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Abstract

Traditionally well testing is completed by analyzing transient pressure
due to constant production rate. However, in the oil industry practice, engineer
often has to deal with the transient pressure result from variable flowing rate

history.

This traditional and conventional well testing approach is still being used.
However, a new well testing tool called Deconvolution was starting to receive
much attention, and has been emerging as a new tool of analyzing test data in
the form of constant rate drawdown response. In other words, it transforms
variable rate and pressure data into constant rate pressure response.

Deconvolution techniques is a useful addition method to the well test analysis.

In this research, a brief introduction of conventional well test
interpretation will be presented, followed deconvolution interpretation, and the
results show that the deconvolution method can be applied on the drawdown

period of single well test.
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Chapter One
Introduction

1.1 Pressure transient testing

Detailed reservoir information is essential to the petroleum engineer
inorder to analyze the current behavior and future performance of the reservoir.
A transient test is essentially conducted by creating a pressure disturbance in the
reservoir and recording the pressure response at the wellbore bottom-hole
flowing pressure as a function of time.
Pressure transient analysis is a critical feature in both reservoir and fluid
characterization.
The need to obtain accurate data in a full well test or a fluid analysis, is
extremely important. The accuracy and reliability of the data is essentially
dependent on three main factors. Those factors can be summarized as; the scope
of the pressure and rate data, the quality of the pressure and rate data, and
finally the method applied for the analysis of the pressure and rate data.
Pressure transient testing is designed to provide the engineer with aguantitative
analyze of the reservoir properties. It has long been recognized that the pressure
behavior of a reservoir following a rate change directly reflects the geometry
and flow propertiesof the reservoir. Information available from a well test
includes:

1. Effective permeability.

2. Formation damage or stimulation.



3. Flow barriers and fluid contacts.
4. Volumetric average reservoir pressure.
5. Drainage pore volume.
6. Detection, length, capacity of fractures.
7. Communication between wells.
1.1.1 The pressure transient tests used in the petroleum industry

include:

|

. Pressure drawdown.
2. Pressure buildup.
3. Drill Stem.
4. Injectivity.
1.1.2 The most common types of pressure transient test are:
1. Pressure Draw down test.
2. Pressure Build up test.
1.1.2.1Pressure Drawdown Test:

A pressure drawdown test is simply a series of bottom-hole pressure
measurements made during a period of flow at constant producing rate. Usually
the well is shut-in prior to the flow test for a period of time sufficient to allow
the pressure to equalize throughout the formation toreach static pressure.

The fundamental objectives of drawdown testing are to obtain the average
permeability of the reservoir rock within thedrainage areaofthe welland to

assess the degree of damage of stimulation induced in the vicinity ofthewellbore



through drilling and completion practices. Otherobjectives are to determine the
pore volume and to detect reservoir inhomogeneitieswithin the drainage area of
the well.

During flow at a constant rate of the pressure behavior of a well inan infinite-
acting reservoir during the unsteady-state flow period basically, well test
analysis deals with the interpretation of the wellborepressure response to a
given change in the flow rate.

1.1.2.2Pressure Buildup Test:

The use of pressure buildup data has provided the reservoir engineerwith
one more useful tool in the determination of reservoir behavior.Pressure buildup
analysis describes the buildup in wellbore pressurewith time after a well has
been shut in.

One of the principal objectives ofthis analysis is to determine the static reservoir
pressure without waitingweeks or months for the pressure in the entire reservoir
to stabilize.

Because the buildup in wellbore pressure will generally follow some
definitetrend, it has been possible to extend the pressure buildup analysis to
determine:

1. Effective reservoir permeability.

N

. Extent of permeability damage around the wellbore.
3. Presence of faults and to some degree the distance to the faults.

4. Any interference between producing wells.



5. Limits of the reservoir where there is not a strong water drive or wherethe
aquifer is no larger than the hydrocarbon reservoir.
Certainly none of this information will probably be available from any given
analysis, and the degree of usefulness or any of this information will depend on
the experience in the area and the amount of other information available for
correlation purposes.
Pressure buildup testing requires shutting in a producing well. The most
common and the simplest analysis techniques require that the well produce at a
constant rate, either from startup or long enough to establish a stabilized
pressure distribution, before shut-in.
1.2Assumption of pressure buildup and drawdown analysis:
In pressure buildup and drawdown analysis the following assumptions, with
regard to the reservoir, fluid and flow behavior, are usually made:
1. Reservoir:
e Homogeneous.
e [sotropic.
e Horizontal of uniform thickness.
2. Fluid:
¢ Single phase.
e Slightly compressible.

e Constant oil viscosity and formation volume factor.



3. Flow:

e Laminar flow.

e No gravity effects.
1.3Wellbore Storage Effect :

Unfortunately, the producing rate is controlled at the surface, not at the
sand face. Because of the wellbore volume, a constant surface flow rate does
not ensure that the entire rate is being produced from the formation. This effect
Is due to wellbore storage.

Consider the case of a drawdown test, when the well is first open to flow after a
shut-in period, the pressure in the wellbore drops. This drop in the wellbore
pressure causes the following two types of wellbore storage:
I.  Wellbore storage effect caused by fluid expansion.
Ii.  Wellbore storage effect caused by changing fluid level in the casing
tubing annulus.

Until storage effects are over, the pressure response alone will contain no

useful reservoir information.

The only way to avoid wellbore storage effects is to shut-in the well as

close to the reservoir as possible using a downhole shut-in tool.
1.4Problem statement:

The measured long-term pressures which combined test and production
data are both achieved under variable condition. In practice it is impossible to

keep constant flow condition for obtaining transient pressure. So the practical



data set is variable pressure transient rate. While current theoretical
(conventional) methods for transient pressure analysis (PTA) in well testing are
based on constant rate or pressure solutions which means before the transient
analysis, the transient pressure data need to be normalized to that due to either a
constant rate or constant pressure form.

1.5 Objectives:

1. Used Conventional method to estimate the well and reservoir

parameters from the data of the buildup period.

2. Used Deconvolution method to estimate the well and reservoir
parameters from the data that obtained during production period.

3. Comparing between results of conventional and deconvolution

methods.
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Chapter Two

Literature Review and Theoretical Background

This chapter presents the literature study on deconvolution method along
with theories used to analysis pressure transient data.
2.1 Literature review

ZhengShiyi and Wang Fei (2008) designed to test the performance of
the pressure rate deconvolution algorithm, Data of the simulated production
history, which includes two short buildups and three drawdown periods.
Pressure-rate deconvolution has been implemented for the whole test period.
The result is the unit-rate pressure response because of deconvolution. A match
of the equivalent constant-rate-pressure appears response reconstructed from the
deconvolution algorithm with the simulated constant-rate transient pressure.
They are almost identical.

Mustafa onur and Fikri J. Kuchuk(2012) considered a simulated well-test
case for a vertical well with wellbore-storage effects in a closed homogeneous,
isotropic reservoir. The data set is consistent with the deconvolution model. The
number of pressure data points is 458 and the total duration of the test is 300
hours. The agreement between the true and reconstructed unit-rate drawdown
responses and the match of measured pressure-derivative data with the
computedpressure-derivative data are excellent. These results show that the

deconvolution method works well.



J. A. Cumming and D. A. Wooff (2013) applied the multiple-well
deconvolution methodologyconsists of three wells each producing for different
durations over 2000 hour period the results of deconvolution are showthat the
pressure match is excellentThis indicates that thedeconvolution solution
reproduces the pressure data to a high degree of accuracy.

V. Jaffrezic andA. C. Gringarten(2019) applied the multiple-well
deconvolution methodology sandstone dry gas reservoir developed with two
horizontal wells with lengths of approximately 400 meters and located 1.6km
apart. The production dataset spans19800 hours (about 2 years and 3 months).
The deconvolved derivatives for wells and the corresponding calculated

pressure histories are compared to actual data. A very good match isachieved.



2.2 Theoretical Background

We will derive the linear hydraulic diffusivity equation, which is the
fundamental equation in well test analysis. There are a number of
important approximations and assumptions involved when deriving this
equation. These assumptions includes:

1. Isothermal flow.

2. A single fluid phase.

3. Constant isotropic permeability.

4. Fluid viscosity independent of pressure.

5. Compressibility independent of pressure.

6. Low fluid compressibility.

2.2.1 The diffusivity equation:

The starting point for deriving the diffusivity equation is the continuity
equation for single-phaseflow, which is an expression of conservation of mass

in a volume element;

mass in— mass out= change in mass

“V.(PG) = S (PB) oo (2-1)

Here the nabla symbol V represents the Deloperator V= (:—x,%,%),p is the

fluid density, ¢ is the porosity, and q is the volumetric fluid flux.

The volumetric fluid flux is related to the gradient in pore pressure via Darcy's

law:



Inserting (2-2) into (2-1), and assuming constant permeability, k, and pressure

independent viscosity, u, we get:

5]
% V. (PVP) = (P oo (2-3)

We may expand the derivatives of the product on both sides of Eq. (2-3), which

gives:
d ]
(Vp.Vp + pV?p) = Por@H D (2-4)

First, investigate the left hand side of Eq. (2-4):

Compressibility c is a measure of the relative volume change as a response to a

pressure change:

—10v
c= 7% .......................................................................... (2-5)
WhereV is the volume and the liquid compressibility may be used to convert

derivatives of density into derivatives of pressure:

_10p _
G g g e (2-6)
Then:
op )
% e L (2 7)

Thus, we see that the first term on the left hand side of Eq. (2-4) is:

9
Vp.Vp = ﬁVp. VD = pcilVpl2. (2.8)

-10-



In addition, since this term is proportional to the compressibility it may be
ignored in the low compressibility limit. The left hand side of Eq. (2-4)is then

simply to:
k2
p;V D et (2-9)

Moreover, the formation compressibility:

100
C@ = 65 ....................................................................... (2-10)
Then:
09 -
% = @C@ ...................................................................... (2 11)

The right hand side of Eq. (2-4) can be expressed in terms of the time derivative

of pressure by applying the chain rule:

d ) 99 0
pa®+®ap=p$ap+®&ap ..................................... (2-12)
Inserting (2-7) and (2-11) into (2-12):
d d d d
pa®+®ap=p®(c¢+cl)ap=p®ctap ......................... (2-13)

Where:
c,.= total compressibilityin psi~?.

Equating left hand side (2-9) and right hand side (2-13), and dividing by p¢c;

we get:

-11 -



This is the (hydraulic) diffusivity equation, which is the fundamental equation

in well testing, and the quantity

nis called the (hydraulic) diffusivity.

Using the n notation for the diffusivity, we get the following simplified

diffusivity equation:

2.2.1.1 Diffusivity equation in oil reservoirs

As derived, the equation is thus only valid for reservoirs that contain a
single low-compressible fluid phase that is for water reservoirs. However, the
validity of the equation may be extended to oil reservoirs at irreducible water
saturation s,;.

The irreducible water does not flow, but it influences the total
compressibility, so the diffusivity equation is valid for oil reservoirs at Swi
provided the following:

Permeability is replaced by oil permeability:
ko = kro(swidk

Viscosity is the oil viscosity u,
Total compressibility is defined as:

Ct = CptrSyCy + Sy, Cyy

-12 -



In this case, the equation takes the form

_ko g2,-9 2-17
”OQCtV P, e ( )

2.2.1.2 Vertical fully penetrating well — Radial flow
We will consider a vertical fully penetrating well in a reservoir of

constant thickness, as illustrated in Fig. (2.1)In this case, it is natural to use

LIllLIlIJ.IJllLIMﬂlIlLIl[ﬂUJJJJ

> <
T

cylinder coordinates.

Figure (2.1): Vertical fully penetrating well in a reservoir of constant thickness.

(Advanced Reservoir Engineering , Tarek Ahmed.)

The general form of the Laplace operator on the pressure field in cylinder

coordinates isVZp
20 = [12(,0\ 10" | 9° ]
V2D =[50 (ron) + a3 P oo (2-18)
Wherer is the radius, 6 is the angle, and z is the height.
For a fully penetrating well in an isotropic medium flow is independent of

angle and height so that we have % = Oand% = 0. The diffusivity equation (2-

16) is then

-13-



2.2.2 Steady state solution for Diffusivity equation

We will investigate the steady state solution of radial flow for Eq.(2-19).
Except for early times in a well test, this solution describes the pressure profile
around a vertical fully penetrating well. Steady state means that the right hand
side of is zero, so the steady state pressure profile can be found by solving:

» (r Z—f) = 0 e (2-20)

We may integrate Eq. (2-20) and get:

ap__ l _
E —_ Cl pTTTTTTTTsserresscssrniessessssiesisnessta s (2 21)
Where:

C,is an integration constant. Furthermore, using integration by substitution to

integrate both sides from the well radius r,, to r, we get:

T

D= Puy = —Coln () oo (2-22)

w

Where:
pwys = the well pressure in psi.
Darcy’s law tells us that the volumetric flux 1s proportional to the pressure

gradient:

The volumetric fluid fluxgis defined as volumetric rate per area, so given the

total downhole (reservoir) well production rate, we have

-14 -



Where h is the perforation height (which in our case equals the height of
the reservoir). The integration constant is determined by inserting the flux from

Eq. (2-24) and the pressure derivative, from Eq. (2-21) into Darcy's law:

Which when inserted into Eq. (2-23) gives the general steady state solution for

radial flow:
D = Pus + o In (%) ................................................... (2-26)
In general, the difference in pressure (pressure drop) from r;to r,is given by:
p(ry) —p(ry) = % In (%) ............................................. (2-27)
2.2.3 SKin:

The formation volume close to the wellbore typically has altered
properties compared to the surrounding reservoir. Of highest importance for
well productivity is an altered permeability and the effect of this alteration on
productivity is called skin. Skin is typically caused by formation damage
because of drilling and production, but can also be the result of reduced
mobility due multiphase flow. Intentional improved permeability due to well
treatments and hydraulic fracturing also contribute to skin, but the positive
results of these treatments result in a negative skin in contrastto the normal
positive skin due to formation damage.

As shown in Fig. (2-2) the effect of the skin is an additional pressure drop
compared to a well without skin. The effect can be described quantitatively by

the dimensionless skin factor, S

-15-
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Figure (2.2): Pressure profile around a well with skin. Actual

pressure profile in red, ideal profile without skin in blue.
(Adel Salem (2011), Well testing)
AP, = = S (2-28)

Where’s is called the skin factor and defined as:

k Teri
S = [ _1] ln(skm)
kskin Tw

In addition, adding the extra pressure drop to the steady state solution (2-26)

gives

D = Dus + | In (—W) S| (2-29)
Typically, Positive Skin Factor, s > 0 is considered as damaged zone near the
wellbore Negative Skin Factor, s < 0 is indicates an improved wellbore
condition.

The equivalent wellbore radius can be expressed in terms of the skin factor:

-16 -



2.2.4 Wellbore storage Coefficient
The effects of wellbore storage can be quantified in terms of the wellbore

storage factor C, which is defined as:

Where:
C = wellbore storage volume in STB\psi.
AV,,,= change in the volume of fluid in the wellbore in STB.

The above relationship can be applied to mathematically represent the
individual effect of wellbore fluid expansion and falling (or rising) fluid Level,
to give:

2.2.4.1 Wellbore Storage Effect Due to Fluid Expansion

V., = total wellbore fluid volume inft3.
c,,p= average compressibility of fluid in the wellbore inpsi~1.
2.2.4.2 Wellbore Storage Effect Due to Changing Fluid Level
If A,is the cross-sectional area of the annulus (ft?), and p is the average

(Ib,,/ft3)fluid density in the wellbore, the wellbore storage coefficient is

given by :
144A,
= TlSp .................................................................... (2-33)
With:
_ m[(D¢)*-(0Dr)?]
A, = A(LAE) Tt (2-34)

-17-



Where:
OD; = outside diameter of the production tubing in inch.
ID.= inside diameter of the casing in inch.
To determine the duration of the wellbore storage effect, it is convenient to

express the wellbore storage factor in a dimensionless form as :

_0.894C

CD - R R R R R (2'35)

Cp = dimensionless wellbore storage factor.
C =wellbore storage factor in STB\psi.
c.= total compressibility coefficient in psi~?1.
r,,= Wellbore radius in ft.
h = thickness in ft.
2.2.5 Dimensionless analysis

Well test analysis often makes use of the concept of the dimensionless
variables in solving the diffusivity equation. The importance of dimensionless
variables is that they simplify the diffusivity equation and its solution by
combining the reservoir parameters (such as permeability, porosity, etc.) and
thereby reduce the total number of unknowns.
To introduce the concept of the dimensionless pressure drop solution, consider

the Darcy equation for radial flow at any radius of the reservoir:

2ntkh[p;—p(r,t)]
Q= e, (2-36)

-18-



Rearrange the above equation to give:

% =1 ( ) o) (2-37)

(anh

It is obvious that the right hand side of the above equation has no units
(dimensionless) and, accordingly, the left-hand side must be dimensionless.
Since the left-hand side is dimensionless, and [p; — p(r, t)]has the units of psi,
it follows that the term( — )has units of pressure. Any pressure difference
divided by( )IS a dimensionless pressure. Therefore, Equation can be

written in a dimensionless form as:

Pr = IN(TD) o (2-38)
Where
p - [pi —p(r,t)]
T ()
2ntkh
and
_ Tr
p = T'W

In transient pressure analysis, the dimensionless pressure is always a

function of dimensionless time that is defined by the following expression:

The above dimensionless groups (Pp,tpandry) can be introduced into the
diffusivity equation EQ.(2-19) to transform the equation into the following

dimensionless form:

1 0 oP d
n=-2 (r —D) = P (2-40)

1)) aTD b 6rD

-19-



2.2.6 Principle of super-position

The pressure variations due to several flow rates are equal to the some of
the pressure drops due to each of the different flow rates. This property is called

superposition.

q1

\J

Figure (2.3) Diagram for two flow rate.
(John Lee, Well Testing)

If p; —p(t) =q’ipD(t) is the pressure drop due to a flow rate q,

2mkh
beginning at time,t = 0.
The diagram shown in Fig.(2.3) can be considered as the sum of:
A production of a flow rate g,sincet = 0, and a production at flow rate (g,—
q,) sincet = t;.

A pressure variation due to the flow rates is equal to

pi—p(0) =L (6) + UZIB (b — 1) (2-

41)

In case of Multi rate testing
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qi Adn
>
iy Ly t; Lit1 ln—1 t
Figure (2.4)Multi rate testing
(John Lee, Well Testing)
a8
p; —p(t) = Z;RZ (@i qic )P (= ti_q) e (2-42)

Withgy, =0andt, =0 .
2.3 Pressure transient analysis methods

2.3.1 Introduction

Due to the transient nature of a pressure front moving through the reservoir, the
different classes of obtained reservoir properties are intrinsically linked to the
time after the change in well rates. The different reservoir properties are
organized according to time in Table (2-1).

Table (2-1): Time of measurement versus type of measurements

Early time Middle time Late time
Near wellbore Reservoir Reservoir boundaries
Skin. Permeability. Reservoir volume.
Wellbore storage. Heterogeneity. Faults (sealing / none-
Fracture. Dual porosity. sealing).

Dual permeability. Pressure Boundaries.
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These properties can be calculated by several methods. These methods are:

1. Conventional Analysis (Semi-log analysis) method.

2. Type Curve matching method.

3. Derivative method.

4. Deconvolution method.
2.3.2 Conventional Analysis (Semi-log analysis) method:
2.3.2.1 Horner analysis
2.3.2.1.1 Assumption
1- Single flow rate.
2- Constant flow rate start and Zero.
3- Radial Flow.
2.3.2.1.2 Derivation

We will derive the well pressure for a well test where both the production
time t,and buildup time At is short enough to employ the transient infinitely
acting solution. The expression for well pressure during buildup will contain
two terms: One for a well with constant rate Q starting at time t = 0 and one for
a well with constant rate —Q starting at timet = t,. Apart from the period
dominated by wellbore storage and skin effects just after start of shut-in.
When we test a well, we obtain a curve with complicated shape instead of

single straight line for all time. Based on the concept of radius of investigation

we can divide a buildup curve into three region as shown in Fig.(2.5).
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IJM-'S
— t,,+AL
log —p_At

Figure (2.5) :Buildup curve region
(John Lee, Well Testing)

i — Pws = (Q)(Di = Pws) + (—Q)VDi — Duf) «ovvvveeeervnreaaann (2-43)
Pws =
p, — =222k o g ("éifc—tfvz’:)) —3.23+0.87S| -

2288k [l0g (Gaotr) = 323+ 0.87S | oo (2-44)

Expanding this equation and canceling terms,

Pus = p; — 2lBel [1og (K2 (2-45)

The pressure buildup equation was introduced by Horner (1951) and is

commonly referred to as the Horner equation. Eq.(2-45) suggests that a plot of

(tp+At)
At

D s VErsus would produce a straight-line relationship with intercept p;and

slope of —-m Fig.(2.6).
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‘ tpt+AL
At

Figure (2.6).:Horner plot concept
(Adel Salem (2011), Well testing)

Where:

162.6Q,B,u
kh

m =

Which gives the permeability:

When the permeability and pressure at start of shut in is known, the skin factor

may me estimated based on the pressure at a specific time At after shut in.

S =1.151 [plhr_pfnfw:m — log (

) +3.23] (2-47)

@HC[;T'W
The value of p,;,, must be taken from the Horner straight line.Typically, the

straight line extrapolated pressure at% = 0.
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2.3.2.2 MDH Analysis:

This method is called the Miller-Dyes Hutchinson or MDH plot. We will
describe how the reservoir permeability and the skin factor of the well can be
found by analyzing the well test data.
2.3.2.2.1 Assumption
1. Infinite acting flow at shut-in.

2. The stable production period is very long.
4. Constant flow rate.

3. Radial flow.

2.3.2.2.2 Derivation

The pressure response in an ideal drawdown test can be found using:

_ . 162:6Q,B,ou kt Y\ ]
Puy = pi = e log () — 3234 0875 (2-48)

Rearranging this equation:

162.6Q,B, 1
pwf =Dpi — # ...................................................... (2'49)
Pwr =MIog(t) +C oo (2-50)
where
162.6Q, B, 1t . .
m= — TAndC are constants independent of time. We see from Eq. (2-

49) that if we plot the well pressure as a function of log (t) (semi-log plot), we

should see a straight line with slope m at MTR Fig(2.7).
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Logt
Figure (2.7) :MDH curve region
(John Lee, Well Testing)

Permeability can be estimated based on the slope, of the line, m.

Once the permeability is known, the skin can be estimated from the fitted
straight-line intercept or value on the straight line at any other point in time

ofp,,,-that can be found on the extension of the straight line at log t (1 hr)

S =1.151 [%— log( i ) + 3.23] ............................. (2-52)

Q)H.Ctrw

In addition, reservoir pore volume can be estimated by plotting bottom hole

pressure vs. time on ordinary Cartesian graph then:

_ -0.234qp
V== [T
AFT;

2.3.3 Type Curve matching method:

A type curve is a graphical representation of the theoretical solutions to
flow equations. The type curve analysis consist of finding the theoretical type
curve that “matches” the actual response from a test well and the reservoir when

subjected to changes in production rates or pressure. The match can be found
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graphically by physically superposing a graph of actual test data with a similar
graph of type curves and searching for a type curve that provides the beast
match.

They are presented in term of dimensionless variables rather than real
variables. The reservoir and well parameters such as permeability and skin can
then be calculated from the dimensionless parameters defining that type curve.

Type curves printed on tracing or translucent paper can be placed over
log-log data plotted to the same graph size. Comparisons between the shapes of
the actual data and the type curve can help to identify the reservoir model.

This process can now be done electronically using commercially
available well test analysis software.
2.3.3.1 Concepts of type curves matching:

By properly selecting the plotting parameters, the effect of all these
variables on pressure can be presented in compact form. Most dimensionless
variables used in well testing arise logically from the equations which describe
reservoir fluid flow.

kh

log P, = log|P; — P,,s| + log TaLZqRp s (2-54)

0.0002637k

logtp, = logt + log R

Hence, a graph of log(Ap) vs. log(t)will have an identical shape to the graph

of log(Pp) vs. log(tp) although the curve will be shifted by log [141 zqﬂﬁ]

0.0002637k

vertically in pressure and log [ OnCo?
t'w

] horizontally in time.
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Not only these curves have same shape , but also if they are moved relative to
each other until they match, the vertical and horizontal displacement required to
achieve the match are related the constants in previous equation.

In particular, the vertical displacement required to achieve the match is related

f kh
141.2qup

0.0002637k .
the value OfW , Fig(2.8).

to the value o further, the required horizontal displacement is related to
Once these constant are known, it is possible to determine reservoir properties
such as k,and @.

This process of matching two curves through the vertical and horizontal
displacement and determine the reservoir or well properties is called type curve

matching.

0.1 1 10 102 103 5
T T T 10

kh

141.2QBu

pp 10~ 10Ap

1072 | | | 1
10 102 103 10% 105

Figure (2.8) vertical and horizontal displacement
(Adel Salem (2011), Well testing)

Many well test models have been established and many type-curves have been

published since 1970s. The most commonly used type-curves in the world are:
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2.3.3.2 Ramey type curves:

Fundamentally, a type curve is a pre-plotted family of pressure drawdown
curves. The most fundamental of these curves is a plot of dimensionless
pressure change, Ppvs. dimensionless time change t,.

This curve has two parameters that distinguish the curves from one another: the

skin factor, S, and a dimensionless wellbore storage constantCs, .

0.00708kh
Pp = —————— P, — Py 2-56
D quB [ i wf] ( )
0.0002637kt
T o e teeeten et teteteaneeeeaneeetriee earaeaante aaneeran 2-57

It is presented in the Fig.(2.9)each curve in this graph represents the pressure
transient data for a specific magnitude of formation skin and wellbore storage
(WBS).

The magnitude of WBS is expressed by the dimensionless wellbore storage

coefficient C, was defined byEq. (2-35)

o
e

DIMENSIONLESS SKIN, s
$ |sT CONSTANT,C
< |9 2
|
5 0 7 e
& 100 =
E < -
g V > p>
2 'r L~
-
/ 'pg'db ‘Spép
=
10 o2 10 104 10® 10® 107

DIMENSIONLESS TIME, t,

Figure (2.9): Ramey Type Curve.
(Adel Salem (2011), Well testing)
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Ramey type curve can be used to directly determine permeability and skin. Each

of the curves in the graph represents the theoretical pressure behavior, which

would be expected if the pressure drawdown test was run in a reservoir having

the indicated skin a wellbore storage.

By applying matching techniques and getting the matching point which is:
(Pp)m and (AP)y&(t)y and (tp)y

The following parameters can be calculate from this method:

Skin S read directly from the curve after matching.

WBS from log-log plot

Dimensionless WBS from Eq. (2-35)

Permeability
__141.2qup (Pp)m -
k = B BPyy T (2-59)
Porosity
_0.0002637k (t)ym )
Q= CorD (o) e (2-60)
2.3.3.3 Gringarten type curve matching:
By comparison the concluded two equations Eq. (2-54) and
tp\ _ 0.0002637k _
log (%) =logt + log—mctr‘% .......................................... (2-61)

They indicate that a graph of log(Ap) vs. log(t)will have an identical shape to

the graph of log(Pp) vs. log (;—‘2’) although the curve will be shifted by
D
kh
141.2qup

0.0002637k
Bucery

] vertically in pressure and log [ ] horizontally in time.

log[
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When these two curves are moved relative to each other until they match the

vertical and horizontal movements in mathematical term are given respectively

by:

(PD) _ kh And(tD/rE,) _0.0002637k
Ap/ yp  141.2qup t Jmp PuUCTS,

The log—log type curve introduced by Gringarten shown in Fig(2.10)is based on
presenting Ppas a function of ¢, for specific values of C,, and S. This form of
the type curveimplies that the matching process should result in the same value

of the permeability k fromthe pressure and time matches.

100

CDe2s
// 10%
pm—
/ 101‘%
o 4
i =2 108
2 <- —
2 %’i —— 10—
~ /
0(/_) / = ;—é
Lg / 0 103/
= :
O —
3 W,
E — V
a
Approximate start df
semi-log straight ling
0.1
0.1 1 10 100 1000 10000

61Gs

Figure (2.10):Gringarten Type Curve.
(Adel Salem (2011), Well testing)



2.3.4 Derivative method:
2.3.4.1 Definition:
The pressure derivative is essentially the rate of change of pressure with

respect to the superposition time function.

dApP dApP
AP ! = =
dinAt dAt

Where:

AP'is pressure derivative.
At is time measured from start of the transient test.
As pressure analysis, AP'and APare plotted on log-log coordinates versus At as

shown in Fig(2.11).

logAP & log AP

Wellbore Reservoir
Storage Boundary
Reservoir

Log At

Figure (2.11): log-log diagnostic plot.

(Advance Reservoir Engineering, Tarek Ahmed)
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2.3.4.2 Derivative type curve:
The pressure derivative is defined in term of P, with respect to t,, /Cp, as:
. d(Pp) ]
Py =———— (L O oo e (2-63)

The Gringarten type curve has been re-plotted in term of Pp(tp/Cp) Vs.

ty/Cpin log-log scale as shown in Fig.(2.12).

100

S§
RANN

100 1000 10000
(08

Figure (2.12): Pressure Derivative Gringarten type curve.
(Adel Salem (2011), Well testing)

2.3.4.3 Combined type curve:

The main difficulty with the basic type curve procedure is uncertainty in
the pressure match.
Thus,Gringarten’s pressure type-curves and typical data curves (Bourdet’s
pressure derivative type-curves)are usually joined together and form a kind of
compound type-curves.
Since the logarithmic derivative has the same units as pressure, we can graph

the pressure and pressure derivative responses on a single scale.
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The results of combining the two sets of type curves on the same graph is

shown in Fig.(2.13).

1 02 1 060

10 T

;
Py, Py

107 1 10 107 10° 10°

Figure (2.13): Combined type curve
(Modern Well Test Analysis, Roland N.Horne)

For each dimensionless pressure curve, referring to a particular value of
the parameterCpe?3, there is a corresponding derivative curve of characteristic
shape. At very early time, the pressure and its logarithmic derivative overlay on
the unit slope diagonal (self-similarity). The beginning of the middle time
region (MTR) is clearly indicated by the derivative becoming constant. in the
case of wells with a positive skin The pressure derivative rises to a maximum
and then falls sharply before flattening out for the MTR.

In case of wells with Negative skin The pressure derivative approaches a
horizontal line.

The parameter for both pressure and derivative curves is Cpe?S and the larger
the value of S the greater the separation between a pressure response and the

concomitant derivative response.
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After matching, the permeability k can be calculated from pressure match using
Eqg. (2-59)

And Calculate Cpfrom Time Match

0.0002637k [t
Cp = | | i 2-64
? Wctrvf (tD/CDJM.p. ( )
Then Calculate S using C,, and value of Cpe®
2s
s:lln(CDe J ....................................................... (2-65)
2 | C,
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Chapter Three

Methodology and General Procedures

This chapter presents the deconvolution method concept and the steps and
procedures that have been followed for estimating reservoir parameters by
conventional and deconvolution method using saphir software. Before explain
this process it is necessary to briefly explain saphir software and deconvolution
method.

3.1 Deconvolution:

Deconvolution is fundamentally a mathematical algorithm used to
convert variable rate data to constant rate data .in other words it can be used to
convert data into a single drawdown with constant rate this conversion yields to
simplified analysis by allowing more of the same data to be analyzed. As a
result of this approach attaining define conclusions about reservoir
propertiesbecomes possible prior to this unclear and uncertain conclusions were
often made deconvolution can be utilized on short build ups, which are often
already conducted for well maintenance, leading to both clearer results and
significant cost saving.

Essentially, the deconvolution tool allows you to extract more information
about the reservoir from the same data. Despite this huge advantage, many
welltest interpretations are still conducted without the use of advanced
deconvolution software, thus limiting the value and efficiency of the data. Due

to the importance of extracting good data from well test analysis, it is
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fundamental that the use of deconvolution be emphasized as a means of
improving the quality of pressure transient analysis where possible.
3.1.1 Assumptions of deconvolution:

e The basic assumption of all deconvolution techniques is the consistency of
measured pressure and rate data with the linear Duhamel’s model, which
is based on the principle of superposition.

e The linearity of the system suggests only one well creating pressure
perturbation to initially equalized region and static character of the
parameters of reservoir and well.

3.1.2 Mathematical theory: Convolution and Deconvolution:

In the reservoir system the equation of the deconvolution is given by
Duhamel's Integral which is function of time, where thepressure drop across the
reservoir is the convolution product of rate and reservoir response.

Ap =p; —p(8) = [ () gt = DT e (3-1)
whereq(t) and p(t) are the measured flow rate and pressure at any place in the
wellbore up to the wellhead, and p; is the initial reservoir pressure. In this
equation g is referred to as the impulse response of the reservoir system.

Therefore, in order to estimate the reservoir system response, the inversion of
this convolution integral must be obtained and this mathematical problem is

called deconvolution.

P, 1S the unit rate pressure response of the reservoir system.
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For the single well:

t d ¥ _
p(t) =p; —f q(t) Pt "0 (;t 12 dt
0

3.1.3 limitations of deconvolution:

e Deconvolution sets some limitations that, we cannot apply deconvolution
if there is some interference from other wells nearby.

e The requirement for linearity of the system is the single-phase flow, which
means that the downhole pressure for deconvolution must be higher than
the reservoir bubble point pressure in oil reservoir.

e The initial uniformity of pressure, within the whole investigated part of
reservoir and the well rate from all the production by this well, all the way
from initial equilibrium state must be satisfied.

e We cannot apply deconvolution if there is aquifer or gas cap influence.

3.2 Saphir:

Saphir is the industry standard PTA software used by nearly all major
I0C’s, NOC'’s, Independents and Service Companies.
It's simple user interface and workflow allows for fast training and self-learning
for occasional users.
For the advanced user, it offers a unique combination of analysis tools,
analytical models and numerical models, which can connect to other dynamic
data application for full field history matching.
Saphir can load an unlimited number of gauges, rates, pressure and other data in

almost any format including ASCII, Excel.
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3.2.1 Methodology for Deconvolution on Saphir:

Pressure transient behavior analysis usually initiates with the
investigation of the test data on different analysis, derivative, superposition, or
Cartesian Plots. From these plots, a united and more recognizable picture can be
built which will enable us to understand the main features of the test transient
pressure behavior. Deconvolution will be used in several cases to analyze the
test data, through Saphir NL. It offers a unique combination of analysis tools,
analytical models and numerical models. Different cases will be studied, and for
each case we will have different inputs.

According to the workflow of the software, first the rates and the durations are
entered, followed by the creation of the test design. After that, the history plots
and the pressure derivatives will beextracted. Then, for each case,
deconvolution will be applied, and the results will be studied. In case it does
work, we will take a look at the extra benefits that it provides with respect to the
normal conventional way. In case it doesn’t work, the main reason behind its
malfunction will be stated, and the solution, in case of any, will be
demonstrated, with some recommendations given.

Two deconvolution algorithms are implemented into the software and can be
selected by the user as options:

1- Deconvolution on one reference period and the end of the other periods: this
method allows the definition of a convergence time on the log-log plot beyond

which the derivatives exhibit a similar response. This results in a single
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deconvolution response, matching with only a reference period prior to this
convergence time and on all the extracted periods after the convergence time.
2. Separate deconvolutions with common Pi (Levitan et al): It is possible to
perform a deconvolution for a single buildup if we combine the shut-in data
with a known value of initial pressure. The idea of Levitan method is to perform
one deconvolution for each buildup with a common value of initial pressure. If
this value of initial pressure is correct, the late time behavior of all the buildups
should be coherent. ,
3.3Project Procedures:

A simple process chart was created and followed during this research as
in Fig.(3-1).

Data Collection

Data Preparation

Data Analysis

Estimate Parameters

Result and Recomendation

Figure (3-1): Procedures process chart.
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3.3.1 Data Collection:
3.3.1.1 Case study one:

The well (R1) located in Abu Gabra formation, three zones of the well had
been tested between the periods 31-03-2015 to 28-04-2015.
3.3.1.2 Case studytwo:

The well (R2)located in Abu Gabra formation,The well had been tested
between the periods 01-04-2008 to 04-04-2008.
3.3.1.3 Case study three:

The well (R3) located in Abu Gabra formation,The well had been tested
between the periods 07-02-2013 to 14-02-2013.
The test measure the change in pressure and flow rate as function in time and
this ourdata for estimation the characteristics.
3.3.2 Input data:
The following parameters are input data that can be obtained from
laboratoryexperiments, PVT analysis or well logging.
3.3.2.1 Casestudyone:

The required input data are summarized in the table (3-1):

Table (3-1): main input data (case one)

Parameters Value Units
B 1.24 bbl/STB
U 115 cp
Ct 12E-06 psi~!
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Ty 0.583 ft
h 9 m
0) 19 %
Sw 56 %

The saturation andporosity can be obtained from the well logging

interpretationas shown in fig.(3-2).

Figure (3-2)show thewell logging of well (R)
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3.3.2.2 Casestudytwo:
The required input data are summarized in the table (3-2):

Table (3-2): main input data (case two)

Parameters Value Units
B 1.24 bbl/STB
U 115 cp
Ct 12E-06 psi?
Ty 0.3 ft
h 10 m
1) 10 %
Sw 56 %
3.3.2.3 Casestudythree:
The required input data are summarized in the table (3-3):
Table (3-3): main input data (case three)
Parameters Value Units
B 1.04 bbl/STB
2 3 cp
Ct 3E-06 psi!
Ty 0.4 ft
h 3 m
1) 18 %
Sw 65 %

3.3.3 Data preparation:

3.3.3.1 Flow rate data:

Prepare the flow rate data from excel sheet of well test operation by take

the average of the flow rates at time of any change in the choke size.




3.3.3.1.1 Case study one:

Table (3-3): Flow rate data (case one)

Flow rate (STB\d) Time (hr)
0 1
0 1
0 13.4167
10 0.942
0 0.183333
0 15.1283
605 5.83333
987 5.91667
1166 6
1683 6
1753 4.7047
0 32.7796

3.3.3.1.2 Case study two:

Table (3-4): Flow rate data (case two)

Flow rate (STB\d) Time (hr)

0 9.75

0 .25
320.277 1

0 1.5
456.137 6
1320.42 6.25
1191.73 5.75
1210.22 2.01

0 29.99

3.3.3.1.3 Case study three:

Table (3-4): Flow rate data (case three)

Flow rate (STB\d) Time (hr)
0 1
0 1
0 0.233333
0 1
137.495 23.695
0 4.245
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706.534 48.75

0 36.255

3.3.3.2 Pressure data:
The pressure data for the three case studies were taken from gauge reports

of each well.

[ Multi-rate Pressure J——

A

Well test operation *-D[ ti j Deconvolution
P B (Deconvolved Pressure)

l

l Constant-rate Pressure ]

A 4
Constant-rate Pressure ]

Estimate parameters

e

X
( B : . ‘
| LoglogPlot | Flow Regime Diagnostics
L Bowndary Identification
ﬁ p A
Compression between
, Kh, s
Results | Semu-logPlot | | A conventional and
J deconvolution results
\.
\ J
( 3 K, kh, S, etc...
p Deconvolution |, )
S

Figure(3-3):Methodology diagram
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Chapter Four
Results and Discussion
4.1 Introduction:

This section discusses the well test interpretation based on well test data
acquired during the operations. The purpose of the analysis was to determine
the reservoir properties such as permeability and skin factor, initial pressure and
productivity index using conventional and new deconvolution method to prove
that deconvolution algorithm work well with drawdown period.

The interpretation was carried out using SAPHIR well test analysis software.
4.2 Case Study one:
4.2.1 Input main data in saphir software:

Main parameter, well data and PVT properties shown in table (3-1) had

been entered to the software as shown in the fig.(4-1) and fig(4-2)

First analysis: main options and parameters

Name: Analysis 1

Type: (& Standard Interference

Reference well:

Multidayer ==

well radius:
Pay zone:

Rock compressibility:

0.583

$.00000

3.00000E-& psi—*

0.19

1530 m

Cancel

Figure(4-1):Main parameters input (case one)

- 46 -



First analysis: analytical parameters

Linearized PVT properties

Formation volume factor B: | 1,24000 B/STB
Viscosity p: ' 11,5000 P
Total compressibility
e

-

Total compressibility ct: ' 1.20000E-5 psi=t

B

Sw: |0.56 Fraction

Figure(4-2):Main parameters input (case one)
4.2.2 Model selection:

For the test design, it is constitute of a constant wellbore storage, a
vertical well model, a homogenous reservoir model and an infinite boundary
model, which are also considered to be the default test design of Saphir.

4.2.3 Flow rate and pressure data:
Fig.(4-3) show the history plot of pressure and flow rate data which

include two drawdown periods and two buildup periods.
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Figure (4-3): Production History (case one)

4.2.4 Data analysis:
4.2.4.1 Conventional analysis of buildup:

The conventional analysis has been implemented in the second build up
period and good match is seen in history data with log-log andsemi log plot.

matchis very good as shown in fig(4-4) and fig(4-5).

10000

1000

100

Pressure difference [psi]

10

1E-5 1E4 1E-3 0.01 0.1 1 10 100 1000 10000 1E=+5

Time [hr]

Figure (4-4): conventional log log plotfor buildup period (case one)
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Pressure [psia]

Superposition time

Figure (4-5): Semi log plot for buildup period (case one)
4.2.4.2 Conventional analysis for drawdown period:
Fig(4-6) shown the drawdown period where the conventional and

deconvolution analysis are obtained.

=
g B 1000
w 2
@ I
A =
S
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1000 é :
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I T T T i
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Time [hr]

Figure (4-6) drawdown period (case one)

Fig (4-7) represent the conventional analysis of drawdown period
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As we can see the data can not be used for any transient analysis to provide any
result from it. And this shows why people usually use buildup data. In
consequence what was has been written in chapter two.

We see that for any conventional pressure transient analysis we need a constant
flow rate and this is not actually exist in this case and that is why we hereby use
deconvolution as a second way of solving this problem and to get more

information from exiting result, as we can see in next section.
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1E+5 3 : : : 5 i : : 5
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:E 3 : : i : ; iof &P : :
= - H - J . ] a - -
= ] i : i : 7 : ; : :
E 1W 3 : : : H : -1 - =
2 = : : ; : : o} s : :
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Figure (4-7) log-log plot of conventional drawdown period
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Semilog plot
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Figure (4-8) semi log plot of drawdown period
4.2.4.3 Deconvolution analysis
The deconvolution algorithm has been implemented in the second
drawdown period. The Deconvolution log-log plot shown in fig.(4-9), good

match is seen between production data and model.
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Figure (4-9): Deconvolution log-log plot
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4.2.5 Interpretation Results:

Table (4-1): Interpretation Result from conventional and deconvolution (case

one)
Parameters conventional Deconvolution unit

kh/ﬂ 3124.94 3101.67 mbD. ft/cp

Kh 35936.8 35669.2 mD.ft
k/ll 119.06 118.174 mD /cp

K 1369.19 1359 mD

S 3.22426 3.65

C 0.01049 0.0118 bbl/psi

P, 1943.45 1917.69 pSi

PI 1.57 1.56 (STB/d)/psi
Riny 2385.84 3718 ft

After we compare between the result of two methods, we prove that we can use
production (drawdown) period to get parameters of the reservoir and well using
deconvolution method.

4.3Case Study two:
This case is investigating a different well which consist of a different buildup
period and different zone.
4.3.1 input main data:
Main parameter, well data and PVT properties shown in table (3-2) had

been entered to the software as shown in the fig.(4-10) and fig(4-11)
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Step 2 - First analysis: main options and parameters

Name:  analysis

Type: (@) Standard () Interference () Minifrac

Reference well: | Tested We

] MultiHayer 5

Test parameters
Well radius: 0.3 ft
Pay zone: | 10.0000 m
Rock compressibility: [3.00000E6 | psit
Porosity: 0.1
Top reservoir depth: | 1670.00 D

Figure(4-10): Main parameters input (case two)
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Step 4 - First analysis: analytical parameters

Linearized PVT properties

Formation volume factor B:  1.24000 B/STB
Viscosity p: | 11.5000 =)
Total compressibility
8
Total compressibility ct: ' 3}00000E-6 psi-t
x|=]
Sw: 0.54 Fraction

< Back Next > Cancel
Figure(4-11): Main parameters input (case two)

4.3.2 Model selection:

For the test design, it is constituted of a constant wellbore storage, a
vertical well model, a homogenous reservoir model and an infinite boundary
model, which are also considered to be the default test design of Saphir.

4.3.3 Flow rate and pressure data:
fig(4-12) show the history plot of pressure and flow rate data which

include two drawdown periods and two buildup periods.
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History plot
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Figure (4-12):Production History (case two)

4.3.4 Data analysis:

4.3.4.1 Conventional analysis for buildup:
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Figure(4-13): conventional log log plotfor buildup period (case two)
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Figure(4-14): Semi log plot for buildup period (case two)
4.3.4.2 Conventional analysis for drawdown period:
Fig(4-15) shown the drawdown period where the drawdown data is

obtain, and the second tests are implemented.
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figure (4-15):drawdown period(case two)
Fig(4-16) represent the conventional analysis of drawdown data , as we see in

the figure the curve are useless and we can’t get a result from it.
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Figure(4-16):conventionallog-log plot drawdown period(case two)
As we can see the data can not be used again for any transient analysis to
provide any result from it. And this shows why people usually use buildup data.
We see that for any conventional pressure transient analysis we need a constant
flow rate and this is not actually exist in this case and that is why we hereby use
deconvolution as a second way of solving this problem and to get more

information from exiting result, as we can see in next section.
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Figure (4-17):semi log plot of drawdown period(case two)
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4.3.4.3 Deconvolution analysis
The deconvolution algorithm has been implemented in the second
drawdown period. The Deconvolution log-log plot shown in fig(4-18), good

match is seen between production data and model.
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Figure(4-18):Deconvolution log-log plot (case two)
4.3.5 Interpretation Results:

Table (4-2): Interpretation Result from conventional and deconvolution (case

two)
Parameters Conventional Deconvolution unit
kh/# 2117.37 2452.46 mD. ft/cp

Kh 2117.37 2452.46 mD.ft
k/ﬂ 51 60.418 mD /cp

K 51 60.418 mD

S -2.66 -1.6

C 0.0131 0.0046 bbl/psi
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P, 2160.68 2160.68 psi

PI 0.6 0.6 (STB/d)/psi

Rinw 7062.07 12135 ft

Concept has been proved in a Sudanese wells which open a wide gate for more
transient analysis for a data that has not been quite used in the past and that has
been ignored because the conventional way can not use it.

From this research we actually provide new solution which allow the engineers
in Sudan to utilize this data and get more information especially for any special
case like when the buildup data has issues.

4.4 Case three:

The third case we selected (R3)to make the problem even more difficult
by selecting a well with swab report in sequence of drawdown period which

make the rates even more noised.
4.4.1 input main data :

Main parameter, well data and PVT properties shown in table (3-3) had

been entered to the software as shown in the fig.(4-19) and fig(4-20)
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Step 2 - First analysis: main options and parameters

Name: Analysis 1

Type: (©) Standard (| Interference | Minifrac

Reference well:

Multidayer 5

Test parameters
well radius: 0.4 ft
Pay zone:  3.00000 m
Rock compressibility: ~ 3.00000E-6 psi-t
Porosity: 0.18
Top reservoir depth:  2248] m

< Back Next > Cancel

Figure (4-19):Main parameters input (case three)

Step 4 - First analysis: analytical parameters

Linearized PVT properties
Formation volume factor B: | 1,04000 B/STB
Viscosity p:  3,00000 =)
Total compressibility
Total compressibility ct: | 3.00000E-6 psi-* E
Sw U.GSI Fraction
< Back Next > Cancel

Figure (4-20): Main parameters input (case three)
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4.4.2 Model selection:

For the test design, it is constituted of a constant wellbore storage, a
vertical well model, a homogenous reservoir model and an infinite boundary
model, which are also considered to be the default test design of Saphir.

4.3.3 Flow rate and pressure data:
fig(4-21) show the history plot of pressure and flow rate data which

include two drawdown periods and two buildup periods.

History plot

Pressure
Pressure [psia]

Rate

Liquid rate [STB/D]
1

Time [hr]

Figure (4-21): Production History (case three).

The figure below show the effect of the swab in the pressure response

0 Ty iy

Figure (4-22): pressure response from swab
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4.4.4 Data analysis:
4.4.4.1 Conventional analysis for buildup:

The conventional analysis has been implemented in the second build up
period and good match is seen in history data with log-log and semi log plot.

match is very good as shown in fig(4-23) and fig(4-24).
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Figure (4-23): conventional log log plotfor buildup period (case three)
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Figure (4-24): Semi log plot for buildup period (case three)

-62-



4.4.4.2 Conventional analysis for drawdown period:

Fig(4-25) shown the drawdown period where the drawdown data is

obtain, and the second tests are implemented.
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figure(4-25):drawdown period(case three)
Fig(4-26) represent the conventional analysis of drawdown data , as we see in

the figure the curve are useless and we can’t get a result from it.
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Figure(4-26): conventionallog-log plot drawdown period(case three)
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Figure (4-27):semi log plot of drawdown period(case three).

4.4.3 Deconvolution analysis

The deconvolution algorithm has been implemented in the second
drawdown period. The Deconvolution log-log plot shown in fig(4-28), good

match is seen between production data and model.
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Figure (4-28):Deconvolution log-log plot (case three).
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Table (4-3): Interpretation Result from conventional and deconvolution (case

three)
Parameters conventional Deconvolution unit
kh /li 873.944 770.638 mD. ft/cp
Kh 2621.83 2311.91 mD.ft
k /H 113.852 109.42 mD /cp
K 341.557 327.719 mD
S -2.475 -3.98
C 0.0365 0.0127 bbl/psi
p; 2690.21 2791.78 psi
PI 0.38 0.43 (STB/d)/psi
Riny 1071.51 1217.36 ft

As we can see there are large different between radius of investigation of
two method, which is related to the higher production rate as compared with a
zero production rate in the buildup, where by the buildup were results in a
smaller radius of investigation . As shown in fig.(4-29), and this open new gate
to investigate deeper in the reservoir, this our own judgment which required
further investigation (which has to be consisted with the geology represented in

the geological map and the structural map)
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Figure (4-29): Radius of investigation

Boundary

(Energy Resources Conservation Board, Theory and Practice of the Testing of Gas Wells)
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Chapter 5



Chapter Five

Conclusion and Recommendation
5.1 Conclusion:

e Threedifferent case studies of well test analysis were conducted, based on
oil rate.

e The analysis is done using two method conventional method and
deconvolution method.

e The first case study is conduct in single well with no swab to know the
feasibility of deconvolution method in analysis of drawdown period.

e The second case is conduct in single well with different in shut in period
and different zone know the feasibility of deconvolution method in
analysis of drawdown period.

e The third case study is conduct in single well with swab (noise) to know
the feasibility of deconvolution method in analysis of drawdown period.
in case of swab data.

e Concept has been proved in a Sudanese wells which open a wide gate for
more transient analysis for a data that has not been quite used in the past
and that has been ignored because the conventional way can not use
it.From this research we actually provide new solution which allow the
engineers in Sudan to utilize this data and get more information

especially for any special case like when the buildup data has issues
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5.2 Recommendation:

From the result that we get from this research, we recommended:
e Use production history data to estimate the parameters of the well and
reservoir using deconvolution method.
e The coming studies of deconvolution method in Sudan must be focus in

multi well deconvolution (interference test)
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