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ABSTRACT

A review of the art state was developed about the inflow relationships and their application for reservoir characteriza-
tion. The theoretical development of the methodology for determining the damage effect using type-curves of the inflow
relationships was shown. We show the process followed for achieve the geothermal type-curve affected with damage
for reservoirs with mean salinities of 30,000 ppm and temperatures up to 350°C. This type-curve was applied using
measurement production data in a Mexican geothermal field. According with the obtained results is shown that the
methodology for determining the damage effect using production measurements is a sure alternative for the damage
effect calculation. It was used an alternative methodology in order to validate the damage presence and the obtained
results were consistent. Last thing shows that both methodologies can be combined as a confident manner.
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1. Introduction

Geothermal resources ordinarily remain in the reservoir
as a mixture of H,O-CO,-NaCl [1,2] with conditions up
to 360°C and 500 bar, with solids concentrations of NaCl
dissolved up to 30,000 ppm. In relation with the salinity,
the geothermal reservoir of Salton Sea is considered as
extremely saline [1], whose NaCl concentration is esti-
mated in 10 times the concentration of the sea water. The
wells are the means to extract the geothermal energy
from the reservoir to surface through its commercial ex-
ploitation. So, the drilling of a well is focused to an effi-
ciently exploitation of the geothermal resource and the
criteria applied in the production designs are grounded to
achieve high productivities [3].

However the different operations during drilling are
the reason of the alterations in the walls of the hole. Ex-
amples of these alterations can be found in the changes
of formation permeability, due to influence of drilling
muds, whose sediments clog the pores spaces. The re-
sults of all the alterations provoked to formation during
drilling jobs affect to abnormal behavior of the well in
the production and in additional losses of the pressures.
Last thing is known as skin factor and is called with “s”,
because the drilling mud adheres to walls of the hole
leaving a thin film similar to skin. During exploitation
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stage is an ordinary task to characterize the well per-
formance, using production tests at different diameters of
opening. Using the values pair, flow rate and pressure (W,
p) of the measured data, can be obtained the production
characteristic curves (or output curves). These character-
istic curves taken at different stages of the productive life
of the wells allow characterize their performance. The
decrease in the productive characteristics of the well can
be related with its decline productivity [3].

Originally the technique of well performance analysis
using production characteristic curves was applied in the
petroleum industry. With the development of the analysis
methodology were incorporated the parameters at reser-
voir conditions (W, p.,) resulting thus, the inflow per-
formance relationships (IPR). The corresponding graphs
are known as inflow curves.

Similarly to petroleum engineering in the geothermal
engineering was developed [4] the geothermal inflow
performance relationship (GIPR). These relationships
relate the flow rate and bottom hole flowing pressure [5].
It were researched abnormal diminutions of the pressure,
found [6,7] in the well, which are not related with those
expected according to its variations in the flow rate
changes. Founding that decrease in the well productivity
is related with the presence of the damage that provokes
alterations in the permeability formation. Ordinarily the
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damage effect, have been determined through the analy-
sis of the transient pressure tests [8-15]. However re-
cently was introduced [16] the methodology for deter-
mining the damage effect from equations for the analysis
of production performance using production measured
data.

2. Background

The methodology for determining the damage effect
from production measurements uses the data of mass
flow rate and pressure (W, p), that are the same used in
the technique for production characteristic curves. Through
the use of reservoir and wellhead conditions can be ob-
tained the inflow curves [4] and characteristic curves
respectively.

One of the possible reasons for the additional decrease
in the pressure due to the changes in the flow rate was
identified [7,17-19]. Gilbert [20] initially started with the
analysis of the inflow behavior and after, Vogel [21] ap-
plied this in the characterization of the well in order to
establish its exploitation designs. The numerical inflow
performance relationships (IPR) were developed [22] for
be applied in petroleum systems. Different authors [22-
27, among others] incorporated the analysis of inflow
performance relationships in the reservoir engineering.
Similarly [28-33] did applications with this type of tech-
nical tool for geothermal reservoir characterization.

Additionally were developed inflow relationships as-
suming the geothermal fluid is composed by: 1) Pure
water [34]; 2) A binary mixture HyO-CO, [35,36]; 3) A
ternary mixture H,O-CO,-NaCl with salinity less than
5000 ppm of NaCl [37]; 4) [38] Assumes a ternary mix-
ture H,O-CO,-NaCl with salinities between 5000 and
30,000 ppm of NaCl; and 5) A ternary mixture H,O-
CO,-NaCl with salinities greater than 30,000 ppm of
NaCl [39]. The incorporation of the damage effect in the
inflow relationships was proposed for petroleum systems
[25] and for geothermal systems [16,39-41].

3. Theoretical Review

The inflow relationships are applied for production char-
acterization in a well. One of the main objectives is the
determination of the maximum mass flow rate (W .x)
that the well can produce. The knowledge of this value is
used as technical criterium for establishing its exploita-
tion designs and as a reference value of its conditions at
the time stage of the production test. Through the com-
parison of the different production curves, obtained in the
well at different stages of its operative life is feasible to
determine its decline tendency during its exploitation.
The inflow performance relationships are associated with
the respective dimensionless parameters of flow rate (Wp)
and pressure (pp), whose expressions are:
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pw
pp=—2L (1)
p.
w
Wo =g — 2

where p,, is the bottom hole flowing pressure, p, is the
static pressure of the reservoir, W is the mass flow rate of
the well and W, is the maximum mass flow rate that the
well can produce at the time of the production test.

The inflow performance relationships use as input data,
the flow rate and pressure at bottom-hole conditions.
During a production test, these values (flow rate and
pressure) are measured at wellhead conditions. So, the
values at bottom-hole conditions are calculated using
well flow simulators. Therefore, by this manner are de-
termined the dimensionless parameters of Equations (1)
and (2). Such dimensionless parameters are useful in the
reservoir characterization [4].

The methodology of analysis using this technique ini-
tially was applied [22] for petroleum systems with dif-
ferent physical properties of the reservoir. Through the
use of production measurements of different fields [22]
modified the methodology of Weller [21] and proposed
an equation useful for two phase fluid:

0, Dy Dy ’
=1.0-0.2 —-0.8] — 3
(QO )max [ pe J ( pé’ ] ( )

where ¢, is the petroleum flow rate, (¢,)max is the maxi-
mum flow rate of oil, p,, and p. as defined previously.
The main assumption used in this equation is a com-
pressible fluid with gas content. Standing [23] uses more
widely last expression [22] in order to predict the behav-
ior of inflow performance relationships and introduced
the productivity index (J ; ), resulting the next expres-

sion:
0, =[—J"(pe-")Hl.o-o.z(ﬂ]—o.z{ﬂ] } )
1.8 pP. p.

The research, focused to turbulent flow in wells [24]
incorporates the turbulence factor (r), whose expression
is:

0,=F(p>-p%) 6)

where F' is an auxiliary variable in the analysis, resulting
a proportionality constant of the flow as a function of the
pressure decrease. The values of the turbulent factor vary
between 1.0 (laminar flow) and 0.5 (high turbulent flow).
Assuming known the static reservoir pressure (p.) is
recommended carry out at least two production tests for
evaluate the parameters F and 7.

Using data of more than 30 fields were modified the
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coefficients [25] of the proposed polynomial in [22] re-
sulting the next equation:

2
% _i0- 0_1225(1&} - 0.8775[ﬂj 6)
(QO )max pe pe

Besides was improved in [26] the predictive capacity
of the Vogel equation [22] incorporating the decay factor
(d), whose expression is:

d
Q pw/ p”.'f
—2—=1.0-0.295| — |-0.795| — 7
(QO )max [pe j ( pe j ( )

where

d=|:0.28+0.72(pe ]}(1.24+0.001pb) ®)
Py

There are different procedures for obtaining the inflow
curves of a well through the use of the above equations,
but the used in this paper is [4]:

e Determine the bubble point pressure (p;) of the fluid
and the reservoir pressure (p.) using the analysis re-
sults of its chemical composition.

e Determine the exponent value (b) using Equation (8).

e Solve Equation (7) for obtaining (Q,)max Using a pair
values (Q,, puy).

e Plot the inflow curve for different O, values, starting
from zero, up to the (Q,)max Obtained in Equation (7).

Similar inflow relationships were proposed [27] one
for oil systems, whose form is:

0, Dy Py
—2 - =1.0-0.52 -0.48] — 9
(©)) s [pej (pe] ®

And another one for water:

Qw Py Py ’
——=1.0-0.72| — |-0.28| — 10
e O I

where Q,, is the water flow rate and (Q,,)max is the maxi-
mum water flow rate.

The first geothermal inflow relationships (GIPR) were
developed [34] assuming pure water at 300°C, whose
expression for mass productivity is:

2 4
L:1.0—0.6[ﬂJ —0.4(ﬂj )
w, Pe

e

max e

And for thermal productivity:

Pot =o.7[1]+0.3[1] (12)
W T

Pot

max max

Assuming a binary system H,0-CO, [35] the corre-
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sponding dimensionless inflow relationships were ob-

tained.
2
o 1.0—0.256[ﬂJ—O.525(ﬂ)
W pe pe

3
- 0.057(ﬂ] ~0.162 (QJ
P, P,

The binary model was applied [3,36,42] to cases of
Mexican geothermal fields. The obtained results agree
very good with measured data and from these, was feasi-
ble to obtain output curves. The inflow curves were vali-
dated [43] through comparison with measurements at
bottom-hole conditions. Besides, the methodology also
was applied for determining the permeability formation
[5,44]. Later on, was obtained an expression assuming
the fluid as a ternary mixture [37] H,O-CO,-NaCl with
salinity less than 5000 ppm, which is the next:

2
WL:0.999—0.436[ﬂ]—0.537[ﬂJ
max pL’ p@ (14)

3 4
+0.694(ﬂj —0.715(ﬂj
pe pg
[38] proposed an inflow relationship assuming fluid as

a ternary mixture with salts content up to 30,000 ppm in
the liquid phase.

2 3
Py 0-0619 P |iras| | —sa76]
pf.’ Wmax Wmm{ Wmax

4
+7.605 . —3.955 .
Wmax Wmax

(15)

The change of variables for obtaining the equation in
pp function in place of Wy as appears in Equation (15)
was did [40] and the expression is:

2
W 1.0—0.4399{piJ+ 1.1658{17‘—”fj
P. .

max

(13)

max

3 4
—4.0372[pi] +3.6697[p f ] (16)
P.

5
13782 (ﬂ]
P,

Due that around the world different reservoirs produce
fluid with high salinity content, in this research is pro-
posed [39], the inflow relationship considering the fluid
as a ternary mixture H,O-CO,-NaCl with high salinity
(greater than 30,000 ppm of NaCl) and high temperature
(350°C).

e
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2
W _10- 0.443(’9#’] _ 0.473(&”]
W pe pe

3 4
—0.803(pi] —1.155(pi] (17)
P

5
+ 0.271(ﬂJ
P.

It seems that above expression produces more accu-
racy when the reservoir fluid is with high salinity content.
A comparative analysis of the five geothermal inflow
performance relationships, Equations (11), (13), (14), (16)
and (17), is shown in Figure 1. From the comparison, it
can be observed the similarity of the results of these five
inflow relationships. Also can be seen that the maximum
differences between these inflow relationships, occur in
the rank for pp values between 0.3 and 0.8. Table 1
shows the W) values obtained using the above mentioned
relationships and the maximum percentage differences
found. It can be observed that the maximum values of
Wy consistently correspond to those obtained consider-
ing the fluid as pure water [34]. By other side the mini-
mum values of W) are obtained with inflow relationship
of Montoya [37] for 0.1 <pp <0.7.

max

e

Incorporation of the Damage Effect

The first authors [25] that researched the damage effect
in the inflow relationships included the M coefficient in
Equations (3) and (6) proposed above [22,25]. The re-
sulting expressions are:

18 A
Q A
A
0.9 9
9 — » 8 A
¥ > A
0.8 o
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é 0.7 ‘
® &
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@
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Assuming a fluid: A
A Pure water [34]
02 — O  H,0-CO,[35] 8
* H,0-CO,-NaCl with low salinity [37]
01 | & H,0-CO,-NaCl with high salinity [38]
: x H,0-CO,-NaCl with high salinity
and high temperature [39]
o4+ttt

0 01 02 03 04 05 06 07 08 09 1
Dimensionless mass flow rate (Wp)

Figure 1. Comparison of the five geothermal inflow per-
formance relationships, proposed by different authors.

Copyright © 2012 SciRes.

0, Py Py ’
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The parameter M involves the damage effect(s) and is
function of the ratio between the radius of drainage area
of the reservoir (r,) and the well bore radius (r,,). Accord-
ing with Equations (18) and (19) the M value is slightly
different for each considered case, so, the expressions for
each M value [45] are:

e

In’e—0.492
M= ———— (20)
In-¢-0.492+s
L rw A
In’e—0.476
My =| —P——— 1)
In < ~0476-+5

The M parameter acts as inverse function in the
Darcy’s law, so the coefficient values of 0.492 and 0.476
were obtained [25] from different simulations done. They
[25] assume as a drainage radius, values between 67 and
91 m (220 and 300 ft. respectively) and 0.0635 m (2.5 in.)
as average radius of a well. According with the last con-
siderations, the Equations (20) and (21) take next expres-

sions:
6.81
M, = 22
! [6.81+s} @2)
6.886
M, =| — 23
2 [6.886+s} (23)

According with different authors [28] for geothermal
reservoirs, it is possible to assume as drainage radius 7., a
value of 400 m (1312 ft.) and as a wellbore radius r,, of
0.0889 m (3.5 in.). Therefore the M value in a geother-
mal system is expressed with next form:

In’e~0.6603
P 7175 04
= -
Ine—0.6603+s| 7°FS
v

w

During exploitation stage, the damage effect in a well
is identified by its productivity decrease. However the
concept of the damage effect is related with the alteration
of its initial conditions. Therefore the damage effect in a
well could have positive, negative or zero values [45].
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Table 1. Values of W, obtained using the five geothermal inflow performance relationships and maximum percent differences

found.

W calculated by Maximum
po [34] [35] [37] [38] [39] difference
0.1 0.9940" 0.9691 0.9507" 0.964 0.9516 0.0436
0.2 0.9754" 0.9271 0.8947" 0.9318 0.8971 0.0827
0.3 0.9428" 0.8731 0.8328" 0.8903 0.8374 0.1166
0.4 0.8938" 0.8058 0.7648" 0.832 0.7716 0.1443
0.5 0.8250" 0.7235 0.6888" 0.7531 0.6967 0. 1651
0.6 0.7322" 0.6241 0.6013" 0.6521 0.6085 0.1787
0.7 0.6100" 0.5051 0.4970" 0.528 0.5014 0.1851
0.8 0.4522" 0.3637" 0.369 0.3786 0.3692 0.1957
0.9 0.2516" 0.1965" 0.2084 0.1991 0.2051 0.2188
0.95 0.1327" 0.1022 0.1128 0.0954" 0.1089 0.281

Maximum value; "Minimum value.

The positive values of the damage effect indicate di-
minution in the well productivity, while negative values
indicate improvement in its productivity. Zero value of
damage effect indicates a natural effect of the reservoir
without any artificial manipulation. A negative value of
the damage effect could be present after the well has
been washed, stimulated and/or fractured. According
with Equation (24) the damage effect(s) is an inverse
function of M parameter. So, while the s value increases,
M value decreases and contrarily, while s decreases, M
increases. Combining M parameter into GIPR and con-
sidering that the fluid is a mixture of H,O-CO,-NaCl
with salinity less than 5000 ppm is obtained [45] next
expression:

2
w0999 —0.436(ﬂJ - 0.537[ﬂj
w P. p.

3 4
+0.694(ﬂ] —0.715[ﬂ]
pe pe
Considering the fluid as a mixture of H,O-CO,-NaCl

with salinity greater than 5000 ppm [38], the expression
is:

max

2
o m 1.0—0.4399(QJ+1.1658[’?—WJ

W nax Pe Pe
3 4
—4.0372(”&”} +1.6697 (p—fj (26)
P. P.
5
~1.3782 Ep—fj
P.
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While that, considering a mixture of fluid composed
by H,0-CO,-NaCl with salinity of 30,000 ppm and
350°C of temperature [39], the expression is:

2
W m|10-0443 [p—fJ - 0,473(1’&J
W, ’. ),

3 4 5
+o.803(ﬂj _1,155(ﬂj +0_271[ﬂ]
P P. P.

27)
Figure 2 represents Equation (27) using different damage

max

RS
09 1 N

08 — ]
0.7 A\
0.6
05 - . ==

04 — \

Dimensionless pressure (pp)

0.3 \

0.2 — \

0.1 \

0 — T
0 02 04 06 08 1 12 14 16 18 2 22
Dimensionless mass flow rate (W,)

Figure 2. Geothermal inflow type curve affected with dam-
age, obtained considering a ternary mixture H,O-CO,-NacCl
with salinities of 30,000 ppm and temperature of 350°C.
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values. The practical application of this type curve is
focused to determine the damage effect values in wells
using dimensionless parameters (Wp, pp) obtained from
their production measurements.

4. Field Applications

Due that it is difficult retire the well from continuous
operation we propose the use of production easurements
(W, p,;) taken at wellhead conditions. So for determining
bottom hole flowing pressure (p,,) we used well flow
simulators. The methodology for determining the damage
effect [45,46] is used in this work and is shown the ap-
plication of the type-curve with damage effect for salin-
ity of 30,000 ppm and 350°C of temperature [39].

In order to show the application of the proposed
methodology, data of wells 17, 18, 26, 33, 34 and 46 [47],
of the Los Azufres México geothermal field were used.
These wells are located at the south zone of this field,
whose location is shown in Figure 3.

Los Azufres geothermal field is the second Mexican
production field, is highly fractured and of volcanic ori-
gin. It is important make mention that tectonic regional
system and the recent stress generated normal faults in
E-W direction. Last thing resulted in reaction of ancient
faults, which are crossed by the majority of production
wells. Therefore it is believed that these faults act as
geothermal fluid conduction, controlling the majority of
thermal hot springs. The most important faults at the

zone of this field are: “El Chinapo”, “Los Azufres”,
“Puentecillas”, and “Agua fria” [48].

Due that there is not a methodology for verify the
presence or absence of the damage effect [45], in this
work was found appropriate to apply the methodology of
the turbulence analysis [49] using measurements produc-
tion data. This methodology allows to diagnose the pres-
ence or absence of the damage effect and its use have
been shown be successful. This methodology was devel-
oped for be applied in oil wells, by this reason the appli-
cation in geothermal wells, to date is too scarce. The
method [49] is used for identify the loss of pressure due
to turbulent flow caused by presence of damage at the
interface well-reservoir [45].

The methodology was used for each well, using data
of theirs production tests carried out at different stages of
their operative life, from the startup of operation. Were
calculated the parameter values at reservoir conditions
and the corresponding dimensionless values (Wp, pp)
using Equations (1) and (2). The dimensionless value
pairs are graphed on the type curve proposed in this work
(Figure 2). From the comparison of the dimensionless
values of the well with the type curve, the damage effect
is determined as shown in Figure 4.

In this work we presented production measurements
data of the well No. 34. However a similar process was
applied in all analyzed wells and the results are shown in
Table 2.

It was found that during low flow rates, the transient

19° 50°

19° 49"

19° 48"

19° 47 oA e

19° 46"

—L@
I 7830711 LOS AZUFREs[rs

GULF OF
MEXICO

31
uLt

LEGEND

THERMAL HOT SPRINGS
PRODUCTION WELLS
REINJECTION WELLS
ANALYZED WELLS
ABANDONED WELLS

B ®e0 »

100° 38"

Figure 3. Map of location of analyzed wells in this work.
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Table 2. Damage values and characterization parameters obtained with methodology described in this work using measure-
ment production data of analyzed wells.

Well Time operative life (years) Pe (bar) Winax (t/h) Damage effect (s) Jones et al. Parameter Diagnosis
0 60 145.3 -3.9 0.005 Not damage
17 3 55 129.1 -3.5 0.014 Not damage
19 50 41.8 -1.9 0.039 Not damage
18 0 60 240.3 -0.2 0.01 Not damage
26 0 220 288.5 -0.3 —0.026 Not damage
0 62 71.1 -1 0.041 Not damage
33
11 60 70.2 0.1 0.06 Damage
0 52 100.5 -1 0.032 Not damage
34 0 58 93.9 -0.5 0.043 Not damage
7 43 133.6 —2.2 0.033 Not damage
46 0 70 204.7 -3.1 0.016 Not damage
"N q q
] ( O Initial conditions J == (28)
0.9 AN @  After 0 years Ap pe - pwf
N N A After 6-7 years X
W .
08 N Obtain a graph of (p. — p.y/q versus g, later fit the
Lo calculated values to a right line equation, determining the
g 7 e values of the intersection to origin (b value) and the slope
% 06 N . (m), according with Equation (29).
a \
o R \
g 05 \ ey =Y —mg+b (29)
E 04 \\ s=0 q
‘B .4 — \ 1 1 1
é v =6 If b value is less than 0.05 there is not damage in the
\ . . .
3 03 \ well. However if b value is greater than 0.05 there is
= damage in the analyzed well. This procedure is shown in
027 i Figure 5 using measured production data of well 34.
o1 \ The method [49] also can be applied for identify pres-
| ence of turbulent flow in the wellbore by calculating b
ottt value, through the use of next expression:

0 02 04 06 08 1 12 14 16 18 2 22
Dimensionless mass flow rate (W)

Figure 4. Obtention of the damage effect values, using the
type-curve with damage effect, high salinity, high tempera-
ture and production data of well 34.

effects have higher duration time. By this reason in this
work are considered the measured values at higher flow
rates, assuming that the transient effects have finished.

In order to verify the presence or absence of the dam-
age was used the qualitative method [49]. Such method
requires at least of three pairs of measured data (W, p)
and the procedure is as follows:

Calculate the value (p. — p.y)/q at each one of the dif-
ferent measurements. This value represents the inverse
value of the productivity index J, whose expression is:

Copyright © 2012 SciRes.

b =b+0Q,

max

(30)

If the value of the ratio 5/b < 2.0 the turbulent flow is
light or null at the interface wellbore-reservoir.

Table 2 shows the main values of parameters obtained
in this work, which are useful for well characterization.
The different times of operative life of each analyzed
well are shown in this same table. Similarly the charac-
terization parameters (Wpn., p.) of the reservoir, the
damage effect(s) and the parameters of Jones et al. [49]
are shown.

From Table 2 it can be observed a correlation between
the columns of the damage effect, Jones et al. parameter
[49] and the diagnosis about presence or absence of
damage.
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Figure 5. Application of Jones et al. methodology [49] for
diagnosing damage presence in well 34.

5. Discussion Results

According with our methodology can be observed that
were obtained negative values of the damage effect in all
cases except in one. As mentioned before, the behavior
of the damage effect is a function of the reservoir char-
acteristics and therefore can be related with decline of its
productivity. The obtained values of the damage effect in
each well show a behavior corresponding to different
stages of their operative life.

It is important annotate that the values of damage ef-
fect that we obtained in wells 17, 33 and 34 change as a
function of the exploitation time. Also it is assumed that
the damage effect values are changing due to different
jobs applied in the well, such as cleaning, repairs, stimu-
lations, fracturing, etc. The analysis of the well 34 indi-
cates improving condition, which can be observed in the
behavior of obtained values of the damage effect. By
other side, the change to positive values of damage effect
in the well 33 indicates decline in its productivity.

From the obtained values of the Jones et al. parame-
ter, shown in Table 2, it can be observed that in the ma-
jority of the cases b values are less than 0.05, which di-
agnose that there is not damage. Therefore can be identi-
fied a consistency in the obtained values through the ap-
plication of both methodologies.

We assume that the slight increase of the calculated
value of the damage effect in the well 33 is related with
decline in its productivity.

The main objective of the inflow relationships in the
reservoir and production engineering is focused to the
practical applications such as productivity diagnosis of
the wells, exploitation designs, reserves calculation etc.

Copyright © 2012 SciRes.

[45]. As can be seen, we obtained values of the damage
effect correspond to wells during their production stage,
which are useful in their analysis performance. Therefore
taking into account that the behavior of the damage effect
is related with the productivity decline, we propose that
is feasible use these parameters for reservoir characteri-
zation.

In our opinion the analyzed wells are locate in a zone
with geological structures, whose influence helps to un-
derstand the behavior of obtained damage values.

6. Conclusions

From the developed research the main conclusions are
the next:

A review about the development of the different
methodologies that use the inflow performance relation-
ships for reservoir characterization was done.

The theoretical sequence to art state of the methodol-
ogy for determining the damage effect using measure-
ment data production of a well was shown.

The process for obtain the type-curve with damage ef-
fect for reservoirs with high salinity, high temperature
and its application to cases of a Mexican geothermal field,
was shown.

From the obtained results it is possible to identify the
decline tendency using the results of the damage effect in
analyzed wells.

The presence of the damage effect was validated using
an alternative methodology which allows determine qua-
litatively its presence obtaining consistent results.

Due to the obtained results with the methodology ap-
plied in the analysis of the field behavior, can be assured
that this is useful in reservoir characterization.

Through this work was found that the knowledge of
the damage effect using production measurements is a
useful technical tool in the criteria definition for estab-
lishing exploitation designs.

The knowledge of productivity decline rate through
behavior of damage effect helps to define the appropriate
operations to apply in the well for improving its per-
formance.
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