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Abstract

This study focused on the interpretation and analysis of well test data of Well-1 in HMD
FIELD using both conventional interpretation techniques and KAPPA Saphir software. The
different stages of data preparation, diagnostic analysis, model matching, and pressure
transient interpretation were performed in order to characterize reservoir behavior and
evaluate well performance.

The conventional Horner interpretation provided preliminary reservoir characterization
through semi-log analysis, whereas modern KAPPA Saphir offered a more detailed and
reliable interpretation using advanced diagnostic and model-matching techniques.

The obtained results indicate that the reservoir is characterized by moderate permeability and
satisfactory reservoir pressure, while the positive skin factor reflects the presence of near-
wellbore damage affecting fluid flow toward the Well-1.

The comparison between the conventional and modern interpretation approaches highlighted
the importance of advanced pressure transient analysis tools in improving the accuracy of
reservoir characterization and supporting production optimization and reservoir management
decisions.

keywords :

Well testing, Interpretation, Reservoir, Permeability, Skin factor, Pressure, Radial flow,

Diffusivity equation, Kappa Saphir

Résumé

Cette étude a porté sur I’interprétation et 1’analyse des données de tests de puits du puits-1 du
champ HMD, en utilisant a la fois les méthodes conventionnelles d’interprétation et le
logiciel KAPPA Saphir. Les différentes étapes de préparation des données, d’analyse
diagnostique, d’ajustement des mode¢les et d’interprétation des transitoires de pression ont été

réalisées afin de caractériser le comportement du réservoir et d’évaluer les performances du

puits.

L’interprétation conventionnelle basée sur la méthode de Horner a permis d’obtenir une

premiére caractérisation du réservoir a travers 1’analyse semi-logarithmique, tandis que




I’utilisation du logiciel KAPPA Saphir a fourni une interprétation plus détaillée, précise et

fiable grace a ses outils avancés d’analyse diagnostique et de modélisation.

Les résultats obtenus montrent que le réservoir présente une perméabilité modérée ainsi
qu’une pression de réservoir satisfaisante. En revanche, la valeur positive du facteur de
skin met en évidence I’existence d’un endommagement dans la zone proche du puits,

affectant I’écoulement des fluides vers le puits -1.

La comparaison entre I’approche conventionnelle et 1’approche moderne a démontré
I’importance des outils avancés d’analyse des transitoires de pression pour améliorer la
précision de la caractérisation des réservoirs, optimiser les performances de production et

soutenir efficacement les décisions de gestion et d’exploitation des réservoirs.
Mots-clés :

Tests de puits ; Interprétation ; Réservoir ; Perméabilit¢ ; Facteur de skin ; Pression ;

Ecoulement radial ; Equation de diffusivité ; KAPPA Saphir.
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General introduction

General introduction

The petroleum industry plays a fundamental role in the global economy, as oil and gas
remain the primary sources of energy used in transportation, industry, electricity generation,
and petrochemical activities. The continuous increase in energy demand has encouraged
petroleum companies to improve reservoir management techniques and optimize hydrocarbon

recovery in order to ensure efficient production and long-term reservoir performance.

Reservoir engineering is considered one of the most important disciplines in the petroleum
industry because it focuses on understanding reservoir behavior and evaluating production
performance. in this context, obtaining reliable information about reservoir properties such as
permeability, pressure, porosity, and fluid flow behavior is essential for making appropriate

technical and economic decisions.

Several techniques are used to characterize reservoirs and evaluate their performance,
including seismic surveys, well logging, core analysis, PVT studies, and well testing. Among

these methods, well testing is considered one of the most effective techniques because it

provides direct information about the dynamic behavior of the reservoir through pressure

response analysis. By creating a pressure disturbance inside the reservoir and analyzing the
recorded pressure data, engineers can estimate important reservoir parameters and identify

flow regimes and reservoir boundaries [1] .

Well test interpretation has significantly evolved over the years, moving from conventional
analytical methods such as the Horner and MDH methods to more advanced interpretation
techniques based on pressure derivative analysis and type-curve matching [1]. The
development of specialized software such as KAPPA Saphir has greatly improved the
accuracy and reliability of pressure transient analysis, making it possible to model complex

reservoir systems and obtain more precise interpretation results.

Hassi Messaoud field (HMD) is one of the largest and most strategic oil fields in Algeria.
Due to its complex geological characteristics and major economic importance, accurate well
test interpretation is essential for understanding reservoir behavior and optimizing production
performance. Therefore, this work focuses on the understanding of reservoir behavior via the
interpretation of pressure buildup test data from Well-1 located in the HMD using
conventional and modern method ( KAPPA Saphir software).
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The objective of this study is to evaluate, analyze and interpret well test data in order
to estimate the optimal reservoir parameters such as permeability, skin factor, reservoir
pressure, and wellbore storage effects. In addition, this work aims to compare the results
obtained using conventional interpretation methods with those generated using KAPPA
Saphir software in order to evaluate the efficiency and reliability of both interpretation

approaches.

This study is organized into three main chapters :

Chapter I presents the fundamental concepts of well testing. It introduces the main types of
well tests, reservoir flow regimes and flow geometries, as well as important concepts such as
skin effect, wellbore storage, radius of investigation, and productivity index. This chapter
provides the theoretical background necessary for understanding pressure transient behavior

and reservoir performance.

Chapter II focuses on well test interpretation methods. It presents the diffusivity equation and
its fundamental principles, followed by conventional interpretation methods, particularly the
Horner method. It also introduces modern interpretation techniques, including type-curve
matching and pressure derivative analysis, with emphasis on their role in identifying flow

regimes and estimating reservoir parameters.

Chapter III presents the practical application of well test interpretation to Well-1 in the Hassi
Messaoud field. It first provides a brief description of the field, the reservoir, the well, and the

KAPPA Saphir software. The pressure buildup test data are then prepared and interpreted

using both the conventional Horner method and KAPPA Saphir. Finally, the obtained results

are compared in order to characterize the reservoir behavior and evaluate the well

performance.

Overall, the study combines theoretical concepts, interpretation methods, and a
practical case study to demonstrate the application of pressure transient analysis in reservoir

characterization and well performance evaluation.
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I. Chapter I: Fundamentals of Well Testing

I.1. Well Testing Definition :

Well testing is an important reservoir engineering technique used to evaluate reservoir and
well performance through pressure transient analysis. By analyzing pressure response over
time, engineers can estimate key reservoir parameters such as permeability, reservoir pressure,
skin factor, and reservoir boundaries. Pressure transient tests including drawdown, buildup,
injectivity, and interference tests provide valuable information about reservoir behavior and

fluid flow characteristics [1].

> Detection of Reservoir and Well Problems:
Well testing helps identify problems related to the reservoir or the wellbore, such as
formation damage or the production of unwanted fluids including water or gas. This
allows engineers to apply corrective actions that improve efficiency and reduce
operational costs.
Production Optimization:
Well testing provides essential information about well performance, enabling engineers to
optimize operating conditions and maximize hydrocarbon recovery.
Reservoir Evaluation:
Pressure transient analysis offers valuable information about reservoir properties such as
permeability, reservoir boundaries, and pressure behavior. These parameters are
fundamental for reservoir characterization, field development planning, and enhanced oil

recovery (EOR) strategies [1].




Chapter I: Fondamentals of Well Testing

1.2. Types of Production Well Tests :

1.2.1. Pressure Drawdown Test :

DRAWDOWN TEST

.

Well face

I S Well face

flow rate

Flow rate

Time

Figure I.1 :Schematic Representation of a Drawdown Test [3].

A drawdown test is performed by opening a well that is initially shut-in, stable, and at static
conditions to produce at a nearly constant flow rate. During the test, the pressure response is
recorded and analyzed to evaluate reservoir and well characteristics. Most conventional well
test interpretation methods are based on drawdown test principles and pressure transient

analysis.(Figure 1.1)

In practice, achieving ideal testing conditions may be difficult. Maintaining a strictly constant
flow rate is challenging, even after the well appears to stabilize, and the well may not initially
be in a fully static or stable state, particularly after drilling operations or previous production
periods. Despite these limitations, drawdown testing remains an effective method for reservoir
boundary detection because boundary effects generally require long observation times, during

which the influence of short-term flow-rate fluctuations becomes less significant [2].

1.2.2. Pressure Buildup Test :

In a buildup test, a well that is already producing—ideally at a constant flow rate—is shut
in, and the down hole pressure response is recorded as pressure gradually builds up over time.
The interpretation of buildup data generally requires only minor modifications to the methods
used for constant-rate drawdown analysis. One practical advantage of buildup testing is that
the constant flow-rate condition is easier to achieve because the flow rate becomes zero after

shut-in.
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However, buildup tests also present certain operational limitations. Achieving a stable
production rate before shut-in may be difficult, particularly when the well must be
temporarily closed to install pressure measurement tools. In addition, production is interrupted
during the shut-in period, resulting in temporary production losses. Despite these limitations,
buildup testing remains one of the most widely used pressure transient testing techniques for

reservoir and well evaluation (Figure 1.2) [4].

BUILDUP TESTS

Wellhead
flow rate

T

Flow rate

Well face
flow rate
S

Figure 1.2 : Buildup Test [3] .

1.3. Types of Fluids :

The isothermal compressibility coefficient is a key parameter for determining the type of
reservoir fluid. Based on this property, reservoir fluids are generally classified into three main

categories (Figure 1.3) [4]:

e incompressible fluids
e slightly compressible fluids

e compressible fluids

The isothermal compressibility coefficient C is described mathematically by the following

two equivalent expressions:

+ In term of fluid volume :
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Where:

C = Compressibility coefficient
V = Volume

P = Pressure

+ In term of fluid density :

p = Fluid density .

where V and p are the volume and density of the fluid.

. Incompressible Fluids: volume (or density) does not change with pressure:

(13)

Incompressible fluids do not exist; this behavior, however, may be assumed in some
cases to simplify the derivation and the final form of many flow equations

Slightly Compressible Fluids: These fluids exhibit small changes in volume, or
density, with changes in pressure. Crude oil and water systems fit into this group
Compressible Fluids: These fluids have large changes in volume as a function of

pressure. All gases are considered compressible fluids [5] .

Incompressible

Slightly Compressible

Compressible

Pressure

Figure 1.3 : Fluids Compressibility Types [5] .
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I.4. Reservoir Flow Regimes :

To explain the fluid flow behavior and reservoir pressure distribution as a function of time,

it is essentially necessary to identify three types of flow regimes [6]:

The three principal flow regimes are (shown in Figure 1.4 ) :

steady-state flow
unsteady-state flow

pseudosteady-state flow

Steady State Flow :

The pressure at every location in the reservoir remains constant, i.e., does not change with
time. Under steady-state conditions, the reservoir pressure remains unchanged with time at
any specific location, which means that the pressure variation with respect to time is equal to
zero. In petroleum reservoirs, this flow regime is generally observed only when continuous
external support is available, such as a strong aquifer drive or efficient pressure maintenance

systems that compensate for fluid production.

1.4.2. Unsteady-State Flow (Transient Flow) :

The rate of change of pressure with respect to time at any position in the reservoir is not

Zero or constant.

(=) =) (1)

The pressure derivative with respect to time is essentially a function of both position i1 and
time t.
1.4.3. Pseudo-steady-State Flow (semi-steady state or quasi-steady state flow):

During pseudo-steady-state flow, the reservoir pressure decreases uniformly with time

throughout the reservoir. Although pressure continues to decline, the decline rate remains
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constant at all reservoir locations. Therefore, the pressure variation with respect to time is

considered constant at every point in the system [7].

(—) = constant

Location i

Steady-State Flow

Semisteady-State Flow

4
ot " = constant

Pressure

Unsteady-State Flow

op .
(a)i = f(i,1)

Time

Figure 1.4 : Reservoir Flow Behavior [8] .

I.5. Reservoir Flow Geometry:

The geometry of a reservoir plays an important role in determining its flow behavior. Since
most reservoirs have irregular boundaries, a precise mathematical description of their
geometry often requires the use of numerical simulation tools. However, for many
engineering applications, reservoir flow can be idealized using simplified geometries (Figure

1.5) , including [8]:

radial flow
linear flow

spherical and hemispherical flow.

Radial Flow :

In the absence of significant reservoir heterogeneities, fluid flow toward or away from a

wellbore generally follows radial streamlines over a considerable distance from the well.
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Since fluids converge toward the well from all directions, this flow pattern is referred to as

radial flow.

1.5.2. Linear Flow :

Linear flow occurs when the flow paths are parallel and fluid moves in a single direction.
In this case, the cross-sectional area available for flow remains constant. A common

application of linear flow equations is the flow of fluids into vertical hydraulic fractures.

1.5.3. Spherical and Hemispherical Flow :

Depending on the wellbore completion configuration, spherical or hemispherical flow
may develop in the near-wellbore region. A well with a limited perforated interval can exhibit
spherical flow around the perforations. Similarly, a partially penetrating well within the pay
zone may lead to hemispherical flow. This condition can also occur in situations where

bottom-water coning is significant.

The three primary flow geometries encountered in reservoir engineering.

RADIAL FLOW SPHERICAL FLOW

UPPER
RESERVOIR

= RESERVOIR

|
|
|
|
|
|
|
|
|

Fluid flows radially outward Fluid flows linearly from the boundaries Fluid flows spherically from the
from the well in all directions. toward the well through channels. reservoir toward the well.

© WELL —» FLOW DIRECTION RESERVOIR BOUNDARY (NO FLOW) I:l CHANNEL D UPPER RESERVOIR D INTERBED D LOWER RESERVOIR

Figure L.5 : Reservoir Flow Geometries
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1.6. Number of Flowing Fluids in The Reservoir :

The mathematical expressions that are used to predict the volumetric performance and
pressure behavior of a reservoir vary inform and complexity depending upon the number of

mobile fluids in the reservoir. There are generally three flow systems:

e single-phase flow (oil, water, or gas)
e two-phase flow (oil-water, oil-gas, or gas—water)

e three-phase flow (oil, water, and gas).

The description of fluid flow and subsequent analysis of pressure data becomes more difficult

as the number of mobile fluids increases [7].
I.7. Skin Effect :

During drilling, completion, or workover operations, materials such as mud filtrate,
cement slurry, or clay particles may invade the formation and reduce its permeability near the
wellbore. This phenomenon is known as formation damage, and the affected region is referred
to as the skin zone. The skin zone may extend from a few inches to several feet into the

formation.

Conversely, some wells are subjected to stimulation treatments such as acidizing or hydraulic
fracturing, which enhance permeability in the near-wellbore region. As a result, the

permeability near the wellbore differs from that of the undisturbed formation.

Damage mechanisms create an additional localized pressure drop during fluid flow,

commonly expressed as Ap_skin.

In contrast, stimulation treatments reduce flow resistance and consequently decrease the
pressure drop. The overall effect of these near-wellbore permeability alterations is referred to

as the skin effect [9].

The skin factor is expressed as [4] :

s=(kis -1) In™
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S = Skin factor

k = Reservoir permeability

ks = Skin zone permeability (damaged or stimulated zone)
rs = Skin radius (affected zone radius)

rw = Wellbore radius

The figure below illustrates the pressure drop behavior in the skin zone for three possible

cases:
AP skin > 0 : in dicates an additional pressure drop due to wellbore damage.

<

AP skin < 0 : indicates less pressure drop due to wellbore improvement .

>

Ap skin = 0 : indicates no changes in the wellbore condition. [4].

Pressure Profile

4

Ap<0:

Less pressure drop due to improved

Improved

wellbore conditions (ks > k)

Pressure

Ap >0:
Additional pressure drop due to
damaged wellbore conditions (kgin, < k)

Reduced
Ap=0:

No change in wellbore conditions
(Kskin = k)

Tskin

Figure 1.6 : Skin Effect Around the Wellbore [17]
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Hawkins proposed the following approach :

Apskin = [Ap in skin zone due to K;, | — [A, in skin zone due to K] . (L8)

Near wellbore effects (skin factor) The skin factor is a constant used to modify the flow
equations derived under ideal conditions (homogeneous and isotropic porous media) so that
they can be applied to real reservoir conditions. It is an empirical parameter that accounts for
the combined effects of various near-wellbore phenomena not included in the original

theoretical development of the flow equations [9].

1.8. Wellbore Storage Effect :

The wellbore storage effect is defined immediately after a production start up or shut-in, when
the pressure behaviour at early-times is dominated by the compressibility and volume of the
wellbore fluid; as illustrated in Figure 1.7 [10] .

At the start of a flow period, production at surface is due to the expansion of the fluid in the
wellbore, and not the reservoir. There is a time lag when the surface production rate becomes
consistent with the sand face rate and this defines the wellbore storage period. At shut-in, the
fluid gets compressed in the wellbore and the rate at sand face gradually goes to 0.

Wellbore storage is a function of the wellbore fluid and the completion size. The wellbore
storage coefficient is defined as: C = Cf/ Vf with Cf the fluid compressibility and Vf the fluid
volume. It is measured in units of bbl/psi.

All types of wells, including fractured wells, may experiment wellbore storage at the start of a

drawdown period or a Pressure Buildup (PBU) test .
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WELLBORE STORAGE
\(

q (Rate)
4

q (Steady-state rate)

Qwb Wellbore storage
(Wellbore (Fluid stored in

storage the wellbore)

component)

Total rate:
q = Qwb *+ st

Qss

(Formation
flow
component)

Wellbore storage period (early time)
Flow is supplied from fluid stored in the wellbore.

Formation flow period (later time)
Flow is supplied from the reservoir.

q Production rate Qwb Wellbore storage {sf Formation flow @— Transition point — — — Steady-state
(Total rate) component component rate

Figure 1.7 : Wellbore Storage.

1.9. Radius of Investigation :

The radius of investigation refers to the distance into the reservoir that a pressure transient
has reached after a disturbance, such as a change in production or injection rate at a well. As
time progresses, the pressure disturbance propagates further into the reservoir as presented in

Figure L.8.

Although this concept is not strictly rigorous from a theoretical standpoint, it is sufficiently
accurate for practical applications. In theory, any pressure change at the well has an
immediate, although extremely small, effect throughout the entire reservoir. However, at a
certain distance from the well, the magnitude of this effect becomes negligible and cannot be

measured.

The maximum distance at which the pressure response remains detectable is defined as the

radius of investigation [8].
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Pressure Profile (Radial flow around a well)

 — — . Average Reservoir Pressure (p)

Flow within r;,,
is transient
(pressure changes
with time)

Pressure n Radius of [R Boundary
= mv

Investigation

(F \

Distance

Ce nter Of Radial Pressure Profile Avg. Pressure (p,)

Wellbore Radius (r,,) = = = Avg. Pressure (p)
Wel l bore Reservoir Boundary (r,) Radius of Investigation (r;,,)

Fe

Figure 1.8 : Radius of Investigation [5].

The radius of investigation is calculated using the following equation:

k
ra=1.5 t
ucto

rd = Dimensionless radius

k = Reservoir permeability (md)
p = Fluid viscosity (cp)

ct = Total compressibility (psi!)
¢ = Porosity (%)

t = Time (h or day)

1.10. Productivity Index (J) :

The productivity index is a measure of the well potential or ability to produce and is a
commonly used indicator of well performance. The productivity index can be mathematically
expressed as the ratio of volumetric flow produced by a well (bbl/day) to the pressure loss

between reservoir and bottomhole (psi).
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J= -2 _@

Productivity Index: - -
pr -pwt  Ap

J = Productivity Index, STB/day/psi
Q = Surface flow rate at standard conditions, STB/D
Pe = External boundary radius pressure, psi

Pwf = Well sand-face mid-perf pressure, psi

Over a longer timescale as the oil and gas reservoirs are depleted, the reservoir pressure drops
down. Hence flow and pressure loss also change. But this depletion can only be considered
over a timescale of a few years. For shorter time scales, the hydrocarbon fluid flow as well as
the reservoir pressure can be considered to be constant. This is known as pseudo steady state

for the producing well [5] .
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II. Chapter II: Well Test Interpretation

I1.1. Introduction:

Well test interpretation is considered one of the most important studies in reservoir
engineering for understanding reservoir behavior and evaluating its dynamic properties. This
process is based on analyzing pressure variations with time during production and shut-in
periods, allowing engineers to obtain valuable information about both well and reservoir
performance.

Well test interpretation helps determine several essential reservoir parameters such as
permeability, reservoir pressure, skin factor, and boundary effects, in addition to identifying
different flow regimes within the reservoir. It is also used to evaluate the communication
between the well and the reservoir and to detect the presence of geological barriers or natural
fractures. The interpretation process relies on mathematical and physical principles related to
fluid flow through porous media, where the actual pressure response is compared with
theoretical reservoir models in order to understand reservoir behavior accurately. Pressure
derivative analysis is considered one of the most important tools for identifying flow regimes
and characterizing reservoir properties. A proper understanding of well test interpretation
plays a major role in improving field development strategies and supporting accurate

decisions related to reservoir management and production optimization.
I1.2. Diffusivity Equation:

The diffusivity equation governs the evolution of pressure in a reservoir over time. It is

derived by combining three fundamental laws :
I1.2.1. Darcy’s Law

Darcy’s law describes fluid flow through a porous medium. It states that the fluid flow

rate through a rock sample is proportional to [11]:

o the pressure gradient (assumed small),
o the cross-sectional area S

e and the fluid mobility.




Chapter II : Well Test Interpretation

This law is independent of the medium porosity and does not explicitly account for fluid or

rock compressibility.
Vector form:
k
q= -;S grade P

Linear steady-state flow:

=

p = Fluid viscosity , cp
k = Reservoir permeability, md
Q = Flow rate , cm?*s or bbl/day

S = Cross-sectional area , ft?

Radial flow (cylindrical coordinates):

K dp
= —2arh—
yZi dr

Integrated between the wellbore radius  and reservoir radius

Pw-Pe

rw
In—
re

K
= —2arh
o P

Where:
Q = Flow rate , bbl/day
k = Reservoir permeability , md
p = Fluid viscosit , cp
r = Radius , ft
h = Reservoir thickness , ft
Pw = Wellbore pressur , psi
Pe = External reservoir pressure , psi
rw = Wellbore radius , ft

re = External drainage radius , ft
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11.2.2. Fluid Equation of State:

This relation describes how fluid density varies with pressure. This variation is expressed

through the fluid compressibility:

ce-3(2),

a. Mass Conservation Law:

The change in mass within a reservoir volume element equals the difference between

inflow and outflow over time [6] :

divp V+e + 2=0

e p = Fluid density , Ib/ft* or kg/m?
e V =Fluid velocity , ft/s or m/s

e ¢ =Porosity, %

b. Diffusivity Equation Derivation:

By combining these three laws and applying the following assumptions:

e low and constant fluid compressibility (liquid case),

o small pressure gradients (low-velocity flow in reservoirs),

we obtaint he standard diffusivity equation:

AP- 12—
K dt

k

9 pcy

K is called the hydraulic diffusivity of the medium.

I1.2.3. Radial Diffusivity Equation (Vertical Well) :

10P 10P
+-Z.2Z

rér-




Chapter II : Well Test Interpretation

I1.3. Assumptions and Limitations of The Diffusivity Equation:

The diffusivity equation is based on several simplifying assumptions, including:

Homogeneous and isotropic porous medium

Uniform reservoir thickness

Single-phase flow

Constant rock and fluid properties (such as viscosity and compressibility), independent
of pressure

Complete well penetration of the formation, with negligible gravity effects [10].
I1.4. Well Test Interpretation:

Figure II.1 illustrates the relationship between flow rate variations (input) and the

corresponding pressure response (output) during a well test.

input | reservoir output
perturbation mechanism response

model ) mathematical model
input model | output

Figure I1.1 : Relationship Between Reservoir Response and Mathematical Model Simulation [3].
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I1.5. Key Points of Well Test Interpretation:

Reservoir interpretation relies on several fundamental concepts, as illustrated below.

High-quality and accurate data are essential
for reliable interpretation results.

Raw measurements do not directly provide reservoir

properties; they require proper analysis and interpretation.

Interpretation is carried out by comparing field data
with theoretical models.

These models are derived from the governing flow equation,
known as the diffusivity equation.

Figure I1.2 : Key Points of Well Test Interpretation .

I1.6. Well Test Interpretation Method :

11.6.1. Conventional Method :

Conventional methods were developed as far back as the 1930s, and became the only
methods available until the 1970s . These methods consist of drawing the lines and slopes
corresponding to each type of flow then using the appropriate equations to calculate the
parameters of the well and the reservoir. Diagnosis of the type of flow is therefore necessary .

This method is mainly based on the testing technique , the methods are [9]:

* miller —dyes and hutchingson (Mdh method).

e Horner's method.
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a. Miller —Dyes and Hutchingson (MDH Method) :

The most simple semi-log plot, in which the time axis is log(At), is called the Miller-Dyes
Hutchinson or MDH plot, as shown in Figure 11.3. It is strictly valid only for the first ever
drawdown on a well, but can in exceptional circumstances be used for analysis of a later
drawdown or even a build-up. In 1998, with computers that can handle superposition

rigorously, it should only be used for Drawdown [8].

]
'e
£

i AF)1 hr

log At

Figure I1.3 : MDH Plot For At [§]

All of the semi-log plots are more conveniently represented with pressure on the y-axis, since
this does not affect the interpretation results. For the MDH method, the corresponding

drawdown representation is illustrated in Figure I1.4.




Chapter II : Well Test Interpretation

Bottom-Hole Pressure

1
]
]
i
1 hour

2
log At

Figure 11.4 : MDH Plot For P [8].

As already mentioned the slope of the straight line is :

m = 162.6 242 (11.10)
Kh

This gives the permeability-thickness product as :

Kh=162.6 2= (IL11)

q = Flow rate , STB/day

B = Formation volume factor , bbl/STB

m = Slope of the pressure-time plot , psi/cycle

162.6 = Conversion constant

The value of the pressure on the line at At = 1 hour is used to evaluate the skin:

S =1.151 [% logiioi(

Where:
S = Skin factor

k
prem +3.23)] (1L12)

Aplhr = Pressure change at 1 hour , psi

m = Slope of pressure-time plot , psi/cycle

k = Reservoir permeability , md

¢ = Porosity , %

p = Fluid viscosity , cp
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e ct=Total compressibility , psi*
e 1w = Wellbore radius , ft

e 1.151 and 3.23 = Conversion constants

b. Horner Plot Method:

The Horner plot method is used to analyze pressure buildup data following a drawdown
period. In the simplest case, a buildup occurs after a single constant-rate production period,
where a shut-in(build-up) follows a drawdown at rate +q, represented conceptually using
superposition with an equivalent injection of rate —q. Assuming that both regimes reach

infinite-acting radial flow (IARF), the buildup pressure can be approximated by [13] :

P = Pi—162.6 22" log (%A’) (IL13)

Pi = Initial reservoir pressure , psi

At = Pressure buildup time , hr

Under IARF conditions, a linear relationship exists between pressure and the Horner time

function:

tptAL

log (Tt) (1L14)

This function depends on , the duration of the production period before shut-in. The
coefficient of the logarithmic term is the same as in the MDH method, meaning the slope of

the straight line is denoted as m, from which permeability-thickness can be determined:

Kh=162.6 122 (IL15)

Using the pressure at 1 hour after shut-in, the skin factor equation becomes:

S =1.151 [A”;’” “log (@ - é‘m) +log (%) +3.23] (11.16)

Where:
e S =Skin factor
e Aplhr = Pressure change at 1 hour, psi

e m = Slope of pressure-time plot, psi/cycle

22
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k = Reservoir permeability , md
¢ = Porosity , %

p = Fluid viscosity , cp

ct = Total compressibility , psi*
rw = Wellbore radius , ft

tp = Production time , hr

1.151 and 3.23 = Conversion constants

It should be noted that the Horner time function causes the data to be plotted in a reversed
manner. At early shut-in times (At small), the Horner time becomes large, whereas as At
approaches infinity, the function approaches 1 and its logarithm tends toward zero. This

graphical behavior is illustrated in Figure IL.5.

>

P*

Bottom-Hole Pressure

log (t, + At) / At

Figure IL.5 : Horner Plot Extrapolated Pressure in Horner Analysis [9].

I1.7. Extrapolated Pressure in Horner Analysis:

If the reservoir were truly infinite, the pressure during buildup under infinite-acting radial
flow would continue to increase and eventually intersect the y-axis at , the initial reservoir

pressure.

However, since no reservoir is truly infinite, the straight-line radial flow trend obtained from
Horner analysis, when extrapolated to infinite shut-in time, yields a value denoted as . This

is an extrapolated pressure rather than a true physical reservoir pressure.

23
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Although  may be close to the actual stabilized shut-in pressure, it should not be interpreted
as the current reservoir pressure. inreality, the pressure behavior will eventually deviate from
the straight-line “m” trend as boundary effects begin to influence the system, which is

unavoidable infinite reservoirs

I1.8. Regions of The Horner Plot :

o Early-Time Region (ETR):
This portion of the plot provides information related to wellbore storage effects and
skin factor.
Middle-Time Region (MTR):
This region reflects the infinite-acting radial flow (IARF) regime and is used to
determine reservoir properties as well as identify the appropriate reservoir model.
Late-Time Region (LTR):
This part of the plot provides information about reservoir boundaries and their

influence on pressure behavior [13] .

The different regions of the Horner plot are presented in Figure I1.6.

A

ETR MTR LTR

(Early Time) (Middle Time) (Late Time)

Initial Reservoir
Pressure

Extrapolation of
MTR to infinite
shut-in time

Bottom-Hole Pressure

Increasing Shut-in Time |

>

log [ (t, + At) / At]

Figure I1.6 : Sequences Times in Well Interpretion
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11.9. Modern Method :

11.9.1. Type Curve Matching

Although reservoir parameters can be estimated using conventional methods such as semi-log
analysis, type curve matching offers several additional advantages. Unlike methods that focus
on specific portions of the data, type curve analysis utilizes the entire data set, ensuring
consistency over all time ranges and allowing the interpretation of transitional flow regimes

between different response periods [14].

The principle of type curve matching is shown in Figure I1.7.

Cp

|l I

L Ly YL

1 IIIIIIll

100 1000

Figure I1.7 : Type Curve Matching Method [14] .

In log-log type curve analysis, the theoretical model curves dimensionless pressure and
pressure derivative) have the same shape as the measured field data (pressure change and
time). To perform the matching, the field data are plotted on log-log paper using the same

scale as the standard type curves [15].

The plotted data are then superimposed onto the type curves and shifted both horizontally and
vertically—while keeping the axes parallel—until the best possible match is achieved. The
inclusion of the pressure derivative in both the data and the type curves significantly improves

the accuracy and ease of the matching process .

Once a satisfactory match is obtained, corresponding points between the model and the data

are identified. These correspondences allow the calculation of key reservoir parameters such

25
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as permeability, wellbore storage, and other properties, as described in type curve analysis

methods.

The infinite-acting radial flow equation derived in the Sidebar on page 4 can be written in

terms of the wellbore storage coefficient C and skin factor s as follows :

[ (—)+ . )] (1L17)

where the dimensionless wellbore storage coefficient is [10] :
(11.18)

The wellbore storage coefficient, C, is assumed to remain constant and represents the
compressibility effects of the fluid contained within the wellbore. The radial flow equation is
one of the fundamental mathematical models used in modern well test analysis. It
demonstrates that the infinite-acting response of a well, considering constant wellbore storage

and skin effects and subjected to a single-step change inflow rate, can be characterized by

three dimensionless parameters: , —, and

A common approach for interpreting well test data is the graphical representation of :  and

its derivative  ',(—) versus — on logarithmic scales. The pressure derivative is calculated

with respect to the natural logarithm of time (Int) and corresponds to the slope of the pressure
response on a semi-logarithmic plot. This derivative enhances the visibility of formation

characteristics and their influence on transient pressure behavior [16].

Figure I1.8 presents a family of type curves generated for various values of . During the
early-time period, all curves converge into a unit-slope straight line, indicating a regime
dominated by pure wellbore storage. At late times, the derivative curves merge into a single
horizontal line, which is characteristic of pure radial flow. The differences in curve shapes,

governed by the parameter ., are more pronounced on the derivative plots, making them

particularly useful for identifying reservoir and near-wellbore effects [10].
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Poand py’ (£,/Cy)

Dimensionless time, t,/C,

Figure IL.8 : Type curves for a well with wellbore storage and skin effects in a reservoir with

homogeneous behavior [10] .

Test data are plotted in terms of the pressure change dp and its derivative dp¢dt versus the
elapsed time dt and superimposed over the type curves. Once a match is found for both the
pressure change and its derivative, the . svalue of the matched curve pair, together with
the translation of the axes of the data plot with respect to the type-curve axes, is used to
calculate well and reservoir parameters. The permeability-thickness product is derived from

the pressure match as [11] :

(1L19)

Where :

q = flow rate

B= formation volume factor

and the subscript M notes a type-curve match.

The wellbore storage coefficient is derived from the time match as:

) ( _A) (11.20)
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Where:
C = Wellbore storage coefficient , bbl/psi
k = Reservoir permeability , md
h = Reservoir thicknes , ft
p = Fluid viscosity , cp
At = Time interval , hr
tD = Dimensionless time
CD = Dimensionless wellbore storage coefficient

M = Conversion constant

Skin factor is from the curve :

[@] (11.21)

Figure I1.9 illustrates the application of type-curve matching to estimate reservoir
permeability (kh) and the skin factor (s). in this example, the well test was ended before a
complete radial-flow regime was established. Consequently, using the conventional semi-log

analysis method would likely have produced inaccurate interpretations.

The presence of radial flow can be identified more reliably through the pressure-derivative
plot, where it appears as a horizontal (flat) trend. In addition, pressure-derivative analysis
facilitates the detection of reservoir heterogeneities and flow-regime transitions, making the
log-log pressure and pressure-derivative plot a highly effective tool for reservoir model

identification.
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Dimensionless time, t,/C,
1 10 100

CURVE MATCH RESULTS
Coe™ =4 x 10"
Pressure match = 00179 ps
Time match = .8 v

Pressure and pressure
derivative (psi)

Late Time Radad Flow
dertvative 15 flat)

Slope « 0

100

Elapsed time (hr

» Intermediate Time > Late Time

Figure I1.9 : Well test type-curve matching using Bourdet derivative method showing different
flow regimes [15].

Additionally, the skin factor can be estimated by determining which type curve provides the

best match and reading the associated parameter value corresponding to that curve.

Figure I1.10 shows the effect of the skin factor on pressure and pressure derivative type curves
during well test interpretation. The curves are represented on a log-log plot using

dimensionless pressure and derivative versus dimensionless time.

At early time, all curves exhibit a unit-slope straight line corresponding to wellbore storage
effects. As time progresses, the response transitions toward radial flow behavior. The figure
illustrates that positive skin values shift the pressure response upward, indicating additional
pressure losses near the wellbore due to formation damage or reduced permeability.
Conversely, negative skin values reduce the pressure drop and indicate improved near-

wellbore conditions caused by stimulation treatments such as acidizing or hydraulic fracturing.

Therefore, type curve matching allows the estimation of the skin factor by identifying the

theoretical curve that best matches the measured field data.
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Figure I1.10 : Effect of skin factor (s) on pressure derivative type-curves[12].

Figure II.11 illustrates the methodology of modern well test interpretation using pressure and
pressure derivative analysis on a log-log scale. The early-time response is characterized by a
unit-slope straight line corresponding to wellbore storage dominance, where most of the

produced fluid originates from the wellbore itself.

As the transient pressure wave propagates farther into the reservoir, the influence of wellbore
storage decreases and the system enters the radial flow regime. This regime is identified by a
horizontal stabilization of the pressure derivative curve, which is one of the most important
signatures in pressure transient analysis because it permits the calculation of reservoir

permeability and skin factor [15].
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4+ Field Data: Pressure
4+ Field Data: Derivative

= Matched Type Curve (Pressure)
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Figure I1.11 : Match of field pressure and derivative data with theoretical type-curves showing
flow regimes[15].

11.9.2. The Derivative Plot :

Different types of plots are used for different purposes, and a complete well test analysis often
requires the use of several representations. Modern well test interpretation has been
significantly improved by the introduction of the derivative plot by Bourdet, Whittle, Douglas,
and Pirard (1983), further discussed by Bourdet, Ayoub, and Pirard (1989). The derivative

plot simultaneously presents the pressure change (A ) Versus (A ) and the pressure

derivative (—) versus | (A ) [9].

An example of the derivative plot representation is given in Figure I1.12.
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EARLY TIME |  MIDDLE EARLY TIME | MIDDLE TIME LATE TIME |  VERY LATE TIME
(0.001 - 0.01 h) : (0.01-0.1 h) } (0.1-1h) ! (1-10h) } (>10h)
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Figure I1.12 : Type Curve Matching With Time Sequences
Note :

The main advantage of the derivative plot is that different flow regimes can be identified more

clearly, as each regime exhibits a distinct characteristic signature on the derivative curve.

In particular, behaviors such as dual-porosity systems become much easier to recognize on a

derivative plot, even when the early semi-log straight line is masked by wellbore storage

effects.

Although the derivative plot is extremely powerful for diagnostic interpretation, it is not
always the most accurate method for parameter estimation. Therefore, traditional plots,

especially semi-log analysis, are still required for reliable quantitative calculations.




case study



Chapter 111 :

Well Test evaluation &
Interpretation Using KAPPA
Saphir



Chapter III : Well Test Evaluation & Interpretation Using Kappa Saphir

III. Chapter III : Well Test Interpretation Using KAPPA Saphir

III.1. Introduction:

Several interpretation methods are used in well testing, ranging from conventional analytical

techniques to modern software-based approaches.

In this chapter, a practical interpretation study is carried out on Well-1 located in the HMD.
The interpretation is performed using both the conventional Horner method and the KAPPA
Saphir software in order to evaluate the reservoir behavior and determine the main reservoir
parameters. A comparative analysis between the two interpretation approaches is also
presented to highlight the accuracy and advantages of modern interpretation techniques in

pressure transient analysis.

III.2. Hassi Messaoud Field presentation:

The Hassi Messaoud oil field was discovered on January 16, 1956, by SN-REPAL,
following a refraction seismic survey conducted on June 15 of the same year. The first
exploratory well, MD1, was drilled to a depth of 3,338 meters and revealed the presence of oil
within Cambrian sandstone formations. In May 1957, CFPA drilled another well, OMI1,
located about 7 km northwest of MD1, which confirmed the existence and extent of the
reservoir. This reservoir is characterized by a thickness reaching up to 200 meters and an
initial pressure estimated at 482 kg/cm?. The field was later divided into two main concessions:
the northern sector was assigned to CFPA, while the southern sector remained under SN-
REPAL. Production began in1958 with around 20 active wells. At the early stage, production
relied mainly on the natural expansion of dissolved gas as the primary drive mechanism. Over
time, this shifted to secondary recovery methods, particularly through water injection and
miscible gas injection to maintain reservoir pressure and improve recovery efficiency.
Following the nationalization of hydrocarbons on February 24, 1971, development activities
intensified, leading to a significant increase in drilling operations. Since then, the HMD has

remained a major source of crude oil production in Algeria for several decades [12].

II1.3. Location And General Description of Hassi Messaoud :

The HMD is located within the Triassic platform, on the Amguid shoal; it is geologically
limited; to the north by the Djamaa-Touggourt structure, to the south by the mole of Amguid

30
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El Biod, to the east by the shoals of Dahar, Rhourde El Baguel and the depression of
Ghadames and to the west by the depression of Oued —My as shown in Figure II1.1 [12].

W Rhourde Chegga
’

Hassi Messaoud

Figure III.1 : Location of Hassi Messaoud [12] .

II1.4. Stratigraphy of The Field Hassi Messaoud :

Figure II1.2 presents the stratigraphic succession of the HMD, which is characterized by a
complex series of geological formations deposited during different geological periods. These
formations consist mainly of sandstone, shale, carbonate, and evaporitic rocks, showing
significant variations in lithology and petrophysical properties. The reservoir formations are
particularly known for their favorable porosity and permeability, allowing the accumulation

and circulation of hydrocarbons within the subsurface.

The geological structure of the field is also influenced by several tectonic features such as
faults and unconformities, which play an important role in controlling reservoir continuity and
fluid flow behavior. Among the different stratigraphic units, the Cambrian and Ordovician
formations represent the principal productive reservoirs of the HMD. Understanding the

stratigraphic succession and reservoir characteristics is essential for reservoir evaluation and
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well test interpretation, as these parameters directly affect pressure behavior and production

performance.

ERE SYST ETAGES DESCRIPTION
MIO-PLIOCENE

discordance alpine

EOCENE Sable, calcaire a silex

CENO-
ZOIQUE

Sable, calcaire, marne sableuse

NEOGENE

CARBONATE Calcaire, dolomie, anhydrite
ANHYDRITIQUE Anhydrite, marne, dolomie

SALIFERE Sel massif et traces d'anhydrite

Calcaire crayeux avec quelques
TURONIEN niveaux argileux

CENOMANIEN Anhydrite, marne, dolomie

Grés, sable avec intercalations
ALBIEN d'argile silteuse

Dolomie cristalline avec niveau
APTIEN argileux, calcaire

BARREMIEN Argile, grés, dolomie

NEOCOMIEN Argile, marne, dolomie, grés
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Argile rouge dolomitique ou
ARGILEUX silteuse injectée de sel et

d'anhydrite
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ERUPTIF Andésites altérées
discordance hercynienne
QUARTZITES D'EL Quartzites fines avec traces de
HAMRA tigillites
GRES Grés fins a ciment argileux,
D’EL ATCHANE bitumineux
ARGILES Argiles schisteuses, vertes ou
’ noires, glauconieuses a
D’EL GASSI raiiaitias
ZONE DES Alternance de grés et argile.
ALTERNANCES Présence de tigillites

Grés isométriques, fins, silteux

TRIAS URASSIQUE

Ri
Ra Grés a grés quartzitiques
anisométriques a niveaux de silts

R2 Grés moyens a grossiers a ciment
argileux silteux

R3 Grés grossier a ciment argileux,
argile silteuse

INFRA-CAMBRIEN Grés argileux rouges

PALEOZOIQUE
CAMBRIEN | ORDOVICIEN

S © C L E Granite porphyroide rose

Figure I11.2 : Stratigraphic Colum of Hassi Messaoud.
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III.5. KAPPA Saphir software:

KAPPA Saphir is an advanced software package dedicated to pressure transient analysis and
well test interpretation in petroleum engineering. It is extensively employed to process and
interpret pressure data acquired during production and shut-in operations, with the objective

of characterizing reservoir behavior and evaluating well performance.

The software integrates analytical and numerical reservoir models with diagnostic
interpretation techniques, enabling the estimation of key reservoir parameters such as
permeability, skin factor, reservoir boundaries, and formation heterogeneity. Owing to its
accuracy and reliability, Saphir has become a widely adopted tool for reservoir evaluation and

production analysis in the oil and gas industry.

Figure III.3 presents the main interface of the KAPPA Saphir software used during the

interpretation and analysis process.

0@

Lk

Application

Interface

C .

Plot Aspect

/A

Interpretation

Print Setup

Interpretation

Interpretation (2

For Hel, pres 1 Ram=33Vb - MV=TMb

Figure I11.3 : Graphical User Interface of KAPPA Saphir Software.
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II1.5.1.Kappa Saphir Key Roles And Functions:

The following figure presents the main stages and methodologies used in well test analysis to
estimate reservoir properties and evaluate flow behavior.

DATA QUALITY CONTROL

ANALYTICAL MODELING

DECONVOLUTION

:

Load, clean, and analyze
rate and pressure data,
including permanent
downhole gauge data.

Match analytical models
against well test data to
estimate reservoir
parameters.

Interpret variable-rate
histories to generate a
derivative independent of
the production sequence.

DIAGNOSTIC TOOLS
@
Utilize the derivative plot to
identify flow regimes such as
wellbore storage, radial flow,

NUMERICAL MODELING
&
Model complex systems for
crossflow, multilayer reservoirs,
and complex geometries.

and boundaries.

Figure I11.4 : Main Functions of KAPPA Saphir .

I11.5.2.Specialized Analysis Tools:

MiniFrac: A dedicated tool to analyze injection/fall-off tests to determine fracture
closure pressure and reservoir properties.

Gas Well Analysis: Evaluates rate-dependent skin and determines the Absolute Open
Flow (Aof) potential.

Interference Testing: Analyzes the pressure communication between wells [13].
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II1.5.3.Typical Procedure in Saphir:

The main stages of the interpretation process are summarized in the following workflow

Data Diagnostic Model Model

Processing Analysis Selection Matching Reporting

8 ] @ &

Load and adjust Log-log plot Choose an Fit the model to Generate results for
gauge and analysis to find analytical or the data using well performance.
rate data, IARF and numerical model. non-linear

boundaries. regression.

Figure I1L5 : Workflow of Well Test Interpretation Using KAPPA Saphir.
II1.6. Interpretion Well Test Using Kappa Saphir for Well-1:
I11.6.1. Well-1 Information:

As part of the development of the Ordovician reservoir in the HMD, the vertical Well-1 was
planned as an oil producer well within the Touggourt III perimeter. The main objective of this

well is the exploitation of the Ordovician IV-3 reservoir.

The Well-1 is located at approximately 1.16 km south of well-0. The targeted reservoir
interval extends from 4023 m to 4053 mRT. The well was completed using a temporary

completion configuration as indicated in the technical report.

Table II1.1: General Information About Well-1

Parameters Values

Perimeter Touggourt III

Well location 1.16 km South of wel-01

X coordinates UTM 313912.056 m
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Y coordinates UTM 3548015.967 m

Zs 132.742 m

Zt 143.5 m

Planned final depth 4180 m

Drilling termination formation Hamra Quartzites

Drilling duration 04 months

Drilling rig TP-226

In order to evaluate the reservoir potential and investigate the flow conditions around the well,
including the reservoir model, a DST test onl was carried out between 02/01/2026 and
13/01/2026.

Test type / time: DST-TCP-1 ;

Tested interval: 4023 m — 4053 mRT ;
Fluid type: Oil ;

Well type : vertical

Gauge reference depth: 3974.8 mRT ;
Drill pipe size: 3% in;

Mud type: OBM ;

>
>
>
>
>
>
>
>

Unit system: Metric.

Additional technical and operational information concerning Well-1 is presented in Figure
1L.6.
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COMPLETION 4 > HSC 13,5# P110 ANCREE Well-1

X:313912,056 m Tuting Head DOUSON 11%x 7118 10K
Y: 3543015,95? m - [ (Olive DOUSON 7416 4™112 NV Bag BOX x4"1/2 NV Haut BOX

Ajustage avec 396 jis Thos4™12 HSC P11013 58
COTES Adapier DOUSON 7°116 10K x 4116 10K

1M SOND/TR Croix DOUSON 47116 5K x 3116 10K
MD MD

1,57sg

Porte duse DOUSON 3116 10K

1ére+ 2 éme Vannes maitresses DOUSON 47116 10K

84 30" csg @4m | 1éne Vanne lat droile DOUSON 3°1H6 10K

2 @me Vamne lat droite JMP 3°1/16 10K

Vanne de curage DOUSON 4°1/16 10K

y

18"5/8 CSG a426m Ceg 7 coupé 4 17em

| 9
L \Vanne lat gauche DOUSON 4°1116 10K

BOUE d

13798 CSGa24am M 13" 3/8 N8B0, GB#BTC| HTable [10,70m

zsoL 132,74 m
ZTable |14344m
Z1iw  [133,812

saumuure traité et filteré d
15Es§

396 jts Thgs 4"1/2 HSC 1354 P110
Poids 58T, sans moufle Cs 6370 flibs , Compression sur Packer : 207

374240 | 375200 9"5/8 CSG & 3752m
376320 | 3772.80 A L MIPPLE "R" 4™/2 N.VAM L0,35m

[ 01TBG 4°1/2 NVAM P11013,5 bs L.9,60m
37735 | 378275 = L MIPPLE "RN" 4°1/2 N.VAM LO41m
01TBG 4°1/2 NVAM P110 13,5 Ibs L.9,59m
378315 | 3792.75 A-SEALBOTIL 4"12 VVAM L:0.25m
378340 | 3793.00 PACKER BOTIL ELEC 7" L:1,08m

Perfos inerval 4023-4053m

414740 | 4157,00 TOC 34157m
416440 | 417400 |sabot 7" CSG a4174m

Figure I11.6 : Technical Data Sheet of1 Well
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II1.6.2.Reservoir Characteristics:

The targeted reservoir inWell-1 corresponds to the Ordovician 1V-3 unit. The reservoir top is
located at approximately 4020 m MD and 3876.5 m TVDSS. This reservoir is mainly composed of

sandstone formations characterized by low to moderate petrophysical properties.

Table I11.2 : Reservoir Depth Information of Well-1

Ordovician V-3

the petrophysical properties of the Ordovician reservoir were evaluated using available reservoir

data from the surrounding wells. These properties include in Table I11.3 and Figure I11.7

Table IIL3 : Petrophysical Properties of The Ordovician Reservoir

Ordovician | 75.86

Petrophysical Properties of the Nearby Well
Ordovician Reservoir

fe——u
= =2 ST
|||I|I I =

Total Net Porosity Water
Thickness Thickness (%) NTG (%)

(m) (m) Saturation

75.86 7.92 15 7.2 10%
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Figure II1.7 : Distribution of The Petrophysical Properties of The Ordovician Reservoir.
I11.6.3.Pressure Build-up Test Data Preparation :

The interpretation of the pressure buildup test for Well-1 was based on bottom-hole pressure
data recorded during the shut-in period following the production phase. During the test
operation, pressure measurements were continuously acquired using down-hole electronic
gauges installed inside the wellbore in order to monitor the reservoir pressure response over
time.

The recorded data set mainly consists of shut-in time values (At), bottom-hole pressure
measurements (Pwf), temperature data, and liquid production rates. These data were
organized, filtered, and prepared before applying the interpretation methods.

Figure II1.8 presents the evolution of pressure and liquid production rate during the pressure
buildup test of Well-1. The figure illustrates the production and shut-in periods used for the
transient analysis.
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| | ] [ | ‘ [] ] ] |
100
Pressure [kg/cm?], Liquid rate [m3/hr] vs Time [hr]

Figure I11.8 : Pressure and Liquid Rate Evolution During The Pressure Buildup Test of Well-1

In addition, Table II1.4 shows a sample of the recorded pressure buildup data obtained with a
measurement cadence of 5 seconds during the shut-in period. These data constitute the basis
for both the conventional Horner interpretation and the interpretation performed using
KAPPA Saphir software.
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Table I11.4 : Horner Data Preparation For Well-1

Gauge Serizl Number: DE040
Gauge Model Number: Quantum Quartsz
Gauge Manufacturer: Kuster Company
Maximum Recorder Range: 10000
Date of Last Calibration: 01/17/2026
Pressure Units:
Temperature Units
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I11.6.4.Well-1 Test Data Interpretation Based on Horner Method:

One of the most popular traditional methods for interpreting pressure buildup tests is the
Horner method. The semi-log analysis of bottom-hole pressure data collected during the post-

production shut-in phase serves as its foundation.
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By analyzing the straight-line radial flow regime found on the semi-log plot, this method
enables the estimation of critical reservoir characteristics such reservoir pressure, permeability,

and skin factor.

In this study , the recorded shut-in pressure measurements made during the well test operation
were used to apply the traditional Horner interpretation method to the pressure buildup data of

Well-1.

Horner Semi-Log Plot Construction:
The bottom-hole pressure measurements were plotted against the logarithm of the Horner

ratio on semi-logarithmic coordinates to create the traditional Horner plot.

The plot's semi-log straight line represents the reservoir's radial flow regime. The average
reservoir pressure is estimated and the near-wellbore behavior is assessed using this straight-

line section.

The following graphic in Figure II1.9 displays the obtained Horner semi-log plot for Well-1.

— Line #1 (HMEDO02-BOT_D8040 build-up #1)
—— Line #2 (HMEDO02-BOT_D8040 build-up #1)

p [kg/cm?]
B B
3 3
Lot | | A | | | TSI AU | | !

iy
w
N/

1||||||\\ |||1‘||||||1\\||||J|\||||\\||||\||I\\|||

1 2 3 4 5
log(tp+dt)-log(dt)

Figure IIL.9 : Semi-Log Horner Plot of Well-1 .
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Reserevoir Caracterisation Result:

The Horner interpretation method enabled the estimation of the principal reservoir parameters

of Well-1 from the pressure buildup test data.

The results obtained from the semi-log Horner analysis are summarized in the following table:

Table II1.5 : Conventional Interpretation Results Using The Horner Method

Parameter Symbol Value

Initial Reservoir Pressure 483.229 kg/cm?

Bottom-Hole Pressure at
444.183 kg/cm?
Shut-in

Flow Rate Change 9.6 m*/h

Horner Slope -3.193 kg/cm?*

Intercept Pressure 472.358 kg/cm?

Pressure at 1 Hour 466.275 kg/cm?

Permeability-Thickness
960 md'm
Product

Permeability 32 md

SkinFactor 1.17

Interpretation:
 The reservoir pressure indicates relatively stable reservoir energy and satisfactory pressure

support during the buildup test.

» The permeability value (k = 32 md) suggests a reservoir with moderate flow capacity and

acceptable transmissibility. This classification is based on typical reservoir permeability

ranges, where values around tens of millidarcies are considered moderate: they allow

hydrocarbon flow but are lower than highly permeable reservoirs (hundreds to thousands of

md).
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» The positive skin factor (s = 1.17) indicates additional flow resistance near the wellbore,

which may be related to formation damage.

» The semi-log straight-line behavior observed on the Horner plot confirms the existence of

radial flow during the pressure buildup period.

* The Horner conventional interpretation provided representative reservoir parameters from

the pressure transient data of Well-1.
I11.6.5.KAPPA Saphir Method:

After preparing the pressure buildup test data of Well-1, the interpretation procedure was

carried out using KAPPA Saphir software through the following steps.

First, the required fluid type and PVT parameters were introduced into the software in order to
initialize the reservoir model before starting the interpretation process, as shown in Figure

11.10.

ument - page 2/2 - PVT parameters

Formation Volume Factor B[] B/STB ¥
Viscosityp |1 cp »
Total compressibility ¢t~ |3E-6 psi-l >

Calculate from a PY'T Correlation

A—J re e a

<< Back Create >>

Ram=29Mb - MV=6Mb

Figure I11.10 : Selection of Fluid Type and Definition of Pvt Parameters.

Next, the well test data file of Well-1 was selected and imported into KAPPA Saphir using the
import function. The recorded data in ASCII/PRN format were loaded into the software

environment for pressure transient interpretation, as illustrated in Figure I11.11.
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Aucun élément ne correspond & votre recherche.

< >

Nom du fichier ‘ Ouvrir
Types de fichiers :Data Files (*lis;" as;" e dat;" asc;” pre;" rat;" lat," taplj Annuler

[~ Ouvir en lecture seule

Pressure

Interpretation

Interpretation (2)

For Help, press F1 Ram=30Mb - MV=6Mb

Figure IIL.11 : Selection of Well-1 Test Data File.

After importing the data, the pressure and flow-rate curves were generated and checked before

starting the interpretation stage. The imported dataset was verified and prepared for diagnostic

analysis.

Finally, the interpretation and diagnostic tools available in KAPPA Saphir were applied in
order to analyze the pressure transient behavior of Well-1. The software generated several
interpretation plots, including the derivative plot, semi-log plot, Horner plot, and production

history analysis, as presented in Figure I11.12.
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Horner Plot
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Figure I11.12 : Final Interpretation Result Obtained Using Kappa Saphir Software.

Plotting The Log-Log and Semi-Log Curves and Their Matching (Calibration) :
The derivative curve is obtained by differentiating the pressure of each build-up using
Saphir, which displays them in the form of log-log and semi-log plots . Then, several models
can be generated by Saphir to match the obtained curve, but the one selected is the model that

provides the closest fit to the real behavior , as shown in Figure I1I.13.

B

Semi-Log plot

1
o]
_}1
5 : 3 2

Superposition Time

Pressure [kg/cm |

Figure II1.13 : Trace of The Semi-Log Curve of The Well-1.
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Interpretation By Kappa Saphire Reserevoir Caracterisation Result:
Figure 14 and 15 illustrates the pressure and derivative behavior with a good match to the
selected type curve. Early-time wellbore storage, mid-time radial flow, and late-time

boundary effects are clearly identified .

100 L T T 1101 T T T TTT1T1

T T TTTT1

1 111111

0 and derivative [kg/cm?]

p-p@dt
T TTTTI

| N 0 O I | T L 1 1111l
0.01 0.1 10
dt [hr]

Figure II1.14 : Trace of The Log-Log Curve of The Well-1 [15].
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WBS Type = Changing Storage
Reservoir = Homogeneous
Boundary = intersecting faults - Pi/N

Pi = 483.229 kg/cm*
k b = 960 md.m
k =32 md
Skin = 3.81
C = 0.00353 m3cm2/kg

Figure I11.15 : Log-Log and Semi-Log Matching Result Obtained Using KAPPA Saphir Software.
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Reserevoir caracterisation result:

The interpretation results obtained from KAPPA Saphir are summarized in the following table:

Table II1.6 : Reservoir Characterization Results

Parameter Symbol Value

nitial Reservoir Pressure 483.229 kg/cm?

Permeability-Thickness
960 md-m
Product

Permeability 32 md

SkinFactor 3.81

Wellbore Storage Coefficient 0.00353 m*-cm*kg

Vertical Well with
Well Model
Changing Storage

Reservoir Model Homogeneous Reservoir

‘ Intersecting Fault
Boundary Behavior
Boundaries

Porosity 5.4 %

Well Radius 0.10795 m

Reservoir Thickness 30 m

Oil Viscosity 0.14 cp

Formation Volume Factor 3.12 B/STB

Total Compressibility 2.54E-4 cm*/kg
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Interpretation:
e The reservoir pressure indicates relatively high reservoir energy and good pressure

support.

The permeability value suggests a reservoir with moderate flow capacity and

acceptable transmissibility.

The positive skin factor (s=3.81) indicates formation damage or additional flow

resistance near the wellbore.

Early-time behavior confirms the influence of wellbore storage effects during the

pressure buildup test.

The late-time derivative deviation suggests the presence of intersecting fault
boundaries, indicating a limited reservoir system rather than an infinite-acting

reservoir.

The overall match between measured and simulated data confirms the reliability of the

selected interpretation model.

I11.6.6.Comparison of Interpretation Results:

To evaluate the reliability of the interpretation results, a comparison was carried out between
the conventional Horner interpretation method and the modern interpretation performed using

KAPPA Saphir software.

The objective of this comparison is to analyze the consistency between both approaches in

estimating the main reservoir parameters and to highlight the advantages of modern pressure

transient analysis techniques.

Table II1.7 : Modern and Conventional Method Result of Well Test Interpretation

Parameter Conventional Method KAPPA Saphir Method
(Horner)

Reservoir Pressure (Pi) 483.2 kg/cm? 483.229 kg/cm?

Permeability (k) 32 md 32 md

Permeability-Thickness (kh) 960 md.m 960 md.m

SkinFactor (s) 1.17 3.81
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Wellbore Storage Coefficient

0.00353 m’*-cm?/kg
(©)

Reservoir Model Homogeneous Reservoir

‘ Intersecting Fault
Boundary Behavior
Boundaries

Interpretation
» The reservoir pressure obtained from both methods shows very close values, indicating a

good consistency between the conventional and modern interpretation approaches.

» The permeability estimated using KAPPA Saphir is slightly higher than the value obtained

from the Horner method due to the use of derivative analysis and model matching.

* The Horner method provides only basic reservoir characterization based on semi-log

straight-line analysis.

* KAPPA Saphir interpretation offers more detailed information concerning wellbore storage

effects, reservoir boundaries, and reservoir model identification.

» The presence of intersecting fault boundaries was identified only through the modern

interpretation method using pressure derivative analysis.

» The comparison confirms that modern pressure transient analysis techniques provide more
reliable and comprehensive reservoir characterization than conventional interpretation

methods.
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General Conclusion

A study of well test interpretation and reservoir characterization was carried out. During this
work, both conventional interpretation methods and modern interpretation techniques of Well-
1 located in the HMD were applied in order to analyze the pressure buildup data. First, the
conventional Horner method was used to estimate the main reservoir parameters. Then, the
interpretation was refined using KAPPA Saphir software through pressure derivative analysis,

type-curve matching, and reservoir model calibration.

The obtained results revealed that the reservoir presents moderate permeability with a
permeability value of approximately 32 md and a permeability-thickness product around 960
md.m. The initial reservoir pressure was estimated at about 483 kg/cm?, indicating relatively

good reservoir energy.

The interpretation also revealed a positive skin factor (s = 3.81), which confirms the
existence of near-wellbore damage affecting the productivity of the well. This damage may be
caused by drilling operations, mud invasion, or perforation effects. Consequently, stimulation

operations such as acidizing or hydraulic fracturing may be recommended in order to reduce

the skin effect and improve well productivity.

Moreover, the pressure derivative behavior observed during late times showed the
presence of intersecting fault boundaries. The good agreement between the measured pressure
data and the simulated model obtained using KAPPA Saphir confirms the reliability of the

adopted interpretation model.

Finally, this study demonstrates the importance of conventional interpretation methods
and modern interpretation software in order to improve reservoir characterization accuracy

and reduce uncertainties related to reservoir evaluation and production analysis.
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