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Abstract

The industry spends millions of dollars each year for fracture stimulation treatments. But the
optimization of the fracture treatment is difficult to achieve as large number of critical variables
are associated with the designing. These are the variables that have the largest impact on
production obtained from any stimulation treatment. Identification of these factors is important
for optimizing the treatment. This project concerns with evaluation of treatment design with
variation in these critical factors. This method is used to optimize the design prior to spending
any money for stimulation treatments. Also NPV analysis has been carried out for selecting the
best possible design that promises maximum revenue. The project covers some general concepts
of fracture economics and integrates net present worth with commonly observed producing

performance decline profiles.
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CHAPTER 1: INTRODUCTION




1.1 Project Background:

For optimum and economic development of unconventional reservoirs such as gas shales and
CBM reservoirs conventional methods can’t be employed. Due to the limited permeability of
these reservoirs some type of stimulation process is required for economic recovery from wells
drilled into these formations. A formation is said to be permeable if the pore spaces of the rock
are interconnected and channels exist through which the oil can flow. The degree of permeability
is said to be high if oil gas and water can easily flow through the existing channels and low in
case the flow channels are very small and the fluid flow is restricted.

For highly permeable zones the drilling fluid may cause damage to the wellbore and the low
permeable zones may not allow sufficient flow into the wellbore. In both the cases the
production may not be commercial because the fluid flow is not at the desired optimum rate. A
stimulation process (here Hydraulic Fracturing) is then used to increase the amount the amount
of fluid flow into the wellbore. Hydraulic Fracturing creates an artificial channel that supports

the very purpose.

¢ fracturing dates back to the year 1903. However for oil & gas
he United States. The process is now widely accepted
s worldwide.

The first industrial use of hydrauli
stimulation it was used in the year 1947 int
and is used annually in a large number of well

1.2 Project Aim

turing job for a shale gas and CBM reservoir and

The project aims to design @ hydraulic frac
he available parameters.

choose the best suited design according to t

L3 Project Objective ‘

design varies with large number of parameters which can be chosen

Hydraulic fracture treatment . S whi
hese design variables have been classified into three groups

- as a part of the treatment design. T
as:

Fracture fluid properties

Proppant properties

Injection schedules (volumes, rates and composition of each fluid stage)

Generally optimization of fracture treatment design is done by trial and error and/ or sensitivity
f all design parameters into one global optimization problem is

'flnalysis. But, the incorporation 0 ) ) .
impractical because the mechanistic simulation of hydraulic fracturing in conjunction with large

Scale optimization solvers is t00 computationally expensive. Since there are several operational
and economical constraints in the fracturing treatment design, it is difficult to represent
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optimization problem with a single objective function. As there are a number of objectives and
constraints, tradeoffs amongst these become complex.

The objective of this project is to achieve optimization for fracturing stimulation treatment

1.4 Project Scope

There are many commercial available programs that can be used too model a hydraulic fracturing
job. In this project actual reservoir data has been used to design a hydraulic fracturing job.

1.5 Project Methodology

The project represents guidelines for simulation of a hydraulic fracturing job and it selects the
best possible option based on NPV analysis i.e. a job that is economically viable.

L.6 Project Limitations

e aid of computer generated programs and no actual mathematical
e-has to rely upon the correctness of the results. Due to
ot completely accurate but analysis has been done with

The simulation is done with th
solutions have been done manually so on
expertise and lack of data the results are n
the best possible purpose.
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CHAPTER 2: LITERATURE REVIEW
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2. Literature Review

2.1 Hydraulic Fracturing

It is the process of injecting fluid into the formation at a rate and pressure such that it opens up
the formation. The process consists of transporting propping agents to the fracture that needs to
be flowed out of well. The fracture creates a conductive path towards the wellbore. Fracturing
also helps bypass the near wellbore damage and alters the flow of fluid in the formation. The
main parameter to focus upon while considering the size of a fracturing treatment is the amount

of proppant placed into the formation. More the proppant placed at the desired location increases

the performance.

Application of hydraulic fracturing

> Enhance the flow rate of low permeability reservoirs in case of damaged wells

For damaged wells the flow rate is increased.
It helps natural fractures in a formation to communicate with the wellbore.

The drainage area is increased. o
Pressure drop is reduced around the well in order to minimize the problem of asphaltene

and paraffin deposition.

vV V VYV

The fl‘actUringjob is completed in three stages:

Stage 1
Injection of pad fluid to initiate and propagate the fracture. This pad fluid is the fracturing fluid

that does not contain any proppant.

Stage 2
entration of slurry is increased with injection until it

roppant slurry. The con
al of the treatment.

reaches a set value of solids at the end
Stage 3

Cleaning of fracture. This stage is also called back flowing stage in order to clean the fracture.

22F Ormation Damage
It is the impairment of the reservoir permeability by any phenomenon, resulting in the decreased
Production / injection from the well is termed as formation damage.

15|page



\) . o . .
’ Fast production / injection decline of the affected well
> It leads to a reduced near well bore permeability

2.3 Damage Quantification

Skin value i
is used to i i
. calculate formation damage. It is denoted by S. The value of skin is gi
1S given

S=(k/ks-1)In ry/ry

)
k
- ks _Pe

A

Zone of altered
permeability

B
18ure 1. Well with a skin
204
Damage Characterization
TO c .
lassify formation damage & its :dentification we should know:

> The Type of damage
» The Location of damage

» The Extent of damage
» Its effect on well productivity / infectivity

lslpage



2.5 Types of Damage
Damages may be due to:

2.5.1 Drilling

i d filtrates may cause clay or other
; | or induced fractures. Mu
o sl mally oo EO;Z’ ;a::;aAlso pores or fractures near the wellbore may be plugged by
fines to flocculate, swe .

the dynamic action of the drill string.
2.5.2 Casing

i lug large pores and natural fractures: Chemical flushed .before
poment r mud SOhd; mzz Slaf properties. Filtrate from high fluid loss cement slurries may
¢teémenting job may chan

change formation properties.

2.5.3 Well Completion

i i tion fluid.
P be plugged by the solids coming from perforation or completion
erforation may be plu

2.5.4 Production Initialization

i s well as clay or other
! tible with feservoly TULIS mAY cause damage ? well at hig)I; rate can
e ot ace ot c?‘mp? oln formation pores and fractures. Clean up of a
fine entering the perforation,

fésult in severe plugging.

255 Stimulation

ile sti i ith mud or
i ids while stimulating the well wit ‘
lugged with soli o
pomation and fracturei)ca?nzehl;dii“c fracturing propped fractures may become plugge
Unfiltered oil or water. Dur

fracturing sand fines.

halts
25, ffin’s and asp | | |
et o fin’s or asphalt from the tubing a portion of scrapped material will be
. ) | .
Euul:]l "gdtl?e remOf\" . :iﬁ:r:f;)lr];s and fractures adjacent to the wellbore
Ped into perfora >

r
257 ices and work ove | | | |
el Servis r may cause water blocks, oil wetting of formation or swelling
Use of chemicals during work ove

Ofclay,
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2.5.8 Production Phase

Screen or gravel pack may become plugged with silt, clay, mud scale or other debris. Change in
fluid saturation will result in reduced permeability to oil.

2.5.9 Water Injection

If water is insufficiently filtered the fines may pug the formation. In some cases the injected
water is not compatible with the reservoir fluid; this may cause drastic permeability reduction.

2.5.10 Gas Injection

uild up with oil saturation around the wellbore, oil

Lubricating oil from the gas compressor may b
sion in the formation.

wetting the injection zone and causing an emul

2.6 Fracturing Fluid

It provides the hydraulic energy to initiate a fracture propagate or extend the fracture. It also
transports propping agents to the fracture that needs to be flowed out after treatment.

2.7 Desired Fluid Properties
Less (or controlled) fluid loss

Low value of friction in pipe

Sufficient viscosity to transport proppant

Yield viscosity quickly

$ It should maintain viscosity at shear and temperature

Clean breaking

> Break after desired time at temperature

> Break to low yiscosity and no yield-point

N°"~damaging

» Leave no residue behind

» Do not cause capillary or phase trapping
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2.8 Types of Fluids

Water based
Foam based

Oil/ Diesel based
Acid based
Emulsion based

vV VVVYY

2.9 Types of Fractures
There are basically two types of fracture alignment:
2.9.1 Horizontal Fractures

> Pancake like geometry
> Shallow wells less than 3000 ft.

> Fracture gradient > 1psi/ft

puny

QI T

-

Figure 2. A Horizontal Fracture Geometry

2.9.2 Vertical Fractures
> Plane is perpendicular 0 earth’s surface.

» Fracture gradient <0.8 psi/ft.
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Fi ;
igure 3. A Vertical Fracture Geometry

2, i ;
10 Orientation of the fracture produced

Fracty
re should occur along planes normal to the least principle stress; the minimum injecti
ion

pres inci
sure should be equal to the least principle stress.

Minimum
in-situ stress

Hydraulic Fracture

Fi .
8ure 4, Qrientation of Principal Stresses
2.10.1 Case 1

Regj
“8lon characterized by normal faulting
M sue . e
h case vertical fractures should be formed with injection pressure less than the overburd
erburden

Pressure
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2.10.2 Case 2

Region characterized by thrust faulting

In such case horizontal fractures should be formed with injection pressure equal to or greater

than the overburden pressure.

Note:-

In the particular case of horizontal fracturing, the total normal stress across the plane of fracture
is equal to the fracture due to the total weight of the overburden, and therefore the minimum

injection pressure, regardless of whether the fluid is penetrating or non-penetrating is also equal

to the overburden pressure.

2.11 Rupture pressure

s the pressure which is required to initiate the fracture. In order to

it is necessary to consider the properties of the rock to be
otoriously undependable quantity. It varies from zero
dred pounds per square inch for the strongest rock.

Rupture pressure is defined a
determine the rupture pressure,
fractured. The tensile strength of rock is an
for unconsolidated formation to several hun
more system of joints comprising partings with

In case of rocks which are intersected by one or f .
across these joint surfaces is essentially

only slight normal displacement the tensile stress
feduced to zero.

In any section of well bore it is probable that many such joint have l?een intersected. .It appears:,
likely, therefore, that the tensile strengths of most rocks that are subjected to hydr.aullc fracturing
by pressure applied in the well bore is effectively zero, and that th.e pressure required to produce
a parting in the rocks is only that required to red.ucfe the compressive stresses acrf)ss some plane
in the walls of the hole to zero. As the pressure is mcre.ased, the Plane across which the fracture
Will commence will be that across which the compressive stress is first reduced to zero.
In case of smooth cylindrical wellbore, this ?lane must be vertical :fmd perpendicular to the least
principle regional stress. The least compressive stress across a vertical p}ane at the wal|§ of the
fore, the down-the-hole pressure required to start vertical

hOIe vari
arie zero. There ‘ ‘
fractyre W?tflmm oA,;::netrating fluid may vary froma value of twice the least horizontal regional
a non

Stress to zero.

21|Page




2.12 Design variables

2.12.1 Fracture half length

Productive fracture half length is always less than the propped Iength‘ and it varies with
permeability. Generally vertical variation in the permeability results in smaller fracture half
length. |

2.12.2 Fracture height growth

Fracture hej ght growth depends upon the magnitude of in-situ stresses, stresses difference and

fracture toughness in different layers.

(a)

Figure s, Fracture Height Growth

ture is less than the height of entire zone.
c

(2) In this case height of fra ¢ is greater than the height of zone of interest as a result

(b) In this case the height of fractur

ir rocks.
. : 7 non reservoir roc . . |
9 the fracture is contatctl:i :S ses through oil/water contact and if propped will result in
€) In this case the fractur

ichi sirable.
water production which 15 unde
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2.12.3 Fracture width

Fracture width depends upon:

» Fracture dimensions- height ( hs )and length of fracture (L )
> Net pressure inside the fracture
> Rock stiffness
2.12.4 Fracture conductivity
Fracture conductivity is defined as the ratio of ability of fracture to carry flow to ability of

formation to feed the fracture.

Fracture conductivity Cra:

Cfd='J_
ka

Value of fracture conductivity to be expected

» FCD>50 : Not preferred
» FCD=0.1: Not preferred

Therefore

» For an ideal steady flow condition FCD=1

> For peak flow conditions FCD=10

, )
Prat’g correlation

[ ———
=1 =g=====u_-========
05 HH H
3 ’ > HCrp > 30, x limited
L-x 02 r fy = %92
25 T
i:um:: 0.1 i =FH
$§ 0.05—=~ T HHH
Ole / | i
HE Verrrrr il
g g 002 B cg?'w'f-"DtZBkoW/k 1T
Wl
0.01
0102 051 2 9 10‘?00 50
Dimensionless fracture conducivity, G
\ ‘—/—_———

Fi i
'8ure 6. Prat’s Correlation
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2.13 Procedure to calculate fracture half length
i ial balance.
Fracture half length can be calculated using volume material b
i i lance.
Fracture half length can be calculated using volume material balan
Volume pumped

Fracture volume created

Ve = he % w * 2L

Volume lost during fracture
Vie = 6h,C,L,ft, + 4LhS;
Where

'n/\IIZ)
® C_. fluid loss coefficient (ft./mi

ht (ft.)
* h,  permeable fluid loss height (

* S,  spurtloss( gal/ft."2)
Since volume is conserved
Vi=v+v,

By substituting all the values We get:

L= aty

2k, xw + 6k, C, [T, T 4157

214 Effect of net pressure:

Case] if ppe; is small

h is very small and hydraulic fracture is confined.
wth is

In such case vertical fracture gro

Case) if Pretis high



Insuchc i ; :
ase there is extensive height growth as a result radial or circular fractures are formed
ed.

2.14.1 Maximum fracture width

2P, d
Winaz = ans't

> E’ plane strain modulus
> D least dimension of fracture

> V Poisson’s ratio

T 1-vE




CHAPTER 3: OVERVIEW OF EQUATIONS AND METHODS USED IN
CASE STUDY
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3.1 Methodology

The critical parameters for optimization of stimulation results can be grouped into three
categories. The three categories are 1) Reservoir and producing system parameters that
determine the production response from the well 2) Stimulation parameters for the determination

of fracture geometry 3) Economic parameters for optimum treatment.

3.1.1 Reservoir and Producing System

Effective Transmissibility (kehs/1)

Effective Mobility (ke/k)

Effective permeability(ke)

Reservoir Pressure (psia)

Net Producing Interval (hn)

Fluid Properties

Reservoir Behaviour .
Surface and wellbore Plumbing Configurations
Operating Conditions

Stimulation Parameters

YVVYVVVVYVVVYYV

3.12 Fracture Stimulation Design

v

Design Models
Propping Agents Pe
Closure Pressure on
Fluid Loss

Propped Fracture Wwidth(w)
Fracture Half Length(xs)
Created Fracture Height(hg)

rmeability(ke)
Proppants(psia)

VVVV VYV

3-13 Economics

> Production Forecasting
> Net Discounted Production Revenue per BBL or MSCF

> Cost Of Stimulation Options

permeability all affects the capability of a producing

eServoir. Largely these variables cannot be changed a‘;]d :re the lea-ding factors in certain '

Stimulation design variables such as fracture half le.ngtth, racture }wdth. and proppant :sel'ec.tl.on. A

Pressyre transient test may be conducted to determine de re.ser\;mr van.ables. Transmissibility

and Mobility as unit terms is important f.or ac(.;urat? phro uetion d ore castl.ng at the surface.
Nowledge of fluid properties and identification the net producing thickness are necessary to

T . -
lra"Smlsmblhty, mobility, pressure.




obtain mobility and permeability from the pressure transient analysis. Fluid properties are best
obtained from PVT data. Net producing thickness can be obtained from log analysis.

The effects of the surface and wellbore plumbing configuration, as well as operating conditions,
must be determined. This is done by available models to describe fluid flow through:

Perforations

Tubulars

Flow lines

Chokes

Separators

Artificial lift systems.

VVVVVY

Fracturing stimulation is one of the alterations that cfan increase the productiort. The hydraulic
fracturing process results in formation of fracture V\{ldth and length. The resulting conductivity is
one factor that determines the rate at which fluid will ﬂoyv thro.ugh t.he frgcture to the wellbore.
The effect of conductivity and length must be evaluated in conjunction with the total producing

System.
as the distance between the wellbore and tip of the fracture. Gross
turing treatment is the key parameter that needs to be

determined. Optimizing fracture length and other c.ritical parametf:rs cannot.be c.leterminej;i
Without knowing the gross fracture height. The fluid volum'e rec'lulred to maintain the optimum
fracture length in the formation increases as the frac?uTe helghF increases. The amount of
Proppant thus required to obtain the desired conductivity also increases because the total area of

fracture has increased.

Fracture half length is defined
fracture height created during the frac

f any fracture stimulation design. The fracture closure

Proppa PR s nortant part 0
ppant selection s an P hat fits in with the conductivity required.

Pressure helps select the propping agent t
ow effective 2 specific fracturing flui.d w.ill. be .in creating the
desired fracture geometry. It is dependent on the fracture ﬂu1d. grlopertlesfi fjn!eCtl?n rate, res_eI:VOlr
Characteristics, area and fluid loss additives used. Here the Iﬂul ffczs§ COBth}ent is a very .crmcal
Parameter, th e,l arger the value of fluid Joss coefficient the less efficient the racturing fluid

System wil| be.

Fluid efficiency is a measure of




3.2 Obtaining variables

mined from an instantaneous shut in pressure by assuming that

The term closure pressure is deter
fracture pressure. It can also be obtained from a

the closure pressure is equal to the bottom hole
step rate test.

The total fluid loss coefficient and fluid efficiency terms are obtained insitu by performing a

small injection test using the same fracture fluid and injection rate as done for the actual

treatment.

The volume of fluid required is determined from previous experience. Gross fracture height is

determined by a gamma ray survey.

The last variable to determine is the fracture geometry model. There are three models

available that may be used:-

» 2D PKN model
> P3D model
> MLF model

Choosing the correct model for designing of an optimum stimulation treatment is very critical.
Using accurate input data with previously established history and evaluating allows the

verification or modifications that aré applicable to a formation.

NPV analysis is the ultimate deciding factor for the total design process. It compares the revenue
Potential to the cost of treatment, plumbing syste.m and .opera.ting conditions available. These
Modeling techniques forecast the effect each design op.tlon .wﬂl have on the produc.tion potential.
As the options vary the total system production potential will also cl.lange. Productl.on forecast
Move hand to hand with revenue potential, if the r.let revenue per unit hydroc?rbon.ls k.nown, the
Present valye can be calculated using a revenue discount factor. The economic design is one with

the largest net present value. The other variables affecting optimum design are:-

ast for which NPV is to be determined.

> Duration of production forec
n revenue

> The net discounted productio.
> Investment for the design option
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3.3 Method for optimum fracture stimulation design

3.3.1 Step 1

Forecasting production for fracture stimulation operating condition design and plumbing system.

Procedure

via a pressure transient test for the determination of

> Design, conduct and interpret ¢
nsmissibility, permeability, mobility, reservoir

critical reservoir variables (tra
pressure). _
> Select plumbing system design OP

size and length, artificial lift).
» Select operating conditions (welthead pressure, separator pressure, wellhead

pressure).
> Select fracture design (fr
> With the help of modeling tec

tions (tubing size, shot density and type, flow lines

acture conductivity, fracture half length ).
hniques forecast production for the total system design.

33.2 Step 2

Determine achievable fracture stimulation design.
PrOCedure
determine minimum stress and closure pressure.

> - niection tests O . .
Carry out inje d fracture treatment to determine total fluid loss

» Carry out small non proppe

coefficient and fluid efficiency.

y i hei hto

ired to create the lengths and conductivity used in the forecast.
required to

i i ign.
Economic optimization of fracture stimulation treatment desig

Procedure

n forecast determine cumulative production vs. time for each of

timulation designs.
Jue of the production.

ired.
for each of the options available.

> From the productio

the expected fracture S
> Calculate the present V2
» Determine the investment requ
> Calculate the net present value




> The economically reasonable, optimum fracture, stimulation treatment design has the

highest net present value.

3.3.4 Step 4

Pumping and monitoring the desired fracture stimulation treatment

Procedure

onitor vehicle is used to make sure the job is done as designed.

> A treatment m
h data.

> Monitor and plot real time fracture growt

3.3.5Step 5
Evaluate the fracture stimulation results.

Procedyre
p 4 to the production forecast model.

» Compare the results of ste :
nd actual production are the same the system is operating

> If the forecast production 2 :
properly and the stimulation treatment 1S successful.

3.3.6 Step 6

Detect the problem if the well is not performing as forecasted.

Pr oceduyre

» Undesired conditions are checked in the total producing system.
> Review the treatment data. . | |
> A post fracture pressure transient test I conducted to determine the effective fracture

length and conductivity-

> Any new condition shou he production forecast.

Id be updated tot

3.3.7 Step ~ |
Design criteria for future fracture stimulation treatments in the area.

Procedure

mulators t0 create a new fracture geometry model, if desired.

> Use various models and s!
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3.4 Concepts of fracturing economics

Economic design has three basic requirements:-

» To evaluate what oil and / or gas producing rates and recoveries should be expected from

various fracture lengths and conductivities of a reservoir.
> To determine the fracture treatment requirements to achieve the desired fracture lengths

and conductivities.
» Combine the results and select the design that maximizes our economic returns.

3.5 Producing performance profiles
Profile of estimated producing rates or cumulative production must be determined for both
fractured and unfractured cases. The approach depends on whether the performance behavior is

following:

» Steady state (for K>10md)
> Unsteady state flow (k<Imd)

3.5.1 Steady state or semi steady state behavior

When the reservoir has relatively high permeability and the performance condition s are

established in a relatively short time, it is possible to determine production rate increase.

Performance decline studies have shown that the behavior falls into one of the three categories:-

> Constant percentage
> Hyperbolic
> Harmonic

The €quation applicable to the above three forms is

d 1dq
S= m
dtlnq q dt 9
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Where

» q producing rate
> t time
> bé&m constants

T . .
he value of cumulative production Np, for the three forms is as follows:-
1. Constant percentage decline :

_q-q_q1—e™)

Np = =
s s
2. For hyperbolic decline :
= a; [1 L (m-1)
A s ey (1+ms;t) ™ ]

3. For harmonic decline :

N =:q~ q; .
»=—In (—‘) =€iﬂn(1+s.-f)
q S;

14

S constant percentage decline rate (cycles/month)

s; initial decline rate.
t time

q producing rate at time t
qi initial producing rate
N, cumulative production

VVVVVYVY

attimet

F‘01' e . .
conomic optimization studies, the choice of approach and the choice for performa
nce

decr
l . .,
ne are very important and critical.
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3.5.2 Unsteady state behavior

If the permeability of the reservoir is low transient flow prevails in early life of well. The type
curves here provide a relatively fast and inexpensive method to predict the performance before

and after fracturing.

3.5.3 General economic criteria
For the economics of fracturing one should consider the following:

> Present value of the cash flow from the well production and expense streams.
The net present value of the net cash flow from the fracturing treatment.

The payout time. (PO)
Return on investment (ROI)
The rate of return (ROR)

VVVYV

3.6 Present value

Present value (PV) is related to the future value (FV):

p V= D.V FV
Where
>N total number of compounding periods for the interest rate.
» D= —ii;]= discount factor
14+
> i Annual interest raté

i iods per annum
> ny number of compounding per p

> /g periodic discount rate



3.6.1 Case 1

For discrete increments

L L
PV]‘I," = Z pV]:-i = Z D"V]z—i
n=l

n=g
3.6.2 Case 2

For continuous present value

n_ 1
¢ eﬂ(i‘g‘n;,}

3.6.3 Case 3

For special cases

Constant percentage decline discrete case

K+1
pV]K_A(eS_i) E__:.E_-—-—- II'E[D:J
tTTs |[1-8

Constant percentage continuous case

tg —
PV]t =A_z(31 “B D
1

Hyperbolic decline discrete case

K—-1 i

m-1 _ n ) - — E[D
PUise__ A o pra+msklm +@—1) p Di(1+ms)m - ED]

(1 - m)s,

n=1

Harmonic decline discrete cas€
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K-1
r A
Prl¥ = o D™in[1+ sk] +(1— D) Z D" In[1 + s;n]| — E[D, ]

n=1

Where
> K number of monthly increments
> i monthly interest rate
> u average net hydrocarbon value per unit produced
» E monthly operating expense
> E operating cost/bbl produced

3.7 Net present value

This term is used to study present value economics from a treatment.

NPV= (PV) 1 (PV) o -Cr

Where

> af and bf represent after and before fracturing

> Cr compounding period

3.8 Elements of fracturing treatment costs

The Treatment cost usually includes the following:
» Pressure multiplier pump charges
Fracture pumping equipment charges
Blender service charges

Fracture material and material handlin
Propping agents pumping charges
Slurry concentration service
Material and equipment transportation costs
Stimulation technical and laboratory help

g cost

VVVVVVYVY
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» Various services and license charges
» Other associated costs

3.9 Fracture stimulation design: total concept of optimization

A reservoir performance simulator g

cumuladve
production

Ievenue

enerates the following graphs:

x=300
=100

12300

length

Fracture simulator generates the following graphs:
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treatment volume

fracruze length

cost

length

. wn below:
With these data the net profit curve is generated as sho

revemie
less cost

A———
fracture length

Figure 7, Total concept of optimization
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CHAPTER 4: CASE STUDY ANALYSIS
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4.1 CASE STUDY ANALYSIS

Reservoir and hydro fracturing data for the well is given in the following table.
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The formation to be fractured is a potential shale gas producer formation.

A fracture half-length of 200 ft. (60.96 m) was chosen based on the data provided in the forecast.
A fracture stimulation treatment was then designed for this 200 ft. However, the values for
several critical variables (gross fracture height, closure pressure) necessary for realistic
stimulation design were not accurately determined. A propped fracture length of 140 ft. (42.67
m) and apparent fracture length of 112 ft. (34.13 m) was assumed for base case.

The treatment was designed to use 391 17 gal of total fracturing fluid to place approximately
51648 Ib. of proppant. A pump rate of 40 bbl. /min was taken with fluid efficiency of 0.5. Total
pad volume to be pumped was determined to be 16777 gal. Fracture lengths for various treatment

volumes and rates were determined using a fracture propagation model.

The base case description is given below:

A :_I Plot l

FFlLic T/
YF130.1HTD [

[base case]
Hydraulic Xf 2000 ft
Propped xf 140.0 ft
Apparert Xf 1120 ft
Fed 121.47
Radial Cum a2 M scf
Frac Cum 291 Mtdscf
Pump R ate 40.0 bbl/min
Fluid Eff. 0.5
Pad Vol 16777 gal
Tot. Fluid 39117 gal
Tot. Prop 1E43 Ib
Est Cost 4 778,939 $(US)
NFy 12,916,023 ${US)

{optimurm)
B e ey

2. Base Case
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4.2 Application of general concepts of fracturing economics

Economic design of fracture treatments has been done based on three basic requirements-

1) Evaluating what gas producing rates might be expected from various fracture lengths and
conductivities. A reservoir performance simulator provided predictions of the production rates

and recoveries for variation of fracture lengths as shown below:

’H‘E | I I ' L) ¥

16
; e
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5 0 - —
'
&
:
¥
g W
)
0
v
;
g) - Qppa

. ____4__.«._;-_#-_4-—-; —3?&;
m .—t_—i—w- — _ )fP.
,,,,,,,,,,,,,
0 B ' l
N i B ia T .
e ekt -

Figure 8. Plot of x; vs. cumulative gas production
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A revenue estimate was then developed for various fracture lengths. Revenue, as a function of
fracture length is, usually not a linear relationship. It has been found that the rate of revenue
growth diminishes with increasing fracture length and eventually reaches a flat slope.
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Figure 9. Plot of xr vs NPV
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2) A hydraulic fracture simulator has been used to compute treatment volumes, types of material

and pumping schedules necessary to achieve various fracture lengths and conductivities.

W A02 @D D0 SN0 L 0 10 4
g EDS WM D0 EN2 05 A w4
g A5 FOK W ED2 W0 ED 5
g B05 VAW M 802 15 W0 WS &
wg 1S OFEH D0 B2 0 T
b a7 VAN D W2 | 5 TAD @ 0
e A2 WOD W R | W D my W
woRS WA B D W 0 oM u
sage | Prw [ euia| ewid | 89| g |Ponf ooe | fR | R | T
Name | ygimin Neme Jio/mgal| ol | | PPA | b | bb | mhn

T3. Pumping Schedule

With these data a relationship between fracture lengths and treatment costs can be generated.
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3) The sensitivit :
y of net present value to various parameters has been analyzed
yzed as shown in
plots

below:

Sensitivity Analysis: Net Present Value Plot

12516474
12099820
116831606
11266512
10849858
r 10433204
e 10016550

~ g599896
0183242
8766588
g349934
7933280

Fiour
igure 10, Plot of NPV vs. xrand maximum pumping rate
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Sensitivity Analysis: Net Present Value Plot

i memmmmmwm;

B B T LU
R A ROV ""';Wﬁ\:u).iﬁ.v.-;im-‘-‘m.m‘-ﬁw.kmﬁ'ﬁ&

NPV - $(US)

2.89E+007
2.58E+007

2.27E+007

1.97E+007

1.66E+007

1.36E+007

1.05E+007

7.45E+006 I
4.39E+006 i
1.34E+006 's
-1.72E+006 |
-4.78E+006

g

F.
1Bure | 1. Plot of NPV vs. k and Xr

Wlie s ge



This revenue curve exhibits some optimal po
. )

xceeds the revenue generated by production
of treatment designs that ma

43 ECONOMIC ANALYSIS

ximize economic

ints at which the cost to achieve longer fractures
from the additional length. This identifies a range
s (i.e. optimal treatments).

METHODS AND SCOPING STUDIES

4.3.1 FORMATION PERMEABILITY

0 ) . . .
ne of the more important considerations !
a major impact on ¢as
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effect on producing rates has
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432 FRACTURE CONDUCTIVITY

Achieving appropriate fracture c0
o use sand versus higher strength manufa
concentration play a significant role in econor
more costly than sand and their use often requires

been provided below:
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The relationship between fracture half-length and fracture conductivity is shown in following

figure:
— PoppedWidh(AC) T ° Conductivly - Kiw
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The end of job fracture half-length with well depth has been shown as follows:
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Figure 13 Fracture growth with well deptf
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Maxim

u 3 ) . "

m proppant concentration required for achieving optimum NPV has been analyzed
nalyzed as

follows:
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43.3NET PAY

vity and fracture penetration requirements, and

formation permeability, fracture conducti .
erformance trends. Therefore, its impact has been

Somet; A )
Ometimes net pay is normalized out of p
Overlooked here.
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o : isi follows:
Stress distribution and fracture growth distribution with depth is illustrated as follow
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, e below:
The efficiency of fracture job with treatment fime is giv
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CHAPTER 35: RESULTS AND DISCUSSION
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5.1 RESULTS AND DISCUSSIONS

Using the concept of optimizing fracturing treatments design, end of job simulated results have
been found. An efficiency of 57.6 % has been achieved with effective conductivity of 294.2 and
propped fracture half-length of 147.8 ft. Other EOJ parameters are presented below:

Max Hyd Frac HaLength R

 Propped Frac HalLength

* £0JHyd Fc HafLengh

 E0)Hyd et el
F Hyd Widh a Wel
 Pupped i t el

- hyerage Propped Width

T

e

EISt
s

T

I

EOJ Net Pressure
Efficiency

Ffective Conduchuly
Average Gel Concenbation
Efective Fed

Max Suface Fressure

Estimated Closue Time

5 i)

e )

057

P ——a

112 mdk

A

705.0 b/mgd

B ————

242

[510psi

e ———

$0mn

T8. End of job simulated results

We have varied design options (i.e. Xi

been observed that Production forecasts are synonymous with revenue potential.
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS
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6.1 CONCLUSIONS AND RECOMMENDATIONS

The following conclusions & recommendations can be drawn from the performed analysis:

> Accurate identification of critical variables allows a realistic economic optimization of

the fracture stimulation.

There is sensitivity of economics to certain fracture design parameters

Y

» Optimum design corresponds to the maximum net present value.

Prior to an expenditure for a fracture simulation treatment economic optima can be

Y

determined.

> Success of a fracture stimulation treatment can be quantified in exact terms by using NPV

analysis.

» For more accurate treatment design, impact of parameters as net pay, closure stress can

also be included.
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Nomenclature

A Area (ft)

Ap Fracture area with settled proppant (ft®)
At Fracture area (ft))

A Fracture area with suspended proppant (%)
B formation volume factor ( bbl/STB )
Cra Fracture conductivity

FCD Fracture conductivity

C Compressibility ( psi")

Co Fluid loss coefficient (ft/min”1/2)

Co Compressibility of 0il ( psi’)

Cp Compressibility of rock ( psi™)

Ct Total Compressibility (psi")

Cu Compressibility of water ( psi’)

C Proppant concentration (PPA)

Co L eakoff coeeficient (ft/min”)

d Diameter (in)

dp proppant diameter (in)

E young’s modulus (psi)

E plane strain modulus ( psi)

g Acceleration due t0 gravity ( ft/sec?)
h reservoir thickness (ft)

hy Fracture height ( ft)
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Ky

KI’O
KI'\V
Ks

Kn

Prec

Psi

Pc

Is

Sp

te
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permeable fluid loss height (ft)
Permeability ( md )

Fracture permeability (md )
Proppant permeability ( md )
Oil relative permeability (md )
Water relative permeability (md )
skin permeability (md)
Horizontal permeability (md)
Vertical permeability (md)
Formation length ( ft)
Perforation channel length (ft)
Oil cumulative production (bbl)
Pressure ( psi)

net pressure (psi)

per squre inch

closure pressure ( psi)

Initial reservoir pressure ( psi)
Fracture radius ( ft)

1jadius of damaged zone (ft)
Skin factor ( dimensionless )
Spurt loss ( gal/ft"2)

closure time (hr)

pumping time (hr)

Absolute temperature (°R)

viscosity (¢p)



xl
Vi
vf
Vip

Wmax

Xf

PVT
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Poisson’s ratio

volume pumped

Fracture volume created
volume lost during fracture
maximum fracture width
Fracture half length ( ft)

Pressure Volume Temperature



