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ABSTRACT

Optimization of Fractured Well Performance of
Horizontal Gas Wells. (August 2007)
Fellipe Vieira Magalhées, B.S., Texas A&M University
Chair of Advisory Committee: Dr. Ding Zhu

In low-permeability gas reservoirs, horizontal wéisve been used to increase
the reservoir contact area, and hydraulic fracturing leen further extending the
contact between wellbores and reservoirs. This th@sisents an approach to evaluate
horizontal well performance for fractured or unfracturesl\galls and a sensitivity study
of gas well performance in a low permeability formatid@mewly developed Distributed
Volumetric Sources (DVS) method was used to calculatemnkionless productivity
index for a defined source in a box-shaped domain. The ufégteres of the DVS
method are that it can be applied to transient flod/ pseudo-steady state flow with a

smooth transition between the boundary conditions.

In this study, | conducted well performance studies byyappkhe DVS method
to typical tight sandstone gas wells in the US badihs. objective is to determine the
best practice to produce horizontal gas wells. Fordradtwells, well performance of a
single fracture and multiple fractures are compared, thadeffect of the number of
fractures on productivity of the well is presented basethenvell productivity.

The results from this study show that every basis & unique ideal set of
fracture number and fracture length. Permeability p&ysmportant role on dictating
the location and the dimension of the fractures. Bhigly indicated that in order to
achieve optimum production, the lower the permeabilitynefformation, the higher the

number of fractures.
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CHAPTER |
INTRODUCTION

Oil and Gas production from conventional reservoirsreashed its peak. The
oil and gas industry is, on the other hand, on the Tise.industry is desperately in need
of new man power and new technology. Technology is neemeddevelop
unconventional resources. Unconventional resources eatetfined as reservoirs that
cannot be produced at economic flow rates or that do ndupe economic volumes of
oil and gas without the assistance from massive stimoul treatments or special
recovery processes and technologies. Tight gas saodspbed methane, gas hydrate
deposits, heavy oil, tar sands and shale gas are thearganstfor the next generation of
petroleum engineers. Many of these resources are begugyex but current technology
poses a limit to high production rates, which expldmasrieed for research in this area.

Development of low permeability tight gas reservamanmonly known as tight
gas, is one of the solutions to today’s energy supplydantand problem. The lack of a
flow path for the gas is the biggest limitation for tiglas formations. In order to
overcome that limitation, horizontal wells have bedrlled, and furthermore,
hydraulically fractured. Hydraulic fracturing is probablget most commonly used
method used nowadays to expand the contact between thendi¢he formation.

For horizontal wells, drilled in low permeability forti@ns well performance
becomes very sensitive to permeability and anisotropio.rdthis applies for both
fractured and non-fractured horizontal wells. If thetieat permeability is the formation
is extreme low (high anisotropic ratio) the benefinoh-fractured horizontal wells starts
diminishing. In such cases, hydraulic fracturing providestaraiption to increase well

This thesis follows the style &E Journal



contact with the reservoir and therefore productivity veedl. When hydraulically
fracturing a horizontal well, created fractures can lbagitudinal, single or multiple
transverse. The orientation and placement of frastateng a horizontal well greatly
affect the performance of the well. Predicting wellfpemance for fractured and non-
fractured horizontal wells can help to achieving higher prodadtom low permeability

gas formations.

1.1 Literature Review

Horizontal well models have been presented in the Ilgastture. In order to
arrive at an analytical solution, many boundary conadtibad to be assumed. Models
for steady-state flow, when the pressure is maintanoedtant at the boundaries of the
reservoir, have been developed by Butler (20Byirui, Zhu and Hill (2003) and
Kamkom and Zhu (2008)Furui, Zhu and Hill developed a model that was baseti®n
superposition of pressure drop in the reservoir from mlrfidw region (near the well)
and a linear region (far field). This model also congdehe effect of anisotropy ratio
and damage heterogeneity. Babu and Odeh (1988 and*t389)eloped a model for
pseudo-steady state, where the reservoir is being depéetddhere is no flow across
the boundary. This model also introduced a widely used paeiattration skin for
horizontal wells. Ozkan (1988)and Ozkan, Sarica, and Haciislamoglu (1995)
developed a model for transient flow, where the boundanot yet reached. It is very
common for tight gas formations to flow under transendition, as the ones that are
going to be studied in this thesis. Further more, KamkonzZaod2006) applied steady
state and pseudo steady models to different types of finmading gas wells.

Finally, models were then developed for horizontal weilh ractures. Daal
and Economides (2006presented a model combining a productivity index with a
fracture skin. This model divided the productivity from eddrctures into different
drainage areas. It also allowed calculating the optirfracture height, width and length

based on the number of fractures desired.



1.2 Objectives

The objectives of this study is to predict gas well peréorce in tight sand
formations, to evaluate the critical parameters, siglpermeability and anisotropic
ratio, well trajectory and drainage size on well proshtgt and therefore to optimize
well and fracture treatment design. A newly developedribigied Volumetric Source
(DVS) method by Amini and Valko (200%7vill be used to predict the performance of
gas wells with or without fractures. This method soltles flow problem in a box-
shaped reservoir with a volumetric source. The shapgbeo$ource can be changed in
many ways, portraying a horizontal well with or withotdctures. There is a smooth
transition between transient and pseudo steady siate ritgions. This method is
flexible to multiple fractures, different drainage ardeacture geometries and fracture
orientation. The model provides a dimensionless produciivitgx, which ca be easily

converted into production rate.

Using the DVS method the objective to determine #&t Ipractice to produce
horizontal gas wells will be achieved. With the transilow feature of the DVS
method, well placement for multiple horizontal weatisa defined drainage area can be
studied, and the limit of well spacing is identified. Faicfured wells, well performance
of a single fracture and multiple fractures are conthamad the effect of the number of
fractures on productivity of the well is presented basedthen well productivity.
Realizing that reservoir permeability and anisotropy rat® the critical parameters in
developing low-permeability gas field, the effect of perbiést on well performance,
well placement and fracture treatment design is alsceasged.

The well performance is represented by a dimensionlestugtivity, $. The
DVS method is used to calculatg fbr different systems. For multiple fractures, the
superposition principle is applied to the multiple souraesthe system. Wellbore
pressure distribution caused by flow into the wellbooanfithe fractures is defined by



coupling the fracture flow with wellbore hydrodynamics. Hyamaterial balance is
used to predict pressure decline once reached the pseudosttgadyondition.



CHAPTERIII
METHODOLOGY

The Distributed Volume Sources (DVS) model predicts fnessure/flow
response of a box shaped domain with a volume saupteced anywhere inside. Fig.
2.1 shows the schematics of a typical DVS system.ddnension flow problem is first
solved, and the 3D problem’s solution is the product oftirelimension solutions. It
provides a dimensionless productivity,, Jdefined as the flow over unit pressure
difference. At very early timesp yjives very high values, and it decreases to a steady
decline until it stabilizes. This period of decline is kncagtransient state flow. When it
stabilizes the well has undergone pseudo-steady or steddyflew. When this type of
flow is reached, material balance is used to calculaeaverage reservoir pressure

decline for the pseudo steady state flow condition.

volume source

N\
=)

main domail
Fig. 2.1 lllustration of the DVS method

The DVS method is based on the Newman principle thargees the solution of
a three-dimensional from the product of the solutionstloee one-dimensional
problems. With volumetric source, it eliminates any siagty in the flow problem. One

of the main advantages of using this method is that it ptesesmooth transition from



transient flow regime to pseudo-steady state regime. dédiails of the model are
discussed by Amini and Valko. The dimensionless productindgx, &, by definition,

IS
J, = clAip (1)
Where the constant C in Eq. 1, in the field units, is
14241 Bu
cC,=— ™" 2
e @

For gas wellsp is gas formation volume factor, it can be expressadrims of
temperature and pressure as:
nRT
= L 3
Py z NRT,, 3)
P

£

Where, R, Ts, Zs, are pressure, temperature and compressibility index at
standard conditions (14.7 psi, 3”0 and 1 respectively). The variables, n and R, which
stand for number of moles and gas constant are canoelked the equation. The
pressure value is equal to the average of the resemaifl@ving pressures. With all
these variables;becomes:

- q
o R ?

Where the constant,Cn oil field units is:

_ 1424rZT
kh

The gas properties z and are evaluated at the average pressure and temmmerat

C, (5)

Furthermore, the pseudo pressure function can loeilate the productivity of a gas

well. The pseudo pressure is defined as:

w(p)=2

p
Pt/ I

Thus § can be written as:



q
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To apply this method for horizontal wells with or withdractures, we define the
source term (the location of the source and the gegna@tnensions) and the main
domain according to each individual physical system. Tfexgece permeability, k, in
Eq. 2 is different for horizontal wells with or withb fractures, and this will be

addressed individually in the following sections.

2.1 Horizontal Well

For a horizontal well located in a box-shaped resertbe well itself can be
simply treated as one source, as shown in Fig. 2.2.€érwgH of the source is equal to
the horizontal well length, the cross-section arethefsource, A is equivalent to the

wellbore cross-section area,

As =, (9)

A
v
N>

7z A

y Ve
X /

< X »

< e »

Fig. 2.2 DVS representation of a horizontal well




For a horizontal well, if we assume that anisotragppnly in vertical and not
horizontal direction (k= ky = ky), then the reference permeability

k =k K, (10)

is used to calculate the constants G and G in Egs. 2, 5, and 8 respectively. This
assumption is present in all of the examples and staskes throughout this thesis. In
case of three dimensional anisotropy,

k =3k, k, [k, (11)

2.1.1 Example of Horizontal Well Performance Calculation

The example in this section will also be use todaé the DVS method for well
performance. Once confirmed, the method is used to egathe performance for
horizontal wells, horizontal wells with longitudin@éctures, or transverse fractures. The
results of DVS method are compared with the analytstdlition by the Babu and
OdeHl™ model. Since the Babu and Odeh’s model is for pseudo-sséaigyconditions,
we only compared the result in the pseudo-steady stateréinge. Material balance is
used to calculate pressure decline for the Babu and Odebadndtte input data for this
validation process is given in Table 2.1. This data is gwirige used in every synthetic
example mentioned on this thesis. The comparison mwrsho Fig. 2.3. The result is
satisfying with a difference between the two methodsndf 0.37%.



Table 2.1 Validation input data
Horizontal Well Length 1000 Ft
Well Radius 0.3 Ft
Drainage Area 80 Acres
Net Pay Thickness 100Ft
Fluid Viscosity 0.0244 Cp
Reservoir Temperature 180F
Reservoir Pressure 435Fsi
Horizontal Permeability 0.1Md
Vertical Permeability 0.01Md
Compressibility Factor 0.945
Gas Gravity 0.71
Wellbore Flowing Pressure 90Psi
Formation Porosity 0.05
Total Compressibility 1.3E-05psi’
Formation Volume Factor 0.0373scf/bbl

Production, MMscf

3.9
3.8 1
3.7
3.6
3.5 1
3.4
3.3 1
3.2
3.1

—=— Babu and Odeh

—e— DVS Model Results| |

‘\Q‘:‘:’:!:‘:#‘=‘=‘=‘=‘=‘=‘='=‘=‘

10

100

Time, days

1000

10000

Fig. 2.3 Comparison of DVS method with analytical solutio




10

2.2 Horizontal Well with Longitudinal Fracture

A schematic of longitudinal fracture along a horizbmtall is illustrated in Fig.
2.4. If the fracture has infinite conductivity, or unifoftax, the fracture itself can be
treated as one source in the system.

fracture

Wi

«— , —>

2%

Fig. 2.4 DVS representation of a longitudinal fracture

To use the DVS method, the fracture does not have llp fenetrate the
formation. In this case, the source length can bertwure length, and cross sectional
area of the source is defined as
As = wh, (12)

Wherew is the fracture width ankk is the fracture height. Since the dominated
flow to the longitudinal fracture is more likely perpéndar to the fracture, horizontal
permeability ky is used as the reference permeability in Eqgs. 2, 5, and 8.

The inflow to the horizontal well is neglected complavath the flow into the
fractures in this study. This assumption is appropridtesifracture length is close to the
horizontal well length. If the longitudinal fracture sgnificantly shorter than the
wellbore, then the inflow into the wellbore shouldoale considered.
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2.2.1 Example of Horizontal Well with Longitudinal Fracture Calculation

Using the same data as Table 2.1, an example caleulafi@ longitudinal
fractured that is along the entire length of the horabwntell is demonstrated. This
fracture will be fully penetrating on the z-directiand with a width of 0.5 inches. The
results from this demonstration are shown in Fig. 2.5.

14

12

10 4

Production, MMscf

1 10 100 1000

Time, days

Fig. 2.5 Example of horizontal well with longitudinah€ture performance
2.3 Horizontal Well with Transverse Fractures

Fig. 2.6 shows an example of multiple transversetdraccase. If there is only
one transverse fracture along a horizontal well, atitkiffracture is infinitely conductive
or with uniform flux, the fracture can still be tredtas one source, under the assumption

that the fracture is dominating the total production tonag.
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Frac{ure 2

\'

well
-

\

Fracture 1

Fig. 2.6 DVS representation of transverse fractures

If multiple fractures are intersecting with the hontal well, which is more
likely the situation, and we assume that all the prodoas coming from the fractures
(cased and perforated well), then each fracture careagetr as an individual source and
their effects to other fractures are included through supedga®ssure drawdown,

P -P h

re wii,j — z

ji=zn Op

(13)

The first subscript of the productivity index in Eq. 13 dendtesfracture that
causes the pressure change, and the second subscrigsddngolocation that observes
the pressure change. If considering pressure drop in tHeonebetween fractures,

Pui = Puict = DPusivore (14)
For a constant rate constraint and the calculatfadinoensionless numbers, the

total rate from all of the fractures is:
Up: = qu,i =1 (15)

i=LN

Jij in Eq. 13 iscalculated by the DVS method, there are 2N unknofsiasn
and puwii=1.n) In the system. Eq. 13 provides N equations ah deacture location (N
observation points); Eq. 14 supplies N-1 equat{®& wellbore sections between each
pair of conjunct fractures), and Eq. 15 adds oneento a set of 2N equations to solve

for the unknowns.
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Fig. 2.7 shows an example of productivity calculationdd2-fracture case. To
calculate the well performance, we first let orilg fracture 1 exists in the system, which
causes a flow rate of;gat the location of the fracture 1. This flow resuits
corresponding pressure changes at both locations of titartedl Ap; 1) and the fracture
2 (Ap2,2)-

Only fracture 1 exists Only fracture 2 exists
Fig. 2.7 Productivity calculation for two transverse fuaes

The dimensionless productivity indexes, Jand 31 .are related to the flow rate
and pressure drops as

'JDZLl

Apy, = (16)

1

D12

Ap,, = (17)

Similarly, if we only let the fracture 2 exists thabguces a flow rate okgthen
the pressure changes caused by this flow wilhpg; at the location of the fracture 1,

andAp,; at the location of the fracture 2. This gives us

J
Ap,, =—2= (18)
2
and
J
Apz,z =222 (19)
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By the superposition principle, the total pressure drawdatveach location
should be the sum of pressure drops caused by all therfadn the system, thus we

have

— — 'J D11 'J D21
Pre - ow 1~ Apu + ApZ,l - t— (20)

Q, q,

and

— — 'JD2,1 'JD2,2
Pre - ow 2= ApZ,l + Apz,z - t— (21)

Q, q,
The pressure drop inside the wellbore relates the ovelllowing pressur@us 1

andpus 2™t

4ygffﬁq12|_
5

Pi,=ps,—1007010 (22)

Finally, the total flow rate from the well will be
q =0, +0, =1 (23)
Egs. 20-23 provide the solution fqf, 0z, pwi, andpwr, and can be summarized
as
1
‘]D,global :AP—

f,global

(24)

2.3.1 Horizontal Well with Transverse Fractures Performance Calculation

As noticed in this section, the calculation foistllype of fracture is more
complex than the previous ones. The reason forighidtat superposition of fractures is
used, which adds more calculations to the figallhe same data from Table 2.1 is used
here to show the results from this experiment. I fractures are placed similarly to Fig.
2.6. The first one is placed at 622-ft on the xafxom the right boundary and the
second fracture is placed 1245-ft off the right tbary. They are placed strategically at
1 and 2 thirds of the total reservoir length on xkexis so that they will both drain the

reservoir equally.
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The following calculation will show how to calculédtee § from at one point in
time. The output from the calculations was the fwitay: b11=2.3, 322=2.3, §12=
1.2, §,1=1.2. These results were obtained by running the profgnaeach individual
fracture. Since the fractures are symmetrically glanehe reservoir, it is easy to notice
that each will produce half of the total well productiBrom Egs. 10, 11, 12 and 13 it is

obtained:
J
Ap,, = b1t E =46
q, 05
Ap,, =22 =12 5y
' q, 05
Ap,, = b2l 1_2 =24
' d, 05
'JD22 23
Ap,, =222 =22 =46
Pz , 05

To simplify the calculations, it is assumed thatghessure drop inside the
wellbore is too small compared to the drawdown, and thexdégnored. With this
assumption, Egs. 14 and 15 will give the same result asnshext:

J J
I:)re - ow 1 = Apll +Ap2'1 S + D2l = 46+ 24=7

1 g,

J J
~ Py, =0p,, +0p,, = D21 | VD22 _ paing=7
Q, ,

According to Eq. 18 it is obtained:

P

re

J = - =-=35
D, global APf ol 7

This result makes sense because it corresporadstst the double of the J
from one fracture, which is 2.3.
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The method was implemented to an Excel program wgthcalculated by
Mathmatica®. The description of the program is shown inefix A. Appendix B,
shows the description of the Excel spreadsheet thatects the dimensionless to

variables used in the oilfield.
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CHAPTER I11

RESULTSAND DISCUSSION

Using the method introduced in chapter Il, we carriedaoatudy of gas well
performance in tight sand formations with or withowatcfures. The main target of this
thesis is low permeability formations, and the resafe not limited to a certain range of
reservoir permeability. In each presented case, a produustory is generated and then
the parameter that is of interest to the well perfoweais varied. Under different
conditions, the well performances are compared, andghmal design of well structure
or fracture geometry is identified. The sensitivity of wedrformance to permeability

and anisotropy ratio is examined.

Four differentbasinswere selected to conduct this study. Each was chosen to
study a different parametekppalachian basin has undergone extensive development in
the recent years, therefore requiring more exact pred&con the performances of the
wells. Several infill wells have been drilled to tdletter advantage of the drainage area.
Well spacing and horizontal well length study were basedhe data from this basin.
The second field used in the study is the data from teeEexas basin. About one third
of all the wells in the Travis Peak formation in E&skas basin are gas wells. It was
estimated that the Travis Peak formation holds about fl8ftgas reserves (Lin and
Finley, 1985)°. The data from the East Texas basin were used to stedgffect of
fracture numbers. In addition, the Dakota field in 8s Juan basin was used to study
the fracture orientation (longitudinal versus transverkagt but not least, the Uinta
Basin was selected to study the effects of permeabitityvell performance. Fig. 3.1
shows all the tight gas basins in the USA. It is impatrto point out that all of these
basins are unique and the results and conclusion are @asadh basin and they are not

valid for a general conclusion.
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Fig. 3.1 Tight sandstone basins in the USA

From Holditch, 2001

For all the cases studied in this thesis, if a horaowell is drilled without
fractures in the system, then the horizontal weltested as one source. In cases of one
longitudinal fracture created along a horizontal wék fracture is taken as the source,
and the inflow to the wellbore is neglected. For midtifransverse fractures, each
fracture is treated as a source and the fracture hastentionductivity. For infinite
conductivity fractures, each fracture is further divideo is¢veral smaller sources with
uniform flux to count for the flow converging. Superpositiprinciple is applied to
pressure response to the flow field for the multiplerse cases.

3.1 Non-Fractured Horizontal Well Length

One of the main parameters when drilling a horizontall vin tight gas
formations is the well length. To study the effect ofirontal well length on well
productivity, typical data from the Appalachian basin waslusehe reservoir and fluid
data are listed in Table 3.1. The reservoir drainage area&ected to be 320 acres so
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that plenty of different wellbore sizes could beeds The well was placed in the middle
of the reservoir. Fig. 3.2 is the set up for this expenin This kind of well would
resemble an open-hole completion, where no casingceg!

A /

y Ye
X

< Xe >

Fig. 3.2 Set up for length experiment

Table 3.1 Wellbore, reservoir and fluid data
Well Diameter 0.5| Ft
Drainage Area 320| Acres
Reservoir Thickness 200Ft
Vertical Permeability 0.01Md
Horizontal Permeability 0.1Md
Reservoir Temperature 180F
Reservoir Pressure 300®si
Gas Gravity 0.69
Wellbore Flowing Pressure 50@si
FVF 0.0371
Formation Compressibility 3.00E-Q6l/psi
Compressibility Factor 0.945
Porosity 10%

Fig. 3.3 shows the results of production rate as a fumaif time. It is clear
from this plot that the longer the well the better pierformance. However, it can be
noticed that that as the wellbore reaches a cdength, the increase in production rate
slows down. This can be clearly demonstrated when anglymulative production

and percentage of rate increase versus wellbore lergyghaavn in Figs. 3.4 and 3.5.
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The advantage of a longer well length reaches a platdeen the wellbore length is
close to the reservoir dimension. Since longer lengthcost more in drilling and
completion, there should be an optimal length whichosonly directly related to the
reservoir dimension but also affected by the resemwiperties, such as permeability.
For the example case, a squared-shape reservoir geasnaggumed at 320 acres, with
the length and width of the reservoir of 3733-ft. As shawFigs 3.4 and 3.5, the most
attractive wellbore length would be at around 2500 ft. FigsBows that after 2500-ft
length, the production increase (rate at any length comhpaity the rate at 500 ft
wellbore length) approaches a constant. Beyond this gogrgasing wellbore length
will no increase the production rate enough to justiky addiction costs of creating a
longer wellbore. For different reservoir conditiomlse optimal length varies, and the

optimal length should be identified for individual cases.

Realizing that even the flow rate of horizontal welh low permeability
formations may not be high enough to cause a signifjzessure drop in the wellbore,
it does not limit the case that frictional pressur#é affect the well performance. When
wellbore length increases it will increase the fricibpressure in the wellbore in two
counts: longer wellbore and higher flow rate. At certeonditions wellbore pressure
drop in longer horizontal wells can also limit the Mprformance. The pressure drop in

the wellbore in such situation should be considerechwdesigning the wellbore length.
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Fig. 3.5 Percentage increase in cumulative production duellioone length increase

Later in this chapter, fractured horizontal wells vb# studied. The wellbore
length in this case should be dictated by the numbeaciures and the position of those

fractures in the reservoir to best produce the well.

3.2 Well Placement and Spacing

Well placement and spacing are other important isshagsaffect performance of
horizontal wells in tight gas formations. This study waaducted using the same basin
data as shown on Table 3.1 using a 320 acre squared resef\w@e different well
placement plans were considered; one 3000-ft well (Figr)3dividing the reservoir
equally into two regions, and each sub-are has a 3006f#ft(kig. 3.6b); and further
dividing the reservoir into four sections with four 3000-#l\& located at the middle of
each sub-section (Fig. 3.6c¢) thus, the drainage arezafir case is 320 acres in plan a,

160 acres in plan b and 80 acres in plan c.
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C.
Fig. 3.6 Plans for drainage area study

The predicted production history for the well spacinggataent study is plotted
in Fig. 3.7. Obviously, more wellbore means more resecamtact, and directly results
in higher production rate (plan c versus plan a). But ticeease in flow rate is not
linearly proportional to the total contact with mulépwells. When more wells are
placed, the drainage area for each well becomes sn(sllledivided area by the dashed
lines in Fig. 3.6), and the transient flow period is sho@sce the boundary is reached,
the wells will drain from the same drainage area, aedatlvantage of multiple wells
will fade. For lower permeability reservoirs, the bénef increasing number of wells is
more pronounced than for higher permeability formatidihe optimal well spacing and
placement for each field condition is suggested to beimdd combining the production
gain and the cost of placing the wells.
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Fig. 3.7 Production from different drainage areas

The next section will show that sometimes, horiabwells themselves are not

enough. Hydraulic fracture may prove to be more efficéa a more economic option.
3.3 Fracture Geometry and Placement

Frequently, horizontal wells in tight gas formatioms &tactured to enhance the
wellbore contact with the reservoir. The well candrilled so that the created fractures
can be longitudinal or transverse. In an ideal casiheiffracture is fully penetrated so
that vertical permeability does not affect the perfarcea and if the fracture is infinitely
conductive, the orientation of the fracture will not dparthe performance under the
assumption of k is the same in all directions. In other words, longitatlfracture and
transverse fracture will have the same production pedncer Obviously, it is easier to
create more fracture volume in the case of transvieestures because we can place

more than one fracture along the wellbore, and themeafansverse orientated fractures



25

would result in higher well performance comparing withragle longitudinal fracture
case. In addition, ideally, fractures are created peipelar to the dominating
permeability direction. Then on one to one case, ther@mo difference between
longitudinal and transverse fractures. Realisticallputgh, the formation stress
distribution controls the direction of the orientatiof fractures, and more likely the
ideal case is not easy to establish.

If fractures are not fully penetrated, vertical permdgbitloes affect the
productivity of the well. Again, for a fixed total fractuwelume, two fracture geometries
are studied (Fig. 3.8). This experiment was conducted ugmtpetic data as shown in
Section 3.1.

Tall fracture

\\\\\\\\

Fig. 3.8 Schematic of partial or fully penetrated fragtur

The tall fracture fully penetrates the formation thieks with shorter fracture
length, while the long fracture covers the wellboregtarbut partially penetrated in the
vertical direction. The longer fracture has higher prading than the taller fracture
(Fig. 3.9) with a reasonable vertical permeability, esglgcin the transient period.
Thus, if the total volume of a fracture is fixed, we saarify some fracture height for
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increased fracture length to get higher productivity. This ratehgge of longer fracture

will diminish as vertical permeability decreases.
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Fig. 3.9 The effect of partial penetration of fracture

3.4 |deal Number of Transverse Fractures

In low permeability formations, the most sensitive paater among the reservoir
properties to well performance is the permeability. Inegal, hydraulic fracturing can
be used to create flow path in tight sands, and moredhea transverse fracture are more
efficient to stimulate well performance. This studpwh that if multiple fractures are
applied, the effect of permeability condition should besaered to determine the
optimal number of fractures that can maximize the beoéfstimulation. Typical East
Texas field data from Percy-Wheeler field, Whelardfiahd Appleby field were used in
this study. The input data used in the study are shown bleTa2. Notice the
permeability differences in the three fields with thenpeability of Appleby North field
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being almost one order of magnitude smaller than the on&/tielan field (0.01 versus

0.09). The study is conducted based on an assumed and fixedgdrarea (80 acres)

for all three cases, and an anisotropy ratigik\k of 10 is used for all three cases.

Table 3.2 Input data for the East Texas Bdsin

Property Whelan Percy W) Appleby N.
Net Pay, ft 200 200 60
Hor. Perm, md 0.092 0.052 0.01
Porosity, % 8.8 10.3 8.8
Res. Pressure, psi 3500 3000 2800
Res. Temp., oF 220 245 254
Gas Gravity 0.63 0.62 0.61
Compressibility, 1/psi 1.25E-0% 1.25E-Q5 1.25E-0
Assumed Data

Area, acres 80 80 80
Comp. Index 0.85 0.85 0.85
Well Press., psi 500 500 500
Viscosity, cp 0.0244 0.0244 0.0244

The DVS method was used to calculate the productivityhoee different

formation conditions, and at different fracture nursbélp to five fractures were used in

each case. The results of fractured well performameepresented as the production

history of a horizontal well with 1 to 5 fractures pldadong the well for each field. In

each case, a fracture length §2o0f 1000ft is used for each fracture (for example, when

five fractures are created, the total fracture length @l 5000 ft). The fractures were

fully penetrating in height and were half an inch in widgly. 3.10 is the production rate

result for the Whelan field condition (horizontal peability is 0.09 md), Fig. 3.11 is

for Percy Wheeler field (0.05 md) and Fig. 3.12 is for ApplRbyth field (0.01 md).

Clearly, the higher-permeability field has better wadrformance. Also, with

more fractures created along a well, the productionisateyher than fewer fractures for

all three fields. The interesting fact is that whewowgh fractures are placed along the
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wellbore, increasing fracture number does not affecptbeuction rate as significantly
as at low fracture numbers. For example, the produatiorement when placing two
fracture rather than one fracture is much higher (25)Bbein when add the third
fracture to the second fracture (15 Bscf), and the inaneweproduction rate becomes

smaller as the fracture number becomes higher.
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Fig. 3.10 Production history for the Whelan field condition
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This feature is more obvious in higher permeability foramttompared with
lower permeability formations. In the Whelan field €athe performance for 5-fracture
case is almost the same as the one for four fracaftexs10 days, implying that adding
more fractures does not bring the advantage as expettad plot the cumulative
production versus fracture number for 1000 days producing tims. (Bi§3-3.15), we
can see that the cumulative curve becomes flat afterffactures in the Whelan field
case (Fig. 3.13), meaning the optimal fracture number atctmdition should be 4.
Meanwhile, the cumulative production curves still haworg positive slope at 5
fractures for the Percy Wheeler field case (Fig. 3.1d)tha Appleby North field (Fig.
3.15), indicating that production can be further improved wtre fractures placed
along the wellbore. The difference of the well perfante responding to the number of
fractures in different field condition is mainly caaisby the permeability difference. At
higher permeability, the transient flow period is shor@nce the drainage boundary is
reached (pseudo steady state or steady state flowtiomsyli multiple fractures will start
draining from the same drainage area, and the benefit o fractures will diminish.
This study shows that for each field case, there shauthtoptimal fracture number for
transverse fractures along a horizontal well. For dnghermeability field, the optimal
fracture number is smaller than for lower permeabiiservoirs. The optimal fracture
number is not general, and should be studied for eachdndi field condition.
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Fig. 3.15 Cumulative production for the Appleby North field

The following section shows the performance redoltsvhen the total fracture

volume is kept at a constant value.

3.5 Constant Volume Transver se Fractures

In this next study, typical data from the East Texasin were used. Table 3.2
shows reservoir, wellbore and fluid data for all theeé reservoirs that were used, and
the source of the information. When comparing multiplensverse fractures it is
obvious that the more fractures you have the bettgpeéhfermance. If there is no limit
to the volume of proppant pumped into the ground, and theufesccan be all with the
same dimension, then the more fractures you pump the g@seis going to be
produced. Fig 3.16 shows the comparison between cumulateigiion of the case
where all the fractures are of equal value and the casee\tee volume of the fractures
is fixed.
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Fig 3.16 Comparison between equally long fractures and fixkedineofractures

For both cases, the fractures were fully penetratmghe z-direction and with
half-inch width. For the fixed fractured volume case,fthetures kept a total volume of
12500-ff. In other words, if there were three fractures, theuld be 500-ft half-length
fracture. This is why in this case they both presenséinee cumulative production. For
the equally long fracture cases, the fractures were &k@&0 ft half length.

As mentioned in section 3.4, even when considering aguamine fractures, it is
obvious that the production increase is slowing down as mactures are added. This
is due to one fracture draining the area of the offsetdre. To overcome the economic
constraint, the volume of all fractures was fixed. tTWay the economics for each case
would be somewhat similar. The total volume of altfuaies was fixed. The width of the

fracture was divided as the number of fractures increased.
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In the Percy-Wheeler and the Whelan field the wsl®wed a significant
increase in production once the second fractured wasdpladter that, the production
stabilized and gradually decreased after the fourth fragtaseplaced. The reason for
that is because the smaller fractures do not take ak auMantage of the horizontal
permeability as the longer but fewer fractures do. Orother hand, the production did
not decrease sharply because the more fracturesateréhe more drainage area they
are going to cover. The results for this experimenteaseen in Fig 3.17, and Fig. 3.18.
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Fig 3.17 Daily production in the Whelan field
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Fig 3.18 Daily production in the Percy-Wheeler field

In the Appleby North Field, all cases gave similarultssin production. The
reason for that is that the permeability of thatdfied so small that the increase in
production due to more fractures is practically insignificdihis field would have to be
developed with massive hydraulic fractures in order toioeonomical results. The
results for this experiment are shown in Fig. 3.19.
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Fig. 3.19 Daily production in the Appleby North field

The results from this experiment show that in tHedds specifically, if we want
to the wells to perform at their best potential keepifiged volume for all the fractures,
the best results are in between 2 and 3 fractures. Thésraiaanean that all reservoirs
should be hydraulically fractured only twice for all eesir. This is a case specific
study; in other words, each case has to be studied sepatatalll the experiments
performed the fractures were kept symmetrically dividedhiwithe reservoir. In order
for this to happen in the case of 5 fractures we woul@ ba\penetrate at least 80% of

the reservoir.

3.6 Longitudinal versus Transverse Fractures

Hydraulic fractures in horizontal wells can be eitleergitudinal or transverse.
Prior to drilling the well, a study of the stress fieldtloee formation has to be done in
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order to determine the direction in which the horizontall is going to be drilled. This
study is important because the orientation of the detlbrmines the type of fracture that
is going to be created. In some cases a longitudiaeiure might be more economical
and in others, transverse fractures might be morechvea An apparent advantage of
longitudinal fractures is that the stimulation processimpler. Most likely, less number
of fractures needs to be created, and therefore, Stevomuld be lower. The longitudinal
fracture can be efficient, especially when the reserns fairly homogeneous. For
heterogeneous formations, longitudinal fractures may hanted access to formation
fluids.

The study of fracture orientation was conducted usingl#it@ from the Dakota
field in the San Juan basin. Table 3.3 shows the resemwellbore and fluid data. To
compare the effect of one longitudinal fracture withltiple transverse fractures, we
generated the cumulative production for one longitudinattfire, and one to five
transverse fractures. Fig. 3.20 shows the result dhallcases. In this study, the total
fracture volume for each case is fixed to obtain a ¢amparison of longitudinal
fractures to transverse fractures. In another watds,individual fracture volume for
multiple fractures is smaller than the single fractcase. It is also assumed isotropic

permeability field in the horizontal plane (& ky).
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Table 3.3 Dakota field data
Wellbore Length 3000 Ft
Well Radius 0.3 Ft
Drainage Area 320acres
Net Pay Thickness 100ft
Fluid Viscosity 0.0162 cp
Reservoir Temperature 175F
Reservoir Pressure 350@si
Horizontal Permeability 0.1md
Vertical Permeability 0.01md
Compressibility Factor 0.945
Gas Gravity 0.74
Wellbore Flowing Pressure 55@si
Formation Porosity 8.50%
Total Compressibility 0.000004psi™
Formation Volume Factor 0.0144cf/bbl

From Fig. 3.20 it can be seen that if we only createfaeture, longitudinal
fracture has a slightly better productivity than transwvdracture. This is because of a
better communication between the fracture and the arelld=ig. 3.20 also shows that
for a total fixed fracture volume, two transverse fuaes yield the highest production
rate for the given condition. After that, more t@es placed result in smaller fracture
geometry, therefore the effect of extended contaetden the fractures and the wellbore
starts reducing. Since the production rate differencedifi@rent fracture design are not
very significant, the economic fact should be consdievhen determining the fracture

orientation and number of fractures.
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Fig. 3.21 shows the daily production from just two cases: longitudinal and
one transverse fracture. It is important to point inuthis case that even though the
difference is fairly small, both, transient and psestbady state times, the well produces
more when it has a longitudinal fracture. The longitatlfracture takes more advantage
of vertical permeability, k Even though the ks smaller by a factor of 10 compared to
the horizontal permeability, kit is still significant enough to give the longitudinal
fracture the edge over the transverse fracture.

In the case of transverse fracture placed in the lmidélthe reservoir, a gas
molecule that is placed in the edge of the reserasied a very long time to get to the
fracture, and it is fair to assume that it travelstb@ horizontal all the time. In the
transverse fracture case that molecule can trauveically to the fracture, therefore
making it faster for it to reach the wellbore.

Notice the difference in conclusions about the optifredture number. If the
volume of the fractures is not limited, and each frextcreated can have a similar
geometry, the optimal fracture number is higher than dase that the total fracture

volume is fixed.

3.7 Reservoir Vertical Permeability Study

As mentioned previously, reservoir permeability is thest critical parameter
that dictates the success of a well in tight gas fdomat This includes horizontal
permeability and vertical permeability. Tight gas formasi are considered to be tight if
the horizontal permeability is below 0.1 md. The effeicpermeability sometimes is
presented through anisotropic ratio (the ratio betweenré¢servoir's horizontal and
vertical permeabilities). In this study typical well ddtom the Uinta Basin was used.
The reservoir, well and fluid data is presented at Taldle The first case studied was
done by using an anisotropy ratio of 10, which is the authdatia from the field. The
second and third cases were done by changing the vertica¢aleility so that we would
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get an anisotropy ratio of 100 and 1 respectively. Fohadkt cases, a horizontal well, a
transverse and a longitudinal fracture were tested.tWbefractured cases (transverse
and longitudinal) gave equal results because the volurtteedfacture was exactly the
same and the only change was the orientation of detufe. Since the horizontal
permeability is assumed to be equal in the x and y diretibere are no changes in the
production performance of both of these cases. Theseftacture types are fully

penetrated on the z-direction, and since there are mdificadions in the horizontal

permeability in all cases, it is noted on Fig. 3.22 that ghrformance of these three

different anisotropic ratios remains the same.

Table 3.4 Uinta basin ddfa
Wellbore Length 1500 Ft
Well Diameter 0.33 Ft
Drainage Area 80 Acres
Net Pay Thickness 100Ft
Fluid Viscosity 0.15§ Cp
Reservoir Temperature 150F
Reservoir Pressure 250@si
Horizontal Permeability 0.1Md
Compressibility Factor 0.8p
Gas Gravity 0.71
Wellbore Flowing Pressure 90Psi
Formation Porosity 14.00%0
Total Compressibility 0.0000125psi*
Formation Volume Factor 0.037Iscf/bbl
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Fig 3.22 Production performance of different anisotropysaiti the Uinta basin

There are several conclusions that can be taken ff@n 3.22. The non-
fractured horizontal wells, give the worst productiohisThappens in all cases because
the wellbore has less contact with the reservoin thahe fractured cases. However it is
noticed that in the case where the reservoir hatisdagdiory vertical permeability in the
case of the anisotropy ratio being 1, the production appesachthat of the fractured
cases. This might be an indicator that fracturing samm is not necessary for this field
and the horizontal well itself might be satisfactofyso the transient period ends at
about the same time as the fractured case, indicatatighe pressure hit the boundaries
of the reservoir at about the same time. On the o&ske anisotropy ratio of 10 the
pseudo steady state period starts at a later time, ancatie of the anisotropy ratio of
100 it takes even longer to reach that period. Also, thg gi@duction from these two
cases are significantly lower than that of the fieeti reservoir. This is a clear indication
that the reservoir needs to be fractured to betteoqerf
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CHAPTER IV
CONCLUSIONS AND RECOMMENDATIONS

The DVS method used to study the performance of horizewehs, with or
without fractures, in low-permeability allowed for a sstiotransition between transient
and pseudo steady state periods. This study was conducteddtr bf horizontal wells,
well spacing, ideal number of transverse fractures, fodmial versus transverse
fractures, and reservoir permeability. A blend of reslervoir data and assumed data

was used to draw the following conclusions:

1. For non-fractured horizontal wells, the longer the lbogk is the better the
performance. After a certain length the increase adpetion is diminished.

2. In low permeability gas reservoirs, the smaller theirdige area for a horizontal
well the better the production results will be.

3. In the East Texas reservoirs studied, if maintainicgrastant fracture volume for
all the fractures, 2 or 3 transverse fractures are itfghls number of fractured is
raised the production starts decreasing.

4. Transverse fractures proved to be ideal over longitudmnaatures in the case
studied because it takes better advantage of both htalzpermeability and
drainage area.

5. Horizontal Permeability is the main factor in deterimg which type of fracture
will give the most productivity. 2 or 3 fractures are ideahe cases studied.

6. If the horizontal permeability is constant in all ditiens, there is no difference in
production from a single transverse fracture or a longialdracture, if they are
placed in the center of the reservoir and if all producis coming from the
fractures.

7. A non-fractured horizontal well may be satisfactorthé vertical permeability is

sufficient.
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This study was the first one to use the DVS methododlgh this study was a
good start on helping the industry on evaluating the perfazenahhorizontal wells in
tight gas formations, there is a large room for impnoet and further study. The
method offers features that were not used in this thésese features can be used with
further research. Several conditions and constraiiis @éte found in the field can be
added to this study. These include the addition of thewally:

1. Throughout the study the saturation was always assuonkd 100% gas, which
is not always the case. Gas, water and oil are usoaXgd in the reservoir and
are brought to the surface. The method can be used tml@opsoduction of all
these fluids.

2. With the production of these fluids, the frictional pressdirop inside the well is
more clearly noticed, therefore it cannot be ignored.

3. Tilted wells and fractures can be taken into accourgutdividing the well and
the fractures into smaller blocks to resemble such cases.

4. Turbulent effect of gas flow was ignored since this my gresent in higher
permeabilities.

5. Lastly, economics have to be considered in order terce if the well
performance will be satisfactory.
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APPENDIX A
MATHMATICA PROGRAM

The Mathmatica® program is really simple to use. Theing time may take
between 10-15 minutes to run, when running the program for toifesc First of all, the
user has to define the reservoir dimensions and its pbiiihean the x, y and z-
directions. After that on the line right below it, theer has to define the dimensions of
the fractures. This is shown by arrow number 1 in Fid. Ahe reservoir permeability is
measured in md. The dimensions for the reservoir andfrdmure are all in feet,
however, the fracture dimensions are all specifiedait-length. So for the example in
Fig. A.1, we are defining the fracture to be 0.5-inch wid¥#)0-ft long, and 200-ft high.

& Mathematica 5.2 - [5 ef whelan.nb *]

Bl Edt Cel Fopnat Inpur Eemsl Find Window Help
EIB&
~

5 ef whelan.nb *

nurther of segrments in y direction (2 ny +1)

ey of segennts 0z diteotion: (2 1z +13

total ey of blocks: nfias * (2 ny+ 1) * (22z+1)

rblock soucdbones: {{exey.oz, vyt | (ox ey ez ey wz) 2.4

{DTeh
Output:nn  {puDTsb matrix}
first index: source, secoy e inclexc: observed from cexter of

FracSegCalc[nfrac_, ny_, nz_, frachox List] := odule[{},

nblock = nfrac (2ny+ 1) (2nz+ 1)}

frach =
2 frachox[[K11[[5 2 frachox[[K]1[[6
Table[Table[{frachox[[K11[[11]1, frachox[[KI1[[211 +w i, frachox[[K11[[311 +w 1, frachox[[K11[[411,
ny nz+

LrachosITRILONT, franhr;x[[)(]l][[sl] ). 3, -nz, nz}, {3, -ny, )], (K, ntrac)]:
nz+

Zny+1
frachox? - Partition[Flatten[frach], ¢1;
Return[ trachox2]]

N

= Multiple SourceBoxes for a sysiem of3 iransverse fracfures of the same size

Xe - 1866.7, ¥e — 1866.7, 26— 200, kx - 0,092, Ky - 0.092, kz - 0. 0092};
—.25/12, wy— 100072, wz — 100} ; 1
Arxiy

o Y 7 Lo» (xeyeze)*" /. k > (ockykz)*? /. reservrule /7 N;

= txe, ye, ze, kx, ky, kz} /. reservrule;

¥ = 1; nz = 1; mblock = nfrac (2ny+1) (2nz + 1)}

ourceboxi- (172 %e, 0.5¥e, 0.526, i, Wy, Wz} f. reservrule f. fracrule; G 4
frachox = Partition[Join[sourcebox1], 6]
sourceboxlist - FracSegCalc[ntrac, ny, nz, frachox]; Q—————— 3

npe = 8
tDTab = Table[10%, {i, -8, 2, 1/mpc}]:

resulti = Multi 5 ist, tDTabl;

Amatrix - Table[Table[result1[[i, J11[[111[[K]1, (3, mblock}, (i, nbleck}], (k, Length[tDTab]}1;

8
= Caleuation under the following assumptions:
1. Al the fractures are infinite-conductivity fractures
2. Pressure drop of fluid in horizontal section is negligile

Dol
vec = Total [PseudoInverse [Amatrix[[3111]:
3>

wer = vee £ Tntal Tvecl:
100% + €

| /2 2 1ntermet B+ | @ Yype-fieihome..

‘J start @CEE 6 |53 wndwsive ¢ Mathematica

Fig. A.1 Display for 1 fracture setup
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The next step is to specify the program how many frastare going to be

placed in the reservoir. This is indicated on arrowsyd® 3 In this example the user is

running for 1 fracture only. The location of the fracturenicated by arrow 4. In this

example the fracture is placed in the middle of thervege Fig. A.2, shows an example

modified to run for 5 fractures. Notice the 4 lines thatrapdified.

$¥ Mathematica 5.2 - [5 ef whelan.nb *]

Fle Edit Cel Format Inpuk Kernel Find Window Help
5 ef whelan.nb *

zcber of segraents in ¥ direction (2 ny +1)

‘mucher of segenuts in % direetion: (2 7z +1)

total meber of blocks: nftas % (2 +1) % (212 +1)

sblock somesbores:{ fexey ez, wy,wz) | fexeyez,wmy,wz) ..}

1DTd
Output: nn{puDTab matrix}
firot index: sonree, sero e inede; chserved from center of

FracSegCalc[nfrac , ny , nz_, frachox List] :=Module[(},
mhlock = nfrac (2ny+1) (2nz + 1)}

frach =
’l‘ahla[’l'ahla[[(rar.hnx[[k]] [[1]1], frachox[[kK]11L[[2]1] + w i, frachox[[K]11L[31] + w 3, frachox[[K]11[[41].,
- ne+
frachox[[K11[[511 frachox[[K11[[611 " " »
el . m }. 3, -nz, mz), (i, -ny, ny}], K, nfrac)]:
frachox? = Partition[Flatten[frach], 61;
Return[frachox2]]
u Multiple Source Boxes for a system of 3 transverse fractures of the same size

eservrule - (xe — 1866.7, ye -» 1866, 7, ze - 200, Jo + 0,092, ky - 0,092, kz -0.0092};
fracrule = {wx— .25 /12, wy— 1000/ 2, wz - 100};

ok
conv = % 7. Lo» {xeye 2e)? 1. k —» (kxkykz)!? /. reservrule /7 H;

reservhox = {xe, Ye, ze, kx, ky, kz} /. reservrule;

nfrac - 5;

ny = 1:nz = 1: mhlock = nfrac (2ny«1) (2nz+1):
oxl- {1/10xe, 0.5ye, 0.5ze, wx, wy, we}/.
ox2= {3/10xe, 0.5ye, 0.5ze
ox3 = {5/10%e, 0.5ye, 0.5 2
oxd - (7/10%e, 0.5ye, 0.5ze, wx, wy, we}/.
0x5 = {9/10xe, 0.5ye, 0.5 ze, wx, wy, wz} /. reser:

e, Wy, w2}l

e, Wy, w2}

frachox - Partition[Joi 1, s 7 5 J61:
sourceboxlist - FracSegCalc[nfrac, ny, nz, frachex] ;

me =3
tDTah - Table[10°, (i, -8, 2, 1/mpc}];

result1- Multi 4 ist, tDTab];

Imatrix - Table[Table [result1[[i, 311[[111[[K]1], {j. nblock}, {i, nblock}], {k, Length[tDTab]}];

H

= Calcuation under the following assumptions:
1. All the fractures are infinite-conductivity fractures
2. Pressure drop of fluid in horizontal section is neglizible
100% ~ €

e mathematica ... | (22 Itemet B, = | @ pe-fisthom

6@

Fig. A.2 Display for 5 fracture setup

2E 0L el gasan

After all the modifications are done to specify wha tiser wants, the program

is then run. To do that, the user must click on Keomethe toolbar, and then run entire

notebook. The result is going to be displayed in an Esmreadsheet that is place on the

desktop under the folder Runs. This excel spreadsheet ydispl@olumns, The first

column displays the dimensionless time, The second displays,Jand the third the
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fraction of the flow that is placed within each fiar@. This last column is important to
detect errors. If the fractures are placed equally spaced symmetrically in the
reservoir the production fraction for each should bestme.
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APPENDIX B
CONVERTER SPREADSHEET

The next step is to use the converter program. This amogs used to convert
the data from dimensionless variables to real timepaaduction, in days and millions
of standard cubic feet per day. The first step of thigiam is to fill the information on
the Sheetl spreadsheet. Fig. B.1. The reservoir amtddéia, in this panel have to be
filled in order for the program to perform the conversion

Microsoft Excel - Converter, from, JD to production- Fracture.xls

E_"l File Edit View Insert Faormat Tools Data  Window  Help

S od A VE 8BRS0 -8 -3 4

i Arial -0 - B 7 U|EE =S % » %h 0| E E
BB - A& 80
A | B |Jec| o | E | F | 6 [ H
| 1 |Input Data
2 |
| 3 |Horizantal Well Length, L 1000 ft
4 |WWell Diamester, d 0.5 f
| 5 |Thickness, h 100 | f
| B |Horizantal Permeahility, kh 0.1 md
| 7 |Werical Permeability, kv 0.001 rnd Fun Proararm
| 8 |Drainage Area, A I BD!acres 4
| 9 |Fluid Wiscosity, p 0.0244 cp
|10 |Average Reservoir Temperature, T 180 F
11 |Average Reservoir Pressure, P 4350 psi
|12 |Compressibility Factor, z 0.945
13 | 0
14 |
15 |
16 |
| 17 |
18 |
|19 | Gas Gravity 0.71
| 20 |WWellbore Flowing Pressure, Pwf 900 psi
| 21 |Porosity of Formation 0.05
| 22 |Tatal Comprassibility 0.0000125 psi-1
| 23 |Formation %olume Factar 0.0371
| 24 |WWater Saturation 0.3
| 25 |
| 26 |
| 27 |
| 23 |
Lyl

Fig. B.1 Display of sheetl on the converter program
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Next, the user has to switch to Sheet2, and pastesthadrg information on the
first two columns (colored yellow) as shown in Fig. BAdter clicking on the “Run
Program” button, the results will be displayed on k&t two columns (colored blue).
The user can clear the cells to run the program one tinoeg by clicking on the “Clear
Cells” button. From the Time and Production data, a giegh be created with the
preferences of the user.

Microsoft Excel - Converter from JD to production- Fracture.xls [BEE]
- -8 X

i) ple Edt Yew Inset Fomat Tedk Data Window  Help Type a question for help

G E ST % B S0 o8 E s R s ee - @f (e st | 250 oe
i - AW e bl M o0 AR AL el o fE A

£ Arisl 210 »|B I U|=E==H|8 % » %8 .
K11 - A
A | B | € [ b J E | F [T & | H [ 1T [T J e L =
Td JD Time Production

Run Program

EEEEEERES

S
o

1

=
[}

=R
w

-
S

Clear Cells

-
o

—
(0]

i
~

=
o

-
©

(%]
o

RN ININIRNINRN
0N R WM =

[\
o

W 4 » w\ Sheetl },Sheet2 / |« >
irow= U | Adoshepes N N IOl dll & (8 | &-2-A-==c aafl
Ready UM

<4 start 1782 windows Live Messen.., | B Converter of.. |+ 'Equnoxe I by Jea.., Wi - Con EN /B oL QJ.}_ 2,8 1104 A0

Fig. B.2 Display of sheet2 on converter program

This program works by first reading all the variables ee€1 and also Sheet2.
A variable of reference dimensiondxand reference permeability.{k are defined as:

Xra‘ = ’\/Xr&s Dyr&s Dzr&s (Bl)
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5 k, [K, [k,
K =X O (B.2)

(XreS Eyr% Qr% )%

These two variables are used in convertipgahd 3. These variables ¢land 3) are

read down the lines from the spreadsheet and then pluggedhe following equations
to be converted:

(€, [P Ky
t=T, o P K (B.3)
0.00633K,

_ (ﬁz - pwfz)l:kh [h

= L B.4
a 16320ux, 0T  ° (B.4)

This process is repeated untih €quals 1 is encountered. This point indicated
that the boundaries were felt by the pressure; meaninghiatansient time is overp J
from that point is stabilized and the equation from flate is modified on the following
fashion.
(ﬁz ~ Puw Z)Ekh Ch

h B.5
1424 (2 [T P (83

q:

After this first point, the new z-factor is calculateég correlations and the
cumulative production is also calculated. These two weuables are used to calculate
the pressure drop in the reservoir by using material balan
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