.0 14.4 0.67 2.2 113 0.03
36.9 2391 8717 10.0 0.0 15.0 0.67 2.0 114 0.03
39.1 2409 796 0.0 0.0 15.0 0.66 2.0 114 0.03
53.0 2409 717 0.0 0.0 15.0 0.60 1.5 114 0.03
70.6 2409 637 0.0 0.0 15.0 0.53 1.3 114 0.03
91.3 2409 557 0.0 0.0 15.0 0.46 1.1 114 0.02
115.2 2409 478 0.0 0.0 15.0 0.40 1.0 114 0.02
142.2 2409 398 0.0 0.0 15.0 0.33 0.9 114 0.02
172.4 2409 319 0.0 0.0 15.0 0.26 0.8 114 0.01
205.8 2408 239 0.0 0.0 15.0 0.20 0.7 114 0.01
242.2 2409 159 0.0 0.0 15.0 0.13 0.6 114 0.01
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GEOMETRY SUMMARY * At End of Pumping Schedule
MWX-1, MINIFRAC #1
Dstnce Press W-Avg Q Sh-Rate ------ Hght (ft)------- Bank Prop
(£t) (psi) (in) (bpm) (1/sec) Total Up Dn Prop Fraction (PSF) .

-——————_—-—_-————.———_—————--—————_—-—————__—_—-—-—_—_—___._____._..___—-—...—._.—

. 5.0 210 114 34 12 107 0.00 0.00

105 859 0.09 4.9 222 112 32 12 105 0.00 0.00
175 847 0.08 4.8 233 110 31 11 104 0.00 0.00
245 833 0.08 4.7 246 109 30 10 103 0.00 0.00
315 818 0.08 4.5 259 107 29 10 101 0.00 0.00
385 802 0.07 4.3 273 105 28 9 100 0.00 0.00
455 787 0.07 4.1 286 103 26 8 98 0.00 0.00
525 771 0.07 3.8 301 100 25 8 85 0.00 0.00
595 753 0.07 3.6 321 98 23 7 93 0.00 0.00
665 740 0.06 3.3 332 95 21 6 91 0.00 0.00
735 721 0.06 3.0 357 91 19 5 87 0.00 0.00
805 644 0.05 2.7 433 89 17 4 85 0.00 0.00
875 644 0.03 2.0 911 76 11 0 71 0.00 0.00
945 621 0.03 1.7 830 76 9 0 73 0.00 0.00
1015 631 0.03 1.4 1067 74 7 0 72 0.00 0.00
1085 615 0.02 1.3 1174 73 6 0 72 0.00 0.00
1155 568 0.02 1.2 1264 72 4 0 72 0.00 0.00
1225 511 0.02 1.1 1430 72 4 0 72 0.00 0.00
1295 472 0.02 0.9 1491 72 4 0 72 0.00 0.00
1365 429 0.02 0.8 1575 72 4 0 72 0.00 0.00
1435 400 0.02 0.8 1768 72 4 0 72 0.00 0.00
1505 389 0.02 0.7 1835 72 4 0 72 0.00 0.00
1575 377 0.01 0.7 1880 72 4 0 72 0.00 0.00
1645 365 0.01 0.7 1930 72 4 0 72 0.00 0.00
1715 352 0.01 0.7 1988 72 4 0 72 0.00 0.00
1785 338 0.01 0.6 2057 72 4 0 72 0.00 0.00
1855 323 0.01 0.6 2139 72 4 0 72 0.00 0.00
1925 306 0.01 0.6 2241 72 4 0 72 0.00 0.00
1995 287 0.01 0.5 2373 72 4 0 72 0.00 0.00
2065 267 0,01 0.5 2554 72 4 0 72 0.00 0.00
2135 242 0.01 0.4 2828 72 4 0 72 0.00 0.00
2205 210 0.01 0.4 3328 72 4 0 72 0.00 0.00
2271 172 0.01 0.3 4212 72 4 0 72 0.00 0.00
2319 138 0.01 0.3 5350 72 4 0 72 0.00 0.00
2354 112 0.00 0.2 6655 72 4 0 72 0.00 0.00
2381 58 0.00 0.2 9999 72 4 0 72 0.00 0.00
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FLUID SUMMARY * At End of Pumping Schedule

MWX-1, MINIFRAC #1
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A.2

MINIFRAC NO. 1, C 0.0002 ft/min**0.5



Frac Summary * MWX-1, MINIFRAC #1

Design Data

—— e - — A - . Y . e e e A G - e - —— b W e e S e = B e -

FLUID LOSS: Coefficient (ft/sqrt(min)) ......... 0.0002
Spurt Loss (gal/100 sq ft) ......... 0.00
FORMATION: Modulus (MM psi) ....... Cer e e san e 4.50
FPracture Height (ft) ........ 000t 72.0
Fluid Loss Height (£ft) ............. 55.0
Perforated Height (ft) .......... co 68.0
TEMPERATURE:Bottom Hole (deg F) «eieciceraaaanns 180
PRESSURE: Reservoir Pressure (psi) .c..veveen . 5200.0
Closure Pressure (psi) .....e....... 5890.0
DEPTH: Well Depth (ft) ........... ceisene e 7076

—— e R T W o A G G e S A M vy A M R S S M e S S e R B W e e e e S S e e B P S S

FROMATION LAYER DATA:

Depth Stress at Top Stres Grad Modulus Toughesss
£952 £520.0 0.000 4.50 1.00
6969 8120.0 0.000 4,50 1.00
65992 6240.0 0.000 4.50 1.00
7015 7275.0 0.000 4,50 1.00
7049 7300.0 0.000 4.50 1.00
7057 6800.0 0.000 4.50 1.00
7072 5890.0 0.000 4,00 1.00
7104 7660.0 0.000 4,00 1.00
7116 6£410.0 0.000 4.00 1.00
7147 7000.0 0.000 4,50 1.00
7165 8000.0 0.000 4.50 1.00
7175 £800.0 0.000 4,50 1.00
71590 8420.0 0.000 4.50 1.00
7201 7300.0 0.000 4.50 1.00
7242 6£360.0 0.433 4.50 1.00

Fluid Pressure Gradient (psi/ft) ........ e 0.433

Fracture Top (ft) ... i0veonn. et eee st 7076

Fracture Bottom (ft) ........ Cie e e e 7144

Calculated Results from 3-D Simulator
STIMPLAN (TM) , NSI , Tulsa,OK
Licensed To: Internal Use - NSI Technologies

| 1/2 LENGTH: 'Hydraulic' length (ft) .....cvi0vuus 1682 I
I Propped length (ft) .......... cee e 0 |
| PRESSURE: Max. Net Pressure (psi) .eooivicecoenn 862 |
| TIME: Max Exposure to Form., Temp. (min) .. 24.0 |
] Time to Close (MiIin) ..eececvovenee .. 101.1 |
| RATE: Pluid Loss Rate during pad (bpn) ... 0.0 |
| EFFICIENCY: at end of pumping schedule ......... 0.56 |
| PROPPANT: Average In Situ Conc. (#/sq ft) .... 0.0 |
| Average Conductivity (md-£ft) ....... 0 |
| HEIGHT: Max Fracture Height (ft) ........ Can 111 |
| WIDTH: Avg width at end of pumping (in) ... 0.04 |
! I
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STIMPLAN (TM). NSI Technologies, Tulsa, CK
Licensed To: Internal Use - NSI Technologies

S e e e e e T e ey M e e e P e a e e M G A e e S R A e EE i S M R R e A e T M = e e = e e S

| WELL ID: !
IMWX-1, MINIFRAC #1 }
| DEPTH: Well Depth (ft) +oiiiiiiiiienneronnanns 7076 |
|PRESSURE: Reservoir Pressure {(psi) ....... cee 5200 |
| Closure Pressure (psi) ....... e raeee 5830 |
| TEMPERATURE: Bottom Hole Temperature (deg F) Ceee e 180 |
I !
| ** pumping Schedule ** |
| S1 Vol Fl Vol conc Rate Fluid Prop Pump Time |
I (Mgal) (Mgal) (ppg) (bpm) Type  Type (min) I
| = m s e e e e e s I
| 2.5 2.5 0.0 10.0 3 1 6.0 I
| 2.5 2.5 0.0 10.0 1 1 6.0 ]
I 7.3 7.3 0.0 10.0 2 1 17.4 |
| 0.0 0.0 6.0 6.2 2 1 1.2 |
I 2.7 2.1 0.0 10.0 2 1 6.4 |
= m s e e e e e e e e e |
| Total Slurry ..... 15.0 Total Fluid . 15.0 |
[ Total Proppant ... 0.0 Avg. Conc ...... 0.0 |
I Total Pump Time .. 36.9 min I
I I
| Proppant ID No. 1 20~ 40 Ottawva_Snd I
e e A etttk bt !
| Specific Gravity .......... st 2.65 |
l '‘Damage Factor' ..... Crerecaaa et 0.70 |
| Closure Pres (Mpsi) 0 2 4 8 16 |
| KEW @ 2 #/sg £t (md-ft) 2000 2000 2000 2000 2000 |
| I
Fluid ID No. 3 nonXL |
______________________________________________________________ !
Specific Gravity it eri i iiin e nnnn. 1.04 |
@Welbor @FormTmp @lHr @2Hr @4Hr @8Hx|
vis (cp @ 170 1/sec) . 5 2 2 2 2 2]
non-Newtonian n' .... 0.90 1.00 1.00 1.00 1.00 1.001
|
Fluid ID No. 1 204 I
______________________________________________________________ |
Specific Gravity ..ottt it rnnnonna 1.04 i
@Welbor @FoxrmTmp @1Hr @2Hr @4Hxr @8Hx|
vis (cp @ 170 1/sec) . 14 5 2 2 2 24
non-Newtonian n' .... 0.80 0.90 1.00 1.00 1.00 1.00]
I
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| Fluid ID No. 2 30 |

| Specific Gravity ....iiiiiir ittt anennniansnas 1.04 I
| @Welbor @FormTmp @1Hr @2Hr @4Hr @8Hr|
i vis (cp @ 170 1l/sec) . 32 20 10 5 S 5]
| non-Newtonian n' .... 0.58 0.67 0.80 0.90 0.90 0.90]
|
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Time History * NSI STIMPLAN 3-D Fracture Simulation
MWX-1, MINIFRAC #1
Time Pen Pres Rate Prop S1 Vol Eff- Loss Hght wW-Avg
(min) (£t) (psi) (bpm) (PPG) (MGal) ciency (bpm) (£ft) (in)

e o e e o = e e e R s R e R e e e e W n A e W EE e - Et e m =S m EA e e . . - — . - o Sy S - - - —

0.4 120 396 10.0 0.0 0.2 0.59 2.4 72 0.01
0.7 180 419 10.0 0.0 0.3 0.52 3.0 72 0.01
1.0 240 446 10.0 0.0 0.4 0.50 3.4 72 0.01
1.4 300 477 10.0 0.0 0.6 0.51 3.4 72 0.01
1.9 360 504 10.0 0.0 0.8 0.51 3.5 72 0.01
2.3 420 539 10.0 0.0 1.0 0.51 3.7 72 0.01
2.8 480 563 10.0 0.0 1.2 0.51 3.9 72 0.01
3.4 540 583 10.0 0.0 1.4 0.50 4.0 72 0.01
3.9 600 599 10.0 0.0 1.6 0.50 4.2 72 0.02
4.5 660 617 10.0 0.0 1.9 0.49 4.3 73 0.02
5.1 720 626 10.0 0.0 2.1 0.49 4.4 74 0.02
5.7 780 636 10.0 0.0 2.4 0.49 4.5 75 0.02
6.4 840 642 10.0 0.0 2.7 0.49 4.6 75 0.02
7.1 900 662 10.0 0.0 3.0 0.48 4.6 76 0.02
7.8 960 675 10.0 0.0 3.3 0.48 4.6 77 0.02
8.7 1020 681 10.0 0.0 3.7 0.48 4.6 78 0.02
9.5 1080 690 10.0 0.0 4.0 0.48 4.7 79 0.02
10.5 1140 693 10.0 0.0 4.4 0.48 4.7 7% 0.02
11.4 1200 699 10.0 0.0 4.8 0.48 4.7 79 0.02
12.4 1260 6397 10.0 0.0 5.2 0.48 4.7 79 0.02
13.4 1320 7217 10.0 0.0 5.6 0.48 4.8 89 0.02
14,5 1380 731 10.0 0.0 6.1 0.48 4.7 30 0.02
15.7 1440 785 10.0 0.0 6.6 0.48 4.7 37 0.02
17.2 1500 778 10.0 0.0 7.3 0.48 4.6 98 0.02
19.2 1560 832 10.0 0.0 8.1 0.49 4.4 105 0.02
22.3 1620 830 10.0 0.0 9.4 0.50 4.0 106 0.03
25.0 1650 862 10.0 0.0 10.5 0.52 3.7 110 0.03
27.7 1665 830 10.0 0.0 11.6 0.53 3.3 110 0.03
29.3 1682 860 10.0 0.0 12.3 0.54 3.1 111 0.03
30.5 1682 788 0.2 0.0 12.3 0.52 3.0 111 0.03
32.0 1682 814 10.0 0.0 13.0 0.53 2.9 111 0.03
33.5 1682 817 10.0 0.0 13.6 0.54 2.8 111 0.04
35.0 1682 822 10.0 0.0 14.2 0.55 2.7 111 0.04
36.9 1682 848 10.0 0.0 15.0 0.56 2.6 111 0.04
45.4 1682 764 0.0 0.0 15.0 0.50 2.2 111 0.04
55.1 1682 679 0.0 0.0 15.0 0.45 2.0 111 0.04
66.0 1682 594 0.0 0.0 15.0 0.39 1.8 111 0.03
78.1 1682 509 0.0 0.0 15,0 0.34 1.6 111 0.03
91.4 1682 424 0.0 0.0 15.0 0.28 1.5 111 0.02
105.8 1682 339 0.0 0.0 15.0 0.22 1.4 111 0.02
121.3 1682 255 0.0 0.0 15.0 0.17 1.3 111 0.01
138.0 1682 170 0.0 0.0 15.0 0.11 1.2 111 0.01
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GEOMETRY SUMMARY * At End of Pumping Schedule
MWX~-1, MINIFRAC #1

o o e e e e e e o o o e e o e o o ot e e o it o i s e ot o e e . " o T = ——— o 5 ——

Dstnce Press W-Avg Q Sh-Rate --~--- Hght (ft)------- Bank Prop
(££) (psi) (in) (bpm) (1/sec) Total Up Dn Prop Fraction (PSF)

T e T T e e e e e e e e e e v o v o e o T e . = e e P e e e S e R S A A S Y e e . . . .

30 846 0.08 5.0 240 111 31 11 104 0.00 0.00
50 842 0.08 4.8 245 109 31 11 103 0.00 0.00
150 837 0.08 4.6 250 107 29 10 102 0.00 0.00
210 833 0.08 4.5 257 106 28 9 100 -0.00 0.00
270 828 0.08 4.3 263 104 27 9 99 0.00 0.00
330 824 0.07 4.1 272 102 26 8 97 0.060 0.00
390 819 0.07 3.9 282 99 24 7 95 0.00 0.00
450 816 0.07 3.7 337 93 22 6 86 0.00 0.00
510 811 0.06 3.6 375 88 16 3 84 0.00 0.00
570 806 0.04 3.4 1072 75 11 0 71 0.00 0.00
630 801 0.04 3.3 1051 75 8 0 73 0.00 0.00
690 796 0.04 3.2 1033 75 8 0 73 0.00 0.00
750 790 0.03 3.0 1464 73 7 0 71 0.00 0.00
810 784 0.03 2.9 1489 73 5 0 72 0.00 0.00
870 778 0.03 2.8 1610 72 4 0 72 0.00 0.00
930 772 0.03 2.1 1558 72 4 0 72 0.00 0.00
990 767 0.03 2.5 1496 72 4 0 72 0.00 0.00
1050 761 0.03 2.4 1424 72 4 0 72 0.00 0.00
1110 756 0.03 2.2 1342 72 4 0 72 0.00 0.00
1170 752 0.03 2.0 1250 72 4 0 72 0.00 0.00
1230 747 0.03 1.8 1149 72 4 0 72 0.00 0.00
1290 743 0.03 1.6 1035 72 4 0 72 0.00 0.00
1350 740 0.03 1.4 909 72 4 0 72 0.00 0.00
1410 737 0.03 1.2 774 72 4 0 72 0.00 0.00
1470 735 0.03 1.0 634 72 4 0 72 0.00 0.00
1530 732 0.03 0.7 487 72 4 0 72 0.00 0.00
1550 729 0.03 0.5 342 72 4 0 72 0.00 0.00
1635 728 0.03 0.3 186 72 4 0 72 0.00 0.00
1658 728 0.03 0.1 98 72 4 0 72 0.00 0.00
1673 728 0.03 0.1 53 72 4 0 72 0.00 0.00
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MINIFRAC NO.

1,

A.3

C = 0.0003 ft/min**0,5
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Frac Summary * MWX-1, MINIFRAC #1

Design Data

e b St G S e e M A A SR G e e G S D Gy T S e e v W e e e e M WA M e - S Sy G

FLUID L0OSS: Coefficient (ft/sqgrt(min)) ......... 0.0003
Spurt Loss (gal/100 sq £t) ......... 0.00

FORMATION: Modulus (MM psi) ........ Cerecerees 4.50
Fracture Height (ft) ...... . 000 72.0
Fluid Loss Height (ft) ............. 55.0
Perforated Height (ft) ............. £8.0
TEMPERATURE:Bottom Hole (deg F) ..cieeineiennrnn 180
PRESSURE: Reservoir Pressure (psi) ...... «see. HB200.0
Closure Pressure (PSi) +.iviecineane 5890.0

DEPTH: Well Depth (£t) ... 7076

FROMATION LAYER DATA:

Depth Stress at Top Stres Grad Modulus Toughesss
6952 6520.0 0.000 4.50 1.00
6969 8120.0 0.000 4,50 1.00
6992 £240.0 0.000 4.50 1.00
7015 7275.0 0.000 4.50 1.00
7049 7300.0 0.000 4.50 1.00
7057 6800.0 0.000 4,50 1.00
7072 5890.0 0.000 4.00 1.00
7104 7660.0 0.000 4.00 1.00
7116 6410.0 0.000 4.00 1.00
7147 7000.0 0.000 4,50 1.00
7165 8000.0 0.000 4.50 1.00
7175 6800.0 0.000 4.50 1.00
7190 8420.0 0.000 4.50 1.00
7201 7300.0 0.000 4.50 1.00
7242 6360.0 0.433 4,50 1.00

Fluid Pressure Gradient (psi/ft) ....... e teeaen 0.433

Fracture Top (£ft) ......... Cee e e Cerareas . 7076

Fracture Bottom (ft) ......... st et e 7144

Calculated Results from 3-D Simulator
STIMPLAN (TM) , NSI , Tulsa,OkK
Licensed To: Internal Use - N8I Technologies

1/2 LENGTH: 'Hydraulic' length (ft) ...... e 1318 |
Propped length (ft) ............ P 0 I

PRESSURE: Max Net Pressure (psi) ........c00 863 |
TIME: Max Exposure to Form. Temp. (min) .. 21.5 I
Time to Close (min) .....cco0eveesns . 69.7 |

RATE: Fluid Loss Rate during pad (bpm) ... 0.0 I
EFFICIENCY: at end of pumping schedule ......... 0.49 I
PROPPANT: Average In Situ Conc. (#/sq £t) .... 0.0 |
Average Conductivity (md-£t) ....... 0 |

HEIGHT: Max Practure Height (ft) .....0e.000 110 |
WIDTH: Avg width at end of pumping (in) ... 0.05 I
|
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STIMPLAN (TM). NSI Technologies, Tulsa, OK
Licensed To: Internal Use - NSI Technologies

- o e e W e e e e St G e e G A e e . S o e S e - SR R e = S e W R e A e

WELL ID:

MWX-1, MINIFRAC #1

DEPTH: Well Depth (ft) 4. iviivieiineainennnns 7076

PRESSURE: Reservoir Pressure (psi) ...... RN 5200
Closure Pressure (psi) .....v0c0... ..., 5880

TEMPERATURE: Bottom Hole Temperature (deg F) ....... 180

** Pumping Schedule **%
81 Vol F1l Vol Conc Rate Fluid Prop Pump Time
(Mgal) (Mgal) (ppg) (bpm) Type Type (nin)

i e e - . . S M S e e e e e e A e G e St G v D G e S G A S e e S S A e e R A A A A e me R

2.5 2.5 0.0 10.0 3 1 6.0

2.5 2.5 0.0 10.0 1 1 6.0

7.3 7.3 0.0 10.0 2 1 17.4

0.0 0.0 0.0 0.2 2 1 1.2

2.7 2.7 0.0 10.0 2 1 6.4

Total Slurry ..... 15.0 Total Fluid .... 15.0

Total Proppant ... 0.0 Avg. Conc ...... 0.0
Total Pump Time .. 36.9 min

Proppant ID No. 1 20- 40 Ottawa_Snd

Specific Gravity ...... et s s et 2.65

'Damage Factor' . ...iiiertiveeioveronsonvsanes 0.70

Closure Pres (Mpsi) 0 2 4 8 16

KEW @ 2 #/sg £t (md-ft) 2000 2000 2000 2000 2000

Fluid ID No. 3 nonXL
Specific Gravity ...iiiiiiinns C ettt ar e e 1.04
@Welbor @Formep @1Hr @2Br @4Hr @8Hr
vis (cp @ 170 l/sec) . 5 2 2 2 2 2
non-Newtonian n' .... 0.90 1.00 1.00 1.00 1.00 1.00
Fluid 1D No. 1 204
Speclfic Gravity ..vviiiiin ittt envananss e 1.04

@Welbor @Formep @1Hx @2Hr @4Hr @8Hr

vis (cp @ 170 1l/sec) . 14 5 2 2 2
non-Newtonian n' .... 0.80 0.90 1.00 1.00 1.00 1.0

2
0
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| Fluid ID No. 2 308 [

! Specific Gravity ....vviiiiiii i, Ceaaas 1.04 !
| @Welbor @FormTmp @1lHr @2Hr @4Hr @8Hx|
] vis (cp @ 170 1l/sec) . 32 20 10 5 5 51
|
I

non-Newtonian n' .... 0.58 0.67 0.80 0.90 0.90 0.90]
‘ ]

103



Time History * NSI STIMPLAN 3-D Fracture Simulation
MWX-1, MINIFRAC #1
Time Pen Pres Rate Prop 81 Vol Eff- Loss Hght W-Avg
(min) (ft) (psi) (bpm) (PPG) (MGal) clency (bpm) (£ft) (in)

0.5 120 388 10.0 0.0 0.2 0.51 3.4 72 0.01
0.8 180 417 10.0 0.0 0.3 0.45 4.2 72 0.01
1.2 240 445 10.0 0.0 0.5 0.43 4.6 72 0.01
1.7 300 474 10.0 0.0 0.7 0.43 4.6 72 0.01
2.2 360 502 10.0 0.0 0.9 0.43 4.8 72 0.01
2.8 420 537 10.0 0.0 1.2 0.42 5.0 72 0.01
3.5 480 561 10.0 0.0 1.5 0.41 5.2 72 0.01
4.1 540 580 10.0 0.0 1.7 0.41 5.4 72 0.01
4.8 600 595 10.0 0.0 2.0 0.40 5.8 72 0.02
5.6 660 614 10.0 0.0 2.3 0.40 5.7 73 0.02
6.3 720 626 10.0 0.0 2.7 0.39 5.8 74 0.02
7.2 780 651 10.0 0.0 3.0 0.39 5.9 75 0.02
8.1 840 670 10.0 0.0 3.4 0.38 5.9 77 0.02
9.2 900 675 10.0 0.0 3.8 0.38 5.9 77 0.02
10.3 960 683 10.0 0.0 4.3 0.38 5.9 78 0.02
11.4 1020 685 10.0 0.0 4.8 0.38 5.9 78 0.02
12.5 1080 688 10.0 0.0 5.3 0.37 6.0 79 0.02
13.7 1140 720 10.0 0.0 5.8 0.37 6.1 88 0.02
15.3 1200 746 10.0 0.0 6.4 0.37 5.9 92 0.02
17.3 1260 805 10.0 0.0 7.3 0.38 5.6 100 0.02
20.1 1290 802 10.0 0.0 8.5 0.40 5.0 102 0.02
23.0 1305 849 10.0 0.0 9.7 0.42 4.4 108 0.03
26.0 1309 815 10.0 0.0 10.9 0.44 3.9 108 0.03
28.2 1316 863 10.0 0.0 11.9 0.45 3.6 110 0.03
29.3 1318 826 10.0 0.0 12.3 0.46 3.3 110 0.03
30.5 1318 735 0.2 0.0 12.3 0.45 3.3 110 0.03
32.0 1318 758 10.0 0.0 13.0 0.46 3.2 110 0.04
33.5 1318 767 10.0 0.0 13.6 0.47 3.1 110 0.04
35.0 1318 788 10.0 0.0 14.2 0.48 3.0 110 0.04
36.9 1318 831 10.0 0.0 15.0 0.49 2.9 110 0.05
43.3 1318 748 0.0 0.0 15.0 0.44 2.6 110 0.04
50.4 1318 665 .0 0.0 15.0 0.39 2.5 110 0.04
58.2 1318 582 0.0 0.0 15.0 0.34 2.3 110 0.03
66.6 1318 499 0.0 0.0 15.0 0.29 2.1 110 0.03
75.6 1318 416 0.0 0.0 15.0 0.25 1.9 110 0.02
85.3 1318 332 0.0 0.0 15.0 0.20 1.8 110 0.02
95.7 1318 249 0.0 0.0 15.0 0.15 1.7 110 0.01
106.6 1318 166 0.0 0.0 15.0 0.10 1.6 110 0.01
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(£t)

W-2avg Q Sh~Rate ~=-—==-- Hght (ft)------- Bank Prop

(in) (bpm) (l/sec) Total Up Dn Prop Fraction (PSF)
0.08 5.0 251 110 31 11 104 0.00 0.00
0.08 4.7 252 109 30 10 103 0.00 0.00
0.08 4.4 253 107 29 10 101 0.00 0.00
0.08 4.1 253 105 28 9 100 0.00 0.00
0.07 3.9 256 103 26 8 98 0.00 0.00
0.07 3.6 259 101 25 8 96 0.00 0.00
0.07 3.3 261 98 24 7 93 0.00 0.00
0.06 3.0 300 51 21 6 83 0.00 0.00
0.06 2.8 291 89 19 4 84 0.00 0.00
0.05 2.5 501 78 11 0 74 0.00 0.00
0.05 2.3 551 71 9 0 75 0.00 0.00
0.03 2.2 1050 73 7 0 71 0.00 0.00
0.03 2.0 984 73 5 0 72 0.00 0.00
0.03 1.8 1061 72 4 0 72 0.00 0.00
0.03 1.7 973 72 4 0 72 0.00 0.00
0.03 1.5 878 72 4 0 72 0.00 0.00
0.03 1.3 775 72 4 0 72 0.00 0.00
0.03 1.1 664 72 4 0 72 0.00 0.00
0.03 0.9 545 72 4 0 72 0.00 0.00
0.03 0.7 418 72 4 D 72 0.00 0.00
0.03 0.5 285 72 4 0 72 0.00 0.00
0.03 0.2 145 72 4 0 72 0.00 0.00
0.03 0.1 72 72 4 0 72 0.00 0.00
0.03 0.1 34 72 4 0 72 0.00 0.00
0.03 0.0 26 72 4 0 72 0.00 0.00

(psi)

GEOMETRY SUMMARY * At End of Pumping Schedule
MWX-1, MINIFRAC #1

105



FLUID SUMMARY * At End of Pumping Schedule

MWX-1, MINIFRAC #1
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A.4

MINIFRAC NO. 1, C = 0.001 ft/min**0.5
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Frac Summary * MWX-1, MINIFRAC #1

Design Data

—— R e S S — e e e S et e e A A e G A M S e AR e e e S e N e W e S G M MR e N S A e e S

FLUID LOSS: Coefficient (ft/sqrt(min)) ......... 0.0010
Spurt Loss (gal/l100 sqg ft) ......... 0.00
FORMATION: Modulus (MM psi) ....ccvenn cre e 4,50
Fracture Height (£ft) ..... 00 72.0
Fluid Loss Height (ft) ......... ceee 55.0
Perforated Height (ft) ............ . 68.0
TEMPERATURE:Bottom Hole (deg F) ..... beceieaanan 180
PRESSURE: Reservoir Pressure (psi) ........... 5200.0
Closure Pressure (psi) ...... ce e 5890.0
DEPTH: Well Depth (ft) ..... Ceisseaar e 7076

o — i ————  — —— e e AR S e e G - o —— o —— A e —— -

FROMATION LAYER DATA:

Depth Stress at Top Stres Grad Modulus Toughesss
6952 6520.0 0.000 4.50 1.00
6969 8120.0 0.000 4.50 1.00
6992 6240.0 0.000 4,50 1.00
7015 7275.0 0.000 4.50 1.00
7045 7300.0 0.000 4.50 1.00
7057 6800.0 0.000 4.50 1.00
7072 5890.0 0.0600 4.00 1.00
7104 7660.0 0.000 4.00 - 1.00
7116 6410.0 0.000 4.00 1.00
7147 7000.0 0.000 4.50 1.00
7165 8000.0 0.000 4.50 1.00
7175 6800.0 0.000 4.50 1.00
7190 8420.0 0.000 4.50 1.00
7201 7300.0 0.000 4,50 1.00
7242 6360.0 0.433 4.50 1.00

Fluid Pressure Gradient (p51/£t) et et s ereerea s 0.433

Fracture Top (ft) ... .c0vvnn et e ee e 7076

Fracture Bottom (£ft) ..... et ve e e 7144

Calculated Results from 3~D Simulator
STIMPLAN (TM) , NSI , Tulsa,OK
Licensed To: Internal Use - NSI Technologies

1/2 LENGTH: 'Hydraulic' length (ft) ............ 626

| |
I Propped length (£ft) ...vicverenrnsan 0 |
| PRESSURE: Max Net Pressure (psi) ...ccivveveann 921 |
| TIME: Max Exposure to Form. Temp. (min) .. 12.6 |
| Time to Close (min) .....c0vuuns ce. 20.6 |
| RATE: Fluid Loss Rate during pad (bpm) oo 0.0 |
| EFFICIENCY: at end of pumping schedule ......... 0.27 |
| PROPPANT: Average In Situ Conec. (#/sq ft) .... 0.0 |
| Average Conductivity (md-£ft) ....... 0 |
| HEIGHT: Max Fracture Helght (ft) ........... 105 |
| WIDTH: Avg width at end of pumping (in) .e. 0.05 I
| |
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WELL ID:
IMWX-1, MINIFRAC #1
DEPTH: Well Depth (£ft) v vvereerinnvenanrnnnens 7076
|PRESSURE: Reservoir Pressure (PsSi) ..vieieveeanns 5200
Closure Pressure (psi) ...icv..n Cecenee 58390
| TEMPERATURE: Bottom Hole Temperature (deg F) ....... 180
*%* pumping Schedule *x*
Sl Vol F1l Vol Conc Rate Fluid Prop Pump Time
{Mgal) {Mgal) {ppg) (bpm) Type Type (min)
2.5 2.5 0.0 10.0 3 1 6.0
2.5 2.5 0.0 10.0 1 1 6.0
7.3 7.3 0.0 10.0 2 1 17.4
0.0 0.0 0.0 0.2 2 1 1.2
2.7 2.7 0.0 10.0 2 1 6.4
Total Slurry ..... 15.0 Total Fluid .... 15.0
Total Proppant ... 0.0 Avg, Conc ...... 0.0
Total Pump Time .. 36.9 mnmin

STIMPLAN (TM). NSI Technologies, Tulsa, OK
Licensed To: Internal Use - NSI Technologies

ot v —— R e R B M B e e he G e = e M n A P T M G ML G R G S M ey e v G A - e e e m S A e e e e

Proppant ID No. 1

— e e e e e e e e e E e M A e e e e e e e A e S G e e = e e R e G e = e S e - —

20- 40 ottawa_Snd

| Specific Gravity ... iiiiiiii it ncnnnnrnn 2.65 l
| 'Damage Factor' ...t ittt ieriionnaonvencnnan 0.70 |
| Closure Pres (Mpsi) 0 2 4 8 16 i
| KEW @ 2 #/sq £t (md-£t) 2000 2000 2000 2000 2000 I
] I
Fluid ID No. 3 nonXL
______________________________________________________________ |
Specific Gravity ... ve e eas et 1.04 |
@Welbor @FormTmp @1lHr @2Hr @4Hr @B8Hr|
vis (cp @ 170 1l/sec) . 10 5 2 2 2 2|
non-Newtonian n' .... 0.80 0.90 1.00 1.00 1.00 1.00]
|
Fluid ID No. 1 20# |
______________________________________________________________ |
Specific Gravity ...t iiniinnsnans e een e 1.04 ]
@Welbor @FormTmp @1H @2Hr @4Hr @8Hr|
vis (cp & 170 1l/sec) . 20 10 2 2 2 21
non-Newtonian n' .... 0.67 0.80 1.00 1.00 1.00 1.00}
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Fluid ID No. 2

vis (cp @ 170 1l/sec)
non-Newtonian n'

-------------------- ¢ s

@Welbor @FormTmp @1H

40
0.53

32
0.58

20
0.67

@2Hr
10
0.80

1.04
@4Hr
5
0.90

@8Hr |

5]
0.901
|
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Time History * NSI STIMPLAN 3-D Fracture Simulation
MWX-1, MINIFRAC #1
Time Pen Pres Rate. Prop 51 Vol Eff- Loss Hght W-~Avg
(min) (£t) (psi) (bpm) (PPG) (MGal) cliency (bpm) (ft) (in)

0.5 70 398 10.0 0.0 0.2 0.27 6.7 70 0.01
0.8 105 443 10.0 0.0 0.3 0.21 7.8 70 0.01
1.3 140 459 10.0 0.0 0.6 0.19 8.0 70 0.01
2.1 175 495 10.0 0.0 0.9 0.19 7.8 71 0.01
2.8 210 530 10.0 0.0 1.2 0.18 8.0 71 0.01
3.7 245 566 10.0 0.0 1.6 0.18 8.2 72 0.01
4.7 280 592 10.0 0.0 2.0 0.17 8.3 72 0.01
5.8 315 610 10.0 0.0 2.4 0.16 8.5 73 0.01
7.0 350 624 10.0 0.0 3.0 0.16 8.5 74 0.01
8.5 385 685 10.0 0.0 3.6 0.16 8.4 77 0.02
10.4 420 706 10,0 0.0 4.4 0.16 8.1 79 0.02
12.4 455 712 10.0 0.0 5.2 0.17 7.9 88 0.02
14.5 490 726 10.0 0.0 6.1 0.17 7.9 89 0.02
16.9 525 812 10.0 0.0 7.1 0.18 7.8 101 0.02
20.5 527 788 10.0 0.0 8.6 0.21 6.3 101 0.03
21.9 532 796 10.0 0.0 9.2 0.23 5.8 101 0.03
23.1 540 791 10.0 0.0 9.7 0.24 5.9 102 0.03
24.5 558 808 10.0 0.0 10.3 0.24 6.3 103 0.03
26.9 593 813 10.0 0.0 11.3 0.25 6.9 104 0.04
29.3 626 817 10.0 0.0 12.3 0.25 7.1 105 0.04
30.5 626 706 0.2 0.0 12.3 0.23 6.3 105 0.04
32.0 626 748 10.0 0.0 13.0 0.24 5.9 105 0.04
33.5 626 187 10.0 0.0 13.6 0.25 5.5 105 0.04
35.0 626 841 10.0 0.0 14.2 0.26 5.3 105 0.05
36.9 626 921 10.0 0.0 15.0 0.27 5.0 105 0.05
38.9 626 829 0.0 0.0 15.0 0.24 4.8 105 0.05
41.3 626 737 0.0 0.0 15.0 0.22 4.6 105 0.04
43.17 626 645 0.0 0.0 15.0 0.19 4.4 105 0.04
46.3 626 553 0.0 0.0 15.0 0.16 4.2 105 0.03
43.0 626 460 0.0 0.0 15.0 0.14 4.0 105 0.03
51.7 626 368 0.0 0.0 15.0 0.11 3.9 105 0.02
54.6 626 276 0.0 0.0 15.0 0.08 3.8 105 0.02
57.5 626 184 0.0 0.0 15.0 0.06 3.6 105 0.01

111

e . e e e e e T e —— —— — — ——— — il ——— e — — — — —— — — — — .



GEOMETRY SUMMARY * At End of Pumping Schedule
M¥X~1, MINIFRAC #1
Dstnce Press W-Avg Q Sh-Rate ~----- Hght (ft)=-~----- Bank Prop
(£t) (psi) (in) (bpm) (1/sec) Total Up Dn Prop Fraction (PSF)

- - o = o e e G n e M e e e . . = e S e AR ot S s e s S R e e - G M M W e = AR - e A = Am e . e = =

18 919 0.09 5.0 238 105 28 9 99 0.00 0.00

53 516 0.08 4.6 250 101 27 9 94 0.00 0.00

88 513 0.08 4.3 235 101 25 8 36 0.00 0.00
123 911 0.08 4.0 228 100 24 7 94 0.00 0.00
158 908 0.08 3.7 222 98 23 7 93 0.00 0.00
193 906 0.08 3.4 213 97 22 6 92 0.00 .0.00
228 903 0.08 3.0 209 94 21 6 89 0.00 0.00
263 901 0.07 2.8 203 92 20 5 86 0.00 0.00
298 899 0.07 2.4 203 88 17 4 83 0.00 0.00
333 897 0.06 2.2 249 79 11 0 76 0.00 0.00
368 895 0.05 1.9 318 71 10 0 75 0.00 0.00
403 892 0.04 1.6 426 75 7 0 74 0.00 0.00
438 889 0.03 1.4 612 72 4 0 72 0.00 0.00
473 887 0.03 1.2 670 70 2 0 70 0.00 0.00
508 884 0,03 1.0 555 70 2 0 70 0.00 0.00
526 883 0.03 0.8 432 70 2 0 70 0.00 0.00
529 883 0.03 0.8 424 70 2 0 70 0.00 0.00
536 883 0.03 0.7 407 70 2 0 70 0.00 0.00
549 882 0.03 0.6 371 70 2 0 70 0.00 0.00
575 881 0.03 0.5 296 70 2 0 70 0.00 0.00
609 104 0.00 0.2 572 70 2 0 70 0.00 0.00
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A.5

MINIFRAC NO. 2, C = 0,00005 ft/min**0.5
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Frac Summary * MWX-1, MINIFRAC #2

Design Data

e e .  ———— — n P R e ML A e b= M e e e S W M W AN M ne e M M e e e e T D e e e S g =

FLUID LOSS: Coefficient (ft/sqrt(min)) ......... 0.00005
Spurt Loss (gal/100 sq £t) ......... 0.00
FORMATION: Modulus (MM pPsSi) tieenevserennnnnnan 4.50
Fracture Height (f£t) ... ccceviiian, 72.0
Fluid Loss Height (ft) ............. 55,0
Perforated Height (ft) ........... . 68.0
TEMPERATURE:Bottom Hole (deg F) ....... e e 180
PRESSURE: Reservoir Pressure (psi) ..... e ean 5200.0
Closure Pressure (psi) ...... N 5880.0
DEPTH: Well Depth (£ft) .i.viriiiiinnnnnnnns 7076

- - —— T ——— " ———— — t—> —— . M M hm e A B Sme Y e M e e - e G T G e e - —

FROMATION LAYER DATA:

Depth Stress at Top Stres Grad Modulus Toughesss
6952 6520.0 0.000 4.50 1.00
6969 8120.0 0.000 4,50 1.00
6992 6240.0 0.000 4.50 1.00
7015 7275.0 0.000 4,50 1.00
7049 7300.0 0.000 4,50 1.00
7057 6800.0 0.000 4.50 1.00
7072 5890.0 0.000 4.00 1.00
7104 7660.0 0.000 4.00 1.00
7116 £410.0 0.000 4.00 1.00
7147 7000.0 0.000 4.50 1.00
7165 8000.0 0.000 4.50 1.00
7175 6800.0 0.000 4.50 1.00
7130 8420.0 0.000 4.50 1.00
7201 7300.0 0.000 4.50 1.00
7242 £360.0 0.433 4,50 1.00

Fluid Pressure Gradient (psi/ft) ......... e e 0.433

Fracture Top (ft) ..., Ceenee e 7076

Fracture Bottom (£ft) ....ciceviieiiiiann e s eaea 7144

| Calculated Results from 3-D Simulator |
| STIMPLAN (TM) , NSI , Tulsa,OK |
| Licensed To: Internal Use - NSI Technologies I

|
§
1
1
]
1
1
1
]
I
|
|
!
|
1
1
|
!
|
I
}
i
I
|
1
1
!
]
|
|
]
]
i
{
I
1
|
1
1
|
|
I
!
1
]
f
1
!
{
|
|
I
|
|
1
!
I
|

| 1/2 LENGTH: 'Hydraulic' length (ft) ............ 2696 I
| Propped length (ft) ....ci0vvcvennn 0 |
| PRESSURE: Max Net Pressure (psi) ........... .. 1118 |
| TIME: - Max Exposure to Form. Temp. (min) .. 63.6 I
| Time to Close (min) ...... e . 2730.7 1
| RATE: Fluid Loss Rate during pad (bpm) e 0.0 |
| EFFICIENCY: at end of pumping schedule ......... 0.86 {
i PROPPANT: Average In Situ Conc. (#/sq £t) .... 0.0 !
| Average Conductivity (md-£ft) ....... 0 |
| HEIGHT: Max Fracture Height (ft) ........00 143 |
| WIDTH: Avg width at end of pumping (in) ... 0.06 I
I I
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| STIMPLAN (TM). NSI Technologies, Tulsa, OK
| Licensed To: Internal Use - NSI Technologies

|WELL ID:

[MWX-1, MINIFRAC #2

|DEPTH: Well Depth (ft) v iiiinii i ennennsns 7076
|PRESSURE: Reservoir Pressure (PSi) ...iveuvenesann 5200
[ - Closure Pressure (psi) .....icviveneeens 5890
| TEMPERATURE: Bottom Hole Temperature (deq F) ....... 180

| ** Pumping Schedule **
[ Sl Vol Fl Vol Conc Rate Fluid Prop Pump Tinme
I (Mgal) (Mgal) (ppg) (bpm) Type Type (min)

I 3.8 3.8 0.0 9.9 2 1 5.1 I
I 26.2 26.2 0.0 9.9 1 1 63.0 I
== mm e e e e e I
| Total Slurry ..... 30.0 Total Fluid .... 30.0 |
| Total Proppant ... 0.0 Avg. Conc ...... 0.0 |
I Total Pump Time .. 72.2 min I
I |
| Proppant ID No. 1 20- 40 ottawa_8nd !
[ == mem e e e s e |
[ Specific Gravity ...... e e e et 2.65 |
| 'Damage Factor' (ii.iiiiiiiieerterinaatoesannns 0.70 |
| Closure Pres (Mpsi) 0 2 4 8 16 I
| KEW @ 2 #/5q ft (md-£ft) 2000 2000 2000 2000 2000 |
I I
Fluid ID No. 2 404
______________________________________________________________ |
Specific Gravity ittt ieieeenneaenannns 1.04 |
@Welbor @FormTmp @1lHr @2Hr @4Hr @8Hr|
vis (cp @ 170 1l/sec) . 40 15 10 5 5 5
non-Newtonian n' .... 0.50 0.65 0.76 0.76 0,76 0.76]
I
Fluid ID No. 1 60# I
______________________________________________________________ |
Specific Gravity ....... P et cetaas et 1.04 |
@Welbor @FormTmp @lHr @2Hr @4Hr @8Hr|
vis (cp @ 170 1l/sec) . 120 60 35 10 5 51

non-Newtonian n' .... 0.40 . 0.50 0.60 0.70 0.76 0.76]|
I
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Time History * NSI STIMPLAN 3-D Fracture Simulation
MWX-1, MINIFRAC #2
Time Pen Pres Rate Prop Sl Vol Eff- Loss Hght W-Avg
(min) (ft) (psi) (bpm) (PPG) (MGal) clency (bpm) (£ft) (in)

0.7 168 614 9.9 0.0 0.3 0.81 0.7 72 0.01

1.2 288 596 9,9 0.0 0.5 0.68 0.9 72 0.01

1.8 408 676 9.9 0.0 0.8 0.6¢6 1.1 72 0.01

2.8 528 770 9.9 0.0 1.2 0.69 1.1 73 0.02

3.9 648 829 9.9 0.0 1.6 0.70 1.1 92 0.02

5.8 768 780 9.9 0.0 2.4 0.74 1.0 92 0.02

7.4 888 870 9.9 0.0 3.1 0.75 1.0 101 0.03
10.0 1008 783 9.9 0.0 4.2 0.78 1.0 101 0.03
12,1 1128 892 9.9 0.0 5.0 0.78 1.0 106 0.03
14.8 1248 878 9.9 0.0 6.2 0.80 1.0 106 0.04
17.2 1368 966 9.9 0.0 7.2 0.80 1.0 116 0.04
21.0 1488 922 9.9 0.0 8.8 0.81 1.0 116 0.04
24.2 1608 1011 9.9 0.0 10.1 0.82 1.0 124 0.04
28.5 1728 981 9.9 0.0 11.9 0.83 1.0 124 0.05
32.0 1848 1044 9.9 0.0 13.3 0.83 1.0 130 0.05
37.0 1968 996 9.9 0.0 15.4 0.84 1.0 130 0.05
41.2 2088 1064 9.9 0.0 17.2 0.84 1.0 134 0.05
46.8 2208 1040 9.9 0.0 19.5 0.84 1.0 134 0.06
51.5 2328 1093 9.9 0.0 21.4 0.85 1.0 139 0.06
56.5 2388 1018 9.9 0.0 23.5 0.85 0.9 139 0.06
62.3 2508 1078 9.9 0.0 26.0 0.85 1.0 139 0.06
68.4 2628 1118 9.9 0.0 28.5 0.86 1.0 143 0.06
72.2 2666 1042 5.9 0.0 30.1 0.86 0.9 143 0.06
76.7 2696 967 0.0 0.0 30.1 0.85 0.9 143 0.06
179.9 2696 870 0.0 0.0 30.1 0.77 0.4 143 0.06
354.6 2696 773 0.0 0.0 30.1 0.68 0.3 143 0.05
596.2 2696 671 0.0 0.0 30.1 0.60 0.2 143 0.04
904.6 2696 580 0.0 0.0 30.1 0.51 0.2 143 0.04
11279.4 2696 483 0.0 0.0 30.1 0.43 0.2 143 0.03
[1720.8 2696 387 0.0 0.0 30.1 0.34 0.1 143 0.02
12228.6 2696 290 0.0 0.0 30.1 0.26 0.1 143 0.02
12802.9 2696 193 0.0 0.0 30.1 0.17 0.1 143 0.01
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GEOMETRY SUMMARY * At End of Pumping Schedule
MWX-1, MINIFRAC #2
Dstnce Press W-Avg Q Sh-Rate w==-w-- Hght (ft)~---==-- Bank Prop
(£t) (psi) (in) (bpm) (1/sec) Total Up Dn Prop Fraction (PSF)

54 1032 0.15 5.0 51 143 57 24 127 0.00 0.00
138 1012 0.15 4.8 54 141 55 23 126 0.00 0.00
228 894 0.14 4.7 55 141 51 21 131 0.00 0.00
348 959 0.13 4.4 66 137 50 21 125 0.00 0.00
468 924 0.11 4.1 84 130 47 19 117 0.00 0.00
588 891 0.11 3.8 83 130 44 18 121 0.00 0.00
708 864 0.10 3.4 106 122 41 16 111 0.00 0.00
828 839 0.09 3.1 106 121 39 15 114 0.00 0.00
948 816 0.09 2.8 116 117 36 13 110 0.00 0.00

1068 788 0.08 2.6 139 111 33 12 102 0.00 0.00
1188 758 0.07 2.3 145 109 30 10 103 0.00 0.00
1308 721 0.07 2.0 169 102 27 9 87 0.00 0.00
1428 589 0.05 1.7 291 92 21 ) 86 0.00 0.00
1548 572 0.04 0.9 272 79 11 0 76 0.00 0.00
1668 604 0.03 0.4 365 73 6 0 72 0.00 0.00
1788 559 0.02 0.4 426 72 4 0 72 0.00 0.00
1908 510 0.02 0.4 525 72 4 0 72 0.00 0.00
2028 473 0.02 0.4 624 72 4 0 72 0.00 0.00
2148 430 0.02 0.4 749 72 4 0 72 0.00 0.00
2268 377 0.01 0.4 935 72 4 0 72 0.00 0.00
2358 328 0.01 0.3 1123 72 4 0 72 0.00 0.00
2448 268 0.01 0.3 1547 72 4 0 72 0.00 0.00
2568 170 0.01 0.2 2889 72 4 0 72 0.00 0.00
2647 69 0.00 0.1 9544 72 4 0 72 0.00 0.00°
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| FLUID SUMMARY * At End of Pumping Schedule |
| MWX-1, MINIFRAC #2 [

| Stage Fluid Prop Pos Concentration Fl Vol Ex Tim Temp Visc Falll

INo Gone 1D 1D (ft) In Now Desgn (MGal) (min) (deq F) (cp) Frac:
l ________________________________________________________________________
1 1 2 1 2666 0.0 0.0 0.0 0.3 25.9 180 4 0.00]
| 1 1 2 1 2666 0.0 0.0 0.0 0.5 33.0 180 4 0.00]
| 1 1l 2 1 2666 0.0 0.0 0.0 0.8 46.8 180 5 0.00]
[ 1 1l 2 1 2666 0.0 0.0 0.0 1.2 60.5 180 4 0,001
| 1 0 2 1 2635 0.0 0.0 0.0 1.6 63.6 180 4 0.00]
| 1 0 2 1 2490 0.0 0.0 0.2 2.4 59.3 180 5 0.00]
| 1 0 2 1 2244 0.0 0.0 0.5 3.1 56.8 180 6 0.00]
| 1 0 2 1 1990 0.0 0.0 0.6 3.8 54,2 180 6 0.00]|
| 2 0 1l 1l 1798 0.0 0.0 0.7 4.1 51.1 180 17 0.00|
| 2 0 1 1 1625 0.0 0.0 0.8 4.9 47.6 180 20 0.00]
| 2 0 1 1 1429 0.0 0.0 0.8 6.1 40.0 180 22 0.00]
| 2 0 1l 1 1294 0.0 0.0 0.9 7.0 31.2 180 29 0.00]
| 2 0 1 1l 1172 0.0 0.0 0.9 8.5 26.3 180 32 0.00]
| 2 0 1l 1l 1046 0.0 0.0 0.9 9.8 21.2 180 34 0.00]
[ 2 0 1 1 927 0.0 0.0 0.9 11.5 10.9 180 39 0.00]
| 2 0 1 1 814 0.0 0.0 0.9 12.9 4.9 180 42 0.00]
| 2 0 1 1 700 0.0 0.0 0.9 14.9 0.0 169 47 0.00]
| 2 0 1 1 587 0.0 0.0 1.0 16.6 0.0 94 77 0.00]
| 2 0 1 1 479 0.0 0.0 1.0 18.8 0.0 90 79 0.00]
| 2 0 1 1 375 0.0 0.0 1.0 20.7 0.0 85 81 0.00]|
| 2 0 1 1 288 0.0 0.0 1.0 22.7 0.0 82 100 0.001
| 2 0 1 1 197 0.0 0.0 1.0 25.0 0.0 79 106 0.00]
| 2 0 1 1 104 0.0 0.0 1.0 27.4 0.0 74 113 0.00]
| 2 0 1 1l 29 0.0 0.0 1.0 28.9 0.0 72 116 0.00]|
|
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A.6

MINIFRAC NO. 2, C = 0.0001 ft/min¥*#*0.5
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Frac Summary * MWX-1, MINIFRAC §2

Design Data

e - - e A M S e = R ED A G e e e G A Me e e G G Sy E e e e e e A e A R S e ER e e S e R

FLUID LOSS: Coefficient (ft/sqrt(min)) ......... 0.
Spurt Loss (gal/100 sqg ft) .........

FPORMATION: Modulus (MM psSi) ..viie i iiinaneneas
Fracture Height (ft) ....ceivieeusn .
Fluid Loss Height (ft) .............

Perforated Height (ft) ..........

TEMPERATURE:Bottom Hole (deg F) ...cviviinnnnns 180
PRESSURE: Reservoir Pressure (psi) ........... 5200.0
Closure Pressure (psi) ....... eesaas 5880.0

DEPTH Well Depth (£ft) ...t ininivnnnnn 7076

FROMATION LAYER DATA:

Depth Stress at Top Stres Grad Modulus Toughesss
6952 6520.0 0.000 4.50 1.00
6969 8120.0 0.000 4.50 1.00
6992 6240.0 0.000 4.50 1.00
7015 7275.0 0.000 4.50 1.00
7049 7300.0 0.000 4.50 1.00
7057 6800.0 0.000 4.50 1.00
7072 5890.0 0.000 4,00 1.00
7104 7660.0 0.000 4.00 1.00
7116 6410.0 0.000 4.00 1.00
7147 7000.0 0.000 4.50 1.00
7165 8000.0 0.000 4.50 1.00
7175 £800,0 0.000 4.50 1.00
7190 8420.0 0.000 4.50 1.00
7201 7300.0 0.000 4.50 1.00
7242 6360.0 0.433 4.50 1.00

Fluid Pressure Gradient (psi/ft) .......veu.an . 0.433

Fracture Top (ft) ... iiiieriiinnenenas e 7076

Fracture Bottom (ft) ......... ...t Cheaeres 7144

| Calculated Results from 3-D Simulator |

| STIMPLAN (TM) , NSI , Tulsa,OK I

I Licensed To: Internal Use - NSI Technologies |

[~ mm e e e |

| 1/2 LENGTH: 'Hydraulic' length (ft) ............ 2183 |

| ' Propped length (ft) ....... Ce e 0 |
| PRESSURE: Max Net Pressure (psi) ..cececevenn. 1096 |
| TIME: Max Exposure to Form. Temp. (min) .. 54.0 |

l Time to Close (min) .....ce0uunn see. 1316.1

| RATE: Fluid Loss Rate during pad (bpm) 0.0 |

| EFFICIENCY: at end of pumping schedule ......... 0.80 |

| PROPPANT: Average In Situ Conc. (#/sq £t) .... 0.0 I

| Average Conductivity (md-ft) ....... 0 |

| HEIGHT: Max Fracture Height (£t) ........... 140 |

| WIDTH: Avg width at end of pumping (in) 0.06 I

I l
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| STIMPLAN (TM). NSI Technologies, Tulsa, OK
| Licensed To: Internal Use - NSI Technologies

|WELL ID:

IMWX-1, MINIFRAC #2

|DEPTH: Well Depth (ft) ...... et 7076
|[PRESSURE: Reservoir Pressure (p51) ...... Ceeanaa 5200
| Closure Pressure (psi) ........ ce.sess 5890
|TEMPERATURE: Bottom Hole Temperature (deg F) e e 180

I ¥* pumping Schedule **
| 81 Vol Fl Vol Conc Rate Fluid Prop Pump Time
I

(Mgal) (Mgal) (ppg) (bpm) Type  Type (min)
| ___________________________________________________________
I 3.8 3.8 0.0 9.9 2 1 9.1
I 26.2 26.2 0.0 9.9 1 1 63.0
| ___________________________________________________________
Total Slurry ..... 30.0 Total Fluid .... 30.0

I
I Total Proppant ... 0.0 Avg. Conc ...... 0.0
| Total Pump Time .. 72.2 nmin

I

| Proppant ID No. 1 20- 40 Ottawa_Snd

| Specific Gravity ......ciiiiiivinn cen e . 2.65 |
[ '‘Damage Factor' ... i ittt ittt atttersinensoas 0.70 |
| Closure Pres (Mpsi) 0 2 4 8 16 ]
| KfW @ 2 #/sq £t (md-ft) 2000 2000 2000 2000 2000 I
I : I
Fluid ID No. 2 40%
______________________________________________________________ l
Specific Gravity .......... e et et ecan e 1.04

@Welbor @Formep @1Hr @2Hr @4Hr @8Hr|

vis (cp @ 170 1/sec) . 40 15 10 5 5 5]
non-Newtonian n' .... 0.50 0.65 0.76 0.76 0.76 0.76]|
I
Fluid ID No. 1 60#
______________________________________________________________ |
Specific Gravity ... ettt 1.04

@¥elbox @Formep @lHr @2Hr @4Hr @8H

vis (cp @ 170 1/sec) . 120 60 35 10 5

non-Newtonian n' .... 0.40 0.50 0.60 0.70 0.76 0.
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Time History * NSI STIMPLAN 3-D Fracture Simulation
MWX-1, MINIFRAC #2
Time Pen Pres Rate Prop Sl Vol Eff- Loss Hght ¥W-Avg
(min) (£ft) (psi) (bpm) (PPG) (MGal) ciency (bpm) (£t) (in)

e R e o e e A S o = v R et S A W R S M B e e M e e e e e A b P A R T M S W e ey e Raw G

0.7 168 609 9.9 0.0 0.3 0.76 1.3 72 0.01
1.3 288 594 9.9 0.0 0.5 0.63 1.8 72 0.01
2.0 408 674 9.9 0.0 0.8 0.60 2.0 72 0.01
3.1 528 766 9.9 0.0 1.3 0.62 2.0 73 0.02
4.3 648 828 9.9 0.0 1.8 0.64 2.1 92 0.02
6.5 768 788 9.9 0.0 2.7 0.67 1.9 92 0.02
8.6 888 829 9.9 0.0 3.6 0.69 1.9 97 0.03
11.1 1008 822 9.9 0.0 4.6 0.70 1.9 98 0.03
13.6 1128 895 9.9 0.0 5.7 0.71 1.9 106 0.03
17.0 1248 306 9.9 0.0 7.1 0.72 1.9 109 0.04
20.1 1368 983 9.9 0.0 8.4 0.73 1.9 119 0.04
24.6 1488 957 9.9 0.0 10.3 0.74 1.9 119 0.04
28.4 1608 1041 9.9 0.0 11.8 0.74 1.9 129 0.04
33.7 1668 964 5.9 .0 14.0 0.76 1.7 129 0.05
38.3 1788 1045 9.9 0.0 16.0 0.76 1.7 130 0.05
44.6 1908 1053 9.9 0.0 18.6 0.77 1.7 133 0.05
50.0 1938 1045 9.9 0.0 20.8 0.78 1.5 133 0.06
556.5 1998 1093 9.9 0.0 23.1 0.78 1.5 139 0.06
61.2 2028 1025 9.8 0.0 25.5 0.79 1.4 139 0.06
66.3 2088 1075 9.9 0.0 27.6 0.80 1.4 139 0.06
72.2 2153 1096 9.9 0.0 30.1 0.80 1.4 140 0.07
78.0 2183 958 0.0 0.0 30.1 0.79 1.3 140 0.06
134.3 2183 862 0.0 0.0 30.1 0.71 0.8 140 0.06
214.5 2183 767 0.0 0.0 30.1 0.63 0.7 140 0.05
316.8 2183 671 6.0 0.0 30.1 0.55 0.5 140 0.04
441.0 2183 575 0.0 0.0 30.1 0.47 0.4 140 0.04
586.9 2183 479 0.0 0.0 30.1 0.40 0.4 140 0.03
754.6 2183 383 0.0 0.0 30.1 0.32 0.3 140 0.02
944.1 2183 287 0.0 6.0 30.1 0.24 0.3 140 0.02
/1155.3 2183 192 0.0 0.0 30.1 0.186 0.3 140 0.01
11388.3 2183 96 0.0 0.0 30.1 0.08 0.2 140 0.01
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GEOMETRY SUMMARY * At End of Pumping Schedule
M¥X-1, MINIFRAC #2

e - M e e e e e e e T e B e e e - e A e - e e D R S S e A e e R . e SR S e MR R A M8 e e m S - = v e — - —

Dstnce Press W-Avg Q Sh-Rate ------ Hght (ft)------- Bank Prop
p

(£t) (psi) (in) (bpm) (l/sec) Total Up Dn Prop Fraction (PSF)

e e e e e e o T e M M M e L e R = e e e e S S G e S e R - = e i - e S S W S S M S G M M e e S e o - o

54 1088 0.15 5.0 53 140 55 23 125 0.00 0.00
138 1070 0.14 4.8 60 138 53 22 123 0.00 0.00
228 1051 0.14 4.7 61 138 49 20 128 0.00 0.00
348 1024 0.13 4.6 73 134 48 20 124 0.00 0.00
468 996 0.12 4.4 87 131 46 18 123 0.00 0.00
588 968 0.11 4.3 106 128 43 17 118 ©0.00 0.00
708 947 0.10 4.2 131 122 41 16 111 0.00 0.00
828 927 0.09 3.9 133 121 39 15 114 0.00 0.00
948 906 0.09 3.6 148 117 37 14 110 0.00 0.00

1068 884 0.08 3.3 156 114 34 12 107 0.00 0.00
1188 860 0.07 2.8 174 109 32 11 101 ©0.00 0.00
1308 844 0.06 2.1 196 105 29 10 87 0.00 0.00
1428 752 0.03 0.9 581 89 20 5 81 0.00 0.00
1548 664 0.03 0.8 607 73 8 0 69 0.00 0.00
1638 593 0.02 0.7 645 72 4 0 72 0.00 0.00
1728 519 0.02 0.6 765 72 4 0 72 0.00 0.00
1848 386 0.01 0.5 1072 72 4 0 72 0.00 0.00
1923 315 0.01 0.4 1288 72 4 0 72 0.00 0.00
1968 280 0.01 0.3 1594 72 4 0 72 0.00 0.00
2013 238 0.01 0.3 1880 72 4 0 72 0.00 0.00
2058 183 0.01 0.3 2803 72 4 0 72 0.00 0.00
2121 120°0.00 0.2 4414 72 4 0 72 0.00 0.00
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[ FLUID SUMMARY * At End of Pumping Schedule I
| MWX-1, MINIFRAC #2 |

| Stage Fluid Prop Pos Concentration Fl Vol Ex Tim Temp Visc Falll
INo Gone ID ID (ft) In Now Desgn (MGal) (min) (deg F) (cp) Fracl

I 1 1 2 1 2153 0.0 0.0 0.0 0.3 11.8 180 4 0.00]
| 1 1 2 1 2153 0.0 0.0 0.0 0.5 17.0 180 4 0.00]
I 1 1 2 1 21%3 0.0 0.0 0.0 0.8 24.0 180 5 0.00]
1 1 2 1 2153 0.0 0.0 0.0 1.3 32.3 180 4 0.00]
| 1 1 2 1 2153 0.0 0.0 0.0 1.8 45.2 180 6 0.00]1
I 1 1 2 1 2153 0.0 0.0 0.0 2.1 51.5 180 5 0.00]
I 1 0 2 1 2080 0.0 0.0 0.1 3.6 54.0 180 5 0.00!
[ 1 0 2 1 1978 0.0 0.0 0.3 3.8 54.0 180 5 0.00]
| 2 0 1 1 1830 0.0 0.0 0.4 4.6 50.7 180 12 0.00]|
| 2 0 1 1 1576 0.0 0.0 0.6 5.6 42,17 180 16 0.001
I 2 0 1 1 1344 0.0 0.0 0.8 7.0 38.2 180 25 0.00]
[ 2 0 1 1 1158 0.0 0.0 0.8 8.2 33.3 180 29 0.00]
|2 0 1 1 1072 0.0 0.0 0.9 10.1 22.0 180 32 0.00]
b2 0 1 1 944 0.0 0.0 0.9 11.6 16.5 180 34 0.00]
| 2 0 1 1 818 0.0 0.0 0.9 13.7 10.9 180 37 0.00]
I 2 0 1 1 686 0.0 0.0 0.9 15.5 0.0 180 41 0.00]
[ 2 0 1 1 555 0.0 0.0 0.9 18.0 0.0 151 53 0.00]|
| 2 0 1 1 430 0.0 0.0 1.0 20.2 0.0 92 80 0.00]
| 2 0 1 1 324 0.0 0.0 1.0 22.4 0.0 87 89 0.00]
[ 2 0 1 1 224 0.0 0.0 1.0 24.7 0.0 82 99 0.00)
| 2 0 1 1 133 0.0 0.0 1.0 26.7 0.0 76 105 0.00]
12 0 1 1 45 0.0 0.0 1.0 29.0 0.0 73 112 0.00}
!
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A.7

MINIFRAC NO. 2, C = 0.0002 ft/min*%*0.,5
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Frac Summary * MWX-1, MINIFRAC §2

Design Data

e e e e e e e Fen e R M S e M e S R v e P g e S N e M R et S L e R e G A e e Ee e e e

FLUID LOSS: Coefficient (ft/sqgrt(min)) ......... 0.0002
Spurt Loss (gal/l100 sq £t) ......... 0.00
FORMATION: Modulus (MM psi) e evnenn e eaa e 4.50
Practure Height (£t) ...ivvvivennn.. 72.0
Fluid Loss Height (£t) ......... Cee 55.0
Perforated Height (£t) ....... cevea 68.0
TEMPERATURE:Bottom Hole (deg F) ......... s ieeena 180
PRESSURE: Reservolr Pressure (psi) ........... 5200.0
Closure Pressure (psi) ........ «re.. 5880.0

DEPTH: Well Depth (ft) .ievvveon.. tieeeeea. 7076

FROMATION LAYER DATA:

Depth Stress at Top Stres Grad Modulus Toughesss
6952 6520.0 0.000 4.50 1.00
6969 8120.0 0.000 4.50 1.00
6992 6240.0 0.000 4,50 1.00
7015 7275.0 0.000 4.50 1.00
7049 7300.0 0.000 4.50 1.00
7057 6800.0 0.000 4.50 1.00
7072 5890.0 0.000 4.00 1.00
7104 7660.0 0.000 4.00 1.00
7116 6410.0 0.000 4,00 1.00
7147 7000.0 0.000 4.50 1.00
7165 8000.0 0.000 4.50 1.00
7175 6800.0 0.000 4.50 1.00
7130 8420.0 0.000 4.50 1.00
7201 7300.0 0.000 4.50 1.00
7242 6360.0 0.433 4.50 1.00

Fluid Pressure Gradient (psi/ft) ......ciiceun . 0.433

Fracture Top (ft) ........ .. I T . 7076

Fracture Bottom (£ft) ........ Cecedr e ce e eae 7144

[ Calculated Results from 3-D Simulator
| STIMPLAN (TM) , NSI , Tulsa,OK
[ Licensed To: Internal Use - NSI Technologies

I
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| 1/2 LENGTH: 'Hydraulic' length (ft) ............ 1B28 I
| Propped length (ft) ...vevenveennnns 0 |
] PRESSURE: Max Net Pressure {(psi) ......s0.00.. 1082 |
| TIME: Max Exposure to Form. Temp. (min) .. 47.5 |
| Time to Close (min) ..... eeiseesesass 457.1 |
| RATE: Fluid Loss Rate during pad (bpm) ... 0.0 |
| EFFICIENCY: at end of pumping schedule ....... .. 0.70 [
| PROPPANT: Average In Situ Conc. (#/sgq £t) .... 0.0 |
| Average Conductivity (md-ft) ....... 0 |
| HEIGHT: Max Fracture Height (ft) ........... 140 |
| WIDTH: Avg width at end of pumping (in) ... 0.07 !
I |
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i STIMPLAN (TM). N8I Technologies, Tulsa, OK I
[ Licensed To: Internal Use - NSI Technologies I

|WELL ID: |
[MWX-1, MINIFRAC #2 l
|DEPTH: Well Depth (£t) ... vt ann 7076 |
{PRESSURE: Reservoir Pressure (psi) ...... e e 5200 |
| Closure Pressure (psi) ...cviiiierences 5890 |
| TEMPERATURE: Bottom Hole Temperature (deg F) ....... 180 |

|

! ** Pumping Schedule ** I
| Sl Vol Fl Vol conc Rate Fluid Prop Pump Time |
I |

(Mgal) (Mgal) (ppg) (bpm) Type Type (min)
[ e e e e |
| 3.8 3.8 0.0 9.9 2 1 9.1 I
| 26.2 26.2 0.0 9.9 1 1 63.0 [
[ == m e e e e e |
| Total Slurry ..... 30.0 Total Fluid .... 30.0 |
I Total Proppant ... 0.0 Avg. Conc ...... 0.0 |
| Total Pump Time .. 72.2 min I
| I
| Proppant ID No. 1 20~ 40 Ottawa_Snd I
[ == e e e I
I Specific Gravity ..eieiicvererennnns Cieeseans 2.65 |
| 'Damage Factor' ....iiiiivevrnnnnnnnnanns e 0.70 |
| Closure Pres (Mpsi) 0 2 4 8 16 I
| KEW @ 2 #/sqg £t (md-£ft) 2000 2000 2000 2000 2000 I
I I
Fluid ID No. 2 40# I
______________________________________________________________ |
Specific Gravity v iirvirenrertnoncrtnaosons 1.04 I
@Welbor @FormTmp @1Hr @2Hr @4Hr @8Hr|
vis (cp @ 170 1l/sec) . 40 15 10 5 5 5]
non-Newtonian n' .... 0.50 0.65 0.76 0.76 0.76 0.76]
I
Fluid ID No. 1 60# I
______________________________________________________________ |
Specific Gravity .vieiiiiiiieieitiieornennnns 1.04 |
@Welbor @FormTmp @lHr @2Hr @4Hr (@BHr|
vis (cp @ 170 1l/sec) . 120 60 35 10 5 5]
non-Newtonian n' .... 0.40 0.50 0.60 0.70 0.76 0.76]
|
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Time History * NSI STIMPLAN 3-D Fracture Simulation
MWX-1, MINIFRAC #2
Time Pen Pres Rate Prop Sl Vol Eff- Loss Hght W-Avg
(min) (£t) (psi) (bpm) (PPG) (MGal) ciency (bpm) (ft) (in)

—.—-———__-...___.____..__——-———————..._—___-__——————-—__..____..-__—____.__.__.——-—--

0.7 150 577 9.9 0.0 0.3 0.68 2.3 72 0.01
1.2 250 579 9.9 0.0 0.5 0.56 3.2 72 0.01
1.9 350 648 9.9 0.0 0.8 0.52 3.5 72 0.01
3.0 450 728 9.9 0.0 1.3 0.53 3.5 73 0.02
4.2 550 787 9.9 0.0 1.8 0.53 3.5 89 0.02
6.3 650 774 9.9 0.0 2.7 0.56 3.2 91 0.02
8.1 750 841 9.9 0.0 3.4 0.57 3.3 100 0.02
10.7 850 789 9.9 0.0 4.5 0.58 3.3 100 0.03
13.1 950 856 9.9 0.0 5.5 0.59 3.3 103 0.03
16.0 1050 902 9.9 0.0 6.7 0.60 3.3 110 0.04
19.2 1150 944 9.9 0.0 8.0 0.61 3.3 117 0.04
23.8 1250 966 9.9 0.0 9.9 0.62 3.1 121 0.04
29.6 1350 1029 9.9 0.0 12.3 0.63 3.0 130 0.04
36.1 1356 995 9.9 0.0 15.1 0.66 2.4 130 0.05
40.3 1369 1044 9.9 0.0 16.8 0.67 2.1 134 0.05
45.8 1394 1012 9.9 0.0 19.1 0.68 2.1 134 0.06
50.5 1444 1054 9.9 0.0 21.0 0.69 2.1 136 0.06
55.4 1494 1025 9.9 0.0 23.1 0.70 2.2 136 0.06
60.0 1594 1062 9.9 0.0 25.0 0.70 2.5 137 0.06
65.8 1694 1047 9.9 0.0 27.4 0.70 2.6 137 0.07
72.2 1816 1082 9.9 0.0 30.1 0.70 2.8 140 0.07
77.0 1828 927 0.0 0.0 30.1 0.69 2.4 140 0.07
102.3 1828 835 0.0 0.0 30.1 0.62 1.7 140 0.06
134.6 1828 742 0.0 0.0 30.1 0.55 1.5 140 0.05
173.2 1828 649 0.0 0.0 30.1 0.48 1.3 140 0.05
217.8 1828 556 0.0 0.0 30.1 0.41 1.1 140 0.04
268.3 1828 464 0.0 0.0 30.1 0.34 1.0 140 0.03
324.7 1828 371 0.0 0.0 30.1 0.27 0.9 140 0.03
387.0 1828 278 0.0 0.0 30.1 0.21 0.8 140 0.02
455.2 1828 185 0.0 0.0 30.1 0.14 0.7 140 0.01
529.3 1828 93 0.0 0.0 30.1 0.07 0.7 140 0.01
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GEOMETRY SUMMARY * At End of Pumping Schedule
MWX-1, MINIFRAC #2
Sh-Rate ------ Hght (ft)~------- Bank Prop
(£t) (psi) (in) (bpm) (1/sec) Total Up Dn Prop Fraction (PSF)

T T T e e e e e e e e s v e s = . e = = e e S W P - G = b e - e . am - -

50 1074 0.14 4.9 58 140 53 22 127 0.00 0.00
125 1058 0.14 4.7 63 138 52 21 125 0.00 0.00
200 1042 0.13 4.6 64 138 50 21 128 0.00 0.00
300 1020 0.12 4.4 73 135 48 19 125 0.00 0.00
400 996 0.11 4,2 90 129 45 18 117 0.00 0.00
500 975 0.11 4.0 97 126 43 17 116 0.00 0.00
600 957 0.10 3.8 104 125 42 16 115 0.00 0.00
700 942 0.10 3.6 110 123 40 15 116 0.00 0.00
800 925 0.09 3.5 133 118 38 15 108 0.00 0.00
900 908 0.08 3.3 153 114 36 14 104 0.00 0.00

1000 890 0.08 3.1 159 114 34 i3 106 0.00 0.00
1100 875 0.07 2.8 184 111 33 iz 103 0.00 0.00
1200 912 0.06 2.5 246 105 31 11 95 0.00 0.00
1300 762 0.03 1.5 931 92 20 5 86 0.00 0.00
1353 704 0.03 1.3 900 73 11 0 67 0.00 0.00
1363 694 0.03 1.3 917 73 10 0 68 0.00 0.00
1381 676 0.03 1.3 954 73 9 0 69 0.00 0.00
1419 636 0.02 1.2 1040 73 6 0 72 0.00 0.00
1469 579 0.02 1.1 1142 72 4 0 72 0.00 0.00
1544 482 0.02 1.0 1496 72 4 0 72 0.00 0.00
1644 321 0.01 0.8 2559 72 4 0 72 0.00 0.00
1755 184 0.01 0.5 4952 72 4 0 72 0.00 0.00

130



HUD1OO0OO0OO0ODO0OOCOOO0OOOO0O0O0O0DO0O00C
H 0 |l OO0O00CO0CO00O0O0DO0OOOCLOO0O00O0OO
MM ) ¢ = = o s = o o o o s v o o o s e v .
M | O0OC0O00O000COO0O0COOO0O0O00CCOQ
[}
I MO LI TTOODTONDV AN D
[S R | HNMOM T WO OO
n Al —
-~ D1
(=il |
i
—~ 1
= 00000000000 OOOMNOoONOMm
_8888888888888888829887
ol ArAddAAdAdAAAAAA~AA
[ ]
g |1
~ |
I
~ I OANONONTNINMASODOMOOOOOCO
X1 * ¢ ¢ ® s e o s ° ¢ ¢ s s = 0 o o > " .
—H | P~ ACTOUOR AN NOVDOO0OVO0OO0O0CO0O0O0
£ | AANMMO TP TN A A
~ |
1
|
i Q.SAGQJBn/A.B.QPan/nV8.L T WL MW~
| o o ¢ o« o ¢ o o o s = s 8 o v & = o v v v -
OAUnu1*ln41¢Q¢A.5,bau047.4.bndnuohd‘ﬁv9
A ANNNNN

cccccc

0000000000000000000111

MINIFRAC $2

OO0 OO0OCOO00O0O0O0CO

Now Desgn (MGal)

MWX-1,

Concentration Fl1 Vol Ex Tim Temp

FLUID SUMMARY * At End of Pumping Schedule

21 + o = o s a4 o o o o s s & 2 s s e e« = = =
H 1 OO0 O0OOOO0OOO0OO0O0OOO0ODO00O0O
]
]

.l OWWOLVWWWOLOWOLOVWMOAE NI WWOLN
NP Il AddddAd A A~ ONO WL CTM LN
OWH | OO DMODODOODO@WOWPBr{NOWLI T MNA
e~ | A A A A A A A A A

1
]
Q {
Onu" A A A AAAAAAAA A A AAA A A A A A
H
o I
1
O i
e | |
s le "ﬁLﬂL?.2Azq47g?.1*1*1*1_1.L.L1;1*1¢1.l.l.L
o
[ 1
!

o |
%,n “1¢1L1_l.Lq¢1L1¢1¢1¢nunvnvnunvnun.nvnvnvnvo

e}

(L&A

4+ ]

cuM Il A A A A AA A ANNNNNNNNNNNNNN
]

131




A.8

MAIN FRACTURE TREATMENT, C = 0.0001 ft/min%*%0.5
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Frac Summary * MWX-1, MAIN FRAC TREATMENT, PALUDAL

I Design Data |

| FLUID LOSS: Coefficient (ft/sqrt(min)) ......... 0.0001 l
| Spurt Loss (gal/l100 sq £t) ........, 0.00 |
| FORMATION: Modulus (MM psi) ....civvinininns A 4.50 |
] Fracture Height (ft) ........c0.... . 72.0 |
| Fluid Loss Helght (ft) ............. 55.0 I
| Perforated Height (£t) ......... v 6B.0 |
| TEMPERATURE:Bottom Hole (deg F) .veveveinvens “ee 200 I
| PRESSURE: Reservolr Pressure (psil) ........... 5200.0 |
| Closure Pressure (psi) ..c.iievenennn 5890.0 |
| DEPTH: Well Depth (ft) ........ Cer i e e 7076 |
IRt e i Tl DL L D EL L L L |
| FROMATION LAYER DATA: 1
| Depth Stress at Top Stres Grad Modulus Toughesss |
| 6952 6520.0 0.000 4.50 1.00 |
| 6969 8120.0 0.000 4.50 1.00 |
| 6992 6240.0 0.000 4.50 1.00 |
I 7015 7275.0 0.000 4,50 1.00 |
| 7049 7300.0 0.000 4.50 1.00

| 7057 6800.0 0.000 4.50 1.00 |
| 7072 5890.0 0.000 4.00 1.00

| 7104 7660.0 0.000 4.00 1.00

| 7116 6410.0 0.000 4.00 1.00 |
| 7147 7000.0 0.000 4,50 1.00

| 7165 8000.0 0.000 4.50 1.00

I 7175 6800.0 0.000 4.50 1.00 |
| 71%0 8420.0 0.000 4.50 1.00

| 7201 7300.0 0.000 4.50 1.00 |
| 7242 £6360.0 0.433 4.50 1.00 |
| Fluid Pressure Gradient (psi/ft) ............... 0.433 |
| Fracture Top (£ft) .......... et e e s 7076 |
| Fracture Bottom (ft) .............. et e A 7144 |
l f

| Calculated Results from 3-D Simulator |
| STIMPLAN (TM) , NSI , Tulsa,OK I
| Licensed To: Internal Use - NSI Technologles |

1/2 LENGTH: 'Hydraulic' length (ft) ............ 2670

WIDTH: Avg width at end of pumping (in) ... 0.13

I |
I Propped length (ft) .........c..0... 1687 I
| PRESSURE: Max Net Pressure (psi) ...iveveuenn . 1234 ]
| TIME: Max Exposure to Form. Temp. (min) .. 82.4 |
| Time to Close (min) ..cveveeevenseas 2929.1 |
| RATE: Fluid Loss Rate during pad (bpm) ... 1.2 |
| EFFICIENCY: at end of pumping schedule ......... 0.90 |
| PROPPANT: Average In Situ Conc. (#/sq ft) .... 0.4 ]
| Average Conductivity (md-£t) ....... 160 |
) | HEIGHT: Max Fracture Height (ft) ........... 207 |
| I
| |




| STIMPLAN (TM). NSI Technologies, Tulsa, OK
| Licensed To: Internal Use - NSI Technologles

| WELL ID:

| MW¥X~-1, MAIN FRAC TREATMENT, PALUDAL

| DEPTH: Well Depth (£t) vt iiii it ninnoransans 7076
| PRESSURE: Reservoir Pressure (psi) Ch e e 5200
| Closure Pressure (psSi) teviiicesanse ... 5890
| TEMPERATURE: Bottom Hole Temperature (deg F) .v..... 200

| ** Pumping Schedule **
| S1 Vol F1 Vol Conc  Rate Fluid Prop Pump Time
I

KEW @ 2 #/sq £t (md-ft) 4600 4000 2700 680 50

(Mgal) (Mgal) (ppg) (bpm) Type Type (min)
l ___________________________________________________________
I 1.5 1.5 0.0 15.0 5 1 2.4
I 4.3 4.3 0.0 15.0 1 1 6.9
| 0.0 0.0 0.0 0.2 1 1 1.2
| 4.0 4.0 0.0 15.0 1 1 6.3
I 0.0 0.0 0.0 0.2 1 1 1.2
| 4.0 4.0 0.0 15.0 1 1 6.3
| 0.0 0.0 0.0 0.2 1 1 1.2
| 5.9 5.9 0.0 15.0 1 1 9.4
I 3,2 3.0 1.5 21.0 2 1 3.6
I 5.5 5.0 2.0 21.0 2 1 6.2
I 6.8 6.0 3.0 21.0 2 1 7.7
I 16.5 14.0 4.0 21.0 2 1 18.7
| 22.5 18.0 5.5 21.0 3 1 25.5
I 1.2 1.0 5.5 21.0 3 2 1.4
I ___________________________________________________________
| Total Slurry .... 75.6 Total Fluid .... 66.8
| Total Proppant .. 193.0 Avg. Conc ...... 2.9
I
t Proppant ID No. 1 20- 40 Ottawa_Snd
[ ___________________________________________________________
[ Specific Gravity ...ceevevennn ce e vee i 2.65
I 'Damage Factor' ..... Cee e Cer et 0.70
| Closure Pres (Mpsi) 0 2 4 8 16
|
I

Fluid ID No. 5 APOLLO

- ———— T I B o W i T S S R M S T S e - e AS S e S G S M S e . S A NS G S A s S em -

Specific Gravity ..... .. Cheeeeeiee.. 1,04

@Welbor @FormTmp @1lHr @2Hr @4Hr @B8Hr|

vis (cp @ 170 1/sec) . 20 10 1l 1 1

1|

non~Newtonian n' .... 0.70 0.76 0.95 0.95 0.95 0.95}
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Fluid ID No. 1 APOLLO |
______________________________________________________________ |
Specific Gravity v iriirn oo rtortinioeninens 1.04 |
@Welbor @FormTmp @lHr @2Hr @4Hr Q@8Hrl|
vis (cp & 170 1l/sec) . 92 89 85 82 77 66|
non-Newtonian n' 0.52 0.56 0.60 0.64 0.71 0.85]
|
Fluid ID No. 2 APOLLO |
______________________________________________________________ |
Specific Gravity cviverrin it irnninenenns 1.04 |
@Welbor @FormTmp R1Hr Q@2Hr @4Hr (@8Hr|
vis (cp @ 170 l/sec) . 74 72 70 68 64 57|
non-Newtonian n! 0.63 0.66 0.69 0.72 0.77 0.88]
|
Fluid ID No. 3 APOLLO |
______________________________________________________________ |
Specific Gravity .......... Vet ettt e e e 1.04 |
@Welbor @FormTmp @1Hr @2Hr @4Hr @S8Hr|
vis (cp @ 170 1l/sec) 55 50 45 38 5 5]
non-Newtonian n' 0.72 0.77 0.87 0.89 0.97 0.97]|
|
| Proppant ID No. 2 12- 20 Ottawa_Snd |
[=——mmmmm e e e e |
| Specific Gravity ... e et 2.65 I
| 'Damage Factor' ...... e e e e 0.70 |
| Closure Pres (Mpsi) 0 2 4 8 16 |
| KEW € 2 #/sq £t (md-£ft) 16000 13000 6500 1300 50 |
| |
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Time History * NSI STIMPLAN 3-D Fracture Simulation
MWX-1, MAIN FRAC TREATMENT, PALUDAL
Time Pen Pres Rate Prop 81 Vol Eff- Loss Hght W-Avg
(min) (£ft) (psi) (bpm) (PPG) (MGal) ciency (bpm) (£t) (in)

e e e A G A O S - S e e e e e et M i v e e G R A e e A e e M A B R e M SM T AL M W W R M G S

0.3 120 588 15.0 0.0 0.2 0.70 1.3 72 0.01
0.5 180 581 15.0 0.0 0.3 0.64 1.8 72 0.01
0.7 240 620 15.0 0.0 0.4 0.63 2.0 72 0.01
1.0 300 672 15.0 0.0 0.6 0.65 2.0 73 0.02
1.4 360 714 15.0 0.0 0.9 0.67 2.1 77 0.02
1.8 420 725 15.0 0.0 1.1 0.69 2.1 79 6.02
2.2 480 748 15.0 0.0 1.4 0.70 2.1 90 0.02
2.1 540 736 15.0 0.0 1.7 0.72 2.1 90 0.02
3.2 600 815 15.0 0.0 2.0 0.73 2.2 98 0.02
3.9 660 809 15.0 0.0 2.5 0.74 2.1 99 0.03
4.6 720 909 15.0 0.0 2.9 0.75 2.2 112 0.03
5.6 780 857 15.0 0.0 3.5 0.76 2.1 112 0.03
6.5 840 857 15.0 0.0 4.1 0.77 2.0 121 0.03
8.1 800 920 15.0 0.0 5.1 0.79 1.9 121 0.04
9.3 943 586 15.0 0.0 5.9 0.79 1.7 127 0.04
10.5 948 856 0.2 0.0 5.9 0.78 1.3 127 0.04
12.7 11008 983 15.0 0.0 7.3 0.80 1.6 127 0.04
14.9 1068 1062 15.0 0.0 8.7 0.82 1.6 138 0.04
16.8 1095 915 15.0 0.0 9.9 0.83 1.3 138 0.05
18.0 1097 9507 0.2 0.0 9.9 0.82 0.9 138 0.05
21.6 1157 1037 15.0 0.0 12.2 0.84 1.3 138 0.06
24.4 1209 1087 15.0 0.0 13.9 0.84 1.3 144 0.06
25.5 1210 952 0.2 0.0 13.9 0.84 0.9 144 0.06
31.5 1270 1073 15.0 0.0 17.7 0.86 1.2 144 0.08
35.0 1327 1133 15.0 0.0 19.9 0.86 1.2 150 0.08
39.7 1387 1103 21.0 1.5 24.0 0.88 1.2 150 0.09
43.1 1447 1173 21.0 2.0 27.0 0.88 1.3 188 0.09
47.7 1507 1049 21.0 2.0 31.1 0.89 1.3 188 0.10
50.8 1567 1115 21.0 3.0 33.8 0.89 1.3 188 0.11
53.5 1627 1155 21.0 3.0 36.3 0.89 1.4 188 0.11
56.0 1687 1175 21.0 4.0 38.4 0.89 1.5 188 0.11
58.8 1747 1128 21.0 4.0 40.9 0.90 1.5 188 0.12
61.2 1807 1163 21.0 4.0 43.0 0.90 1.5 188 0.12
63.7 1867 1186 21.0 4.0 45.2 0.90 1.6 189 0.12
66.4 1927 1160 21.0 4.0 47.6 0.90 1.6 189 0.12
68.8 1987 1186 21.0 4.0 49.7 0.90 1.6 189 0.12
71.3 2047 1203 21.0 4.0 52.0 0.90 1.7 189 0.12
74.2 2107 1160 21.0 5.5 54.5 0.90 1.7 189 0.12
76.8 2167 1184 21.0 5.5 56.8 0.90 1.7 189 0.13
79.4 2227 1207 21.0 5.5 59.1 0.90 1.7 190 0.12
82.6 2287 1162 21.0 5.5 61.9 0.90 1.7 190 0.13
85.5 2347 1183 21.0 5.5 64.5 0.90 1.8 190 0.13
88.4 2407 1206 21.0 5.5 67.0 0.90 1.8 190 0.13
91.3 2467 1215 21.0 5.5 65.6 0.90 1.8 190 0.13
94.2 2527 1209 21.0 5.5 . 72.2 0.90 1.8 190 0.13
98.2 2610 1234 21.0 5.5 75.7 0.90 1.9 207 0.13
102.2 2670 1053 0.0 0.0 75.7 0.90 1.8 207 0.13
252.8 2670 948 0.0 0.0 75.17 0.81 0.8 207 0.12

136



!

I 517.9 2670 843 0.0 0,0 15.7  0.72 0.5 207 0.10 |}
| 866.2 2670 737 0.0 0.0 75.17 0.64 0.4 207 0.09 |
11255.6 2670 632 0.0 0.0 75.7 0.57 0.3 207 0.08 |
11663.5 2670 527 0.0 0.0 75.17 0.51 0.3 207 0.07 |
12100.6 2670 421 0.0 0.0 75.17 0.45 0.2 207 0.06 |
[2559.9 2670 316 0.0 0.0 75.7 0.39 0.2 207 0.06 |
13027.3 2670 211 0.0 0.0 75.7 0.34 0.2 207 0.05 |

|




GEOMETRY SUMMARY * At End of Pumping Schedule
MWX-1, MAIN FRAC TREATMENT, PALUDAL

SRS ST N ML e m SRR RR G e e e e 8 e e e e e e o o e S - S = S S S e = D A e e A e T A A A e e = = —

Dstnce Press W-Avg Q Sh-Rate ------ Hght (ft)-==---- Bank Prop
(ft) (psil) (in) (bpm) (1/sec) Total Up Dn Prop Fraction (PSF)

30 1231 0.25 10.6 32 207 92 47 206 0.02 0.72
30 1226 0.22 10.4 38 205 92 47 203 0.02 0.64
150 1221 0.22 10.1 38 205 92 46 204 0.02 0.78
210 1216 0.23 9.8 38 188 92 31 186 0.02 0.66
270 1210 0.23 9.7 38 188 90 31 188 0.02 0.79
330 1205 0.23 9.5 37 188 90 31 188 0.01 0.78
390 1201 0.23 9.3 36 188 90 31 188 0.01 0.77
450 1195 0.23 9.0 34 184 91 31 176 0.01 0.53
510 1187 0.21 8.8 42 172 90 31 151 0.01 0.52
570 1181 0.21 8.6 41 172 77 29 167 0.01 0.47
630 1174 0.21 8.3 41 172 77 27 168 0.01 0.46
690 1166 0.17 8.1 60 172 79 29 164 0.01 0.39
750 1158 0.13 7.9 102 172 88 31 154 0.01  0.31
810 1149 0.14 7.8 92 155 61 26 144 0.01 0.30
870 1141 0.15 7.6 88 149 60 26 134 0.01 0.27
924 1133 0.15 7.5 88 149 57 24 138 0.01 0.26
978 1126 0.15 7.4 85 145 59 25 128 0.01 0.27
1052 1116 0.15 7.2 85 145 58 24 130 0.01 0.23
1127 1106 0.13 7.0 118 132 57 24 106 0.00 0.18
1183 1097 0.13 6.9 118 132 47 19 121 0.00 0.15
1240 1088 0.13 6.8 117 132 46 18 123 0.00 0.15
1299 1079 0.13 6.7 117 132 47 19 120 0.00 0.12
1357 1071 0.13 6.5 117 132 48 20 118 0.00 0.11
1417 1060 0.13 6.4 116 132 48 20 119 0.00 0.07
1477 1048 0.12 6.2 114 132 48 20 119 0.00 0.00
1537 1037 0.12 6.1 114 132 48 20 119 0.00 0.00
1597 1037 0.12 6.0 112 132 49 20 119 0.00 0.00
1657 1026 0.12 5.7 115 132 48 20 119 0.00 0.00
1717 1014 0.11 5.4 122 130 47 19 117 0.00 0.00
1777 1002 0.11 5.1 127 128 46 18 116 0.00 0.00
1837 990 0.10 4.8 123 127 45 18 115 0.00 0.00
1897 977 0.10 4.5 137 125 43 17 113 0.00 0.00
1957 965 0,09 4.2 145 122 42 16 111 0.00 0.00
2017 953 0,09 3.8 149 122 40 16 111 0.00 0.00
2077 943 0.08 3.4 163 119 39 15 109 0.00 0.00
2137 836 0.07 3.0 183 117 38 14 107 0.00 0.00
2197 1014 0.07 2.4 181 112 34 12 102 0.00 0.00
2257 810 0.03 1.2 712 97 25 7 S0 0.00 0.00
2317 708 0.03 1.0 711 73 10 0 67 0.00 0.00
2377 606 0.02 0.9 831 72 4 0 72 0.00 0.00
2437 471 0.02 0.7 1128 72 4 0 72 0.00 0.00
2497 316 0.01 0.6 1908 72 4 0 72 0.00 0.00
2569 222 0.01 0.4 2676 72 4 0 72 0.00 0.00

138



l FLUID SUMMARY * At End of Pumping Schedule I
I MWX-1, MAIN FRAC TREATMENT, PALUDAL I

| Stage Fluid Prop Pos Concentration Fl Vol Ex Tim Temp Visc Fall]

INo Gone ID ID (£t) In Now Desgn (MGal) (min) (deg F) (cp) Fracl|
b e e e e o [
I 1 1 5 1 2610 0.0 0.0 0.0 0.2 6.7 200 3 0.00}
| 1 1 5 1 2610 0.0 0.0 0.0 0.3 9.3 200 3 0.00]
| 1 1 5 1 2610 0.0 0.0 0.0 0.4 16.5 200 3 0.00]
|1 1 5 1 2610 0.0 0.0 0.0 0.6 18.3 200 2 0.00]
I 1 1 5 1 2610 0.0 0.0 0.0 0.9 26.6 200 2 0.00}
I 1 1 5 1 2610 0.0 0.0 0.0 1.1 30.3 200 2 0.00]
[ 1 1 5 1 2610 0.0 0.0 0.0 1.4 41.2 200 1 0.00]
| 2 1 1 1 2610 0.0 0.0 0.0 1.7 49.7 200 21 0.00]|
| 2 1 1 1 2610 0.0 0.0 0.0 2.0 57.8 200 21 0.00}
| 2 1 1 1 2610 0.0 0.0 0.0 2.5 66.8 200 22 0.00}|
| 2 1 1 1 2610 0.0 0.0 0.0 2.9 81.2 200 23 0.00]
| 2 1 1 1 2610 0.0 0.0 0.0 3.5 82.4 200 23 0.00]
I 2 0 1 1 2527 0.0 0.0 1.0 4,1 82.4 200 23 0.00]
| 2 0 1 1 2340 0.0 0.0 3.0 4.9 76.4 200 36 0.00]
b2 0 1 1 2150 0.0 0.0 3.9 5.6 73.2 200 61 0.00]
[ 3 0 1 1 2159 0.0 0.0 4.0 5.6 73.2 200 59 0.00]
| 4 0 1 1 2110 0.0 0.0 4.2 6.8 67.7 200 60 0.00]
| 4 0 1 1 2017 0.0 0.0 4.4 7.9 67.7 200 62 0.00}
| 4 0 1 1 1938 0.0 0.0 4.5 8.9 58.8 200 63 0.00]
(- 0 1 1 1903 0.0 0.0 4.6 8.9 58.8 200 64 0.00]
| 6 0 1 1 1842 0.0 0.0 4.6 10.8 58.8 200 65 0.00]
| 6 0 1 1 1738 0.0 0.0 4.8 12.3 54.8 200 66 0.00]
| 7 0 1 1 1695 0.0 0.0 4.8 12.3 54.8 200 €7 0.00]
| 8 0 1 1 1609 0.0 0.0 4.9 15.3 44.0 200 68 0.00]
| 8 0 1 1 1474 0.0 0.0 5.0 17.1 41.4 200 68 0.00]
| 9 0 2 1 1353 1.5 1.6 5.1 19.7 33.7 200 60 0.14|
[10 0 2 1 1261 2.0 2.2 5.1 20.5 31.2 200 60 0.14]
[10 0 2 1 1174 2.0 2.1 5.1 23.0 26.1 200 60 0.12]
|10 0 2 1 1082 2.0 2.1 5.2 24.1 20.7 200 66 0.10]
11 0 2 1 1011 3.0 3.2 5.2 26.2 18.1 200 67 0.10]|
[11 0 2 1 919 3.0 3.1 5.2 28.4 12.2 200 67 0.07]|
|11 0 2 1 845 3.0 3.1 5.3 29.7 9.3 200 €7 0.06]|
[12 0 2 1 802 4.0 4.2 5.3 30.4 6.4 200 67 0.06]
112 0 2 1 750 4.0 4.1 5.3 32,2 0.0 200 69 0.05]
112 0 2 1 682 4.0 4.1 5.3 34.1 0.0 183 80 0.05]
[12 o 2 1 628 4.0 4.1 5.3 35.9 0.0 101 88 0.04|
112 0 2 1 581 4.0 4.1 5.3 37.6 0.0 99 87 0.04]|
[12 0 2 1 532 4.0 4.1 5.4 39.5 0.0 96 87 0.03]|
112 0 2 1 485 4.0 4.1 5.4 41.3 0.0 94 90 0.03}
[12 0 2 1 443 4.0 4.1 5.4 43.0 0.0 92 94 0.03]
113 0 3 1 423 5.5 5.6 5.4 43.1 0.0 92 66 0.04|
113 0 3 1 399 5.5 5.6 5.4 45.1 0.0 90 65 0.03]
113 ¥ 3 1 355 5.5 5.6 5.4 46.9 0.0 88 65 0.03|
13 0 3 1 312 5.5 5.6 5.4 48.8 0.0 86 65 0.03|
113 0 3 1 264 5.5 5.6 5.4 51.0 0.0 83 65 0.02]|
[13 0 3 1 215 5.5 5.6 5.4 53.1 0.0 80 65 0.02]
[13 0 3 1 lé8 5.5 5.5 5.5 55.1 0.0 78 66 0.01]
[13 0 3 1 123 5.5 5.5 5.5 57.2 0.0 76 67 0.01]
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71
71

67 0.01]
71 0.00}
71 0.02]
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PROPPANT SUMMARY * At End of Pumping Schedule
MWX-1, MAIN FRAC TREATMENT, PALUDAL

e e e e o e - e e e e e B A Sl e G S e S S S W MR R e R - - e S v - - e e ma

Distance KEW Proppant Concentration (lb/sq foot)
(£t) (md-ft) Prop 1D--> 1 2
30 431 0.50 0.20
90 283 0.60 0.00
150 350 0.80 0.00
210 290 0.70 0.00
270 351 0.80 0.00
330 347 0.80 0.00
390 344 0.80 0.00
450 2217 0.50 0.00
510 224 0.50 0.00
570 198 0.50 0.00
630 194 0.50 0.00
690 160 0.40 0.00
750 124 0.30 0.00
810 120 0.30 0.00
B70 106 0.30 0.00
924 100 0.30 0.00
378 106 0.30 0.00
1052 85 0.20 0.00
1127 61 0.20 0.00
1183 50 0.20 D.00
1240 47 0.10 0.00
1299 34 0.10 0.00
1357 30 0.10 0.00
1417 9 0.10 0.00
1477 0 0.00 0.00
1537 0 0.00 0.00
1597 0 0.00 0,00
1657 0 0.00 0.00
1717 0 0.00 0.00
1777 0 0.00 0.00
1837 0 0.00 0.00
1897 0 0.00 0.00
1957 0 0.00 0.00
2017 0 0.00 0.00
20717 0 0.00 0.00
2137 0 0.00 0.00
2197 0 0.00 0.00
2257 0 0.00 0.00
2317 0 0.00 0.00
2311 0 0.00 0.00
2437 0 0.00 0.00
2497 0 0.00 0.00
2569 0 0.00 0.00

——— .  — ———— — ——— . — e G B oA e - e - - " S (o S s W A Bt e o v S

Average Conductivity (md-£ft) ....
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PROPPANT SUMMARY * At Fracture Closure
MWX-1, MAIN FRAC TREATMENT, PALUDAL

Distance KEW Proppant Concentration (lb/sq foot)
(£t) (md-£t) Prop ID--> 1 2
30 376 0.40 0.20
90 254 0.60 0.00
150 318 0.70 0.00
210 235 0.50 0.00
270 287 0.60 0.00
330 284 0.60 0.00
390 282 0.60 0.00
450 228 0.50 0.00
510 203 0.50 0.00
570 127 0.30 0.00
630 130 0.30 0.00
690 154 0.40 0.00
750 174 0.40 0.00
810 228 0.50 0.00
870 180 0.40 0.00
924 151 0.40 0.00
978 144 0.30 0.00
1052 138 0.30 0.00
1127 125 0.30 0.00
1183 82 0.20 0.00
1240 78 0.20 0.00
1299 73 0.20 0.00
1357 62 0.20 0.00
1417 49 0.20 0.00
1477 46 0.10 0.00
1537 39 0.10 0.00
1597 25 0.10 0.00
1657 6 0.10 0.00
1717 0 0.00 0.00
17717 0 0.00 0.00
1837 0 0.00 0.00
1897 0 0.00 0.00
1957 0 0.00 0.00
2017 0 0.00 0.00
20717 0 0.00 0.00
2137 0 0.00 0.00
2197 0 0.00 0.00
2257 0 0.00 0.00
2317 0 0.00 0.00
23717 0 0.00 0.00
2437 0 0.00 0.00
2497 0 0.00 0.00
2569 0 0.00 0.00
2640 0 0.00 0.00
Average Conductivity (md-£t) ..... casrerass e 160
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MAIN FRACTURE TREATMENT, FORCING SCREEN-OUT AT 50 MIN.
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MWX-1, MAIN FRAC TREATMENT, PALUDAL

Input Data
Well Data
Depth (ft)....... tedecerisensaasasss 1076,
Perforated Height (ft) ce e ces e e 68.
Reservoir Pressure (p51) - V1 ¢ 1
Closure Pressure (psi)....sevss..... 5890,
Formation Data
Fracture Height (ft)..... ceras e esan 72.
Fluid Loss Height (ft)......0cvevu 55.
Modulus (e6 psi)........ teeess et 4.5
Fluid Data
Loss Coefficient (ft/sg root min)... .0001
Spurt Loss (gal/l00 sq £t).......... .00
Viscosity (cp)
at wellbOre ..ivivviierionaninrnnns 148,
at formation temperature ......... 50.
at fracture Lip .t 30.
N-Prime ..iceieesasvonaossasasanss .50
Proppant Fall Cozrectlon ........... .50
Proppant Data (Prop Type No 1)
Mesh .....iiiiennnas Ceaeann criessavas 20740
Specific Gravity ...... cees et eaan 2.65
KiW (md-ft at 2 1lb/sg ft) ........... 2000,
Max Exposure Time to Reservoir Temperature ... 47.5%5 min
Pad Fluid Loss Rate .......... Ce e e 1.2 bpm
Stage sl Vol Fl Vol Prop Conc Rate Fluid Prop Pump Time
(M Gal) (M Gal) (PPG) {(bpm) Code Code (min)
1 1.5 1.5 .0 15.0 5 1 2.4
2 4.3 4.3 .0 15.0 1 1 6.9
3 .0 .0 .0 .2 1 1 1.2
4 4.0 4.0 .0 15.0 1 1 6.3
5 .0 .0 .0 .2 1 1 1.2
6 4.0 4.0 .0 15.0 1 1 6.3
7 .0 .0 .0 .2 1 1 1.2
8 5.9 5.9 .0 15.0 1 1 9.4
9 3.2 3.0 1.5 21.0 2 1 3.6
10 5.5 5.0 2.0 21.0 2 1 6.2
11 6.8 6.0 3.0 21.0 2 1 7.7
12 16.5 14.0 4,0 21.0 2 1 18.7
13 22.5 18.0 5.5 21.0 3 1 25.5
14 1.2 1.0 5.5 21.0 3 2 1.4

Total Fluid Volume is 66.8 M—-gal
Total Prop Volume 1is 193.0 M-lbs
Gross Average Concentration is 2.9 1lb/gal
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kxkkx% Helght Growth **x*%

Net Pressure Height Height Height
(psi) (£t) Up Down
100 68. 0. 0.
581 72, 4. 0.
692 80. 12, 0.
693. 87. 16. 3.
1144, 155, 61. 26.
1145, 179. 85. 26,
1146, 182 88. 26.
1147. 188 89. 31,
1213 191 92. 31.
1214 206 92. 46,
1690 267. 99. 99.
1691. 572. 99 404.
1692, 629 99 461,
9993 639 104 466,
Proppant No. 1, 20- 40 ottawa_Snd
Stress (M psi) ...co..un 0 2 4
Conductivity (d-£ft) .... 4.60 4,00 2.70
Proppant No. 2, 12~ 20 Ottawa_5nd
Stress (M psi) ....... . 0 2 4
Conductivity (d-£t) .... 16.00 13.00 6.50
Fluid No. 5 , APOLLO
At Reservolir Aft
Wellbore Temperature 1
Viscosity (cp) ... 20, 10. 1,
N' et . .70 .76 .95
Fluid No. 1 , APOLLO
At Reservolir Aft
Wellbore Temperature 1
Viscosity (cp) 92. 89. 85,
n' s .52 .56 .60
Fluid No., 2 , APOLLO
At Reservoir Aft
Wellbore Temperature 1
Viscosity (cp) ... 74. 72. 70.
n' ....... .o .63 .66 .69
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Cs 033
9.100 123 0. 0.
7.347 156 4, 0.
3.652 .273 9. 0.
3.629 277 13. 3.
1.510 859 50. 26,
1.611 .723 85. 26.
1.463 619 85. 26.
1.499 .753 89. 31.
1.238 808 89. 31.
1.291 1.016 92, 46.
.658 4.169 99. #66.
422 7.466 99. 404,
.329 10.439 99. 461.
329 10.439 102. 464.
, Sp.Gx. 2.65, Dmg .70
8 16
.68 .05
; 8p.Gr. 2.65, Dmg .70
8 16
1.30 .05
Sp. Gr. 1.04 Quality 0
er Exposure of {hrs)
2 4 8
1. 1. 1.
.95 .95 95
Sp. Gr. 1.04 Quality O
er Exposure of (hrs)
2 4 8
82. 717. 66.
.64 .71 .85
Sp. Gr. 1.04 Quality O
er Exposure of (hrs)
2 4 8
£8. 64. 57.
.72 .77 88



Fluid No. 3, apraLLe Bp, ¢¥, 1.04 uality 0

- Wb Y W T S e e e W P W S e S M B B Sar S i R M e M e S M M M P Ty S e G e e M M S AR e S e b et e A S e M A MR e B WA e S e A em A e W

At Reservoir After Exposure of (hrs)

Wellbore Temperature 1 2 4 8
Viscosity (cp) ... 55. 50. 45, 38. 5. 5.
n' L., . .72 17 ' .87 .89 .97 .97
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Time History * NSI STIMPLAN 3-D Fracture Simulation
M¥X-1, MAIN FRAC TREATMENT, PALUDAL

- — - — - — S T A At e e A e P S M S M e . R S S A S e St . = —

Pen
(£t)

948.
1008.
1068.
1095,
1097.
1157.
1209.
1210.
1270.
1327.
1387.
1447.
1507.
1567.
1627.
1687.
1687.
1687,
1687,
1687.
1687
1687,
1687.
1687.
1687.
1687,
1687.
1687.

Pres
(psi)

710,

Rate
(bpm)

e o a « o e e o e s & e o s e = e » o o
OO OOOO0OO0OODCDOOODO0OO0OOCOOOOONNOONOOOMNOODODOOOODDODOOOD OO

Prop
(PPG)

N B WWN N
e s o s e s e o

e e « o o s s ® s s e s e e s e e o e e » e
OO O0OO0OOODOOUVMMUNOOOOODOOUIODODODOOODODDODODOODODODOLOLOODOOLOODLODOOOOO

81 Vol
(MGal)

=
W awWwW

[\S I 8]
~1

B JEN JEN BENE BN BE B B BE BES BE-2 Y 82 REZN JR OV JY OV JY OV ]
vmooogoouvnunndga P oo wH

[
NWOWLOURIUNUUNEWNNOONREPRP -

. e » o & o e e = e s s ®
IO I I I I IONINNO0OIOANOHEOOWTITOVLVNVYUINVOURRREHEOIWOWOIO IR WOWOWO

Eff-

Loss

ciency (bpm)

.70
.64
.63
.65
.67
.69
.70
.12
.73
.74
.75
.76
.11
.79
.19
.78
.80
.82
.83
.82
.84
.84
.84
.86
.86
.88
.88
.89
.89
.89
.89
.92
.93
.94
.67
.62
.57
.52
.47
.43
.38
.35
.35

PHEREPRPRERPORRNDODRDRODNODNDNDNDN -

O el T Ty Ty ey
RPRPRPRPPRPRMEPRPRONNOORONBWWWNODNNOLVWWOLWWAAONONNDTOVORFRPRNEFPEPNNRPPHRPEMHRPEPEPOO W

Hght
(£t)
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GEOMETRY SUMMARY * At End of Pumping schedule
MWX-1, MAIN FRAC TREATMENT, PALUDAL

Dstnce Press W-Avg Q Sh-Rate Hght Bank Prop
(£t) (psi) (in) (bpm) (l/sec) (£t) Fraction (PSF)

S St Ut o = S T S ot e = T A M Sl e = A . e W o on e = o e o

30. 3551. .67 10.5 4 188. .01 2.31
90. 3551. .68 8.6 4 186. .01 1.91
150. 3550 .66 6.8 4 155. .01 1.78
210. 3550 .62 5.4 3. 152. .01 1.33
270. 3550 .62 4.0 3 152, .01 1.31
330. 3550 .62 2.6 2 151. .00 1.04
390. 3550 .60 1.3 1 150. .01 .66
450. 1126 .17 .0 83. 142, .00 00
510. 1114 14 8.8 134. 129, 00 .00
570 1102 .14 8.6 134 129. 00 00
630. 1089, .13 8.5 135 129, .00 00
690. 1076 13 8.3 136. 129. .00 00
750. 1061 12 8.2 162, 124, 00 .00
810. 1046 12 7.7 158 124, 00 00
870 1031 12 7.3 153 124. 00 00
924, 1017 .12 6.8 148. 124, 00 00
978. 1003 11 6.5 149, 123. 00 00
1052. 980 11 5.8 153 120. 00 00
1127, 948 08 4.7 236 101. .00 .00
1183. 918 08 4.1 219 101. 00 00
1240. 888 08 3.5 204, 101. 00 00
1299. 848 07 2.8 236. 92. 00 00
1357, 781 03 1.4 671. 73. 00 00
1417, 687 03 1.2 861. 12. 00 00
1477. 571 02 1.0 1078. 72. 00 00
1537. 429 02 .8 1560. 72. 00 00
1597. 282 01 .6 2746. 72. 00 00
1657. 164 01 .4 4044. 72. 00 00
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FLUID SUMMARY * At End of Pumping Schedule
MWX-1, MAIN FRAC TREATMENT, PALUDAL

!

| Stage Fluid Prop Pos Concentration Fl Vol Ex Tim Temp Visc Falll
INo Gone 1ID ID (£ft) In Nowv Desgn (MGal) (min) (deg F) (cp) Fracl
b= e e e e e e e - |
| 1 1 5 1 1687 .0 .0 .0 .2 6.7 200 3. 00|
|1 1 5 1 1687 .0 .0 .0 .3 9.3 200, 3. .00]
I 1 1 5 1 1687 .0 .0 .0 .5 16.5 200 3. 00|
| 1 1 5 1 1687 .0 .0 .0 .6 18.3 200 2. 00|
1 1 5 1 1687 .0 .0 .0 .9 26.6 200 2. 00|
I 1 1 5 1 1687, .0 .0 .0 1.1 30.3 200 2. 00|
I 1 1 5 1 1687 .0 .0 .0 1.4 41.2 200, 1. .00}
| 2 1 1 1 1687 .0 .0 .0 1.7 47.1 200 20, .00}
| 2 0 1 1 1670 .0 .0 .0 2.0 47.5 200 20. 00|
I 2 0 1 1 1598 .0 .0 .0 2.4 46,1 200 20. 00|
| 2 0 1 1 1483. .0 .0 .0 2.8 43.2 200 27. .00|
| 2 0 1 1 1365. .0 .0 .0 3.4 41.0 200, 39. .00]|
| 2 0 1 1 1277 .0 .0 .0 3.9 41.0 200, 51. .00/
| 2 0 1 1 1208 .0 .0 .0 4.7 34.9 200 5Z2. .00]
|2 0 1 1 1136 .0 .0 .0 5.3 31.8 200 50. .00|
| 3 0 1 1 1105, .0 .0 .0 5.3 31.8 200 50. .00|
| 4 0 1 1 1065 .0 .0 .0 6.5 26.2 200 59. .00}
| 4 0 1 1 987 .0 .0 .0 7.1 26.2 200 60. .00]
| 4 0 1 1 919 .0 .0 .0 8.7 17.4 200 60. .00]|
[ 5 0 1 1 888 0. .0 .0 8.7 17.4 200 60. .00}
| 6 0 1 1 830. .0 .0 .0 10.6 17.4 200 59. .00]
| 6 0 1 1 731 .0 .0 ) 12.0 13.3 200 60. .00]|
I 7 0 1 1 690 .0 .0 .0 12.0 13.3 200 63. .00]
| 8 0 1 1 606 .0 .0 .0 15.1 2.6 200 63. .00|
| 8 0 1 1 482 .0 .0 .0 16.9 .0 200, 71. .00]
[ 9 1 2 1 396, 1.5 44.1 .0 20,1 .0 119 74, .00]|
110 0 2 1 381 2.0 .0 5.5 21.0 .0 200. 266. 1.00]
|10 0 2 1 398 2.0 1.9 5.9 23.4 .0 200 267. .06]
|10 0 2 1 376. 2.0 1.9 5.9 24.5 .0 200, 268. .05]
[11 0 2 1 358. 3.0 2.8 6.0 26.5 .0 200 269, .05}
111 0 2 1 333. 3.0 2.8 6.0 28.7 .0 200 270. .04}
111 0 2 1 314. 3.0 2.8 6.0 29.9 .0 200 271. ,04]
|12 0 2 1 303. 4.0 3.7 6.0 30.6 .0 200 272. .04
f12 0 2 1 289, 4.0 3.7 6.0 32,3 .0 200 246. .03]
112 0 2 1 219. 4.0 3.7 6.1 42.17 .0 200. 226. ,03]
113 0 3 1 114. 5.5 5.5 5.5 53.3 .0 137 119. .02]
{13 0 3 1 38. 5.5 5.5 5.5 60.9 .0 82 109. .01|
114 0 3 2 4. 5.5 5.5 5.5 61.9 .0 79 108. .03}
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AEk*k proppant Summary SAAAN
At End of Pumping Schedule
MWX-1, MAIN FRAC TREATMENT, PALUDAL

Distance KEW Proppant Concentration (lb/sq ft)
(ft) (md-£t) Prop ID Code --> 1 2

- — - —— A v S . G . ey W — i — — ———  — a— — i ——

270. 465.
330. 364.
390. 224.
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51o0.
570.
630.
690.
750.
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870.
924.
978.
1052,
1127,
1183,
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1299.
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1417.
1477,
1537.
1597,
1657,
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¥kx %% Average Conductivity is 543, md-ft *kx%x
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kk%%%* Proppant Summary *x*x%
At Fracture Closure
MWX-1, MAIN FRAC TREATMENT, PALUDAL

Distance KEW Proppant Concentration (lb/sq £t)
{£t) (md-£%t) Prop ID Code --> 1 2

- = R e v v . D S S M S S % A e e MR e e A e S e G e et e G R M o G e - - D e AN - v e e - —
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kxkx%% Average Conductlvity is 545. md-£t **¥k%
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MAIN FRACTURE TREATMENT,

A.10

SIMULATING PROPPED LENGTH AT 50 MIN.
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Frac Summary * MWX-1, MAIN FRAC TREATMENT, PALUDAL

- — i ——— e - - At S e Rt e e N A S R e g W N M S e e T S e A e e G A M R A e e GE e Ame mmt e e A -

FLUID LOSS: Coefficient (ft/sqgrt(min)) ......... 0.0001
spurt Loss {(gal/l100 sq ft) ......... 0.00

FORMATION: Modulus (MM psi) ........ 4,50
Fracture Height (£ft) .......oc. 0. 72.0

Fluld Loss Height (ft) ....... feeans 55.0

Perforated Height (ft) ....... e 68.0
TEMPERATURE:Bottom Hole (deg F) ..vieivranananns 200
PRESSURE: Reservoir Pressure (psi) ........... 5200.0
~ Closure Pressure (PS1l) tiiviieeienanns 5890.0

DEPTH: Well Depth (£ft) ....... C e et e s e . 7076

FROMATION LAYER DATA:

Depth Stress at Top Stres Grad Modulus Toughesss
6952 6520.0 0.000 4.50 1.00
6969 8120.0 0.000 4.50 1.00
6992 6240.0 0.000 4.50 1.00
7015 7275.0 0.000 4.50 1.00
7049 7300.0 0.000 4.50 1.00
7057 6800.0 0.000 4.50 1.00
7072 58%0.0 0.000 4.00 1.00
7104 7660.0 0.000 4.00 1.00
7116 6410.0 0.000 4,00 1.00
7147 7000.0 0.000 4.50 1.00
7165 8000.0 0.000 4.50 1.00
7175 6800.0 0.000 4.50 1.00
7190 8420.0 0.000 4.590 1.00
7201 7300.0 0.000 4.50 1.00
7242 6360.0 0.433 4.50 1.00

Fluid Pressure Gradient (p51/ft) ............... 0.433

Fracture Top (ft) ...... Ce i c st e e 7076

Fracture Bottom (£ft) .. ei vt iinertcernacrsananans . 7144

Design Data

Calculated Results from 3-D Simulator
STIMPLAN (TM) , NSI , Tulsa,OkK
Licensed To: Internal Use -~ NSI Technologies

—— . L — o m me e v S . S . e et e

1/2 LENGTH: 'Hydraulic' length (£t) ..... veeesse 1B1l6
: Propped length (£ft) ...eierieecernnen 480
PRESSURE: Max Net Pressure (psi) ......... sesa 1173
TIME: Max Exposure to Form. Temp. (min) .. 43.9

Time to Close (min) .......0cvicann . 2169.6
RATE: Fluid Loss Rate during pad (bpm) . 1.2
EFFICIENCY: at end of pumping schedule ......... 0.89
PROPPANT: Average In Situ Conc. (#/sg £t) .... 0.2

Average Conductivity (md-ft) ...... . 70
HEIGHT: Max Fracture Height (ft) ..... cacaea 188
WIDTH: Avg width at end of pumping (in) ... 0.1l1
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| STIMPLAN (TM). NSI Technologies, Tulsa, OK I
I Licensed To: Internal Use - NSI Technologies I

|WELL ID:

IM¥X-1, MAIN FRAC TREATMENT, PALUDAL |

|DEPTH: Well Depth (££) vt iniiineenrnnenns . 7076 |

|[PRESSURE: Reservoir Pressure (psi) .....cieiuanan 5200 |

| Closure Pressure (psSi) ...iviiiineevnns 5890 |

| TEMPERATURE: Bottom Hole Temperature (deg F) ....... 200 |
|

| ** pumping Schedule **

| 51 Vol Fl Vol Conc Rate Fluid Prop Pump Time
| (Mgal) (Mgal) (ppg) (bpm) Type Type (min)

[ = e e e e e e e e e e e |

—_—— —

I 1.5 1.5 0.0 15.0 5 1 2.4 |
| 4,3 4.3 0.0 15.0 1 1 6.9 |
| 0.0 0.0 0.0 0.2 1 1 1.2 I
| 4.0 4.0 0.0 15.0 1l 1 6.3 |
I 0.0 0.0 0.0 0.2 1 1 1.2 I
I 4.0 4.0 0.0 15.0 1 1 6.3 I
| 0.0 0.0 0.0 0.2 1 1 1.2 |
[ 5.9 5.9 0.0 15.0 1 1 9.4 I
| 3.2 3.0 1.5 21.0 2 1 3.6 |
I 5.5 5.0 2.0 21.0 2 1 6.2 I
I 4.8 4.2 3.0 21.0 2 1 5.4 |
e e P I
| Total Slurry .... 33.2 Total Fluid .... 32.0 |
I Total Proppant . 27.1 Avg., CONC +eeeen 0.8 I
I I
| Proppant ID No, 1 20- 40 Ottawa_Snd ]
[ mm s e e e e I
Specific Gravity .. ittt anerinnnaan 2.65
'Damage Fackor' ..ttt eretenerinenaannsnanns 0.70

I I
I I
| Closure Pres (Mpsi) 0 2 4 8 16 |
| KEW @ 2 #/sq £t (md-£ft) 4600 4000 2700 680 50 I
I |

non-Newtonian n' .... 0.70 0.76 0.95 0.95 0.95 0.95]
[

[ Fluid ID No. 5 APOLLO |
R |
| Specific Gravity ...ttt ittt i, 1.04 |
| @Welbor @Formep @1Hr @2Hr @4Hr @8Hr|
| vis (cp @ 170 1l/sec) . 20 10 1 1 1 1]
|

I
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Fluid ID No. 1 APOLLO |

Specific Gravity ..... b e e Ceee e 1.04 |
@Welbor @FormTmp @1Hr @2Hr @4Hr @8Hr|
vis (cp @ 170 l/sec) . 92 89 85 82 717 66 |
non-Newtonian n' .... 0.52 0.56 0.60 0.64 0.71 0.85]
|
Fluid ID No. 2 APOQOLLO |
______________________________________________________________ |
Specific Gravity ...t Che e 1.04 I
@Welbor @FormTmp @lHr @2Hr @4Hxr @8Hr|
vis (cp @ 170 1/sec) . 74 72 70 68 64 57|
non-Newtonian n' .... 0.63 0.66 0.69 0.72 0.77 0.88]
|
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| Time Hlstory * NSI STIMPLAN 3-D Fracture Simulation
| MWX-1, MAIN FRAC TREATMENT, PALUDAL

| Time Pen Pres Rate Prop S1 Vol BEBff- Loss Hght W-Avg
| (min) (£t) (psi) (bpm) (PPG) (MGal) ciency (bpm) (ft) (in)

| 0.3 120 588 15.0 0.0 0.2 0.70 1.3 72 0.01
| 0.5 180 581 15.0 0.0 0.3 0.64 1.8 72 0.01
| 0.7 240 620 15.0 0.0 0.4 0.63 2.0 72 0.01
I 1.0 300 672 15.0 0.0 0.6 0.65 2.0 73 0.02
| 1.4 360 714 15.0 0.0 0.9 0.67 2.1 77 0.02
| 1.8 420 725 15.0 0.0 1.1 0.69 2.1 79 0.02
| 2.2 480 748 15.0 0.0 1.4 0.70 2.1 90 0.02
I 2.7 540 736 15.0 0.0 1.7 0.72 2.1 90 0.02
| 3.2 600 815 15.0 0.0 2.0 0.73 2.2 98 0.02
| 3.9 660 809 15.0 0.0 2.5 0.74 2.1 99 0.03
| 4.6 720 809 15.0 0.0 2.9 0.75 2.2 112 0.03
| 5.6 780 .857 15.0 0.0 3.5 0.76 2.1 112 0.03
| 6.5 840 957 15.0 0.0 4.1 0.77 2.0 121 0.03
| 8.1 900 920 15.0 0.0 5.1 0.79 1.9 121 0.04
I 9.3 943 986 15.0 0.0 5.9 0.79 1.7 127 0.04
| 10.5 948 856 0.2 0.0 5.9 0.78 1.3 127 0.04
| 12.7 1008 983 15.0 0.0 7.3 0.80 1.6 127 0.04
I 14.9 1068 1062 15.0 0.0 8.7 0.82 1.6 138 0.04
| 16.8 1095 915 15.0 0.0 9.9 0.83 1.3 138 0.05
| 18.0 1097 907 0.2 0.0 9.9 0.82 0.9 138 0.05
| 21.6 1157 1037 15.0 0.0 12.2 0.84 1.3 138 0.06
| 24.4 1209 1097 15.0 0.0 13.8 0.84 1.3 144 0.06
| 25.5 1210 952 0.2 0.0 13.9 0.84 0.9 144 0.06
| 31.5 1270 1073 15.0 0.0 17.7 0.86 1.2 144 0.08
| 35.0 1327 1133 15.0 0.0 19.9 0.86 1.2 150 0.08
| 39.7 1387 1103 21.0 1.5 24.0 0.88 1.2 150 0.09
| 43.1 1447 1173 21.0 2.0 27.0 0.88 1.3 188 0.08
| 47.7 1507 1049 21.0 2.0 31.1 0.89 1.3 188 0.10
| 50.2 1556 1102 21.0 3.0 33.3 0.89 1.3 188 0.11
| 54.1 16lé6 1036 0.0 0.0 33.3 0.88 1.3 188 0.11
[ 141.6 1616 932 0.0 0.0 33.3 0.79 0.6 188 0.09
| 292.6 1616 829 0.0 0.0 33.3 0.71 0.4 188 0.08
| 502.1 1616 725 0.0 0.0 33.3 0.62 0.3 188 0.07
| 766.5 1616 621 0.0 0.0 33.3 0.53 0.3 188 0.06
|1080.1 1616 518 0.0 0.0 33.3 0.45 0.2 188 0.05
|1433.4 1616 414 0.0 0.0 33.3 0.37 0.2 188 0.04
11814.7 1616 311 0.0 0.0 33.3 0.29 0.2 188 0.03
12219.8 1616 207 0.0 0.0 33.3 0.22 0.1 188 0.03
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GEOMETRY SUMMARY * At End of Pumping Schedule
MWX-1, MAIN FRAC TREATMENT, PALUDAL

Dstnce Press W-Avg Q Sh-Rate ------ Hght (ft)------- Bank Prop
(£t) (psi) (in) (bpm) (1/sec) Total Up Dn Prop Fraction (PSF)

N AR M e S i 00 e e e e S G e e e e GED T M S SRS WR M M S R M A W S et e W G TR e S e A S = e e A G R MR e A = wm - M e wm m wn S ——

30 1099 0.21 10.4 47 188 89 31 187 0.00 0.43
90 1092 0.21 9.6 44 186 89 31 183 0.00 0.31
150 1086 0.20 9.0 53 155 61 26 143 0.00 0.25
210 1080 0.19 8.4 58 152 60 26 138 0.00 0.23
270 1074 0.19 7.9 55 152 59 25 141 0.00 0.18
330 1068 0.19 7.3 52 151 58 25 140 0.00 0.07
390 1060 0.18 6.8 52 150 57 24 139 0.00 0.00
450 1052 0.16 6.3 65 142 56 24 127 0.00 0.00
510 1041 0.13 5.8 103 129 55 23 103 0.00 0.00
570 1029 0.13 5.5 99 129 44 18 119 0.00 0.00
630 1017 0.12 5.2 95 129 43 17 120 0.00 0.00
690 1006 0.12 4.8 91 129 46 13 116 0.00 0.00
750 892 0.11 1.4 111 121 48 20 8S 0.00 0.00
810 977 0.11 4.1 106 121 38 15 114 0.00 0.00
870 962 0.11 3.8 101 121 41 16 109 0.00 0.00
924 949 0.11 3.4 94 121 38 15 114 0.00 0.00
978 $33 0.09 3.1 115 115 38 15 102 0.00 0.00
1052 901 0.07 2.8 166 111 35 13 100 0.00 0.00
1127 787 0.05 2.3 407 83 24 7 63 0.00 0.00
1183 755 0.04 1.6 436 83 15 2 78 0.00 0.00
1240 718 0.03 1.2 766 83 13 2 79 0.00 0.00
1299 637 0.02 1.0 850 73 6 0 71 0.00 0.00
1357 525 0.02 0.9 1058 72 4 0 72 0.00 0.00
1417 388 0.02 0.7 1571 72 4 0 72 0.00 0.00
1477 253 0.01 0.5 2776 72 4 0 72 0.00 0.00
1532 132 0.01 0.4 7132 72 4 0 72 0.00 0.00
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| FLUID SUMMARY * At End of Pumping Schedule |
| MWX~1, MAIN FRAC TREATMENT, PALUDAL |

| stage Fluid Prop Pos Concentration F1 Vol Ex Tim Temp Visc Fall|
|[No Gone 1ID ID (f£t) In Now Desgn (MGal) (min) (deg F) (cp) Fracl

i1 1 5 1 1556 0.0 0.0 0.0 0.2 6.7 200 3 0.00
[ 1 1 5 1 1556 0.0 0.0 0.0 0.3 9.3 200 3 0.00
I 1 1 5 1 1556 0.0 0.0 0.0 0.4 16.5 200 3 0.00
I 1 1 5 1 1556 0.0 0.0 0.0 0.6 18.3 200 2 0.00
| 1 1 5 1 1556 0.0 0.0 0.0 0.9 26.6 200 2 0.00
Pl 1 5 1 1556 0.0 0.0 0.0 1.1 30.3 200 2 0.00
[ 1 1 5 1 1556 0.0 0.0 0.0 1.4 41.2 200 1 0.00
| 2 1 1 1 1556 0.0 0.0 0.0 1.7 43.9 200 18 0.00
[ 2 0 1 1 1503 0.0 0.0 0.4 2.0 41,7 200 19 0.00
| 2 0 1 1 1404 0.0 0.0 1.2 2.4 40.3 200 24 0.00
| 2 0 1 1 1286 0.0 0.0 1.7 2.8 37.4 200 30 0.00
| 2 0 1 1 1175 0.0 0.0 2.3 3.4 35.2 200 39 0.00
| 2 0 1l 1 1089 0.0 0.0 2.4 3.9 35.2 200 55 0.00
| 2 0 1 1 1022 0.0 0.0 2.5 4.8 29.1 200 63 0.00
I 2 0 1 1 959 0.0 0.0 2.6 5.5 25.9 200 69 0.00
| 3 0 1 1 935 0.0 0.0 2.7 5.5 25.9 200 73 0.00
| 4 0 1 1 896 0.0 0.0 2.7 6.7 20.4 200 72 0.00
| 4 0 1 1 8§16 0.0 0.0 2.8 8.0 20.4 200 70 0.00
| 4 0 1 1 743 0.0 0.0 2.8 9.1 11.6 200 69 0.00
| 5 0 1 1 710 0.0 0.0 2.8 9.1 11.6 200 75 0.00
| 6 0 1 1 655 0.0 0.0 2.8 11.1 11.6 200 74 0.00
| 6 0 1 1 560 0.0 0.0 2.9 12.6 7.5 200 72 0.00
[ 7 0 1 1 519 0.0 0.0 2.9 12.6 7.5 200 71 0.00
| 8 0 1 1 452 0.0 0.0 2.9 15.9 0.0 200 85 0.00
| 8 0 1 1 354 0.0 0.0 2.9 17.9 0.0 138 97 0.00
9 0 2 1 279 1.5 1.5 3.0 20.7 0.0 94 79 0.03
{10 0 2 1 221 2.0 2.0 3.0 21.6 0.0 88 77 0.04
110 0 2 1 le9 2.0 2.0 3.0 24.2 0.0 84 79 0.02
|10 0 2 1 114 2.0 2.0 3.0 25.5 0.0 79 84 0.01
111 0 2 1 71 3.0 3.0 3.0 27.8 0.0 76 85 0.02
11 0 2 1 23 3.0 3.0 3.0 29.17 0.0 73 84 0.00
!
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PROPPANT SUMMARY * At End of Pumping Schedule |
MWX~1, MAIN FRAC TREATMENT, PALUDAL |

Distance KEW Proppant Concentration (1lb/sq foot) |
(£E) (md-£t) Prop ID--> 1 |
________________________________________________________ |
30 190 0.40 |

90 131 0.30 |

150 10} 0.30 |

210 91 0.20 [

270 64 0.20 |

330 9 0.10 |

390 0 0.00 ]

450 0 0.00 |

510 0 0.00 |

570 0 0.00 |

630 0 0.00 |

690 0 0.00 I

750 0 0.00 |

810 0 0.00 |

870 0 0.00 i

924 0 0.00 [

978 0 0.00 |
1052 0 0,00 |
1127 0 0.00 |
1183 0 0.00 |
1240 0 0.00 |
1299 0 0.00 !
1357 0 0.00 |
1417 0 0.00 |
1477 0 0.00 |
1532 0 0.00 I
________________________________________________________ I
Average Conductivity (md-£t) ....... S eee e 38 |
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PROPPANT SUMMARY * At Fracture Closure
MWX-1, MAIN FRAC TREATMENT, PALUDAL

——— = ———— T - T o T S ———— —— s S = A MM P e v e e = e e M

Distance KEW Proppant Concentration (lb/sq foot)

(ft) (md-ft) Prop ID--> 1
30 123 0.30
90 58 0.20

150 95 0.20
210 74 0.20
270 65 0.20
330 56 0.20
390 36 0.10
450 9 0.10
510 0 0.00
570 0 0.00
630 0 0.00
690 0 0.00
750 0 0.00
810 0 0.00
870 0 0.00
924 0 0.00
978 0 0.00
1052 0 0.00

1127 0 0.00

1183 0 0.00

1240 0 0.00

1299 0 0.00

1357 0 0.00

1417 0 0.00

1477 0 0.00

1532 0 0.00

1586 0 0.00

Average Conductivity (md-£ft) ...... i 70
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