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ABSTRACT

The Analysis of Liquid Loading Problems
in Hydraulically Fractured Gas Wells (August 1986)
Charles Edward Pietsch, B.S,, Texas A&M University

Chairman of Advisory Committee: Dr. S, A, Holditch

Liquid loading problems in hydraulieally fractured gas wells have
been investigated using a two-phase, two-dimensional computer model., A
data base from an analysis of twenty w_ells completed in the Cotton
Valley Lime was used to study the effect that certain parameters have on
long term production. The parameters which were investigated were the
effects of gas and water relative permeability, gas permeability
hysteresis, capillary pressure, and formation damage, Also, the
history-match of production data was made to verify that the model can
actually simulate the liquid loading that occurs in these twenty wells,

It has been determined that the fracture fills up with liquids
because the liquid is not efficiently removed from the wellbore. This
indicates that the fracture is merely an extension of the wellbore. The
presence of a saturated region around the fracture caused by the
imbibition of fracture fluid has very little effect on long term
production if the liquid in the wellbore is continuously removed.
Finally, the cleanup period following a hydraulic fracture treatment can
last several weeks before gas production begins. This occurs when the
irreducible gas saturation is greater than 30 percent and the fracture

fluid remains immobile around the fracture.
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INTRODUCTION

The presence of liquids in and around the wellbore of a gas well
can lead to liquid loading problems. A gas well begins to load up with
liquids when there is insufficient energy to continuously 1ift the
liquid from the wellbore, This happens when the velocity of the liquid
decreases to a value that is less than the velocity of the gas in the
wellbore, At this point, the liquid begins to produce in slugs, and
unless the well has enocugh pressure to lift the slugs of liquid out of
the wellbore, the liquid accumulates in the wellbore and severely
reduces the gas production,

Several papers have been published concerning the calculation of a

minimum or critical gas velocity.‘l_u

The minimum gas velocity is used
as a criterion to predict when a gas well will begin to load up with
liquid, Duggan‘ was the first to present an empirical method for
estimating the flow rate required to keep a gas well unloaded. However,
it was developed for a specific type of gas reservoir. Therefore, it
cannot be used as a general method for estimating the critical gas
velocity., 1In 1969 Turner, et a1.2 presented a more general method for
determining the critical gas veloecity., It considers the entrainment of
liquid drops in the gas stream as the controlling factor in removing the
liquid from the wellbore. Despite the fact that the Turner, et al.

method is more general for estimating the critical gas velocity,

This thesis follows the style of the Journal of Petroleum Technology



comparisons with field data indicates the need for more accurate
prediction ln<Jdels.3

To remove the liquid from the wellbore, the gas velocity in the
wellbore has to be increased. The two most common ways of achieving a
higher gas velocity are by decreasing the flowing tubing pressure or
decreasing the cross-sectional area of the tubing. Other methods of
lifting the liquid from the wellbore include the use of pumping units,
soap or foam injection, a liquid divertor gas-lift system, and a plunger
lift, Pumping units are mainly used in shallow, low pressure gas wells
where the liquids produced exceed 10 I!PD,5 and they are now being used
in deep gas wells with the aid of a fiberglass rod string.6 For wells
with a high water-condensate ratio, the use of soap or foam injection
has worked best at removing the liquid from the wellbore,5'7 while the
liquid divertor gas-1lift system performs best in deeper, high
abandonment pressure fj.elds.5 Finally, the plunger lift works well for
wells that are of moderate depth and have an average flow rate of 20-50
Mcf/D.5 However, all of these methods deal only with the liquid loading
in the wellbore and do not address the liquid loading problem in the
reservoir, ’

It has been observed in practice that the liquid loading problem is
not always solved by just inecreasing the gas velocity in the wellbore.
It has been hypothesized that the liquid loading problem actually
extends in to the reservoir around the fracture, The presence of a high

liquid saturated zone around the fracture could be part of the problem



and must be removed prior to experiencing any significant improvement in
well productivity.

For hydraulically fractured gas wells, both 'i‘anni\':h8 and HA':ldi't.chg
studied the effect that fracture fluid has around the fracture. Tannich
studied the effects that fracture length, fracture conductivity, and
formation permeability have on the cleanup period of a fractured well.
He combined four different models in order to investigate their effect.
These models were: (1) a two-phase, one-dimensional tubing medel, (2) a
two-phase, one-dimensional model to calculate fluid flow in the
fracture, (3) a two-phase model using Buckley-Leverett equations to
describe the flow behavior in the invaded zone around the fracture, and
(4) a two-dimensional, single-phase model for calculating gas flow in
the reservoir. 1In developing his composite model, Tannich neglected the
effects of gravity and capillary pressure, and assumed that there was no
mobile water in the reservoir, He concluded that permanent productivity
damage is not likely if the fracture conductivity is relatively high
compared to the formation permeability, Also, he concluded that the
cleanup period is shorter for wells with a smaller fracture length
and/or a higher formation permeability.

Holditeh studied the effects that reservoir damage, gas and water
relative permeability, permeability hysteresis, and capillary pressure
have on the cleanup period following fracturing. He used a single-
phase, two-dimensional, finite difference model to study the effect of
reservoir damage around the fracture, and a two-phase, two-dimensional,

fully implicit finite difference model to investigate the effects that



relative permeability and capillary pressure have on the performance of‘
a hydraulically fractured reservoir. Holditeh concluded that if the
pressure drawdown does not exceed the formation capillary pressure and
the water mobility is so low that the fracture fluid remains essentially
immobile next to the fracture, gas production can be severely curtailed.
However, if the pressure drop is much greater than the capillary
pressure in the formation, no serio‘us water block to gas flow will
oceur.

Both Tannich and Holditch limited their studies to the cleanup
period following a hydraulic fracture treatment, Also, they both used
less than 2000 barrels of fluid around the fracture, This amount is
less than 20 percent of the fluid which will be used in this study.

The purpose of this research was to investigate the liquid loading
problem in the reservoir and around the fracture and to determine if
indeed it is a problem and what could be done to the reservoir to mimize
the liquid loading problem. This was accomplished by using a data base
from an analysis of 20 wellé completc-ed in the Cotton Valley Lime in East
Texas, The reservoir properties of these wells were estimated using
openhole logs, pressure buildup tests, fracture treatment data, and
production data. In addition, average data sets were determined from
the twenty wells that characterized (1) an above average well, (2) a
below average well, and (3) an average well completed in the Cotton
Valley Lime, Using these average data sets, the effects of gas and

water relative permeability, gas permeability hysteresis, capillary



pressure and formation damage on long term production were investigated
to determine how to minimize the liquid loading problem,

For the reservoir properties simulated in this research, the
presence of a high liquid saturated zone around the fracture that was
caused by the imbibition of fracture fluid has very little effect on
long term production when the liquid in the wellbore is continuously
removed, Also, the cleanup period following a hydraulic fracture
treatment can last several weeks before gas production begins. This
occurs when the irreducible gas saturation is greater than 30 percent

and the fracture fluid remains immobile around the fracture,



DETERMINATION OF RESERVOIR PROPERTIES

Description of Cotton Valley Lime Wells

The data base for this research comes from twenty wells completed
in the Cotton Valley Lime. These wells are operated by Mitchell Energy
Corp, and are located in Fallon and North Personville fields, in
Limestone County, Texas.

The Cotton Valley Lime is of Jurrassic age and is located on the
west flank of the East Texas basin, It ranges in thickness from 300-500
ft and is overlain by 800 ft of Bosaier shale.

The Cotton Valley Lime has been developed for natural gas since its
discovery in 1969. Due to its initial low flow rate and low formation
permeability, each well must be hydraulically fractured. The hydraulic
fracture treatments on the twenty wells included in this study varied
from pumping 300-800 thousand gallons of fracture fluid and 250-2700
thousand pounds of 20/40 mesh sand. Since less than 40 percent of the
fracture fluid is initially produced back, a zone of high water
saturation is established around the fracture. The excess water around
the fracture may decrease the flow of gas towards the wellbore and
eventually cause the gas flow rate to decline rapidly. Therefore, these
wells can be used to prove or disprove the hypothesis that the liquid
loading extends into the reservoir around the fracture.

Method of Analysis
Reservoir properties of the twenty wells were determined using the

openhole logs, pressure buildup tests, fracture treatment data and



production data, The reservoir properties of the twenty Cotton Valley
Lime wells were used to build average data sets to investigate the
liquid loading problem in the reservoir around the frscture;

The openhole logs were used to determine the porosity, net pay and
average water saturation for each of the twenty Cotton Valley Lime
wells., These values were reported by Mitchell Energy Cov*p.10 and are
used in this study. Table 1 summarizes the results presented by
Mitchell Energy Corp.

The initial estimates of formation permeability were determined
from five pre-fracture pressure buildup tests. Both the Horner met.hod“

12,13 were used with the aid of a

and a type-curve matching method
computer program called GASTEST to calculate formation permeability.
The computer program GASTEST was used to change bottom=hole shut-in
pressure to adjusted pseudopressure., The Horner method was used to
analyze the buildup test when the middle-time region (MTR) appeared on a
semi-log graph of shut-in pressure vs. time, However, the middle-time
region appeared in only three of the five buildup tests. Therefore,
type curves were also used in analyzing the buildup tests. The type-
curve matching technique used type curves developed by both Gringart‘,en12
and Cinco.13 The estimates of formation permeability using both the
Horner method and the Gringarten and Cinco type curves compare very
well, as illustrated in Table 2. The formation permeabilities ranged
from 0,0017 to 0.035 md,

The propped fracture dimensions were estimated using the fracture

treatment data and a computer model called PROPTRAN. The computer model



TABLE 1
Results of Log Analysis by Mitchell Energy Corp.

Well Porosity Net Pay Water Saturation
] £t )]
Engram No, 1 7.2 97.5 13.0
Getty Muse No, 1 6,7 38.5 25,2
Vance No, 1 5.0 28.5 15.6
McFerran No, 1 5.9 163.0 39.3
Hawkins No. 1 6.1 31.0 15.5
Muse Duke No. 1 8.5 4.0 17.1
Croft No, 1 6.1 55.0 12.2
Muse A No, 1 6.1 46.0 24.6
Webb No. 1 5.3 62.5 34.1
Muse Tucker No. 1 » 5.7 70.5 24,1
Presley Sadler No, 1 5.3 106.0 23.1
Prichard No, 1 5.7 49.0 12.7
Kerr No. 1 6.0 45.0 41.9
Fenton No. 1 5.0 37.0 12.5
Truett No. 1 5.9 73.0 20.5
Jackson B No. 1 7.0 91.5 1.2
Ferguson No. 2 8.4 68.5 1.
Smythe No, 1 6.7 122.0 25.7
Renfro No, 1 6.3 54.0 6.0

Lawrence No, 1 7.2 50.0 23.0



PROPTRAN is a proppant transport model which calculates the propped
fracture dimensions. More information about the model PROPTRAN and its
purpose is given in Appendix A,

TABLE 2

Values for Formation Permeability
from Pre~Fracture Buildup Test Analysis

Horner Gringarten Cinco
Well Method Type Curve Type Curve
md md md
Hawkins No. 1 No MTR 0.0146 0.0148
Getty Muse No, 1 0.0351 0.0349 0.0327
Lawrence No, 1 0.0130 0.0141 0.0130
Presley Sadler No. 1 0.0017 0.0017 0.0021
Vance No. 1 No MTR 0.0021 -

In order to determine the propped fracture dimensions, values of
gross and net fracture height had to be determined. The openhole logs
were used to compute these values. To assure consistency in the
selection of gross fracture height, the top of the fracture was assumed
to grow 20 ft into the Bossier shale, and the bottom of the fracture was
estimated to extend 50 ft below the lowest perforation. The openhole
log for the Engram No, 1 well is shown in Figure 1. The top of the
Cotton Valley Lime is located at a depth of 10736 ft. The lowest
perforation was shot at a depth of 11043 ft, Therefore, the top and

bottom of the fracture was estimated to be 10716 and 11093 f¢t,
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respectively, This resulted in a gross fracture height of 377 ft for
the Engram No. 1 well,

The net fracture height, or amount of height that will take
leakoff, was determined using a four percent porosity cutoff. This
value was used because log-derived porosities above four percent matched

the core data very well.w

Also, it was questionable whether matrix
porosities below four_' percent 'would take any fluid since regular core
analysis indicated that zones with porosities below this value had
essentially no measurable permeability. The net fracture height for the
Engram No, 1 well was determined to be 114 ft, The same method of
analysis was used to determine the gross and net fracture height for
each well, These values are presented in Table 3.

Knowing the values of gross and net fracture height, the propped
fracture length and fracture conductivity were determined using the
computer model PROPTRAN. Figure 2 illustrates the proppant
concentration down the fracture for the Engram No. 1 well., The shaded
area représents the location of net pay within the fracture. The
effective propped fracture length was determined using a proppant
concentration of 0.5 ll'alt‘t:2 and the location of net pay within the
fracture. A proppant concentration of 0.5 1l:t/ft-.2 was used as a cutoff
because the fracture conductivity decreases rapidly below this value.

The effective propped fracture length was determined as

<= . LXF * H)

L Ent T & D)



TABLE 3
* Results of Determination of Gross and Net Fracture
Height for Computer Model PROPTRAN

Well Gross Fracture Height Net Fracture Height
fv ft
Engram No. 1 377 114
Getty Muse No. 1 234 40
Vance No. 1 285 30
McFerran No, 1 313 177
Hawkins No. 1 276 25
Muse Duke No, 1 265 - 44
Croft No, 1 218 70
Muse A No., 1 336 67
Webb No, 1 261 69
Muse Tucker No. 1 278 72
Presley Sadler No. 1 403 129
Prichard No. 1 247 54
Kerr No. 1 220 60
Fenton No. 1 339 63
Jackson B No. 1 14 » 71
Ferguson No. 2 297 98
Smythe No, 1 232 73
Renfro No. 1 394 135

Lawrence No. 1 262 49
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The effective propped fracture length for the the Engram No. 1 well was
determined to be approximately 1300 ft. For each of the twenty wells
studied, the same method of analysis was used to determine both propped
fracture length and fracture conductivity,

Once the values of propped fracture length and fracture
conductivity for each well were determined from the model PROPTRAN, &
computer model called TYPEFIN was used to history match the production
data for each of the twenty wells. The computer model TYPEFIN forecasts
production from hydraulically fractured wells by using finite
conductivity type curves. A summary of the model TYPEFIN and how it was
used is presented in Appendix B. The value of fracture length
determined from the model PROPTRAN was used in history matching
production data. Therefore, the formation permeability was varied until
a reasonable match of production data was obtained. In matching
production data, cumulative producing time was used. The effects of
shut-in periods were not considered. Table Y shows not only the
fracture length determined from the model PROPTRAN but also the
formation permeability used in history matching production data using
the model TYPEFIN. The Truett No. 1 well was not history matched
initially since it only flowed above 300 Mef/D for two months.

When reviewing the values of formation permeability in Table 4, it
is apparent that some of the values are lower than one would expect for
a commercial Cotton Valley Lime completion, The fracture lengths also
seem rather long. It was assumed that the value of fracture length

determined from the model PROPTRAN was correct. Thus, formation



TABLE 4
Initial Estimates of Fracture Half Length and Formation
Permeability using Computer Models PROPTRAN and TYPEFIN

Well Permeability Fracture Length
md ft
Engram No, 1 0.0003 1961
Getty Muse No. 1 0.0045 1000
Vance No, 1 0.0180 1213
McFerran No. 1 0.,00019 1000
Hawkins No. 1 0.0100 2100
Muse Duke No, 1 0.0110 2500
Croft No, 1 0.0011 2084
Muse A No. 1 0.0160 846
Webb No. 1 0.0023 1500
Muse Tucker No. 1 0.0034 1860
Presley Sadler No. 1 0.0005 650
Prichard No, 1 0.00054 1254
Kerr No, 1 0.0007 2350
Fenton No, 1 0.00048 1620
Jackson B No. 1 0.0033 1260
Ferguson No, 2 0.0060 1200
Smythe No. 1 0.0016 1290
Renfro No, 1 0.0100 814

Lawrence No. 1 0.0025 1760



16

permeability was the key variable used in history matching production
data. 1In reviewing the results from the model PROPTRAN, it was evident
that the apparent viscosity of the fracture fluid was not correct., The
values of n' (flow behavior index) and K' (consistency index) that were
used in the model were the values reported by service companies several
years ago. These values are now known to be optimistic. This caused
predicted values of apparent viscosity to be much larger than could
actually have been dchieve at the time. It is now known that the
apparent viscosity of these fluids was about 40-60 cp in the fracture
due to shear degradation in the tubing. Therefore, values of n' and K'
were adjusted such that the apparent viscosity in the fracture was
around 40-60 cp.

The fracture treatment data for all 20 wells were then analyzed
again using the adjusted values of n' and K'. Because of the lower
apparent viscosity in the fracture and more proppant settling, th;
propped fracture length was shorter, Figure 3 illustrates the revised
proppant concentration profile for the Engram No. 1 well, The new
effective propped fracture length was estimated to be 1300 ft. This is
a reduction of 600 ft when compared to the initial fracture length
determined with n' and K' data supplied by the service companies.

Each well was history matched a second time using the computer
model TYPEFIN and the new values of fracture length., Again, formation
permeabllity was the key variable in matching production data. However,
the formation permeabilit} used to history match production data was not

allowed to be lower than 0.001 md. This was done because it is unlikely
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that a gas well can produce gas in commercial quantities at values of
formation permeability below 0,001 md. When the minimum value of
formation permeability had to be used, the fracture length was shortened
until a reasonable match of production data occurred. Table 5 compares
the values of fracture length and formation permeability determined from
the model TYPEFIN when using both the service companies' and the
adjusted values of n' and K', Figure 4 shows a match of production data
using the computer model TYPEFIN. This match of production data is for
the Prichard No, 1 well which represents a typical match with the model
TYPEFIN, This match was made using a fracture length of 900 ft and a
formation permeability of 0.001 md, The match is very good for the
first 500 days; however, after this time, the computer model forecasted
more production than actually occurred. This difference between the two
curves could be caused by liquid loading. The flow rate for the
Prichard No, 1 well was approximately 300 Mcf/D when the two curves
started to separate,

To refine the values of formation permeability and fracture length
determined from the model TYPEFIN, a more sophisticated computer model
called FRACSIM was used. This model takes into account fracture closure
and non=Darcy flow effects. Appendix C describes the capabilities that
the model FRACSIM offers and the data needed to forecast production.
When using the model FRACSIM to history mateh production data, the
valuyes of formation permeability and fracture length computed from the
medel TYPEFIN were used as initial estimates. These values were then

adjusted to improve the match of production data. Values of formation



TABLE 5
Comparison of History-Matched Parameters With the Computer Model
TYPEFIN when using Two Different Sets of Fracture Fluid Data

Service Companies Adjusted Values

Well n' and K! n' and K'
k xf k xf
md ft md ft
Engram No, 1 0.0003 1961 0.0010 975
Getty Muse No, 1 0.0045 1000 0.0045 1000
Vance No, 1 0.0180 1213 0.0220 1109
McFerran No. 1 0.0002 1000 0.0010 380
Hawkins No, 1 0.0100 2100 0,0130 1500
Muse Duke No. 1 0.0110 2500 0.0110 2500
Croft No. 1 0.0011 2084 0.0019 1550
Muse A No, 1 - 0.0160 846 0.0160 846
Webb No. 1 0.0023 1500 0.0023 1500
Muse Tucker No. 1 0.0034 1860 0.003% 1860
Presley Sadler No. 1 0.0005 650 0.0010 400
Prichard No. 1 0.0005 1254 0.0010 900
Kerr No. 1 0.0007 2350 0.0020 1250
Fenton No. 1 0,0005 1620 0.0010 1241
Jackson B No. 1 0,0033 1260 0.0037 1054
Ferguson No. 2 0.0060 1200 0,0060 1200
Smythe No. 1 0.0016 1290 0.0016 1290
Renfro No. 1 0.0100 814 0.0085 985
Lawrence No, 1 0.0025 1760 0.0025 1760

Average 0.0029 1486 0.0032 1226
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permeability and fracture length determined with the computer model
FRACSIM are shown in Table 6. Because the effects of fracture closure
and non-Darcy flow were considered, either the fracture length,
formation permeability, or both had to be increased in order to match
production data, Figure 5 illustrates the match of production data for
the Prichard No, 1 well using the model FRACSIM. The permeability for
this well was increased from 0.001 to 0,0012 md. in order to match
Qroduchion data., This resulted in a better match of production data

than when using the computer model TYPEFIN.



TABLE 6

" Refinement of History-Matched Parameters using the

Computer Model FRACSIM

Well Permeability Fracture Length
md ft
Engram No. 1 0.0011 1000
Getty Muse No. 1 0.0046 1000
Vance No, 1 . 0,0260 1100
McFerran No. 1 0.0010 360
Hawkins No. 1 » 0.0130 1500
Muse Duke No. 1 0.0200 2000
Croft No, 1 0.0021 1550
Muse A No. 1 0.0160 995
Webb No. 1 0.,0026 1350
Muse Tucker No, 1 0.,0040 1860
Presley Sadler No. 1 0.0010 400
Prichard No. 1 0.0012 900
Kerr No, 1 0.0018 1250
Fenton No. 1 0.0010 1200
Truett No. 1 0.0010 250
Jackson No. 1 0.0050 1054
Ferguson No., 2 0.0080 1250
Smythe No. 1 0.0016 1290
Renfro No, 1 0.0140 1000
Lawrence No. 1 0.0027 1760
Average 0,0035 1226

* Drainage area of 320 acres instead of 640 acres
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CLASSIFICATION OF WELLS

Using the values of fracture length and formation permeability
determined from the model FRACSIM, average data sets were determined
from the twenty wells which characterized (1) an above average, (2) a
below average, and (3) an average well completed in the Cotton Valley
Lime. The twenty wells were classified into groups based on their
formation permeability. The average logarithmic value of formation
permeability for all twenty wells was calculated to be 0.004 md. Using
Figure 6, the wells with a formation permeability above 0.01 md were
classified as an above average well, Wells with a formation
permeability below 0.0015 md were ‘classified as a below average well,
The wells between this range were classified as an average well., Figure
6 shows that the data were scattered evenly about a porosity of 6
percent. Therefore, each group was given an average porosity of 6
percent, The formation permeability used for each group was computed as
the logarithmic average permeability for the wells in its group. The
fracture length and net pay were both calculated as an arithmetriec
average for the wells in each group.

An average water saturation of 20.5 percent was computed for all
twenty wells, When this value of water saturation was used in the
average data sets, less than one barrel of water was produced per MMef
of gas. Table 7 shows the cumulative fluid (condensate, gas, and water)
production for all twenty wells as of April 1985. The average producing

period for these twenty wells was four and a half years., The average
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TABLE 7
Production Values for the Cotton Valley Lime Wells
well Water Condensate Gas LGR
bbl bbl MMef bbl/MMef

Engram No. 1 21452 1400 641 35.6
Getty Muse No, 1 8324 829 906 10.1
Vance No. 1 17340 10710 1573 17.8
McFerran No, 1 11680 15 522 22.4
Hawkins No. 1 10020 0 1870 5.4
Muse Duke No. 1 18293 0 3634 5.0
Croft No, 1 5281 0 877 6.0
Muse A No. 1 9027 0 2739 3.3
Webb No. 1 19719 Q0 1062 18.6
Muse Tucker No. 1 13327 0 2223 6.0
Presley Sadler No. 1 17058 3589 429 48.1
Prichard No. 1 5359 0 400 13.4
Kerr No. 1 19215 0 651 29.5
Fenton No, 1 15941 1880 333 53.5
Truett No. 1 12663 2050 232 63.3
Jackson B No, 1 9985 ] 2006 5.0
Ferguson No, 2 8644 2995 2348 5.0
Smythe No, 1 18306 1355 1693 11.6
Renfro No, 1 6676 0 1930 3.5
Lawrence No, 1 9825 0 1540 6.4

Average 18.3
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liquid-gas ratio (LGR) for these twenty wells is 18,3 bbl/MMcf. The
liquid includes both the production of water and condensate, The Truett
No, 1 well has the highest LGR of 63.3 bbl/MMcf while the Muse A No, 1
has the lowest LGR of 3.3 bbl/MMecf.

The water production in the Cotton Valley Lime probably comes from
thin zones of higher water saturation that are embedded in the total
formation. To simulate a layered formation, a three-dimensional model
would be necessary., The use of a 3-D model in this case could not be
economically justified. Therefore, to simulate the correct amount of
liquid production, the water saturation in the two-dimensional model was
increased to allow for more liquid flow. In other words, the water
saturation was increased until a LGR of 3 bbl/MMcf was achieved when
using an extremely low relative permeability to water curve. Therefore,
when a more optimistic relative permeability to water curve is used, the
LGR will be higher and the range of liquid-gas ratios which occurs in
the field will also occur in the three average data sets., This resulted
in increasing the water saturation from 20,5 to 40 percent. To account
for the increase in water saturation, the total porosity was increased
to 7.95 percent so that the gas-in-place remained unchanged. Table 8
shows the parameters that were varied for each individual group and also

the parameters that were held constant.
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TABLE 8
Average Reservoir Properties Characterizing
the Cotton Valley Lime
Original Pressure = 6300 psi
Average Water Saturation = 40,0%
Total Porosity = 7.95%
Reservoir Temperature = 285pF
Bottom-hole Treating Pressure = 8100 psi
Fracture Permeability = 3.5 EO05 md

Fracture Fluid Volume = 10,000 bbls

ABOVE AVERAGE AVERAGE BELOW AVERAGE
Net Pay, ft 40 65 90
Permeability, md 0.017 0.003 0.001

Fracture Length, ft 1300 1300 750
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ANALYSIS OF LIQUID LOADING

The average data sets determined from the twenty Cotton Valley Lime
wells were used to study the liquid loading problem using a two-phase,
two-dimensional computer model called GASWAT. More information about
the model GASWAT is given in Appendix D. In analyzing the liq