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ﬂbstract

Interference Tests is a Well test operation which allows to characterize the connectivity between the

producing wells and the injector wells for a Block or oil field. The analytical principle of these tests
is based on the selective opening and closing of a certain number of producing wells assisted by a
Characterized injection of the injector wells, with the aim of determining the impact of these
manipulations on production. The results of the interference well tests are directly linked to the
number of open wells and the duration of each opening. In the exploitation phase, the productivity

index of the oil field can be optimized following the proper application of the data obtained in the

Qerference well test. /
Résumé \

Les Tests Interférences c'est une intervention sur le puits, qui permet d'effectuer quelques

mesures dynamiques, afin de caractérisé la connectivité entre les puits producteurs et les puits
injecteur pour un block ou champ pétrolier. Le principe analytique de ces tests ce base sur
I'ouverture et fermeture sélective d'un certain nombre de puits producteurs assistés par une
injection Caractérisée des puits injecteurs, dans le bute de déterminer l'impacte de ces
manipulation sur la production. Les résultats du Well Tests Interférences, sont liés directement
aux nombres de puits ouverts et a la durée de chaque ouverture. En phase d'exploitation

I'indice de productivité du champ pétrolier, peut étre optimisé suit a la bonne application des

\donnés obtenus dans le well teste interférence. /
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Nomenclatures

Bo: Background VVolumetric Factor (Oil)
(bbl/STB).

Bw: Background Volumetric Factor (Water)
(bbl/STB).

P=x: The extrapolated pressure, (psi).

@: The porosity, fraction.

rw : Well radius, (ft).

s: The skin effect,

re: Drain radius (ft).

c: The capacity effect, (bbl/psi).

tp: The production time, (hr).

tp: Pseudo time.

Ate: The equivalent time, (hr).

(p): Pseudo pressure.

A: Section, (ft2).

V: The volume, ft3..
rr:Rayondefrontd’eau,(ft).

7o: Rayondefrontd’eauinitial, (ft).

T¢w: 0.000264kwt/(drwc1)

Tto: 0.000264kot/(dpgC2)

Ei: ’intégraleExponentiel

Pj: The fluid pressure j, (psi).

Pi: The initial pressure (psi).

PC: The capillary pressure (psi).

Pws: Downhole Pressure During Well Closure,
(psi)

ki: Permeability in layer i (md)

MO: The oil viscosity (cp).

K: The viscosity (cp)

v: The speed, (ft/s?).

Z: Compressibility factor

cj: The compressibility of fluid j, (Psi-1).
B: Background volumetric factor (bbl/STB).
rf: Radius of water front, (ft).

ro: Initial water front radius, (ft).

Ei: The Exponential integral

y : Euler's constant, 0.5,772,156

Et: The overall scanning efficiency.

ES: Surface efficiency.

EV: Vertical efficiency.

NP: The cumulative oil production.

Ni: Oil production in layer i

r2

at+r?

qi: Injection flow rate, (STB/day).

gj: Fluid flow j, (STB/day).

k: The permeability, (md).

krj: The relative permeability of fluid j.

kj: The effective fluid permeability j, (md).
Wj: The viscosity of fluid j, (cp).

pj: The fluid density j, (Ib/ft3)

Fd: The fractional flow rate of displacing fluid,
fraction.

hi: The thickness of layer i, (ft).

Aj: The fluid mobility j, (md/cp).

M: Mobility ratio,

Sj: The Saturation of fluid j, (Ib/ft3).

Swi: Initial Water Saturation, (1b/ft3).
Swf: Final water saturation, (Ib/ft3).
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General Introduction

Improving the productivity index of oil reservoirs is one of the most important challenges that
Oil Producing companies are working on ; by recruiting the human qualifications' and technical
capabilities, and allocating the necessary funds to develop the production system, during the virtual
life of the reservoir ; starting from natural depletion, passing through enhanced production, then the
stages of improved recovery.

The well test services are one of the most important tools used in the oil industry in order to
determine the technical values of production indicators ; their multiplicity and diversity (well test),
allows access to an in-depth knowledge of the characteristics of the reservoir, in terms of homogeneity
and heterogeneity, diversity of porosity and permeability, the presence of overlap and connectivity
between wells and blocks, in addition to the possibility of characterizing the interference patterns'
and optimizing the interference factors wishes affects the productivity index.

We will try through this modest study, using the theoretical knowledge's gained during the
course of university study, as well as the information's that we found during the desk research; to
highlight and improved the importance of applying the results of well tests, especially those related
to interference; in improving the productivity indicator and controlling the production indictors
during the stage of exploiting the reservoir.

In the applied part of this research, we presented very recent applied examples of types of well tests
related to interference, to give practical importance to this study, which we hope will rise to the level

of research studies related to petroleum production and reservoir engineering.
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I.1. Introduction:

The production engineering is the process of extraction of the hydrocarbons from the reservoir
underground during its life to the surface, where we separate the mixture of hydrocarbons to oil, gas
and water and removing solids and constitution which are not saleable. The exploitation of reservoir

goes on a long period of production passing from natural depletion to the enhanced recovery (EOR).

I.2. Drive mechanisms:

The quantities of hydrocarbons in place are determined from geological and geophysical data
in connection with the logs as well as the values obtained for porosity, saturation and the study of the
fluids.

The quantities in place are classified according to various criteria that vary over time, depending
on the gradual knowledge of the deposit obtained mainly from drilled wells as well as additional
geophysical and/or geological studies.

There are three categories:

¢ Probable quantities in place: structural data, interpretations of logs and pressures make
it possible to consider zones as impregnated, but without complete certainty.

e Possible quantities in place: the lack of knowledge on the fluid interfaces or the
extension of the fractures in certain zones leaves great uncertainty, but the presence of rocks
saturated with hydrocarbons is not.

¢ Proven quantities in place: considered as certain (areas crossed by wells in
particular).

The extraction of reservoir hydrocarbons during exploitation life passes through three phases:

¢ Primary recovery: The field produces thanks to its own energy.

e Secondary recovery : The field produces assisted by an external energy injection ,
such as (water or gas)

e Tertiary recovery: the enhanced oil recovery (EOR), use complex methods (chemical,
thermal, miscible, etc.). [1]

1.2.1. Natural recovery:

The natural energy of a reservoir can be used to move oil and gas toward the wellbore. Used in
such a fashion, these source of energy are called primary drive mechanisms; early determined and
characterization of the mechanisms present within a reservoir may allow a greater ultimate recovery.

(1313

There are two type of primary drive mechanisms “ solution gas drive “ “gas cap drive “.
1.2.1.1. Solution gas drive:

In a solution gas drive reservoir, the oil-bearing rock is completely surrounded by impermeable
barriers. As the reservoir pressure drops during production, expansion of the oil and its dissolved gas

2
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provides most of the reservoirs drive energy (figure I.1). Additional energy is obtained from the

expansion of the gas and its associated water.

Initial conditions

During depletion

Figure 1. 1 Solution gas drive reservoir.
1.2.1.2. Gas cap drive:

In a gas cap drive reservoir, the primary source of reservoir energy is an initial gas cap, which
expends as the reservoir pressure drops (figure 1.2). Additional energy is provided by the expansion
of solution gas released from the oil less significant drive contributions are provided by the expansion

of the rock and is associated water. [1]

Cross Section View

Map WView

Figure 1. 2 Gas cap drive reservoir.
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1.2.2. Assisted recovery:

Recovery by natural drainage rarely exceeds 30%, and is often lower than this value with regard
to oil deposits.

This is why the need to inject energy into these deposits very quickly appeared in order to have
better recovery.

The most important Assisted Recovery process in the world, water injection is one of the most
important concerns for operators. And there are Different configurations which used in injection.
1.2.2.1. Water injection:

Is a process used to inject water into an oil-bearing reservoir for pressure maintenance as well
as for displacing and producing incremental oil after the economic production limit has been reached?
This is done through the displacement of oil and free gas bay water.

Water injected into one or more injection wells while the oil produced from surrounding

producing wells. [1]

T—d—%‘ater [:’_ﬁ Ca2p rock

'\‘?..! =

Figure I. 3 Water injection.

1.2.2.2. Gas injection:

The injection of production gas is almost as old as that of water, it has enjoyed a certain
favor, particularly in the U.S.A. for shallow deposits (1000 to 2000 m) which require low gas
recompression costs.

The injection of gas now has a more limited field of application because the gases from the
deposits are valued and find other uses than injection, except in desert or remote areas (and
sometimes offshore).

The injection of gas is however possible compared to water:

¢ When there's a gas dome.
¢ When the oil is light (the dissolution GOR is large and the viscosity of the oil is low).
¢ When the permeability is high.
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Under these conditions, there will be a good vertical sweep of the oil through the gas-cap
recovery will be good. In addition, the gas injected into an oil field can be recovered later.[1]
1.2.3. Factors that affect recovery:

e Characteristics of the reservoir and fluids like (Reservoir Geology, Permeability, and Fluid
viscosity).

e Characteristics of the injection (Volume of fluid injected, Type of fluid, injection setup).

1.3. Well productivity index PI:

To assess the value of the well or the production potential of the well, this is obtained through
well tests, which consist of measuring the flow rates and pressures of the fluids at the surface or at
the bottom of the well. More precisely, the productivity index PI of the well is defined as the ratio of
the total flow rate of the well Q to the difference between the average pressure P in the reservoir and

the pressure at the draw-off point Pwf:

0.00708kh
PI — qo — —
Pw—Pwf UBoln(_w)

e The PI of a well is a function of pressure drops between the reservoir boundary and the
wellbore.

¢ Well performance can be predicted. A higher PI indicates better influx performance.

e The PI of a well theoretically varies from 0 to infinity for a well

¢ A non-producing well (IP=0)

¢ VVery mediocre oil well has an Pl varying around 1 m3/d/bar (1 <Average well<10),

e Good well will have an IP higher than 10, even 100 or 1000 m3/d/bar. (Good well >10).[1]
1.3.1. PI test:

PI can be measured by producing the well at a constant, stabilized rate and measurement of the
corresponding flowing pressure at bottom hole. Well completion efficiency after initial completion
or at other time during the production life of the well can be carried out by calculating the well inflow
quality indicator (WIQI):

Plactual

117 (0] 1.2)

In many oil and gas wells, the observed flow rate is different from that calculated theoretically.
The concept of skin was developed to account for deviation from the theoretical rate. During pseudo-

steady state flow, the oil flow rate can be calculated as:
__0.00708kh(py_Pws)
N KBoln(;%)-3/4+ST

Where s; is the total skin factor, which includes the effect of partial penetration, perforation

density’s well.
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1.3.2. Experiences and notes on PI:

Since the horizontal well gives us greater productivity than the vertical well, and therefore we

can study PI better and deeper.

1.3.3. Definition of horizontal well:

In horizontal wells, the well bore remains in high angle trajectory roughly parallel to the
formation, thereby exposing significantly more attention zone to production than would be exposed
by a vertical well. In the presence of a one-phase flow, the production in a horizontal well is directly
proportional to the pressure difference between the reservoir and the wellborel. The constant of
proportionality being the productivity index (PI).

1.3.4. The factors that affect the PI:
1.3.4.1. PI Variation with well length and anisotropy:

Pl increases with increasing lateral length (figure 1.4) Thus, longer horizontal well length
enhances productivity. This is explained by the fact that a large portion of the reservoir has been
contacted and the pressure drop along the well bore is reduced, thereby enhancing productivity. In
the case of anisotropy (Table I-1), it shows that horizontal wells are more suitable for reservoirs with

high vertical permeability (Kv) as this increases horizontal well P1.[2]

Table I-1 PI variation with well length and anisotropy.

Length KvKh=—0.1 EvEKh =05 KvEKEh=1
100 - g 3.13 346
SO0 5.58 6.66 G.02
000 £ 19 0. 45 .73
1.300 10.94 12.39 12.68
1.700 14.02 15 978 16.47

—_ o KwvwK I';_D-I
S 18 - & MKw/KhD5
%‘- & & Ky /HhO-
16 =
= 1z ] _'.._-.."'"-::"Ft_ =
- _;_-,f —
5 12 e
= 101 ™
t 8 - -'_,--':':-::_,—F""ar
E 6 - _,..;-,';::’_;_.:ﬁ):#—_
- = i
= ¥
8 2] =
=
o o T T T —3
o SO0 S00 2000

100 1
WELL LENGTH(ft)

Figure I. 4 PI variation with well length and anisotropy.
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1.3.4.2. Pl Variation with well length and thickness:

The incremental gain in productivity is higher in a thick reservoir (Table I-2, figure 1.5) than
in a thin reservoir. But considering productivity ratio Jh/Jv for reservoir thickness, a thin reservoir
produces more than a thick reservoir. This is as a result of more gain in contact area, which can be
achieved in a thin reservoir than in thick reservoir. Hence, horizontal wells are more productive in
thin reservoir than in thick reservoir. In a thick reservoir, a horizontal well behaves like a vertical
well because of the small exposure of the borehole to the formation. [2]

Table I- 2 PI variation with well length and thickness.

Length Thickness = 25ft Thickness = 50ft Thickness = 100ft

100 346 548 7.54
500 6.93 12.52 20.77
o900 077 18.25 30.93
1,300 12.81 23.76 41.37
1,700 16.42 30.64 53.30

dgyisi)

=]
J

—m— = 5
v S
—eile— I ™

098989

PRODUCTIVITY INDEX(stb/
W p $

__—ﬂ——'_'_'_

v T ] ¥
200 &0 SO0 B0y YOO IZ‘DD Mm 'Iﬁm 1800
WELL LEMNTH (ft)

Figure 1. 5 PI variation with well length and thickness.

1.3.4.3. Pl variation with drainage area and anisotropy:

Smaller drainage area with higher anisotropy causes an increase in productivity index as
against a large drainage area (Table I- 3, figure 1.6). [2]
Table I- 3 PI variation with drainage area and anisotropy.

Drainage area Kv/Kh=0.1 Kv/Kh =0.5 Kv/Kh =1

20 7.3304 9.3226 9.8855
40 6.3274 7.7586 8.1446
60 5.8590 7.0658 7.3845
80 5.5302 6.6423 6.9232
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Figure 1. 6 PI variation with drainage area.

1.3.3. Nodal analyses:
Nodal Analysis is a tool used to assess a complete production system and predict throughput.

It is an optimization technique that can be used to analyze production problems and to improve well
performance. It consists combining the possibilities of the reservoir to produce the fluids (in flow)
towards the bottom of the well with the capacity of the product tubing to convey the effluent to the

surface (out flow).

The method of analysis of a production system was called "nodal analysis" by “K-E-Brown.”

(Figure 1.7) shows a simplified diagram of the flow of the effluent during production and the various
pressure drops that can occur throughout the system from the tank to the separator. It can be

subdivided as follows: [3]

¢ Flow in the porous medium.
e Completion (simulation, perforation and gravel pack).
¢ The flow in the vertical or directed tubing (restriction, safety valve).

¢ The surface flow in the collection networks (chokes, pipes, valves, etc.).

S OR DT L

e
S S

av. 3

Figure 1. 7 Possible pressure losses in a production system.
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1.3.3.1. Nodal Analysis Concept:

In order to solve all the problems of the production system, nodes are placed in parts or
segments which are defined by the different equations or correlations. (Figure I-8) shows the
locations of the various nodes.[3]
1.3.3.2. Procedure for application nodal analysis:

Nodal analysis is applied to analyze the performance of systems that consist of several elements
acting on each other. The method consists of choosing a node in the well and dividing the system at
this node. The nodes used are illustrated in (figure 1.8) All the components upstream of the node
compose the Inflow section, while the Outflow section is composed by all the elements downstream
of the node. A relation between the flow rate and the pressure drop must be established for each

element of the system node, the pressure at the latter is determined by the inflow and the outflow.

The pressure drop in any component varies with flow Q, a representation of pressure versus
flow produces two curves whose intersection will give a point that satisfies the two conditions cited
above; this is the system operating point. The effect of change in any component can be analyzed by
recalculating node pressure versus flow using the new component characteristics. The procedure is

as follows:

e Choose the components to optimize,

o Select the place of the node which will feel the effect of change in the selected component.
e Develop expressions for inflow and outflow,

¢ Obtain the data necessary for the construction of the IPR,

¢ Determine the effect of changing the characteristics of the chosen components between the

in-flow and out-flow : [3]

t Inflow performance
relationship (IPR)

Tubing performance curve

Pression

Operating point

Figure 1. 8 Operating point.
1.3.3.3. Objectives of nodal analysis:

The objectives of nodal analysis are:
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e Determine the rate at which an oil or gas well will produce with consideration of the
limitations of well geometry and completion (first by natural flow).

e Determine under what flow conditions (which may be time related) a well will flow or run

e Optimize the system to produce with a planned flow rate

e Check each component in the system (determine if it greatly affects the production rate)

¢ Define the most economical time for the installation of the artificial facelift and help choose
the method.[3]

1.3.3.4. Conclusion:

Nodal analysis is a modeling tool used by drilling, subsurface, and well test engineers to help
achieve an optimum well design in terms of perforations, tubing size, and fluid and under balance
design, as well as to provide some of the key data inputs for the design of surface facilities.

Nodal analysis models both the inflow performance of reservoir fluid into the wellbore and

the outflow performance of reservoir fluid through the tubing. [3]
1.3.4. The Inflow:

The inflow performance relationship (IPR) plots the drop in reservoir pressure with the
production rate to produce a characteristic curve for a given set of conditions, that is, reservoir
permeability, thickness, pressure drop, wellbore radius, fluid viscosity, and skin ,The construction of
the IPR curve “Inflow Performance Relationship” is very important in production. This curve
represents the capacity of a well to evacuate a fluid from the reservoir to the bottom of the well

So we can defined that every change in the reservoir like the presence of the skin or the used of

hydraulic fracturing to the formation is an inflow. [3]

Q — kh(PG_ow) (I 4)
1412Bu(ln%+s) ............................. .
P\\l
(kg/cm’) 4
Py
Py — Py
\ tg(ex) = %JA
q.
5,
| . o= L o 4
“ \P SR 8 e
=
2o AOF Q (m>/h)

Figure 1.9 The inflow performance.

10



Chapter | productivity index

A passive component installed as part of a well completion to help optimize production by
equalizing reservoir inflow along the length of the wellbore. Multiple inflow control devices can be
installed along the reservoir section of the completion, with each device employing a specific setting
to partially choke flow. The resulting arrangement can be used to delay water or gas breakthrough by
reducing annular velocity across a selected interval such as the heel of a horizontal well. Inflow

control devices are frequently used with sand screens on open-hole completions. [3]

Lower Cover

177777

Upper Cover

Figure 1.10 Inflow control device.

1.3.5. The out flow:

The outflow, or tubing performance, plots pressure loss in the tubing against increasing flow
rate for a given set of conditions, including fluid weight, friction losses, and wellhead pressure.
Friction loss in turn is a function of the tubing size and condition. The plotted results produce a
characteristic outflow performance curve.

And the graphic representation is called "Vertical lift Performance"” (VLP) which represents the
capacity of the installation and its influence on the flow according to the pressure drops generated.
The VLP curve (Vertical Lifting Performance) represents the capacity of the installation (tubing) to
bring the fluid from the bottom of the well to the wellhead, it is drawn from the dynamic bottom
pressures calculated by conferencing correlations the vertical head losses according to the different
flow rates.

Outflow performance results are most often represented graphically. The most popular graph is
the one that shows the variation of the dynamic bottom hole pressure (flowing bottom hole pressure)
as a function of the flow rate, at a fixed downstream pressure (head pressure, or separator pressure).

Each point on the curve gives the required down-hole pressure Pwf to produce a given flow at
the surface, with the known downstream pressure. This is a two-phase or even three-phase flow
(water, oil and gas) in a vertical pipe so we will have the general pressure gradient equation including

the different types of pressure drops that can be encountered: [4]

Outflow:

11
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Pnode = Psep T AP-cveveviiiiniiine. (1.7)

So we can defined that every change in the pressure of the tubing or every injection in the tubing
(injection of water or gas) and in the result change between the pressure of the bottom-hole and the

surface is an outflow.

1.4. Field productivity index PI:

1.4.1. The number of wells:

Thanks to the diagram of the deposit thus obtained, the engineer is able to establish a
development project which aims to optimize the profitability of the reservoir according to the number
of wells, their location, their architecture, the injection processes for this, he must make a number of
assumptions in accordance with the data collected during the exploration phase. To compare the
profitability in terms of production of the different types of wells envisaged, the concept of
productivity index (PI) of the well is conventionally used, as well as the cost of drilling the well,

which depends on its complexity, and on the uncertainty about natural data. [4]

We present here a classic diagram of a development project on a reservoir:

L - -
- -

L - =
e o

= - =]

Figure 1.11 Designates a producer well, and x designates injection well.

1.4.2. Injection pattern:

The particular arrangement of production and injection wells. The injection pattern for an
individual field or part of a field is based on the location of existing wells, reservoir size and shape,
cost of new wells and the recovery increase associated with various injection patterns. The flood
pattern can be altered during the life of a field to change the direction of flow in a reservoir with the
intent of contacting unwept oil. It is common to reduce the pattern size by infill drilling, which
improves oil recovery by increasing reservoir continuity between injectors and producers.

Common injection patterns are direct line drive, staggered line drive, two-spot, three-spot, four-spot,

five-spot, seven-spot and nine-spot. Normally, the two-spot and three-spot patterns are used for pilot testing

12
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purposes. The patterns are called normal or regular when they include only one production well per pattern.

Patterns are described as inverted when they include only one injection well per pattern.[5]
1.4.2.1. Example injection pattern 5 spots:

An injection pattern in which four input or injection wells are located at the corners of a
square and the production well sits in the center. The injection fluid, which is normally water, steam

or gas, is injected simultaneously through the four injection wells to displace the oil toward the
central production well.

P 3m N 1m
ne ® ® ® A
Production Well
o< o Yo
Injection Well
° o< e Ng
I e o
R ZHRRR
Ve ° ° o VI ) il -
(a) Well Pattern (b) Stream and Potential Lines

Figure 1.12 Injection pattern 5 spots.

1.4.3. Performance for each well (multi-well interference test):

Analysis of the interference tests were conducted using the aforementioned type curve
matching and automated history matching procedure intentionally ignoring the effects of other
wells. In all cases a lower flow capacity and storage capacity were obtained at the end of each
analysis (Table 1-4). On the other hand, larger skin and wellbore storage value were obtained for
the active well in all cases. It was observed that the confidence intervals for all parameters were
larger than 25% regardless of number of wells used in the matching process. The confidence
intervals were very wide (>100%) for wellbore storage, skin, inter porosity flow parameter and
storability ratio values decreasing the reliability of the estimates.

1.4.4. Synthetic Example:

This are Resultsofwelltestanalysisignoringproductionandinjectioneffectsofexisting wells:

13
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Table I- 4 Table of test interference analysis.

K @ A ] skin C S Flow
md bbl/psi (m/bar) Capacity
Darcy -
m
One Well Producing 16.3 0.999 2.54x107 0.0339 0.873 0.0391 0.000737 8.15
Two Wells Producing 269 0.999 2.35x107 0.0351 0.814 0.0424 0.000763 13.45
Three Wells Producing 269 0.999 2.13x107 0.035 0.714 0.047 0.000761 13.45
Four Wells Producing 269 0.999 2.13x107 0.0351 0.63 0.0433 0.000763 13.45
Four  Wells  Producing | 26.8 0.999 2.09x107 0.0359 0.747 0.0479 0.000781 13.40
Longer Time
Four Wells  Producing | 25.4 0.259 2.22x10° 0.0406 0.375 0.0451 0.000883 12.7
Double Production
True 333 0.1 1.0x107 0.1 0 0.01 0.002175 16.65

1.4.5. Interpretation of the table:

In the synthetic example the total compressibility is taken as 4.35113x10°®, bar™ and the
thickness is 500 m. As can be seen from Table 1-4 when the effects of other active wells are
ignored, storage capacity is underestimated roughly three times less than the original value
.Similarly the deliverability rate is also underestimated two times the original value seriously
affecting the well spacing estimates .If the development of the field is considered with these values
it is obvious that the reservoir developmentconsiderationssuchproduction—

reinjectionaswellasproduction— production well spacing will be negatively affected
1.5. Conclusion:

Interference test results can be used to estimate storage capacity of the reservoir (that can be
used in the estimation of the reserves) and the bulk transmissivities (that can be used to determine
deliverability rate from the reservoir). The amount of fluid in storage in the reservoir can be

calculated from the storage capacity values estimated from matching of the test results. Storage
capacity (S, m/bar) is defined as:  S=@ACtA ...eeevvveveveennneenennnee. (1.8)

Where @ is the porosity of the reservoir, fraction; ct is total compressibility of the reservoir

rock and fluid, bar™; and h is reservoir thickness, m, respectively.
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11.1. General Concept:
11.1.1. Introduction:

The reservoir engineer must have sufficient information about the reservoir to properly analyze
reservoir performance and to predict future production under various operating modes the production
engineer must know the conditions of the producing and injecting wells to have the best performance

of wells. Much of this information can be obtained from well testing. [6]

11.1.2. Well Testing Principle:

During a well test, a transient pressure response is created following a flow rate variation.
Depending on the purpose of the test, the response of the well is recorded for a specific period of
time. The pressure response is analysed as a function of the time elapsed since the start of the
period.[6]

11.1.3. Well test objectives:

Well test analysis provides information about the reservoir and the well. Well test results,
combined with geological and geophysical studies, are used to construct the reservoir model, which
will be used to predict field behavior and recovery, depending on operational conditions. The quality
of the communication between the reservoir and the well indicates the possibility of improving the
productivity of the well. In general, the purpose and objective of well testing are: [6]

- Evaluate the production capacity, or potential of each well.

- Determine the nature and characteristics of the effluent produced.

- Measure the prevailing pressure in the deposit.

- Measure the pressure during production.

- Evaluate the permeability of the layers around the well (weathered zone).

- Evaluate the permeability of the layers beyond this zone (intrinsic permeability).

11.1.4. Darcy's Law:
It expresses the flow rate of fluid (g) which crosses a sample of rock, it is given by the following

equation: [6]

Q: flow rate (bbl/DAY).
L: length (ft).
u: fluid viscosity (cp).
A: cross section (ft?).
AP: deferential pressure (psi).
K: permeability (Darcy).
Darcy's Law applies only under the following conditions:
16
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- Low speed (laminar) flow;

- Permanent flow;

- Homogeneous formation;

- No reaction between the fluid and the formation.
For turbulent flow, which occurs at higher velocities, a special modification of Darcy's equation is
needed

Darcy’s low in radial flow:

11.1.5. Continuity equation:

This equation explains the principle of Lavoisier (conservation of mass), the variation of the
mass of the fluid contained in the volume element is equal to the difference between the quantity of
fluid entering and leaving during the time interval, and can be formulated .Mathematically with:

a(a¢so)_

div (e v =) + ”

11.1.6. The diffusivity equation:
Using DARCY's law and the law of conservation of mass, one can obtain an equation called
diffusivity equation.[1]

. k aP
div (p;?p) = p(pCtE ............................. (IL4)

11.2. The types of well test:
11.2.1. Drill stem test DST:

The principle of a DST is the installation of a temporary completion lining In order to put the
reservoir into production, and therefore to reduce the hydrostatic pressure of the sludge at the right of
the reservoir for the output.

A seal called a packer is anchored above the tank, which serves to support the column of mud.
The pressure inside the test train is very low compared to that of the deposit, and is equal to the
hydrostatic pressure of the buffer liquid, which allows the effluent to exit as soon as the valve is
anchored and opened of the tester, and ascend through the interior of the test train until it comes to
the surface. There it passes through a system of valves called the production head and a small choke

manifold before leaving for the separation and storage or disposal facility.[7]

17
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Pression

A

Figure I1. 2 Progress of a long-term oil test.
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Figure 11. 1 Conduct of a short-term test.
1. Lowering the test pad and anchoring the packer.
2. Pre-flow (open tester).
3. Initial closure (tester closed).
4. Initial pressure (blank pressure).
5. Main flow (open tester).
6. Final closing (tester closed).
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1- Disgorging of wells.

2-initial closing.

3-main flow (draw down).
4-closure for build-up registration

5-reduced rate for sampling.
11.2.2. Build-up test:

The build-up test requires closing the well and recording the increase in pressure as a function
of time. Conventional analysis techniques require a constant flow during the production time, either
from the start or after a last flow period long enough to have a stable pressure distribution before

closing (Figure 11.3) his analysis of the build-up results is used for determining the reservoir model.

[1]

Flowing Pericd

Shut-In Pariod

Flow Rate
Bottom-Hole Pressurs
2
3

u9)
cC

= Al - < e
i, t
=l Time, 1 P Time, ¢

Figure 11. 3 Buildup test.
11.2.3. Draw down test:

The drawdown test is a series of down-hole pressure measurements during the constant flow

production period. Generally, the well is closed before the test for a sufficient time to reach the reservoir

pressure.[2]

Flowing Period

Flow Rate

Shut-In Period

Bottom-Hole Pressure

Time, ¢ Time, t

Figure 11.4 Draw down test.
11.2.4. Multiple well testing:

In single-well testing, the primary target is the nearby well region. However to investigate the
inter well region, more than one well must be directly involved in the test. In multiple-well testing,

the flow rate is changed in one well and the pressure response is monitored in another .These tests
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are conducted to investigate the presence or lack of hydraulic communication with in a reservoir
region .They are also used to estimate inter-well reservoir transmissivity and storability .The two
main types of multiple-well testing are interference tests and pulse tests. Some vertical interference
tests are classified as multiple-well tests .As subsequently discussed, they are performed between two
sets of perforations or test intervals in a well to investigate vertical communication and estimate
vertical permeability .Multiple-well tests are more sensitive to reservoir horizontal anisotropy than
single-well tests .Therefore, multiple-well tests are typically conducted to describe the reservoir

anisotropy based on directional permeability.

11.2.5. Interference test:

Interference tests required long duration production or injection rates changes in the active well
.The associated pressure disturbance recorded in the observation well yields valuable information
regarding the degree of hydraulic communication within the inter-well region (figure 11-5) shows a

plan view of two wells used in an interference test.

Observation well

o —
L

Active well

Figure 11. 5 Active well and the observation well.
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Rate at actve well, g
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Elapsad time
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Figure I1. 6 Active and observation wells and their respective rate and pressure changes
during an interference test.

11.3. Well test analysis:
11.3.1. Drill stem test DST:

11.3.1.1Test description:

With the drill stem testing technique, the well is controlled by a down-hole shut-in valve. For safety
reason, the drill string is not usually used for the test, and production tubing is preferred. Before the
test, the well is partially filled with a liquid cushion designed to apply a hydrostatic pressure p0 above
the valve smaller than the formation pressure p, when the tester valve is opened, an instantaneous

drop of pressure is transmitted to the sand face, and the formation fluids start to flow into the well.

[9]

shut-in

Pressure (psia)

Time (hours)

Figure 1. 7 Example of DST pressure response. The sequence is initial flow, initial shut-in,
flow period and final shut-in. The rate is less than critical.
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In case of liquid flow, the level rises in the production string and the backpressure due to the
liquid column increases. As long as the liquid level has not reached the surface (and provided the
flow rate is less than critical, Ramey et al., 1975 a), the rate decreases. This is called a "slug test»,
which requires specific analysis technigues.

The well is then shut-in for a pressure build-up. When no flow to surface is desired, the down -
hole valve is closed before the liquid level has reached the surface. As illustrated in Figure 9.1, the
usual drill stem test procedure consists of a first short initial flow followed by the initial shut-in to
reach p, the well is then opened for the slug test and, due to the backpressure of the rising liquid
column, the bottom hole pressure increases. Finally, the well is shut-in for a build-up period.

If surface production is possible, the flow time is extended until the well produces at surface and
the rate tends to stabilize. The DST procedure then becomes similar to that of a standard production
test.

In low-pressure wells, the flowing pressure can reach the initial reservoir pressure before the
down-hole valve is closed. In these cases, the well kills itself and the pressure build-up cannot be
monitored after the liquid flow has stopped. Only a slug test analysis can be attempted.

When the flowing condition is critical, the rate is not controlled by the downstream pressure but
by the completion or perforations configuration. The rate is constant and the pressure increases
linearly with time during the flow. The flowing bottom-hole pressure is not suitable for interpretation

and only the shut-in period can be used for analysis of such tests.

11.3.2. Draw down test:
A pressure drawdown test is simply a series of bottom-hole pressure measurements made during a

period of flow at constant production rate. Usually the well is closed prior to the flow test for a period
of time sufficient to allow the pressure to stabilize throughout the formation, i.e., to reach static
pressure. As discussed by (Odeh and Nabor), 1 transient flow condition prevails to a value of real

time approximately equal to:[10]

Puor?
Rt 0T e (IL5)
0.00264 k
Semi-steady-state conditions are established at a time value of
Puocrz
R EOTE i (IL.6)
0.00088 k

In this section, we will discuss drawdown tests in infinite-acting reservoirs and developed reservoirs
including two-rate, variable, multiphase, multi-rate drawdown tests. An analysis technique
applicable to pressure drawdown tests during each of these periods including other types of tests is

presented in the following sections.
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11.3.2.1 Pressure-Time History for Constant-Rate Drawdown Test

(Figure 11.8) Shows the flow history of an oil well and can be classified into three periods for
analysis:

* Transient or early flow period is usually used to analyze flow characteristics;

* Late transient period is more completed.

+ Semi-steady-state flow period is used in reservoir limit tests.

11.3.2.2. Transient Analysis - Infinite-Acting Reservoirs

An ideal constant-rate drawdown test in an infinite-acting reservoir is modeled by the logarithmic

approximation to the P,, s function solution:

Pyy=P;— 14122880 [ (¢)) 4 5T

Afterflow fractures

Bottom-hole flowing pressure, p_(psi)

=
£

.
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!
% /
.
1
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¥

of late 1w

End of late transient

t = (Puagor,’) / 0.000264k

(Eq. 4—1)

t = (Ppger®) / 0.0008B8L
(Eq. 4--2)

Flowing time (hour) —————

B S

Figure 11. 8 Schematic pressure-time histories for a constant-rate drawdown test.

Assuming initially the reservoir at initial pressure, Pi, the dimensionless pressure at the well
(ro=1) is given as:

Pp =0.5[In(tp) + 0.80907]....cccvvvueeeeeeeerrrrnnnn
After the wellbore storage effects have diminished and (tDIr?D) > 100, dimensionless time is given
by:

tn = 0.0002637k;
b Puocery,

Combining and rearranging Eqs 11.7 through 11.9, we get a familiar form of the pressure drawdown

equation:
162.6 B
Py;=P;— % ............................. (11.10)
Eqgs 11.10 describes a straight line with intercept and slope term together and it may be written as:
Py =mIogL + Piprececerenninnnincinnninnnnnn (IL11)

A plot of flowing bottom-hole pressure data versus the logarithm of flowing time should be a
straight line with slope m and intercept (p\hr) (figure 11.9). Semi-log straight line does appear after

wellbore damage.
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d
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log flowing time. r (hour)

Figure 11. 9 Semi-log pressure drawdown data plot.

And storage effects have diminished. The slope of the semi-log straight line may be given by:

_162.6 qoroBo
T RR TTTTTttteeeessssssssseeeceiiiiiiiiiiit (1.12)

The intercept at log t = 0, which occurs at t — 1, is also determined from Eqs 11.10:

__k
PuoBoc:rs

Py = P; +m|log( ) —3.2340.8695|...ouueuencn (11.13)

The skin factor is estimated from a rearranging form of Eqgs 11.13:

§=1.151 [F= _ jog (

i
m

k
o) +3.23 [, (11.14)

The beginning time of the semi-log straight line may be estimated from log-log plot of
[Log (Pi — Pwf)] versus log t (figure 11.10); when the slope of the plot is one cycle in Ap per cycle
in t, wellbore storage dominates and test data give no information about the formation. The wellbore

storage coefficient may be estimated from the unit-slope straight line using the following equation:

C =280 A eeeeeeeeeeeeeen (IL.15)
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Figure I1. 10 log-log pressure drawdown data plot.

Where At and Apare the values read from a point on the log-log unit slope straight line. C is
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calculated using the previous equation and lets agree that ¢ equal to:

C= (11.16)

(p/144g)gc ooooooooooooooooooooooooooooo
Where Vu is the wellbore volume per unit length in barrels per foot. Duration of wellbore unloading

can be estimated from:

(200,000+120,005)C
thS = kh/ ----------------------------- (II-17)
Mo
And:
C, = Z“i# ............................. (IL.18)

Twa =T we S eeeeeeiiineinerenrenecancons (IL.19)
Radius of investigation at the beginning and end of the apparent middle time line may be checked

by the following equation:

_r__kt o5
Rl Cvrrvrercs KON (11.20)

111.3.3. Build up test:

Pressure Build-up Test Analysis in Infinite-Acting Reservoir:

For any pressure buildup testing situation, the bottom-hole shut-in pressure, Pws, in the test well
may be expressed using the principle of superposition for a well producing at rate g0 until time tp,
and at zero rate

Thereafter. At any time after shut-in: [11]

141.2
Py = py— 2080 [Py (8, + A)p — Pp(Atp)]eveneeeeercrnrrreianians (IL21)

Where Pp is the dimensionless pressure function and to the dimensionless time and to is defined by

the following equation:

£ = O oo eeeeeeeeeeereeseresersaesareeaasesssens (11.22)

Bpocer?,
During the infinite-acting time period, after wellbore storage effects have diminished and assuming
there are no major indeed fractures, PD in Eqsll.22 may be replaced by the logarithmic
approximation to the exponential integral:
Pp=0.5(Intp + 0.80907)....ccccuuueeerrrueeeerrnneerrnnnennes (I1.23)
Eqsll1.23 applies when to>100, which occurs after a few minutes for most un-fractured systems.
Eqgsll.22through Eqgs 11.23 may be rewritten as:

B t,+At
Pys=P;—162.6 2800 jog (220) (I1.24)
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Eqgs 11.24 gives the pressure response during shut-in BHP, pws. This equation indicates that plotting
pws versus (tp + At)/At on semi-log coordinates will exhibit a semi-log straight line of slope m,
where:

_ 162.6q010B0
Ty ttereeeeseeseesesseteaenn (I1.25)

11.3.3.1. Calculation of Flow Capacity and Formation Permeability:

The formation permeability k can be obtained as:

k= 102890K0B0 | e (11.26)

mh

And kh is the flow capacity (mDft). Both Theis and Horner proposed the estimating permeability in
this manner. The pws versus log [(tp+ At)) At] plot is commonly called the Horner plot (graph
method) in the petroleum industry. Extrapolation of the straight-line section to an infinite shut-in time
[(tp+ Ai) I At) = 1 gives a pressure and we will denote this aspect throughout this book. In this case
pw*pi the initial pressure. However, the extrapolated pressure value is useful for estimating the
average reservoir pressure.

11.3.3.2. Estimation of Skin Factor:

The skin factor does affect the shape of the pressure buildup data. In fact, an early-time deviation
from the straight line can be caused by skin factor as well as by wellbore storage. Positive skin factor
indicates a flow restriction, i.e., wellbore damage. A negative skin factor indicates stimulation. To
calculate skin factor, S from the data available in the idealized pressure buildup test. at the instant a

well is shut-in, the flowing BHP, pwf is:

— 2
S=1.151 (W) + 1.151 log (Z2e%0Rotolor) 4 4 157 10g () .......... (11.27)

It is a convenient practice in the petroleum industry to choose a fixed shut in time Az of 1 hour and
the corresponding shut-in pressure, pinrto use in this equation. The pressure, pinr, must be on the
straight line on its extrapolation. Assuming further that log (tp+A#)/ Atis negligible. Pwf is the pressure

measured before shut-in at Az = 0. With these simplifications, the skin factor is:

§ =1.151 [ EED _jog (#) +3.23 | oo (11.28)
thoTw

11.3.4. Interference test:
11.3.4.1. Introduction:

Conventional interference testing in geothermal fields is one of the major tools used to
determine bulk transmissivities (permeability-thickness product) and storativities (porosity -
compressibility-thickness product), and to locate boundaries. Changes in the hydrology of geothermal
reservoirs in geologic time can be caused through mineral dissolution and/or deposition, changes in
the heat flux into or out of the system, crustal movements, changes in fluid components (brine and

gas) moving into or out of the reservoir, and exploitation. Exploitation increases the rate

of occurrence of natural processes in the reservoir, with mineral dissolution/deposition and reduction
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in the heat capacity of the system being the most significant. Interference tests are both an essential
and economical tool in assessing the extractable heat capacity of a geothermal field and monitoring
changes in reservoir characteristics as the geothermal field maturates through exploitation. They serve
to prove the existence of productive reservoir between the wells.

A typical interference test involves producing from or injecting into one well called the active
well, and observing the pressure response in another well or wells, called observation wells, located

a distance r from the active well.[12]

M r
Active welll Observation well
Rate=q

Figure I1. 11 Active and observation wells, interference or pulse test (Earlougher, 1976).

Pressure behavior as a function of time reflects the reservoir properties between the active and
observation wells. Interference test can be conducted with more than one active well and/or more
than one observation well. A time lag exists between the time at which a rate chance is made at the
active well and the time at which the pressure transient is seen in the observation well. Area
investigated in an interference test is defined by the radius of investigation riwhich is given by the

following equation.

T o ettt eeeeeee et e e e teeeee et e e e eee s tteeeeee st e e eeennnaeens (I1.29)

Where k, is permeability, t is time, ® is porosity, u is viscosity, ct is total compressibility,
respectively.
In an infinite-acting, homogeneous, and isotropic reservoir, the exponential integral solution of the
line source solution (Theis, 1935) describes the pressure behavior at the observation well with the
following equation.

_ 2
) [T (11.30)

P;— P, =AP=-70.62%L Ei( o
Where Ei is exponential integral, pr is the pressure at the observation well located a distance r from
the active well, k is permeability, q is flow rate, B is formation volume factor, and h is thickness,
respectively.

Since the skin factor of the active well does not affect the drawdown at the observation well, skin
factor does not appear in the equation. From this solution, it can be observed that by suitable
observation of the pressure change, it may be possible to identify two important parameters: the
permeability-thickness and the storability (Earlougher, 1977; Horne, 1995). Usually, type curve

matching is used to analyse pressure data from an interference test with constant rate production at
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the active well. Using appropriate dimensionless variables the aforementioned solution can be written
as follows.

2
P, = —1 Ei (ﬂ) .................................. (I1.31)

So the pressure down time is:

_ Py, (tg)—P; __g(Dity)
= T = I e (I1.32)

111.3.4.2. Synthetic Example:

Let’s assume that in a faulted — fractured geothermal field an interference test is to be conducted. In

this hypothetical scenario, it is assumed that four production wells (Well 1, 2, 5, and 6) and 3 injection
wells (Well 3, 4 and 4) are used for an existing power plant. It is further assumed that the wells
produce and inject to the same feed zone in the reservoir. Two wells that will be used in a new power
plant are to be tested by flowing one well and observing the pressure change in the other well. The
locations of the wells and finite conductivity (1.524 Darcy - m) faults in the field are given in Figure
2. Using Kappa’s Saphir software (Houze et al, 2013) this situation as well its variations were
modeled. The model simulated an interference test conducted in a double porosity reservoir with
wellbore storage and skin effects. In order to consider the effects of existing wells production wells
while keeping all injectors active, production wells are kept open (Figure 11.13). The pressure
recorded in the observation well as a result of flowing active well was simulated by including the
effects of other flowing wells using superposition in time and space (Figure 11.12) The complex
production history due to the presence of other active wells induces distortions that diffuses and
progressively absorbed by the overall pressure profile (Figure 11.13).[12]

@ )
7 Well#5 Well#6
Well#7
Q‘
" @ ]
Well3 Wellz2 Welf#
&
Wellz4
B @
Observation well Actie well

Figure I1. 12 Synthetic Interference Test Well Field.
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Figure 11. 13 Synthetic Pressure and Derivative of Pressure four wells producing.

Analysis of the interference tests were conducted using the aforementioned type curve matching
and automated history matching procedure intentionally ignoring the effects of other wells. In all
cases a lower flow capacity and storage capacity were obtained at the end of each analysis (Table 11-
1). On the other hand, larger skin and wellbore storage value were obtained for the active well in all
cases. It was observed that the confidence intervals for all parameters were larger than 25% regardless
of number of wells used in the matching process. The confidence intervals were very wide (>100%)
for wellbore storage, skin, inter porosity flow parameter and storability ratio values decreasing the
reliability of the estimates.

As discussed in the previous sections, interference test results can be used to estimate storage
capacity of the reservoir (that can be used in the estimation of the reserves) and the bulk
transmissivities (that can be used to determine deliverability rate from the reservoir). The amount of
fluid in storage in the reservoir can be calculated from the storage capacity values estimated from the
matching of the test results. Storage capacity (S, m/bar) is defined as:

S =OCHaueeeuneeaeeneeennnnnnn, (IL.33)
Where @ is the porosity of the reservoir, fraction; ct is total compressibility of the reservoir rock
and fluid, bar-1; and h is reservoir thickness, m, respectively.

In the synthetic example the total compressibility is taken as 4.35113x107°, bar-1 and the
thickness is 500 m. As can be seen from (Table 11-1) when the effects of other active wells are
ignored, storage capacity is underestimated roughly three times less than the original value. Similarly
the deliverability rate is also underestimated two times the original value seriously affecting the well
spacing estimates. If the development of the field is considered with these values it is obvious that
the reservoir development considerations such production — reinjection as well as production —

production well spacing will be negatively affected.
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Table I1- 1 Results of well test analysis ignoring production and injection effects of existing wells.

K, o] A (] skin C S Flow
md bblipsi | (m/bar) Capacity
Darey -
m
One Well Producing 16.3 0999 | 2.54x10” 0.0339 | 0.873 | 0.0391 0.000737 | 8.15
Two Wells Producing 26.9 0999 | 2.35x10” 0.0351 0.814 | 0.0424 | 0.000763 1345
Three Wells Producing 26.9 0999 | 2.13x10° 0.035 0.714 ] 0.047 0.000761 1345
Four Wells Producing 26.9 0999 | 2.13x10° 0.0351 0.63 0.0433 | 0.000763 1345
Four  Wells  Producing | 26.8 0999 | 2.09x10” 0.0359 | 0.747 | 0.0479 | 0.000781 1340
Longer Time
Four Wells  Producing | 254 | 0250 | 2.22x10° 0.0406 | 0.375 | 0.0451 0.000883 127
Double Production
True 33.3 0.1 1.0x10° 0.1 0 0.01 0.002175 16.65

111.3.4.3. Interference Test Analysis by Type Curve Matching:

Type curve matching technique is applied to interference test analysis. Type curve matching is

simpler for interference testing than for single-well testing because there is only one type curve

(Figure 11.14). To consider for infinite acting system, the following steps are used to analyze an

interference test:

* Plot pressure drawdown data in an observation well, Ap = pt — pwf(t),versus time, t, on

Tracing paper using the grid of Figure 11.14

« Slide the plotted test data over the type curve (horizontal or vertical) until a match is found.

* The match point data are used to estimate formation properties. In Figure 11.14the ordinate

of the type curve is dimensionless pressure:

Kb, 141245

=

Figure 11. 14 Exponential integral solution type curve.

2
o

n _ 0.000264kt
pacr?

Which is estimated using the pressure match points and the following equation:

3 (Pi—Pyy() )kh
141.2qwpwBw

By substituting match point values and rearranging Eqs 11.34, we estimate permeability in the test

D=

region using the pressure match points and the following equation:
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k=141.2 %,,”Lﬁf) ............................. (11.35)

Similarly, use the definition on the abscissa of the type curve in figure I111-4- 1, to estimate the

dimensionless time and dimensionless radius.
_ 0.00026372 kt

D = gz s (IL.36)
Td = e (I11.37)

With the time scale match point data and the permeability just determined, estimate the product@C,,
using the following equation:

Q)ct=[

0.0002637 k| (AE)MP
mar? 12/ ) mp

............................. (11.38)

Where r is the distance between the two wells. The type curve analysis method is simple, fast, and
accurate when the exponential integral (figurell.14) applies; that is, when rD= r/rw>20 and to/r2D
>0.5. Knowing ®, we can calculate total system compressibility, ct, and hence estimate liquid

saturation from the following equation. [1]

Sy =~ L e (11.39)
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I11.1. What’s optimization?

Production Optimization refers to the various activities of measuring, analyzing, modeling, prioritizing
and implementing actions to enhance productivity of a field: reservoir/well/surface. Production Optimization
is a fundamental practice to ensure recovery of developed reserves while maximizing returns. Production
Optimization activities include:

Near-wellbore profile management
e gas—water coning and fingering
e near-wellbore conformance management
Removal of near-wellbore damage
e matrix stimulation or acidizing
Well integrity
e prevention and remediation of casing and cement failure
Design of well completion
e optimization of artificial lift performance at field and well level
e sand control management
Efficiency of oil and gas transport
Design of surface facilities and fluid handling capacity
Production system debottlenecking
Maximize the productivity index
e hydraulic fracturing

e maximume-reservoir-contact well with multilateral completion

I11.1.1. Key factor in production optimization:

Is the capability to mitigate formation damage during well construction and production routine
operations? [13]
Formation damage mitigation can be accomplished assuring that operational details are achieved

before reaching the pay zone to the last production parameters recorded.

Pipcline & Facilities Analysis
EQUIRMGENE SIZINE SILRRINE ANy

Facilities Design FProduction

Figure I11. 1 VVarious approaches to petroleum system production optimization.
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111.1.2. Optimization of the productivity index for oil wells:

It is generally done for the purpose of increasing the well’s productivity, by remediating damage
near the wall of the well or by creating a structure of high conductivity in the formation. For this,
several stimulation techniques are introduced:[13]

111.2. In Flow:

An ideal well productivity is the final goal of Production Optimization. In particular, well
productivity is determined by a well inflow performance and in this context, a common approach
IS “Nodal Analysis”. It is a system analysis approach applied to analyze the performance of systems
composed of interacting components.

The Inflow Performance Relationship (IPR) is defined as the functional relationship between
the inflow production rate and the inflowing pressure at node.

The optimization of the inflow index matched ( correlate ) multi-factors of PVT and type of
drainage mechanism plus estimated reserve in place , all these factors can be study from wells tests
and observant from measuring data of each well in the field .

If the data show incompatible signs of production we tack decision to do stimulation of reservoir
for optimize parameters using one of the stimulation technical like hydraulic fracturing , acidizing ,
re-perforation ....

111.2.1. Example A Hydraulic fracturing:

Productivity index and inflow performance of wells intersecting multiple hydraulic fractures
are of great importance. This importance comes from the fact that the fracturing process has become
a common stimulation technique in the petroleum industry.

Hydraulic fracturing is an operation that consists of creating, after breaking the rock, a
permeable drain extending as far as possible into the formation so as to facilitate the flow of oil
towards the well. This process applies to the case where the flow rate of a well is insufficient; because
of the low natural permeability of the rock (a few tens of millidarcys for oil deposits, even less for
gas deposits), or because of clogging which is difficult to remove with acidification, in order to have
a sufficient conductivity contrast between the fracture and the formation. Hydraulic fracturing is
intended to remedy the damage to the well, and even improve the normal agreement of the well with
the reservoir, in order to increase the permeability and therefore its productivity.

Hydraulic fracturing means the process of creating conductivity in a rock, from a well, by
injecting fluid carrying a propane at sufficiently high pressures. Most often it is said that the hydraulic
fracturing of a reservoir results in the opening of an existing fracture (case of a naturally cracked
reservoir) and very rarely in the initiation of a new fracture (compact reservoir). Hydraulic fracturing
treatment is generally applied in reservoirs with low original permeability or in heavily damaged

formations, where production always remains low.
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Fracturing is only suitable for sufficiently consolidated formations (sandstone, limestone) as
opposed to plastic formations (clay, poorly consolidated sand). Moreover, it is strongly discouraged
when it risks encouraging the arrival of an undesirable fluid more or less close (presence of an
interface). [In the favorable case, productivity or injectivity gains can be expected].[15]

Therefore the treatment by hydraulic fracturing is for the purpose of decreasing the value of
skin helps to increase the value of the IP of a well where the treatment of the damage due to the skin
is the key to the optimization of the productivity index.

The presence of fractures considerably improves the IP of a well in fact hydrocarbons flow very
easily in the fractures: the permeability can vary from 1 mD in the rocks up to 10000 mD in the
fractures, it is elsewhere for this reason techniques have been developed to form artificial fractures

around a producing well

Figure I11. 2 Principle of hydraulic fracturing.

111.2.2. Example B Acidizing:
Acidizing is a technique used to extend the useful life of an oil and gas well. The process of
acidizing involves pumping acid into the well in order to dissolve the rocks that line the contours of

the well.
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Acidizing increases production rates by creating channels into the rock through which the oil
and gas can flow into the reservoir. An additional benefit of acidizing a well is that it can help
dissolve any loose debris found in the well. It is a technique aimed at improving the productivity of
oil and gas producing wells. In matrix stimulation, acids are injected at injection pressures lower
than the rock's fracturing limit pressure, to avoid passing the damage into the formation. It is
especially effective when the natural permeability of the rock is good. Formations with degraded
permeability are candidates for restoration by acidizing .

Acidizing may be more useful than hydraulic fracturing in some situations. Hydraulic
fracturing—also called fracking— is a process that creates channels in underground rock formations
by injecting a mixture of water and fracking chemicals into the well at very high pressures. Unlike
hydraulic fracturing, acidizing does not require the same high-pressure injections. Rather, acidizing
relies on the acid substance to dissolve any permeable sediments in the well. In regions where
underground shale deposits are not uniformly arranged—for example in regions with
substantial tectonic activity, acidizing may prove to be more effective at unlocking oil deposits than
hydraulic fracturing. However, in some cases, both methods are used in tandem. This process is
known as acid fracking. The types and concentrations of acids used in the acidizing process are often
not disclosed by the companies that manufacture them, although hydrochloric and hydrofluoric acids
have been known to be used. Because of this ambiguity, it can be difficult to accurately assess the

safety and environmental risks associated with this practice.[15]
111.2.2. Out Flow:

The optimization of the out-flow performance can be executed by flowing technical elements:

111.2.2.1. Completion configuration:

The objective of this part is to determine the effect of well completion types and other reservoir/
well parameters on the productivity index of a well.

The productivity of a petroleum well depends on the length of the section embedded in the
reservoir and the perforation percentage of the section.

In the presence of one phase flow, it is assumed that the production in a well is directly
proportional to the pressure difference between the reservoir and the wellbore.

The constant of proportional is the productivity index, ‘j” or 'PI' defined as Q / Ap, where *Q’
is the flow rate and Ap is the pressure.

A lot of factors affect pressure in the reservoir and wellbore, thereby affecting the productivity
index of the well. These factors include reservoir drainage area, pay zone thickness, anisotropykv/ kn,
well length, fluid viscosity etc.

Another factor that greatly affects pressure drawdown is the well completion method. In this case, we
can have pressure loss due to perforation (AP perf), pressure loss due to partial penetration (APp),

pressure loss due to gravel pack environment (AP gp) i.e. if gravel packing is done. During drilling,

36


https://www.investopedia.com/terms/h/hydraulic-fracturing.asp

Chapter 111 Optimization of the productivity index

permeability can be damaged around the wellbore region and so pressure loss due to damage can also
occur.

Productivity index is a valuable methodology for predicting the future performance of well so
the correct choice of well completion mode plays a critical role in well design, and more importantly,
the performance of the well in its entire life.

The major objective is to provide some guidance in the design of completion configuration by
a series of simulation with different completions under different flow and reservoir environments.
The reservoir outflow and inflow and the wellbore hydraulics under complex completion environment
will be fully coupled in the study. The most popular completion options, including open hole, slotted
liner, inflow control devices (ICD), intelligent well completions (DIACS), perforated cemented liner,
wire wrapped screen, ECPs, gravel pack, and frac pack, will first be briefly introduced and reviewed.

The performance of the completions will be explored and compared for different wells under
different flow conditions, including fluid type, well type, well rate, pressure drawdown, and reservoir
geology.

Well performance will then be studied in details by evaluating the total well production,
annular flow and flow inside the liner/tubing, pressure profiles along the annulus and along the liner,
inflow from reservoir to annulus and fluid transfer between annulus and liner, and so on. Impacts of
key parameters like skin factor, wellbore length, well completion configuration, and pressure
drawdown, will be investigated. [16]
111.2.2.2. Types of completion:

Completions can be divided into three categories:

e open hole completions,
e liner completions,
e Perforated casing completions.

In most wells, conventional single perforated casing completions are used; however, multiple,
alternate, or slim hole completions may be used under certain conditions. The choice of completion
type should be closely coordinated with the development of the reservoir management plan. For
example, the size, weight, and grade of the tubular goods will be determined based upon the ultimate

use of a wellbore. An injection well may require stronger casing than a production well.

open hole completions

e liner completions

e Perforated casing completions
e Single completion

e multiple completions

e Alternate completions

e Slim hole completion
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Several types of liner completions are commonly employed in well completions. These
include
o Slotted liner
e Screen and liner

e Cemented liner

(b)

-I—-Ca,sing—h

Liner

l (@) Praduction
i
{
|

Figure 111. 3 Wellbore diagram of (a) an open hole completion and (b) a slotted liner
completion.

(a) (b)
Production
Casing —™

Figure I11. 4 Wellbore diagram of (a) a screen and liner completion and (b) a cement liner
completion.
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Figure I11. 5 Simple completion.
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Figure I11. 6 Alternate completions.

111.2.2.3. Effect of Well Completion’s type on Productivity Index:
When a well undergoes completion, three types of skin occurs

e Skin due to perforation, Sp

e Skin due to penetration, Sa

e Skin due to crush zone permeability, Sc
Considering the case of skin due to penetration, some wells are fully penetrated along the interval of
interest. In this case, Sa tend to zero (0); other wells are partially penetrated along the interval of
interest, this results in pseudo skin due to partial completion. This kind of completion restricts fluid
entry into the wellbore. The analyses on effect of completion on productivity will only be considered

for a partially completed well.
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111.2.2.4. Result and analysis:
Completion Effects on Productivity Index (Partially Completed Wells) In this case, only
partially well completion was considered and the effect of partially penetration which results in skin

productivity index.[18]

Table 111- 1 Variation of productivity index with penetration ratio and pseudo skin for partially
completed well (Brons and Marting correlation).

b CASEA Jh (STB/day-psi)
SP Pl
0.2 16.254 0.675
0.4 6.635 1.137
0.6 2.878 1.552
0.8 0.992 1.899
CASEB
0.2 13.848 0.7513
04 5.5956 1.2276
0.6 2.4157 1.6245
0.8 0.8185 1.9394
CASEC
0.2 6.977 1.1098
0.4 3.1803 1.5073
0.6 1.3423 1.8235
0.8 0.4160 2.0391

—— CASE A
—l— CASEB
-CASEC

(STB/day-psi)

PRODUCTIVITY INDEX

0.2 0.4 0.6 0.8

PEMETRATION RATIO (b')

Figure 111. 7 A plot of PI variation with penetration ratio for three different well completion

configurations.
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\ —p— CASE A

-~ CASEB

1
\ CASE C

Figure 111. 8 A plot of PI variation with pseudo-skin for three different well completion
configurations Discuss of results obtained from plots and previous table.

111.2.2.5. Effect of Pseudo-Skin Due To Partial Penetration on Productivity

Index:

Generally, the larger the skin, the lower the productivity index (PI) of a well. This effect is however
more pronounced for the vertical well. This is due to the multiplier h/L on the horizontal well skin.

H is the pay zone thickness and L is the lateral length of the horizontal well. As L increases, the effect
of skin on horizontal well productivity index reduces appreciably as shown in fig 111-8 (effect of pseudo-skin
on Pl ratio).

111.2.2.6. Effect of Penetration Ratio on Productivity Index:

e Productivity index increases with increasing penetration ratio. The analysis done for the three (3) well
configuration shows that the case C i.e., the well with N interval opens to production, and it is the
best configuration for any partial well completion.

e The no opened interval on the liner allows for less pressure drop and allows for easy fluid entry into
the wellbore. In doing so, the problems associated with skin will be reduced. In some cases, there are
cases of no skin, hence no damage around the wellbore.

111.2.2.7. Resume of discussion:

e The factors which affect pressure drop between reservoir and the wellbore such as well length,
permeability, reservoir thickness, drainage area, fluid viscosity and perforation percentage are
also factors affecting productivity index.

e Productivity does not only depend on the well length, but also on the type of completion used
and the efficiency of the completion of work done

e Productivity index is affected by skin, those caused by completion include:

(a) Pseudo skin due to perforation
(b) Pseudo skin due to partial penetration

(c) Skin factor due to reduced crushed — zone permeability

41



Chapter 111 Optimization of the productivity index

(d) Rate — dependent skin factor due to near wellbore turbulence
e For the three partial well completion configuration method as proposed by Brons and Marting,
the third configuration i.e. wells with N intervals open to production is the most acceptable
completion method.

111.2.2.8. Conclusion:

Partial completion is the completion of or flow from less than the entire producing interval.
This situation causes a near-well flow constriction that result in a positive skin effect in a well-test
analysis.

111.3. Applications of interference tests to optimize a well’s PI:

The interference testing as all Well testing types, it is a subdivision of reservoir and production
engineering, which is usually considered as a significant step toward qualitatively and quantitatively
characterization of hydrocarbon reservoirs. The identification of well test interpretation models and
estimation of reservoir parameters are two important parts of a well test analysis process.

The information provided by an interference well test is also important for estimating the
reservoir productive capacity and average pressure. The analysis of reservoir performance and
predicting its future production is based on having appropriate information about the reservoir
properties and circumstances. Generally, oil and gas well test analyses are performed to achieve
several objectives:

e characterizing the reservoir and evaluating the well condition,

e predicting the skin factor (a measure of formation damage),

e describing the reservoir through the calculation of reservoir parameters,
Therefore, the elementary application of interference test is for the objective of:

e Determining the productive zones of a drilled well.

The interference test as part of well testing can reveal a great deal about well performance and

reservoir behaviour. During the flowing period essential parameters are recorded:

= QOil flow rate.

= Gas flow rate.

= Gas oil ratio.

= \Water cut.

= Flowing pressure (surface).

= Flowing pressure (down-hole).
= Flowing temperature (surface and down-hole).
= Solids production.

A properly designed and conducted test provides valuable information about:
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e Formation permeability.

e Reservoir pressure.

¢ Reservoir boundaries.

¢ Reservoir layering and zonal contributions heterogeneity.

e Near wellbore damage (skin).

¢ Well productivity index and absolute open flow potential.

In interference well testing the pressure variation with time recorded in observation wells resulting
from changes in rates in production or injection wells. In commercially viable reservoirs, it usually
takes considerable time for production at one well to measurably affect the pressure at an adjacent
well. Consequently, interference testing has been uncommon because of the cost and the difficulty in
maintaining fixed flow rates over an extended time period. With the increasing number of permanent
gauge installations, interference testing may become more common than in the past.

I11.4. When the test is applicable?

Interference is applicable whenever one needs to know whether two or more wells in a
formation are in pressure communication. It is also used in improved recovery processes (water, gas,
or other fluid injection projects) in which knowledge of directional permeability differences and
reservoir description generally are critical to the success of the project.

This test work best in formations that have higher permeability’s, closer spacing, and single-
phase flow. In gas reservoirs, high formation pressure is more desirable than low pressure in achieving

a successful test. [18]
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IV.1. DST Interpretation:[19]

IV.1.1. Introduction:
The signs of the interference can be detected from the exploration phase through a good

interpretation of the DST test which can suspect or even confirm the non-heterogeneity of the
reservoir which can be a direct cause of the interference (existence of a major fault). As so the flowing
example.

IV.1.2. Information obtained from Well Testing:

IV.1.2.1. Reservoir description:
e Reservoir responses.
e Reservoir in dynamic condition (flow lines are established).
e Large volume investigated (averaging).
e Results.
e Permeability (horizontal k and vertical kv).
e Reservoir heterogeneities.
e Natural fractures.
e Layering.
e Change of characteristics.
e Pressure (initial pi and average p).
e Boundaries (distance and Shape).
IV.1.2.2. Well description:
*Results.
*Production potential.
sproductivity index PL
eskin factor S.

*Well geometry.
IV.1.3. Principle:

The basic principle of well testing is to create a perturbation in the state of the reservoir fluids
this perturbation is caused by opening or closing the well or by changing the rate. The fluids, initially
at a steady state, go to a transient state (A) during flow, then to a new transient state (B) during build
up, before reaching the final steady state.

Continuous and precise recording of pressure and flow rate variations are made during the transient
periods A and B. The parameters which control the reservoirs performance are evaluated, using

Darcy's law and the diffusivity equation which relate the change of pressure to:

45



Chapter 1V experimental section

* The well conditions.

* The type of reservoir.

* The external boundaries.

IV.1.4. Test Design:

All available data on this well, open-hole DST, RFT* (Repeat Formation Tester) logs and core
analysis were input to the test design module of the ZODIAC* (Zoned Dynamic Interpretation
Analysis and Computation) program. This was done to help in selecting test intervals, the type of test
to attempt, and the choice of test program and equipment to use, as well as to ensure that the objectives

could be met within acceptable costs (Figure 1V.1).

0O 1 O
T ==
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Figure 1V. 1 The basis of well testing is to create a perturbation in the physical state of
reservoir fluids.
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Figure 1V. 2 Test design in cased hole well.

The data entry into ATLANTIS* (interactive workstation) where ZODIAC was installed made
access simple. In this case the program picked the test intervals from the open-hole logs and
determined the average permeability to use in the model design from core data. The response of the
well and reservoir during the test could be predicted from the open-hole DST.

The test design module outputs sensitivity plots of time and pressure as a function of the reservoir
parameters to be tested.

For example, the sensitivity plot for radial flow shows the time required to reach the start of the
IARF (Infinite Acting Radial Flow) as a function of reservoir permeability. In this well, using the
average core permeability of 273 md, the plot indicated that radial flow started approximately 0.04
hours (2.4 minutes) after the start of the transient.

The reservoir model from the results of the open-hole test indicated the presence of at least one
fault. One of the objectives of the cased hole DST was to find the distance between the well and the
fault(s) and determine the fault type. For a permeability of 273 md, the sensitivity plot 'flow regime

identification' shows the effect of the presence of fault(s) on the pressure response for distances
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varying from 100m to 1000 m. At a distance of 100 m, the effect on the derivative starts 0.4 hours
(24 minutes) after the beginning of the shut in. The effect of a fault at 200 m is seen after 2 hours.
Selecting a fixed distance of 200m for the fault allows us to examine pressure behavior for a range of

different permeability’s.

(e B
o

ro

Figure 1V. 3 Before drilling (of well HCN-1) this area was believed to have a single major
fault west of the well drilled to explore the Triassic reservoir.

IV.1.4.1. Interpretation:
The diagnostic plot (Figure 1V.4b) of the pressure behavior during the last build-up identifies:
s Atearly time:
e A very small wellbore storage effect which dissipates rapidly after shut-in (30 seconds),
thus validating the choice of a down-hole
e Shut-in valve; at intermediate time:
e Aradial flow regime (IARF) represented by a plateau in the derivative between 0.02 hr.
(1.2 min.) and 0.08 hr. (4.8 min.);
% At late time:
An indication of a fault system defining the reservoir limits, showing on the derivative by two
ascending plateau, the effect of fault 1 (the fault nearest to the well) starting at 0.2 hr.(12 min.) and
that of fault 2, (which is further away) starting at 3 hr.
The specialized analysis for the radial flow period, (Horner plot - see Figure 1V.4c) gives the
following reservoir and well parameters:
* Skin S=0.9.
* Transmissivity kh = 1300 md-m. | *Permeability k = 330 md.
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Figure 1V. 4 The diagnostic pressure plot (b) identifies a low wellbore storage (early time),

radial flow regime (intermediate time), a system of faults defining the reservoir limits (late

time). The specialized analysis of the radial flow (Horner plot) (c) evaluates the well and.

reservoir parameters

These results were used in a non-linear analysis for construction of a reservoir model in an

effort to optimize the match for the entire transient period.

The response of the pressure and its derivative show that there is more than one fault affecting

the behavior of the system. The shape of the curve is typical of a well which is located between two

intersecting sealing faults. Non-linear analysis is used to quantify the relationships of angle between

faults and the distance from the well to the point of intersection. This technique gave a perfect fit of

the pressure and its derivative for a model of the reservoir limited by two sealing faults intersecting

at a distance of 185m with an angle of 88° between them (Figure 1V.5a).

The Horner verification plot (Figure 1V.5b), confirmed the correlation between the model and

the measured data. The type curve is presented along with the data on a semi-log scale. DP is plotted
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on a linear scale for greater sensitivity in confirming the initial reservoir pressure. Here also the match

is excellent. The surface flow rate measurements were used throughout the entire test to construct the

theoretical pressure history. This also compares very well with the measurement (Figure 1V.5¢c).
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Figure 1V. 5 The pressure and pressure derivative data show a reservoir limited by two

sealing.

Faults (a). The Horner verification plot (b) confirms the correlation between model and

measured data. There is a close match between theoretical and measured pressure histories

1VV.1.4.2. Discussion:

The results of this interpretation confirm the existence of the faults seen on the open-hole DST,

adding more information on their nature and position in relation to the wells (Figure 1V.6).

However, it is difficult to confirm these results with surface seismic which only identified the

major faults in the area. No faults were found in the zone around the well, because the seismic

resolution is not good enough to detect localized faulting, especially if the faults in question are

characterized by small throws.
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HCN-1

Figure IV. 6 The two faults intercept at 185m from the well at an angle of 88°.
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Figure 1V. 7 Seismic (VSP Walkaway) results confirm the model derived from the well test
interpretation.
To confirm the test analysis, a walkaway VSP survey was run on HCN-1 with two lines - line
1 which was oriented N-S and line 2, E-W. The results of the seismic interpretation (Figure 1V.7)
confirm the model derived from the DST interpretation, as follows:
* On line 1, a fault can be observed approximately 250m south of the well (fault 1);

* On line 2, a fault is observed approximately 50 m west of the well (fault 2).
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These are the two faults (confirmed by their occurrence at comparable distances from the well)
which were identified as barriers during the well test. The fault which is situated on line 2, 150m east
of the well, appears to be permeable, since it was not detected by the well test.

The fault located 1000m to the east of the well is the major fault which had already been
detected by surface seismic. It did not appear in the well test results because it is located outside the
range of investigation.

A definitive model for the Triassic reservoir in the area was finalized by combining all of these data
IV.2. Interference test Interpretation:[20]
IV.2.1. Introduction:

With the extensive exploitation of shale gas fields such as Changning-Weiyuan, Zhaotong and
Jiaoshiba, the engineering technologies represented by factory-like drilling and volume fracturing
have been widely used in recent years. For purpose of optimal development, it is necessary to clarify
the production performance characteristics of wells/blocks. The factors affecting the production
performance are mainly divided into uncontrollable factors (e.g. porosity, water saturation, initial
pressure, permeability and natural fracture distribution) and controllable factors (e.g. well spacing,
completion pattern, and working system). The controllable factors can be optimized to enhance the
well deliverability. As the most critical one, horizontal well spacing directly affects shale gas recovery
factor, estimated ultimate recovery (EUR) and economic benefits, and can only be adjustable in a
limited extent once the drilling is finished. Therefore, preliminary verification of well spacing is very
important. As demonstrated by practical development of unconventional gas wells, when interference
exits between wells, the ultimate cumulative gas production of a single well declines with the
reduction of well spacing, but the inter-well reserves can be effectively produced. Overall, the
recovery of the gas reservoir is enhanced, and the investment also increases. It is thus believed that
shale gas development corresponds an optimal well spacing/number of wells.

IV.2.2. Overview of the study area:

In the Ning 201 well block in the Changning National Shale Gas Demonstration Area, southern
Sichuan Basin, the shale gas reservoir from Wufeng Formation (Osw) to Longmaxi Formation (Sil)
is buried in a depth of 2500-3300 m. The structure is relatively gentle. The high-quality layers include
the first member of Wufeng Formation (Oswi) and the S1l11-S1l1* of Longmaxi Formation, which are
mainly composed of deep-water shelf sub-facies, with an effective thickness of about 35 m. Within
the block, the gas reservoir is relatively stable, with a total gas content of 4-8 m3/t, and the reserve
abundance of about (500-600) *10® m3/km?, varying from layer to layer. Horizontal well is targeted
to the Saili! and S1l? layers, which are totally 8-10 m thick and contain a high content of organic
matters. Due to tight matrix and presence of micro pores, as well as faults and natural fractures locally,

the two layers can only be effectively developed by way of horizontal well p volume fracturing. The
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landform is dominated by mountains with crisscross ravines, which expose great challenges to the
construction of well sites and pipelines and fracturing treatment. For purpose of economic
development, it is essential to adopt the pad-based horizontal well placement, factory-like drilling
and fracturing, and extensive and continuous operations. As of the end of 2020, a total of 29 pads had
been deployed in the Ning 201 well block, and 136 horizontal wells were drilled and fractured. At
the 13 pads deployed before 2017, the development well spacing ranges from 400 m to 500 m. As
more field test data (e.g. interference test, and micro-seismic monitoring) and production performance
data become available, the relationship between effective fracture length and micro-seismically
monitored fracture length is obtained. Through analogy and considering the factors such as horizontal
stress in two directions and development degree of natural fractures, the well spacing has been
reduced from 400 to 500 m before 2017 to 300-400 m currently. The production performance
evaluation results show that the well spacing can be further optimized after verification from multiple
perspectives.
I1VV.2.3. Interference pattern:

Inter-well interference is a key indicator for well spacing optimization. It is defined differently
in each development stage. For example, in the fracturing stage, inter-well interference refers to the
fracturing interference caused by fracture breakthrough (or fracturing breakthrough) between wells.
The concept of fracture breakthrough was originated in the infilling test of shale gas wells in the
United States. During the test, new well fracturing made the inter-well stress shadow increase to form
stress vortex, and thus the fractures between old wells and new wells were connected, causing a
sudden increase in pressure and water content in old wells. In addition to geological factors and rock
mechanical properties, well spacing and fracturing scale are important controllable factors that affect
fracture breakthrough. As the sanding intensity and well spacing increase, the fracture length (the
area in contact with the formation) also increases. shows the fracture connection between wells spaced
differently under same fracturing scale in the Marcellus shale gas field. When the well spacing is 528
m, no effective fracture breakthrough is formed between the two wells. When the well spacing is
reduced to 301 m, significant fracture breakthrough occurs. The probability or degree of inter-well
fracture breakthrough is apparently higher under the condition of small well spacing. The optimal
well spacing is 301-528 m. According to the connecting media between wells, the interference
patterns can be further divided into two types: interference connected by induced fractures and
interference connected by matrix or natural micro fractures. In case of matrix-connected, only a very
low tracer content or a weak pressure response is obtained from the observation well, suggesting that
there are no connected fractures. Numerous practices have shown that a production interference
caused by fracture breakthrough to different degree is highly probable between wells during shale gas

development. It needs to be emphasized that the strong inter-well connection corresponding to the
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fracturing breakthrough cannot survive in the lifecycle of the gas wells, so the corresponding well
spacing when significant fracturing breakthrough occurs can be used as the upper limit of the optimal
well spacing. In the fracturing process, the migration distance of the fracturing fluid is much greater
than that of the proppant, so the breakthrough-induced fractures are mostly formed by the filling of
fracturing fluid, not the effective filling of proppant. The breakthrough-induced fractures mean that
all the inter-well areas can be swept by volume stimulation. In the production (flow back) process,
however, the breakthrough-induced fractures gradually close and will never be connected, so they
cannot cause significant production interference. Interference in this paper mainly refers to the
pressure disturbance in the production process, which is divided into two types: fracture-connected
and matrix-connected, as shown in (figure 1V.8).The fracture-connected production interference is
relatively strong the response signal can be received in a few seconds to a few minutes, depending on
the degree of fracturing breakthrough. The matrix-connected production interference can be acquired
in a few or even decades of years. The response characteristics of these two types of interference are

quantitatively analyzed using the mathematical model.

Ry * 3 S, g T
S e =N A
;‘"“ b ""..1

(a) Matrix-connected
Induced Natural . Horizontal
fracture “ microfracture |:|Matr = wellbore

Figure IV. 8 Inter-well interference pattern (modified from Ref).

IVV.2.4. Interference model:
A rational method is established to quantitatively evaluate how the fracturing breakthrough and

degree of fracturing breakthrough affect the production performance. When multiple wells are
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simultaneously opened/closed in the same flow system, the resulting pressure disturbance propagates
in the medium. When the pressure disturbances interfere with each other, the change in the working
system of a well will affect the bottom hole pressure or production of adjacent wells; as a result, the
formation energy is redistributed among wells. The propagation law of pressure wave in the formation
is usually evaluated by the detection radius. It is necessary to establish a pressure interference model
for quantitative research. (Figure 1V.9) shows a double-well interference model with breakthrough-
induced fractures. As shown in (figure 1V.9) a, assuming that Well 1 is shut in for a long enough
time, its pressure equals to the initial pressure, and Well 2 maintains producing under a normal
pressure. By simulating the bottom hole pressure corresponding to Well 1 and Well 2, the degree of

interference between the two wells is quantitatively characterized.

Figure IV. 9 Fracture connection at different well spacing (fracture thermal imaging).

This model uses two basic theories. Theory 1 is the linear flow equation: according to the
linear flow equation, the correlation between the production-corrected pseudo-pressure

difference and time can be obtained, as follows:

m(p;) —m(p,)  0.196B, 1.23p,t
qe(r) vksrvneLeh

Pspy Cei

where, m( p) is the gas pseudo-pressure function; Lf is the fracture half-length, m; pi is the
original formation pressure, MPa; pw is the bottom hole pressure, MPa; gsc is the production
rate of the gas well under standard conditions, 104 m3/d; Bgi is the gas volume factor under
the original formation pressure; kSRV is the average permeability of the formation in the
volume fractured zone, 10_3 mm2; nf is the number of fractures; h is the thickness of the
formation, m; 4SRV is the average porosity of the formation in the volume fractured zone, %);
mgi is the gas viscosity at the original formation pressure, mPaS$s; cgi is the gas compressibility
factor at the original formation pressure, MPa_1; tis the time, d. Taking the relevant parameters

in Equation below as the slope symbol mCR, the linear flow equation can be simplified as:
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APy — PhPw) U}i;;:? Pw) =mcr V't
Theory 2 is the material conservation equation: for Well 1 (shut-in), the amount of material
flowing from formation to Well 1 % the amount of material flowing from Well 1 to Well 2; for
Well 2, the produced amount from wellbore % the amount flowing from formation to the
fractures of this well p the amount flowing from Well 1 to Well 2. The linear flow equations for
Well 1 and Well 2 are as follows:

”i(P’i) —m( Pt }
\Pur, =mer1 V1
Gecr (1)

m(p;) —m(puca)
— = Mg v/;
B2l e————— (IV.3)

According to the material conservation equation, there is:
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Figure 1V. 10 Inter-well interference model with breakthrough-induced fractures.(a)
Schematic diagram of physical model; (b) Conceptual model of equivalent calculation.
IV.2.4.1. Inter-well interference diagnosis and analysis:
Short-term production interference does not mean a decrease in EUR, and EUR can well
represent the benefits of inter-well interference. Based on the simulation results of inter-well
interference, inter-well interference and interference degree are diagnosed with actual

dynamic data. When adjacent wells are shut in or opened, the dynamic (production, pressure)
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responses of the target well can be analyzed to intuitively judge whether there is inter-well
interference. Moreover, in order to quantitatively characterize the impact of inter-well
interference on production performance, the production decline, dynamic analysis and

productivity evaluation techniques are used for evaluation.
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Figure IV. 11 Interference time under different connection patterns. (a) Fracture-connected;

(b) Matrix-connected.

IV.2.4.2. Production performance analysis:

To analyze inter-well interference through production performance, a relatively intuitive
approach is to analyze the changes in production performance of a well before and after
interference between it and adjacent wells. After the interference occurs, the well productivity
deteriorates, in other words, a slight increase in pressure at wellhead will cause a great decline

in production. With the data of X-1, the inter well pressure interference is calibrated by using
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the productivity index method and production decline analysis. The productivity index PI is

defined as follows:
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Figure 1V. 12 Inter-well interference test on the X pad.

1VV.2.5. Conclusion:

Design and optimization of well spacing is a key indicator for evaluating the development effect
of shale gas reservoirs. On the basis of theoretical understanding, and after the verification by
analogy, numerical simulation, and economic evaluation, a complete workflow from inter well
interference simulation and dynamic data diagnosis to multi-well production simulation and well
spacing optimization was formed. First, a pressure detection boundary propagation model is
established to simulate the response degree of inter-well interference under different connected
conditions. Second, inter-well interference is identified and diagnosed depending on the inter-well
interference response behaviors and the interpretation of performance data from gas wells. Third,

taking the geological interpretation and dynamic analysis results as basic parameters, a multi-well
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numerical model for volume fracturing in gas reservoirs is established to simulate the production
performance of gas field, and then well spacing is optimized in combination with the net present value
model. The application in the Ning 201 well block in the Changning National Shale Gas
Demonstration Area has shown that a smaller well spacing can allow a premature inter-well
interference and also the enhancement of recovery in the entire block. Given the current fracturing
scale and parameter system, the well spacing of 300-400 m can be optimized to 260-320 m, that is,
the number of wells per unit area increases by 20%-30%. As a result, the recovery percent of reserves
in the block increase by about 10%. The net present value of the block rises, but the corresponding
optimal well spacing does not change, with the production period

IV.3. Production interference test interpretation:
IV.3.1. The test principle:

In this well test, a recording of the production parameters, is produced with a Vx40 Phase
Tester which is installed on the production line for the MDZ=615 well in Hassi Messaoud field as
shows the following Fig=XXX
The test is alternated by a closure of candidate interference well inside the block, for duration of one
hour; from 08:00 to 09:00 (25 minutes of well storage + 35 minutes responding time).

PhaseTesier Vx 40 mun {s$/n: 90075)
Fe— T Soev— DPFMD - Schiumberger
CThamp S Haszsi Mezcaoud
Puizs e MDZ-515
Dats = 3L vrvai- 22

N” de rapport: Feld Repost

Schema du montage du Ux

Pression Tete de
puit

Pression Vx
Temperature Vx
Pression Ligne DPV Vx
De Production

Vers
Torche

Unite Vx Avec Bypass

Vers _J
CPF

Figure 1V- 13 Test design.
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Table 1VV-1 The test sequences.

PhaseTester Vi 40 mm (s/n: 90075)

Client » Sonatrach-DP HMD
Champ :  Hassi Messaoud
Puits : MDZI-615

Date : 3-mai-22

Schlumberger

N® de rappart: Field Report

Date & Time
jl-mmm-aa | hhamm
31-mai-22 | 05:05 |Amivée del'équipe Schlumberger Testing sur le site du puits MDZ-515.

Phase Tester Séquence des événements

31-mai-22 | 05:10 |Reunion de sécurite (Barrigres, PPE, SIPP, feu, pression, source radioactive, direction du vent).

31-mai-22 | 0515 [Verification desvannes de |3 tete de puits : vanne maitresse Quverte vanne hydrauligue Quverte.

31-mai-22 | 05:20 [Début de montage des équipements de surface.

31-mai-22 | 05:50 |Fin de montage des équipements de surface.

31-mai-22 | 05:55 |Débuttesten pression a 14.8 barg.

31-mai-22 | 0B:05 |Testen pression positif.

31-mai-22 | 0B-10 |Pression en téte 34.7 barg, Pression de ligne = 14.8 barg avant passage sur Vx 40 mm,

31-mai-22 | 06:15 |Passage duflow sur Vx40 mm.

31-mai-22 | 06:25 |Pression en téte 34.3 barg, Pression de ligne = 15.1 barg aprés passage sur Vi 40 mm.

31-mai-22 | 06:30 |Debut ducomptage des débits volumetriques par le Vi

Gaz 5G: 0,610, Densité Huile: 0.810 gfcc @ 26.9 DegC, Viscosité: 16 cP @ 26.9 Degt, BSW = 15 % eau.
Densité d'Eau 1.030/cc @ 27.3 Degl.

Gaz 5G: 0.810, Densité Huile: 0.208 g/cc @ 27.6 DegC, Viscosite: 16 cP @ 27.6 DegC, BSW = 10 % eau.
Densité d'Fau 1.030z/cc @ 285 Degl.

Gaz 5G: 0.812, Densité Huile: 0.308 g/cc @ 28.2 DegC, Viscosite: 1.6 cP @ 28.2 Degl, BSW =20 % eau.
Densité d'Eau 1.028 gfcc @ 29.2 Degl.

Gaz 5G: 0.812, Densité Huile: 0,306 gfcc @ 30.5 DegC, Viscosité: 1.5 cP @ 305 Degl, BSW =10 % eau.
Densité d'Eau 1.028 g/cc @ 30.6 DegC.

Gaz 5G: 0.814, Densite Huile: 0,306 g/cc @ 29.7 DegC, Viscosite: 15 cP @ 29.7 Degl, BSW = 20 % eau.
Densite d'Eau 1.026 g/cc @ 318 DegC.

Gaz 5G: 0.814, Densité Huile: 0.304 g/cc @ 31.3 DegC, Viscosité: 15 cP @ 313 Degl, BSW =15 % eau.
Densité d'Eau 1.024 g/cc @ 33.4 DegC.

Gaz 5G: 0,615, Densité Huile: 0.304 gfcc @ 32.1 DegC, Viscosité: 1.5 cP @ 32.1 DegC, BSW = 25 % eau.
Densité d'Eau 1.026 g/cc @ 32.7 Degl.

Gaz 5G: 0.816, Densité Huile: 0.802 g/cc @ 33.4 DegC, Viscosite: 1.4 cP @ 334 DegC, BSW =20 % eau.
Densité d'Fau 1.024 z/cc @ 33.9 Degl.

Gaz 5G: 0.818, Densité Huile: 0.302 g/cc @ 34.8 DegC, Viscosite: 1.4 cP @ 34.8 Degl, BSW =25 % eau.
Densité d'Eau 1.022 gfcc @ 35.1 Degl.

31-mai-22 | 10:30 |Fin du comptage des debits volumétrigues par le Vx.

31-mai-22 | 10:45 |Début de la référence Water InSitu [Densité d'ezu 1.022 gjcc @ 35.7 degC).

31-mai-22 | 11:15 (Fin de 2 référence d'eau.

31-mai-22 | 11-30 |Début de la réfeérence Oil InSitu (Densite d'huile 0.802 g/cc @ 35.2 degC, Viscosite 1.3 cp @ 35.2 degC).
31-mai-22 | 12:00 |Fin de |2 référence d'huile.

31-mai-22 | 0630

31-mai-22 | 07-00

31-mai-22 | 07:30

3-mai-22 | 0800

31-mai-22 | 0830

31-mai-22 | 05:00

31-mai-22 | 09:30

31-mai-22 | 10-00

31-mai-22 | 10:30

31-mai-22 | 12:15 |Début de la référence Empty Fipe.

31-mai-22 | 14:15 |Fin de |2 référence Empty Pipe.

31-mai-22 | 14:20 |Début démontage des équipements de surface.

31-mai-22 | 14:50 |Findémontage des équipements de surface.
31-mai-22 | 18:55 |Départ du site.

Bride plaine (vanne de jaugeage) 4" Existante Oui avec 2 boulons
Bride plaine (vanne de jaugeage) 4" Bastante Oui avec 2 boulons
Mombre de colliers
Représentants Sonatrach: Représentants Schlumberger:
M. Mr. Y. Attab

Mr. M. R. Maamar {Job Delivery Lead)
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Chapter 1V experimental section

1VV.3.2. Then results of test:
Table 1VV-2 The well test results.

PhaseTester Vx 40 mm (s/n: 90075)

Client - Senatrach-DP HMD schl“mh el.ge"

Champ : Hassi Messaoud

Puit : MDZ-615 )
N*® de rapport: Field Report
Date - 31-mai-22
Données Du Phase Tester Vx
Téte de puits tigne a?e Vi Huile Eau Gaz Gas Lift
Date & Heure production GWF GORT OFV
Duse | Pression | Temp Pression | Pression | Temp Debit | Cumule | Debit | Cumule Debit Cumule Debit | Pression

j-mmm-za | hh:mm | mm Barg Degl Barg Barg DegC sm3/h m3 sm3/h m3 sm3/h m3 % Sm3/sm3 | mbar m3/h Bar
31-mai-22 | 06:10 347 148
31-mai-22 | 06:30 Début du comptage des débits volumétriques par le Vx.

31-mai-22 | 06:30 | N/A | 34.9 N/A 15.1 14.8 34.6 | 5257 | 0.000 | 1.108 | 0.000 | 27410 0.0 96.3 517 306 1550 85
31-mai-22 | 06:35 | N/A | 34.7 N/A 15.0 14.7 349 | 4980 | 0415 | 1.190 | 0.099 | 2763.1 230.3 96.0 555 304
31-mai-22 | 06:40 | NfA | 34.6 N/A 151 14.8 351 | 4367 | 0779 | 1.529 | 0.227 | 27657 460.7 96.1 633 297
31-mai-22 | 06:45 | N/a | 34.7 N/A 151 14.8 354 | 5179 | 1210 | 1.231 | 0.329 | 26902 684.9 96.2 518 300
31-mai-22 | 06:50 | NfA | 34.7 N/A 152 149 357 | 5106 | 1636 | 1.270 | 0435 | 26942 9054 96.0 528 300
31-mai-22 | 06:55 | NfA | 34.8 N/A 151 14.8 359 | 5373 | 2.084 | 1.205 | 0535 | 26586 | 11310 | 961 455 302
31-mai-22 | 07:00 | N/A | 34.8 N/A 152 149 36.0 | 5990 | 2585 | 0.¥95 | 0602 | 26458 | 13515 | 959 442 302 1548 85
31-mai-22 | 07:05 | Nfa | 34.9 N/A 152 148 362 | 4767 | 2980 | 1487 | 0.726 | 27341 | 15793 | 964 573 304
31-mai-22 | 07:10 | NfA | 34.9 N/A 15.2 14.9 364 | 5474 | 3.436 | 0.985 | 0.808 | 2707.7 | 18050 | 96.2 495 303
31-mai-22 | 07:15 | NfA | 34.7 N/A 151 14.8 374 | 5853 | 3.907 | 1.002 | 0.891 | 2660.1 | 20266 | 96.1 471 304
31-mai-22 | 07:20 | N/a | 346 N/A 15.2 149 378 | 5037 | 4327 | 1126 | 0985 | 27168 | 22530 | 964 539 297
31-mai-22 | 07:25 | N/a | 35.0 N/A 15.2 149 372 | 5836 | 4813 | 1.027 | 1071 | 26508 | 24739 | 959 454 308
31-mai-22 | 07:30 | Nfa | 35.1 N/A 154 15.1 366 | 4955 | 5226 | 1.280 | 1178 | 28024 | 27075 | 964 566 309 1558 85
31-mai-22 | 07:35 | NfA | 35.2 N/A 154 15.1 364 | 4937 | 5638 | 1.343 | 1290 | 27621 | 29393 | 964 563 306
31-mai-22 | 07:40 | NfA | 35.2 N/A 156 15.3 363 | 5258 | 6.076 | 1.107 | 1.382 | 27745 | 31705 | 962 528 303
31-mai-22 | 07:45 | NfA | 35.3 N/A 15.7 15.3 364 | 5465 | 6531 | 1.0%4 | 1473 | 27588 | 34004 | 961 505 307
31-mai-22 | 07:50 | N/A | 35.9 N/A 15.7 15.4 365 | 5252 | 6969 | 1.291 | 1581 | 28479 | 36377 | 962 542 321
31-mai-22 | 07:55 | N/A | 36.0 N/A 156 152 364 | 5502 | 7428 | 1.036 | 1667 | 28790 | 38777 | 963 523 325
31-mai-22 | 08:00 | N/a | 35.0 N/A 155 15.2 362 | 5877 | 7917 | 0478 | 1707 | 28267 | 41132 | 963 481 307 1557 85
31-mai-22 | 08:05 | N/A | 33.7 N/A 15.1 14.9 36.3 | 5.213 | 8352 | 0.503 | 1.749 | 260975 | 43380 | 966 517 273
31-mai-22 | 08:10 | N/A | 34.4 N/A 15.2 14.9 37.1 | 4931 [ 8.763 | 1.805 | 1.899 | 2558.5 | 4551.2 | 959 519 298

SCTUL TR RE TP T v

PhaseTester Vx 40 mm (s/n: 90075)

Client - Senatrach-DP HMD schl"mh e"ua"

Champ : Hassi Messaoud

Puit : MDZ-615 !
N* de rapport: Field Report
Date - 31-mai-22
Données Du Phase Tester Vx
Téte de puits Ligne ‘!e W Huile Eau Gaz Gas Lift
Date & Heure production GVF GORT DPV
Duse | Pression | Temp Pression | Pression | Temp Debit | cumule | Debit | Cumule Debit cumule Debit | Pression
ji-mmm-za | hh:mm | mm Barg DegC Barg Barg DegC sm3/h m3 sm3/h m3 sm3/h m3 % sm3fsm3 | mbar m3/h Bar

31-mai-22 | 08:15 | NfA | 35.2 N/A 152 149 377 | 4710 9155 | 2.014 | 2067 | 26762 | 47742 | 961 568 315
31-mai-22 | 08:20 | N/A | 35.4 N/A 152 149 381 | 5006 | 9572 | 1671 | 2207 | 26861 | 49981 | 961 537 313
31-mai-22 | 08:25 | N/A | 35.4 N/A 153 15.0 383 | 5395 (10.022| 1.434 | 2.326 | 27039 | 52234 | 96.0 501 318
31-mai-22 | 08:30 | N/A | 355 N/A 15.2 14.9 384 | 5403 (10472 1.224 | 2428 | 2663.1 | 54453 | 961 493 305 1552 85
31-mai-22 | 08:35 | N/a | 35.4 N/A 153 15.0 388 | 5964 [ 109629| 1.184 | 2527 | 26618 | 56671 | 957 445 320
31-mai-22 | 08:40 | N/a | 36.1 N/A 153 15.0 390 | 5630 [11438| 1.336 | 2636 | 27157 | 58934 | 959 482 324
31-mai-22 | 08:45 | Nfa | 359 N/A 156 153 393 | 5698 (11513 1.011 | 2722 | 27601 | 61235 | 961 484 315
31-mai-22 | 08:50 | NfA | 355 N/A 15.7 15.4 397 | 5647 [12384| 1144 | 2816 | 26956 | 63484 | 959 478 307
31-mai-22 | 08:55 | N/A | 35.4 N/A 17.7 17.4 403 | 5555 [12847| 0920 | 2894 | 26373 | 6568.2 | 955 475 258
31-mai-22 | 09:00 | Nfa | 345 N/A 185 182 407 | 5556 | 13.310| 0.800 | 2961 | 25968 | 67846 | 953 467 241 1558 85
31-mai-22 | 09:05 | NfA | 35.1 N/A 18.3 18.1 41.1 | 5888 [13.800| 1.071 | 3.050 | 2543.8 | 6996.6 | 94.8 432 254
31-mai-22 | 09:10 | NfA | 35.3 N/A 17.6 17.4 414 | 5527 [14.261| 1563 | 3.180 | 2576.8 | 72113 | 95.0 466 275
31-mai-22 | 09:15 | N/A | 35.6 N/A 165 16.2 415 | 5709 [14736| 1508 | 3306 | 26256 | 74301 | 953 460 303
31-mai-22 | 09:20 | N/A | 35.7 N/A 154 15.1 413 | 5438 [15190| 1587 | 3438 | 26992 | 76550 | 959 496 326
31-mai-22 | 09:25 | Nfa | 35.0 N/A 149 14.6 410 | 5074 [15612| 1.264 | 3544 | 27256 | 78822 | 964 537 314
31-mai-22 | 09:30 | N/A | 35.6 N/A 149 14.6 412 | 5158 [16042| 1534 | 3672 | 26516 | 81031 | 961 514 316 1552 85
31-mai-22 | 09:35 | NfA | 35.9 N/A 15.0 14.6 413 | 5516 [ 16502| 1556 | 3.805 | 26713 | &3258 | 959 484 334
31-mai-22 | 09:40 | N/A | 36.1 N/A 151 14.7 415 | 5530 [ 165963| 1538 | 3933 | 27338 | 85536 | 960 454 338
31-mai-22 | 09:45 | N/A | 36.0 N/A 15.2 14.8 415 | 4870 [ 17.369| 1.480 | 4056 | 2839.0 | 8790.2 | 965 583 329
31-mai-22 | 09:50 | N/A | 36.3 N/A 153 14.9 416 | 5577 [17.833| 1.264 | 4.161 | 2755.0 | 9019.7 | 96.1 494 329
31-mai-22 | 09:55 | N/A | 36.0 N/A 15.2 14.9 41.7 | 5928 [ 18.327| 0.927 | 4.239 | 27368 | 92478 | 96.1 462 324
31-mai-22 | 10:00 | NfA | 35.6 N/A 15.2 149 419 | 5190 | 18.760| 1.305 | 4347 | 27852 | 94799 | 964 537 323 1558 85
31-mai-22 | 10:05 | N/A | 36.0 N/A 15.2 149 420 | 5120 [ 19.186| 1.409 | 4465 | 27629 | 97101 | 963 540 323

ST NEETEETSRT T
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Chapter 1V experimental section

PhaseTester Vx 40 mm (s/n: 80075)

Client - Senatrach-DP HMD snhl“mhel‘uel‘

Champ:  Hassi Messaoud

Puit MDZ-615 .
N* de rapport: Field Report
Diate - 31-mai-22
Données Du Phase Tester Vx
Téte de puits Ligna d_e Wi Huile Eau Gaz Gas Lift
Date & Heure production GVF GORT DFV
Duse | Pression | Temp Pression | Pression | Temp Debit | Cumule | Debit | Cumule Debit Cumule Debit | Pression
ji-mmm-za | hh:mm | mm Barg DegC Barg Barg DegC sm3/h m3 sm3/h m3 sm3/h m3 % sm3/5m3 | mbar m3/h Bar

31-mai-22 | 10:10 | Nfa | 35.4 MN/A 15.2 149 422 | 5.667 | 19.659| 1.029 | 4550 | 27277 | 99375 96.2 481 318
31-mai-22 | 10:15 | Nfa| 356 M/A 15.3 14.9 424 | 5874 | 20.148| 1.242 | 4654 | 26692 | 101599 | 958 454 326
31-mai-22 | 10:20 | Nfa| 35.2 M/A 15.2 14.9 425 5570 | 200612 1.235 | 4757 | 2707.0 | 103855 | 961 486 320
31-mai-22 | 10:25 | Nfa| 355 M/A 15.2 149 426 | 5485 (21069 1.248 | 4861 | 27040 | 1061058 | 961 4393 318
31-mai-22 | 10:30 | Nfa | 35.7 N/A 15.3 149 428 | 5223 | 21505 1603 | 4934 | 27147 (108370 | 961 520 327 1563 85
31-mai-22 | 10:30 Fin du comptage.

Valeur moyenne NA | 353 N/A 15.5 15.2 38.8 | 5375 | 21.505| 1.246 | 4.994 | 2709.9 | 10837.0 | 96.0 504 307.9 | 1555 B5

IV.3.3. The interpretation of test:

IV.3.3.1. Presentation of recording parameters:
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Figure IV- 14 GOR, Line and Head pressure, line Temperature.
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Téte du Puits Lpmeeele VK Huile Eau Gaz Gas Lift
a P oduction GORT
Observation P Preszion | Température|  Pression Pression | Température| Débit Curnule Débit Cumule Dibit Tk s PR
Barg Dt Barg Barg Diagl Smi/h 3 Sen3fh ™3 Smifh m3 Em3fSm3 mifh Bar
Valeur moyenne 400 35.3 NfA 15.5 15.2 38.8 3.373 21.505 1.246 4.994 2709.9 | 10837.0 504 1555.3 85
Parametres utilises durant | post-process
Réfdrence | Manuella | Densité & Température ou gravité Injection de gaz | cuifnon) Dol
Huile X 0.802 g/cc @ 35.2 DeeC Injection d'eau { oui/non) Oui
Eau X 1,022 gfoc @ 35.7 DegC Existence d'un compieur sur la pompe dinjection {(ouifmon) Mon
Echantillon d'eau récupérs [oui/non) O
Fraction [WLR} Torcde (ouifnon) - Valeur MNon
Gaz x 0.814

Figure 1V- 15 Oil, Water and Gas rates on Vx40 Phase tester.
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Chapter 1V experimental section

I1V.3.4. Analyze of graphics:

The completed diagram's show that the pressure in the production line, begins to change
after 25 minutes of closing the witness well(at 08:40), which is the estimated well boor
storage time ; which reflects the presence of interference with the well under measurement
and possibility of effects on the extraction system.

Production parameters' show, remarkable changing in water production of the well,
according with small changing of Oil recovery, but with considerable change in BSW.
The graph show significant change of well head Temperature

The pressure at the well head remains almost stable during the period of closing the
witness well.

A Small decrease in the quantities of produced gas, with the same observation recorded on
GOR of the well.
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General Conclusion
& Recommendations

At the end we can say that there are numerous ways for improving the productivity index, one of these ways
is the interference tests that would allow the discovery of the connection between the wells that are following
the same patterns

And based on both the data that should be collected from the reservoir and the information that should be
gathered from the analysis tests, the right configuration would be able to be made between wells In order to
have the best productivity index

> Well performance is often measured in terms of the well's productivity which is dependent on a
number of factors such as the reservoir's configuration, the type of completion, petro physical and
fluid properties, formation damage, etc.

» The partial completion is the main focus of this study since almost all vertical wells are partially
completed due to the reasons of water coning or gas cap issue, etc.

> Productivity of a well is usually evaluated on the long time performance behavior, thus the pseudo-
steady state (late time) approach has been employed for the calculation of the productivity index.
Closed system (no-flow boundary) and constant pressure boundary (mixed boundaries) cases are
investigated

> Several key factors have been tested on productivity index such as pseudo skin, shape factors,
penetration ratio, reservoir drainage area and etc. The effects of these factors have been analyzed on

productivity index by well testing
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