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ABSTRACT

This project is about “Predication Reservoir Parameters of Pressure Transient
Analysis with an Alternative of Temperature Transient Analysis by Using
PanSystem Simulator”. The background of this project and its objectives is to study
Pressure and Temperature Transient Analysis. In this project, the scope of study will
be focusing on well testing not only in Pressure Transient Analysis but also in
Temperature Transient Analysis. In doing this interpretation, the author will be using
a well testing simulator called PanSystem from Weatherford. The beauty of
Pansystem will also be described in this report. He compares the result from
PanSystem to another simulator, which is Saphir with the input data used is the same
and the finalized model is identical. The purpose of this study is to be able to use the
well testing software and do the. interpretation and analysis from it. And once this is
achieved, the results from the interpretation will the findings, which is the ultimate

objective of the project which is to predict reservoir parameters.
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ABBREVIATIONS AND NOMENCLATURES

= Production flow rate, Bbl/day

= Formation permeability, mD

= Net reservoir thickness, ft

= Pressure, psia

= Formation volume factor, res. Bbl/STB or SCF/STB
= Viscosity, centipoise

=External radius, fi

= Well radius, ft

= Dimensionless skin factor

= Slope

= Pressure after 1 hour of test, Psia
= Flowing bottomhole pressure, Psia
= Formation porosity, %

= Total compressibility, psi’

= Radius of investigation, f

= Distance to boundary

= Joule-Thomson Coefficient



CHAPTER 1

INTRODUCTION

1.1 Project Background

Predication reservoir parameters of Pressure Transient Analysis with an alternative
of Temperature Transient Analysis by using PanSystem simulator is the project to be
carry out for the entire Final Year Project period, which will be conducted for entire
two semesters. Predication reservoir parameters are a branch of work related to well
testing analysis. For simplicity, well testing involving pressure analysis for
characterization is called Pressure Transient Analysis (PTA). With one of the
objectives of well testing is to get information about a well and to characterize the
reservoir, this project is in paraliel with the work conducted in the industry. And to
add more, this project will be based on real data, which is test data obtained from a
test conducted on a vertical, injector well in one of the Malaysia’s field. PanSysiem
is one of the simulators in the market that is used to do PTA. PTA is basically about
pressure recorded as a function of time and interpreted using various analysis
methods. These include pressure buildup tests and drawdown tests for production
wells and injectivity and fall-off tests for injection wells. In PTA, in order to
obtained information, models such as the wellbore storage model, flow model and
boundary mode! will be applied on the test data. This will be further explained later
in this report. The analyzing procedures are based on classical Darcy Law, which
refers to the mathematical equation that relates between flow rate, pressure and time.
Once interpretation done, the result will be compared with another result obtained
from other simulators. The final result will be based on which simulator will produce
the best fitting to the test data based on the same model used. This project wili also
touch on Temperature Transient Analysis (TTA). This is more to analyzing the
temperature data obtained the same time the pressure data is obtained but most of the

time being neglected for analysis.



1.2 Problem Statement

Pressure Transient Analysis is important in determining the reservoir parameters.
Through the simulator built, it is capable of catering thousands of pressure data and
the rates involved and generate the derivative plot to match with a model. This really
eased the job of a reservoir engineer. But since there are many well testing simulators

in the market, this will be a point which simulator is easier to be run.

On top of comparing simulators, in well testing, interpretation can be done not only
from the pressure data but also the temperature. This is called the Temperature
Transient Analysis. In some of the reservoir, it is hard to interpret from the pressure.
So it is an alternative and also another window to view on the events that is

happening to the reservoir.
1.3 Objective
The objectives of this study will be like as below:

¢ To be able to use the PanSystem simulator for analysis

» To be able to interpret from pressure data and obtain the desired reservoir
parameters

¢ To characterize reservoir based on transient temperature data

1.4 Scope of Study
The scopes of study for this project:

e To learn about Pressure and Transient Analysis and Temperature Transient
Analysis
* To run simulation and interpret data

+ To analyze and compare result



1.5 Significance of the Project

This project is significant in equipping individual with skills in running a simulator.
This is because nowadays, the transient analysis, which the predication reservoir
parameters are done mostly using simulators. It is an added value for individual to
have the skills in running PanSystem simulator, applying the analytical and

numerical models on data to characterize reservoir.

1.6 Feasibility of the Project

The project is based on computer simulation to predict the reservoir parameters
based on matching the data with the simulation models. The project is estimated to
complete within 5 months of research and simulation period. Since the simulator is
already in-house, the expenditure for this project is at its minimum, Positive outputs
are expected and general reservoir characterization will be summarized out at the end

of this project.



CHAPTER 2
LITERATURE REVIEW

Well test in which pressure is recorded as a function of time and interpreted using
various analysis methods. These include buildup tests ad drawdown tests in
production wells and fall-off tests in injection wells [1]. In this chapter, discussions
will not only on predication reservoir parameter but also matters related to the raw
data, other related data such as rock and well properties, PVT data, governing
theories behind both transient analysis, issues related to the analysis and issues
related to the well testing.

2.1 Measuring Ganges

In the field, the method of acquiring the pressure, temperature and related
data are variable. In the tubing string, previously, Slickline (SL) will be run-in
hole (RIH). Slickline is a single-strand wireline used to run and retrieve tools
and flow-control equipment in oil and gas wells. The single round strand of
wire passes through a stuffing box and pressure-control equipment mounted
on the wellhead to enable Slickline operations to be conducted safely on live
wellbore. But this will be quite costly since it needs to be run from time to
time and also this will also contribute to Non-Productive Time (NPT) if the
test is pressure build-up test. Lately, with the development of technology, the
capability of acquiring data is easier. With the application of Permanent
Downhole Gauge (PDG), continuous pressure recording can be obtained
frequently, and most likely that the data can be deliver to your desktop daily.
And for the temperature, it is possible to have multipoint temperature sensors
since production mostly from multitayer reservoirs. For any particular well, it
can be equipped with multiple temperature sensors and single Downhole
pressure gauge. This is because rate will be change at the surface, throttling
the reservoir whether the rate is decreasing or increasing. . Figure 1.0 is the
sample of the gauge and sensors configuration,

The reason for having multiple temperature sensors equipped at the string is
to measure the temperature changes at each of the reservoir layers. This
temperature change can be related to possible near wellbore condition such as
formation damaged radius, formation damaged permeability, formation
permeability and skin factor. This is very significant because each of the
layers is different from one another as the result of deposition. Whereas for
the pressure measurement, there is only one pressure Downhole gauge
because the pressure measurement is taken when there is change in the
surface rate. Either increase or decrease in rate, from theoretical point of
view, both can achieve the same objective, which is pressure disturbance.
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Figure 1.0: Permanent Downhole Gauge and Downhole
Temperature Sensors Configuration ¥

Data

The data obtained from the gauge is called ‘Raw data’. This is because the
data is originally from the field and it is not filtered. The purpose of filtering
is to reduce noise, which will affect the analysis later on. The raw data will be
not hundred but thousands of line. Some of the operator programs the
measurement to be taken every half a minute.

Figure 2.0: Typical Dual Pressure Gauge
Data Diagnostic

Another thing that is related to the difference between the quality of data
measured by gauges attached to Slickline and the Permanent Downhole
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Gauge is that for the Slickline, the tendency for the gauges to encounter drift
or failure is high. Once this happens, the data is no longer valid. The way to
know whether drift occurs during run-in the Slickline, there will be the top
and bottom gauges. When two pressure sensors are set at the same depth, as
with a dual gauge carrier, their difference can be used to check their
synchronization (time shift) and their coherence. From here the problem with
the gauge may be identified. From Figure 2.0, it shows the error in reading
which caused by drift. The upper panel (blue box) in the figure shows the data
for the test data obtained from top and bottom gauges. At the lower pane
(vellow box), it shows the difference in pressure taken during test. This
difference is the difference between the top and bottom gauges.

PVT data is important since it has the values for the fluid properties. These
fluid properties are important as it is the value taken based on the reservoir
fluid sample tested. Properties such as the oil or gas formation volume factor,
B, the oil and gas viscosity, y, i and the reservoir pressure and temperature
are included in this PVT data. This data uvsually can be found from PVT
report, where the analysis was done from service contractor or hired
laboratories.

The next important data is the petrophysical data. The data such as the net
sand thickness and average porosity are two input data that we can get. From
petrophysical data also we can compare the permeability that we get from the
analysis with the average permeability determined. It is a matter of diagnostic
from the legacy data so that the analysis does not contain to much error.

On top of the valuable data above, some additional information such as the
geological map would be handy because in predicting the boundary model, it
is possible to determine any major fault or any signatures that can help in
making decision. This is because, with the help of the map, the distance from
well to the boundary can be estimated and this can be compared with the
result obtained from the PTA.

Theory
2.3.1Pressure Transient Analysis (PTA)

From the set of graph obtained from the pressure, temperature and
rates data, we get the derivative curve. From the curve, we can see the
pressure plot and differential or derivative plot. In the derivative plot, the
big hump at the initial of the plot is indicating the Wellbore Storage, Afiera
period of time, the effect vanishes and from there we can start to find the
parameters that we want. All of these parameters are theoretically can be
calculated. From the basic classical Darcy Law, we get his equation of [2}:

6
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Basically for PTA, we have analysis done on the Drawdown (DD) or
Build-up (BU) for the producing well and Fali-off (FO) for the injecting
well. Of the two analyses, the build-up is the most preferable since the
pressure is much stable since there are no changes at surface rate.
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The equation above is the general equation used in pressure build-up
analysis. It is the same as the pressure drawdown equation used for
analysis. The build-up equation is similar to the drawdown because of as
the producing time t, was long enough to reach IARF. where k is the
permeability that we want to find from this well testing. It can be obtained
by the equation of [2]:

162.6 gBu

K= mh

and § is the dimensionless skin that we want to find to detect whether
the well is encountering formation damage or stimulation. The value of skin
is important in determining whether the well is having formation damage or
not. This can be notified with the positive of negative value of skin. If the
skin is positive, then the well has formation damage. If not, then the well is
in stimulation. The equation for skin is [2]:

Py — P
S= 1151 ”"m ¥7 _ log(

e ) +3.23]

Other parameters that can be calculated with well testing are the
Radius of Investigation (Ri), Distance to Boundaries (L). Following are the
equations [2]:

Ri= 2| kAt
948dpc,

2[0.000148kAt,,

L= o,



The simulator will calculate all the parameters above and shows the
result. But something to highlight in this theory part is a few matters related
to the well testing that can be done manually in having a better result.

For the well shut-in procedure, it is better to shut it near the depth of
investigation, which is at the depth where the gauge is located. This is
because instead of shutting at the surface, Downhole shut-in gives less
wellbore storage or after-flow effect (WBS) period. This is because
wellbore storage effect is the matter of unloading fluid entering the wellbore
and settles down. From the graph, the region which the WBS lays is in the
Early-Time region. Once the Early-Time region ends, the Middle-Time
region can be analyzed. It is here that the stabilized rate of pressure resides.
From here the slope of the graph can be determined, which the permeability
can be calculated. Then at the Late-Time region, the boundary model will
be defined to best fit and characterized the reservoir. Figure below
explained briefly on the flow regimes.

Wellbore Storage Effects

(WBS) is indicated from -
this Permeability can
be found here

Figure 3.0: Flow regimes for Pressure Buildup and Injection Fall-Off tests

Many analysts rely on pressure derivative curve to diagnose wellbore
storage period and radial flow regime on pressure transient data. However,
there are field examples that flow regimes cannot be accurately determined

[4].

The wellbore storage effect delays the formation pressure response
and distorts the early portion of pressure transient data. Diagnosing the
radial flow regime is important because it provides values for permeability
and skin.

For this pressure build-up, the purpose of well shut-in is to let the
pressure build-up. The longer the well being shuts, the near reservoir
pressure it will reach. The period of shut-in also depends on the quality of



2.3.2 Temperature Transient Analysis (TTA)

For TTA, two main dynamic factors that involved are the Joule-
Thomson and frictional heating effects.

Joule-Thomson effect is when a fluid expands at constant enthalpy
because of a pressure drop, the temperature of the fluid changes. The
change in temperature per unit pressure is called Joule-Thomson
Coefficient, pyr The equation derived from the thermodynamics text is:

VT 6Z
8T,  —Gpr
Wr = (5pn = T,

For an ideal gas, the coefficient is zero which means that the gas
expands at constant enthalpy, no temperature change.

For reai fluids, the coefficient has cooling and warming effect. If the
value of the constant is positive, it is the cooling effect whereas if the value
if negative, it is the warming effect.

For the frictional heating effect, for example, as the fluid flows from
reservoir towards wellbore, sand-face temperature increases due to friction
between fluid molecules and porous medium,

For oil producing wells, the sand-face temperature is always higher
than original reservoir temperature. For gas producing wells, the sand-face
temperature can be either higher or lower or equal to original reservoir
temperature due to simultaneous effect of frictional heating and JT cooling
effect.

As discussed in section 2.3.1, the early portion of the well test data is
usually affected by the wellbore storage effect and can be influenced by
skin and reservoir permeability. Since different factors including wellbore
storage, skin and reservoir heterogeneity affect pressure response, detecting
end of wellbore storage and flow regimes might have uncertainties.
Wellbore storage effect may distort the early time flow regimes and cause
uncertainty in detecting first plateau on derivative curve. Therefore,
determining accurate time at which wellbore storage stabilizes has a
significant impact on the analysis and interpretation of pressure data [4].

There is one solution, which is to record Downhole flow rate using a
flow meter such as spinner. It can determine the end of wellbore storage
effect, where the Downhole flow rate becomes zero. But the problem with
spinner is it often underestimates the end of the wellbore storage period.

10



This is because the Downhole flow rates which are less than the
spinner threshold cannot be detected [4).

11



CHAPTER 3

METHODOLOGY

3.1  Methodology and Project Work Flow

In this chapter, explanation will be made and graphical will be provided as a
reference. In the graphical part, both PanSystem and Saphir will be included, since

this project involves both simulators.

In analyzing the Pressure Transient Analysis, there are several steps involved
in doing interpretation from the simulator. Firstly, the data needs to be input to the
simulator by means of available user-to-simulator interface. All the data are ranging
from PVT, rock properties, wellbore parameters and test data consists of time,
pressure and rate. Figure 4.0 shows the pressure and injection rate being plotted

against time. Details regarding the relevant data have been explained in Chapter 2.
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Figure 4.0: Pressure, P and Water Injection Rate, g, versus time; top: PanSystem, bottom: Saphir
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Since there is multiple injection and fall-off sections, it is advisable to make
sure the sections are split correctly so that there will be noise that will affect the
analysis. Once splitting is done, the next step is to come up with suitable model that
characterize and represent the reservoir. By rule of thumb, the longer the fall-off
period, the better since the pressure have longer time to stabilize in the reservoir, thus
providing near reservoir condition. It is obvious that in Figure 4.0, the later fall-off
will be selected for analysis (green circle). In Figure 4.0, both PanSystem and Saphir
show clear display on the pressure, rate and time data. Both have two fall-offs. the
beauty of PanSystem is that, before proceeding to analysis, the second fall-off slot
need to be selected. In fact, in other analysis also, either PBU or DD, the period
needs to be selected in order to analyze. The selection is by clicking on the bar above
the specific period (red circle). But for Saphir, it would require the next step, which
is in Figure 5.0, to view the selected test data pressure change and derivative plot.

| injection §2
fall-off #2
| injection #3

Figure 5.0: Test analysis period selection for Saphir

13



Once this process is done, then the Log-Log plot can be obtained. Figure 6.0
shows the Log-Log plot for the Fall-Off #2.

LogiogPlot

Figure 6.0: Log-Log plot of Fall-Off #2; top: PanSystem, bottom: Saphir

14



Since there is unstable reading at the early part of the data, data filtering can
be done to minimize the potential factor that might affect the analysis. Figure 7.0

shows the filtered data.

Bl
|

Figure 7.0: Filtered plotted data of Fall-Off #2; top: PanSystem, bottom: Saphir
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After input data, then next step is to history match between the model and the
data. This is accomplished by applying wellbore storage, flow and boundary model
that can match the test data. From here, we can observe from the derivative curve
display where we try to find the best match of the model for the data. This can be
done by both analytical and numerical method. Mostly in the project, only the
analytical section is used for improving the model. For analytical method, the
reservoir and boundary model will be determined in fitting the model’s curve to the
data’s curve. Determination of model will be made based on the test data plotted
curvature. This will incorporate the information learnt in the Advance Well Test
Analysis class and additional info from the reference book. Determining the value of
the parameters such as storage coefficient, skin, reservoir pressure and others will
result in model’s curve fitting the data’s curve nicely or not. This can be done by
keying in the the lower and upper constraint for each parameter and the simulator
will iterate for the best value to match the model to the test data. Figure 8.0 shows
the windows that will set the constraints for simulator’s iteration to match the test

data. Most of the time, this is much easier for Saphir than PanSystem.

Start Lower Uppet
k (] ¥ Vasiable [0 [o md
Cs [o W Vaiable [0 [o bbl/psi
-] |0 W Variable ]-s 10
Masimum Number of Iterations Maich Quality
.  Ewcelent @ Good  Poor
Solution Method
@ Adaplive " Levenberg-Marquardh MJ
Pressure/Derivative Weighting
Presswe 100% _} Derivative 0%
[ ] Cancel
Well & Wellbore parameters (Tested weil)
c [ 2ee4 0.0026 0.026 | bbiipsi
Skin r [ 41077 14.1072 241072
Reservoir & Boundary parameters
k [ | 0.383378 3183378 383378 | md
Ri r 27 270 2530 [
" r 03 9 90
D G 0.07 07 7
Re =4 253 2530 25300 ft

Figure 8.0: Model parameters’ upper and lower constraint for simulator iteration;
top: PanSystem, bottom: Saphir
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Expectation after iteration is that the model will match the test data. F igure
9.0 shows the result of simulation iteration, matching the model for the test data. For
this section, this is not the best match, just an example of matching. This is not the
end result as it will be discussed in Chapter 4.

Plot

-

Equnatont Time (hourd)

Figure 9.0: Sample of model matching of the test data; top: PanSytem, bottom: Saphir
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After matching, then it better to quality check the results. This is an important
part because in order to have a presentable result characterizing the reservoir, a
diagnostic must be carried out to determine the percent error in result with available
data. For the error percentage determination, it will be discussed further in Chapter 4
Result and Discussion. Figure 10.0 shows the example of Homer plot. This is
important in diagnostics to check and confirm that not only the Log-Log plot
(pressure change and derivative plot) is matching but also the Horner plot and also

the History plot. For History plot, do refer Figure 11.0

| !
28 — —
| |

Figure 10.0: Semilog plot of Fall-Off #2; top: PanSystem, bottom: Saphir
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Figure 11.0: History plot; top: PanSystem, bottom: Saphir
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For the Temperature Transient Analysis, the analysis is conducted in
Microsoft Excel spreadsheet. Application of concepts and theories discussed in Sub-
Chapter 2.3.2 will be extensively applied.

For the analysis technique, the Log-Log plot is chosen. The plot is basically
derived based on the Gringarten et al. and Bourdet et al. type curves. The plotting
functions are AP, AP* against At. Gringarten et al. type curve is derived from
previous Ramey type curve and the Bourdet et al type curve is derived from

Gringatten et al type curve [11].

Gringarten et al type curve is used for the change in pressure graph and the
Bourdet et al type curve is for the pressure derivative. The pressure derivative is
more sensitive to the change in the reservoir. This will be used to determine the flow
regime, for the tests of PBU and IFQ, three separate regions of Early-Time, Middle-
Time and Late-Time [11].

3.2 Tools and Equipment

In the project, PanSystem simulator by Weatherford will be used to conduct
the analysis to predicate reservoir parameters. Concurrently, another simulator,

Saphir-Ecrin will be used.

PanSystem is a simulator built to do analysis for Pressure Transient Analysis.
Its function is to analyze on the pressure and derivative curve. The curve is plotted in
terms of pressure, temperature and flowrate as a function of time. This information
will be combined with reservoir fluid data and rock properties. The simulator will

calculate the parameters and display sets of curve to be analyzed.

On top of PanSystem, Kappa Saphir-Ecrin is used to conduct the analysis.
This is to compare which simulator is more user-friendly and will provide best

solution to the raw data from the test.

20



3.2.1 Deliverability Applications

3.2.1.1 These are few deliverability applications from PanSystem.

I

Fitting to measured test point data

For oil and water fluid types, the deliverability or
Injectivity can be calculated from the result of transient
welltest and extended drawdown analysis, or from
production test data [10].

For gas and condensate fluid types, the deliverability or
Injectivity can be calculated from the results of
transient and extended drawdown analysis, or from
production test data, using LIT or simplified C-and-n
methods [10].

Production Forecasting

This facility in the simulator provides a prediction of

well production of the well have been determined.
Inflow Performance Relationship

This is an application where PanSystem will calculate
the deliverability or injectivity from the result obtained
from transient weiltest and extended drawdown

analysis.
Report Generation

PanSystem can generate report based on the analysis

done. This is very convenient for future work reference

21



3.2.1.2 These are few deliverability or other applications from Saphir

1.

Test Design

Flexible Plot

Inflow Performance Relationship/Absolute Open Flow
This is similar to PanSystem

KIWI

This is an option tool that will generate pressure change
and derivative plot for sensitivity analysis. Since the
simulator cannot be undo, this can help in decision

making and saving time
Rate Prediction

Report Generation

As for Section 3.2.1.1 and 3.2.1.2, not all the application has been
used except the KIWI.
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Figure 12.0: Project Activities Flow Chart
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CHAPTER 4

RESULT AND DISCUSSION

For the result, it is expected that the test data will be plotted on Log-Log plot
of AP and AP’ (Psi) against At (hour). As we can recap back, the analysis is done on
Fall-Off #2. This is a significant decision made by looking at the time of the test was
conducted. For a PBU or IFO test, the longer the test, the better as the pressure is
tested to build or fall-off right after injection to reach near reservoir pressure. For
comparison, figure below shows the significant different between the two fall-off

sections.

Duts P [pai)

Dets P 7/ Deltn O {pai ) ST Bky)

/
L7

]

a1
e a1

E-murmnm‘u

Figure 13.0: Comparison between Fall-Off #1 (top) and Fall-Off #2 (below) for PanSystem
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Figure 14.0: Comparison between Fall-Off #1 (top) and Fall-Off #2 (below) for Saphir



From the comparison, we observed at the LTR, Fall-Off #2 shows a more
developed region than Fall-Off #1. This will reduce the uncertainty of encountering

the possibilities of boundary.

For the models used to define the test data, another simulation is conducted to
compare between models. And for sure, with this data, Infinite Acting Radial Flow
model is not suitable as the LTR will not match between the test data and model. But
the model’s simulation will be included as for reference and comparison between

available models.

Model #1

Figure 15.0: Comparison for Model #1; top: PanSystem, bottom: Saphir
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Model #2

Logog Plot

Equialent Tins (hours

Figure 16.0: Comparison for Model #2; top: PanSystem, bottom: Saphir
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Model #3
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Figure 17.0: Comparison for Model #3; top: PanSystem, bottom: Saphir
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Before we continue analyzing the result based on plot interpretation, since the
early part of the Log-Log plot is filtered due to noise occurrence. Here is the
graphical evidence of the reason the occurrence. Suspected there was a rate change

during fall-off due to the trend of the pressure.

Figure 18.0: Reason of noise occurrence, rate-like changing pressure response

If observed clearly, the wellbore storage model is not Classic Wellbore
Storage or Constant Wellbore Storage. This is because initially that is the preferable
model since the noise has been reduced but after referring to the Horner plot, the
Early-Time region of the model does not match the test data. Afier applying the
Changing Wellbore Storage (Fair), the model fits the data. Observation and
comparison made and Figure 19.0 and 20.0 will show the evidence of the analysis

done.

Figure 19.0: Constant Wellbore Storage model, not matching at ETR Horner plot



Figure 20.0: Changing Wellbore Storage model, matching at ETR Horner plot

It is obvious that from the matched plot, Model #2 is the best matched. So it
will be chosen and the summary of the models used will be in Table 3.0.

Model | Well Wellbore Reservoir Boundary
Vertical | Changing Radial Single Fault
Storage (Fair) | Homogeneous
Vertical Changing Radial Circle
Storage (Fair) Composite
Vertical Changing Radial Infinite
Storage (Fair) | Homogeneous

Table 2.0: Simulation’s model (both applies on PanSystem and Saphir)

And for the quality check on the model matched with the test data, Table 4.0

will summarized the percentage difference between it.

Parameters Model Value | Semilog Value
ity. K 3.73 3.72
14.8 142
1819.22 1924.38 5.46

Table 3.0: Percentage difference calculation between model and semilog
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For the Temperature Transient Analysis, the expected results is interpretation

based on the temperature graph and applying the relevant theories and concepts.

Figure 21.0: Temperature and injection rate versus time plot

Observed that from both fall-offs trend, there are slight pressure increase (yellow
circle). This shows the effect of negative Joule-Thomson effect, which is warming
effect. This is can be explain that the water injected to the reservoir settling and the
heat is contained. As the test time moves, the temperature start to decrease, showing
Joule-Thomson cooling effect of reservoir fluid. Once the injection started again, the
temperature hiked up. To compare between injectivity #2 and #3, the temperature
rise for injection #3 is high. This due to the instantaneous warming effect of the
injection process, inclusive of all the friction which can be quantified as frictional

heating effect. This is an indication that the reservoir might have a low-permeability.



CHAPTER 5

CONCLUSION

From the test data, the model #2 is an acceptable one as the percentage difference
between the model’s value with the semilog value fall in between + 10%. Between
PanSystem and Saphir, the model in Saphir is fitting the test data compared to
PanSystem. This shows that Saphir is better than PanSystem. This strengthens the
point that Saphir is not only user easier to run but also provide better solution, given
same modeling applied to the same data. Pressure Transient Analysis is a common
thing worldwide but for Temperature Transient Analysis is rarely conducted in
Malaysia and we often neglect the temperature data. So this research is to implement
the Temperature Transient Analysis in Malaysia Field. On top of that, it is exciting to

be able to run several well testing simulators in getting the result from the same data.

RECOMMENDATIONS

For recommendation, with this project done, it is beneficial for UTP Geosciences and
Petroleum Department (GPED) to have more than one pressure transient analysis or
well testing analysis simulator. It is beneficial for the students as this will help them
to experience the excitement of using simulator. Relying on PanSystem alone is not a

problem but due to its little bit tedious steps, this will discourage students to learn.

As for expansion and continuation of this project, there is nothing much for the major
part which is the major objectives of this project. But for the minor objective, which
is regarding Temperature Transient Analysis, there is a lot of improvement can be

done.
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