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the assessment of the success of a stimulation job often has a lot of uncertainties caused by the different 
viewpoints assumed by engineers.  

This paper presents a methodology to evaluate the success of workovers jobs, using common produc-
tion data and well known equations. 

For wells in pseudo-steady state flow, assuming that the oil rate can be extrapolated using decline curve 
analysis, the effectiveness of the stimulation job is quantified in terms of additional oil reserves, changes in 
productivity index, removed skin and profits. 

A MatlabTM software application was built to calculate the declining parameters and two examples in the 
Brisas field (an oilfield located at the Southwest of Colombia) are used to illustrate the methodology. 

Keywords: well stimulation, production decline curve, well performance, job evaluation, productivity index, well pres-
sure.
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la evaluación del éxito de un trabajo de estimulación presenta muchas incertidumbres debido a los 
diferentes enfoques asumidos por los ingenieros.

En este artículo se expone una metodología para evaluar el éxito de los trabajos de reacondiciona-
miento de pozo, utilizando datos de producción de uso habitual y ecuaciones de amplio uso en la industria 
del petróleo.

Asumiendo que el pozo se encuentra fluyendo a estado seudo-estable y que el caudal de aceite puede ser 
extrapolado utilizando el análisis de curvas de declinación, la efectividad de los trabajos de estimulación es 
cuantificada en términos de reservas adicionales de aceite, cambios en el índice de productividad, factor 
de daño removido y beneficios económicos.

Un software de aplicación fue construido en MatlabTM para calcular los parámetros de declinación, y fueron 
utilizados dos ejemplos de aplicación en el campo Brisas (un campo ubicado al sur-occidente colombiano) 
para ilustrar la metodología.

Palabras claves: estimulación de pozos, curva de declinación de producción, desempeño del pozo, evaluación de 
trabajos, índice de productividad, presión de pozo.
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nomEnclaturE
API Api gravity, api degrees
Bo Formation volume factor, bbl/stb
CP Casing pressure, psi
DOP Days on production, d
DPo Oil deferred production, stb
FL Fluid level, ft
h Reservoir thickness, ft
J Productivity index, (bbl/d)/psi
Jo_jat Oil productivity index just after treatment, (stb/d)/psi
ko Effective permeability to oil, md
MAOB Monthly additional oil barrels, stb
MPD Midperforation depth, ft
Monthly Profit Monthly profit, us dollars
PD Pump depth, ft
PIP Pump intake pressure, psi
PPSB Profit per sold barrel, us dollars/stb
pr Volumetric average pressure, psi
pwf Bottomhole flowing pressure, psi
q Volumetric flow rate, bbl/d
qactual Actual rate, bbl/d
qideal Ideal rate, bbl/d
qo Oil rate, stb/d
qo_act Actual oil rate, stb/d
qo_exp Expected oil rate if the job is not performed, stb/d
qo_jbt Last reported oil rate before treatment, stb/d
qo_ssd Stimulated same drawdown oil rate, stb/d
re Drainage radius, ft
rw Wellbore radius, ft
S Skin factor, dimensionless
Sat Skin factor after treatment, dimensionless
Sbt Skin factor before treatment, dimensionless
WORan Water-oil ratio in the well annulus, dimensionless
WKtime Workover duration in days, d
γl Liquid specific gravity, dimensionless
γo Oil specific gravity, dimensionless
γw Water specific gravity, dimensionless
ΔS Skin removed by the treatment, dimensionless
Δpjbt Drawdown just before treatment, psi
μo Oil viscosity, cp
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To see the entire effect of the stimulation it is neces-
sary to include an important factor: the stimulation job 
performance as a function of time.

A well stimulation can cause an increase in the oil rate, 
but that does not guarantee that the effect lasts. Some 
workover jobs seem to be excellent because they provide 
excellent results at the beginning, but it can happen that 
few weeks later, negative effects, such as water incoming 
or a drastic reduction in the oil rate may appear.

Another kind of treatments e.g., scale inhibition, does 
not reduce damage but avoid future flowing blockage. So 
they have a positive effect in the well performance and 
must be valued as good ones, because they enhance oil 
reserves, no matter there is no oil rate increase.

In order to quantify the effect of a treatment in a 
long time perspective, not only the rate changes but 
also additional oil barrels should be computed.

decline curve analysis (dca)
If a clear production trend can be established and if 

this tendency can be extrapolated using the Arp’s de-
cline equations (Arps, 1949, 1956), the additional bar-
rels due to the entire workover job can be measured.

There are several commercial software packages 
to forecast oil rates based on DCA but in this paper, 
the forecasted oil rates were determined using an 
in-house software developed in MatlabTM. The ap-
plication use non-linear regression and the minimum 
square algorithm to determine the hyperbolic and the 
exponential decline parameters, respectively (Ruz & 
Calderón, 2005). 

Bbl x 1,589 873 E - 01 = m3

cp x 1,0* E - 03 = Pa-s
ft x 3,048* E - 01 = m
ft2 x 9,290 304* E - 02 = m2

psi x 6,894 757 E + 00 = kPa

S.i. mEtric convErSion FactorS

introduction

Although stimulation jobs evaluation is quite routine, 
it is normal to find uncertainties in the results caused by 
the different perspectives assumed by the engineers.

The objective of an oil well stimulation treatment and 
some type of workovers is mainly one: to improve the 
connection between the well and the desired reservoir 
fluids (Allen & Roberts, 1997). However, a treatment job 
can affect the well performance in different ways such 
as changing the oil rate, reducing the declining rate, in-
creasing the reserves, among others. Therefore, a partial 
approach may cause uncertainties and subjectivities in 
the evaluation. For example, if the engineer calculates 
only the changes in the oil rate, the analysis may be af-
fected by the artificial lift system performance.

This paper illustrates how to use simple well known 
equations and usual production data to calculate the ad-
ditional oil barrels, the profits, and the delayed produc-
tion, due to the stimulation. The proposed methodology 
assumes that the oil rate can be extrapolated using the 
Arps’ decline theory (Arps, 1949, 1956). Then, consid-
ering that the well is in pseudo-state flow, two equations 
are stated to calculate the removed skin. 

additional oil barrElS

It is a common practice to use the change in the oil 
rate, rate before and after the treatment, as a first glance 
evaluation of the stimulation effectiveness. In every 
evaluation report it is quite normal to find information 
about production tests before and after the job, but this 
kind of analysis is not complete because depicts the well 
flowing capacity in a snapshot manner.
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Note: Although in the International System of Units the 
prefix k (kilo) stands for thousands, it will be used MSTB to 
represents thousands of oil barrels, because that is the way 
it is named in the oil industry.

In relation to Figure 2, the Additional Cumulative 
Oil Curve (ACOC) can be seen as delta Noil as a func-
tion of time (Figure 3). Note that the highest value in 
Figure 3 is the point where the black line intercepts the 
dashed line in Figure 1.

Figure 1. Extrapolated oil rate curves

Figure 2. Extrapolated cumulative oil curves

Figure 3. Calculated additional cumulative oil

Additional oil barrels are the difference between the 
actual cumulative oil barrels and the barrels obtained if 
the stimulation job had not been performed.

Figure 1 is a graphical explanation of the explanation 
of the decline curve analysis step. Note that the dashed 
line in Figure 1 represents the oil rate obtained if the 
stimulation job is not performed. The solid black line in 
Figure 1 represents a second extrapolation of oil rates 
when there is not enough data or when the well have been 
affected by a further event. The grey area is the additional 
cumulative oil due to the stimulation. It can be observed 
that after the black line intercepts the dashed line, the 
treatment becomes unfavorable. The management team 
should achieve another workover before this situation 
takes place, if it is economically feasible.

In the cumulative oil curve, the additional cumulative 
oil is not an area, but the difference between the actual 
and the expected behavior without the stimulation (see 
delta Noil in Figure 2). This cumulative curve helps veri-
fying if the oil rates were extrapolated correctly, which 
means reducing subjectivity and promoting precision.

deferred production
To execute a workover, the oil well production has 

to be stopped. Consequently, the delayed production is 
a kind of cost that has to be “charged” to the workover 
(or the stimulation) and its value should be deducted 
from the additional cumulative oil.

The deferred production can be calculated using the 
last reported oil rate just before the stimulation times 
the workover duration (Equation 1).

 (1)

types of curves
Based on the shape of the production oil curves, 

there are five types of workovers (Figures 4 and 5):

1. The oil rate increases and the declining trend stays 
equal or favorable.

2. The oil rate increases but the declining trend gets worse.

3. The oil rate does not increase and the declining trend 
changes favorably.
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Elapsed time point of view
From the gray area in Figure 1, the additional oil 

barrels calculation seems to be an integral calculus 
problem. Fortunately, production data has to be re-
ported in an elapsed time way, so the problem is purely 
discrete (not continuous). This means that the additional 
oil barrels and the profits calculations can be estimated 
as the summation of monthly fractions.

For example, if an oil well has the production reported 
in the Table 1, to estimate the monthly profits it is only 
necessary to multiply the monthly additional oil barrels 
by the profits per barrel (profit per sold oil barrel).

4. The workover does not cause any effect.

5. The event causes production impairment just after 
the treatment.

Figure 5 illustrates the additional cumulative oil curves 
that would result from the several cases in Figure 4.

Date DOP Exp. Qo Actual Qo

Apr-1-90 10 433,2 1193,9

May-1-90 30 424,8 1101,5

Jun-1-90 31 416,3 974,6

Jul-1-90 30 408,3 922,6

Aug-1-90 31 400,1 850,6

Sep-1-90 31 392,1 777,7

Oct-1-90 30 384,6 913

Nov-1-90 31 376,9 819,2

Dec-1-90 30 369,6 734,4

Jan-1-91 31 362,2 758

Feb-1-91 31 355 681,1

Mar-1-91 28 348,6 707,3

Apr-1-91 31 341,6 480,4

Table 1. Production data

Figure 4. Types of workovers

Figure 5. Types of additional cumulative oil curves

ProFitS

The stimulation job effectiveness is not strictly 
based on additional oil barrels. Profits are affected by 
factors such as treatment costs e.g., acid treatments are 
usually cheaper than hydraulic fracturing. Therefore, 
the net profit should be computed and included in the 
workover appraisal.

In Table 1 DOP, Exp. Qo and Actual Qo means days 
on production, the expected oil rate if the stimulation 
is not performed (STB/D) and the actual oil rate after 
the stimulation (STB/D), respectively.

In Table 2, the column MAOB contains the monthly 
additional oil barrels (Equation 2).

 (2)

The column MAOB-DP contains the monthly ad-
ditional oil barrels minus the deferred production. As-
suming that the last oil rate just before the treatment 
was 430 STB/D, and that the stimulation lasts four days, 
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the deferred production is 1720 oil barrels (it means 
that the deferred production is totally recovered in the 
first month after the job).

rEmovEd SKin

The difference between the skin factor before and 
after the treatment can be considered as the removed 
skin. Pressure tests before and after the workover is 
the best mechanism to calculate the removed skin. 
Unfortunately, it is not a common practice to run 
tests regularly.

To overcome this difficulty, it can be derived, from 
the equation for pseudo-steady state flow (Equation 
4), a relationship between the skin before and after the 
treatment (Golan & Whitson, 1991).

 (4) 

According to Equation 4, the expected oil rate with-
out performing a treatment can be expressed as:

 (5) 

And the actual oil rate can be expressed as:

Date MAOB MAOB-DP Cum. AOB

Apr-1-90 7607 5887 5887

May-1-90 20301 20301 26188

Jun-1-90 17307 17307 43495

Jul-1-90 15429 15429 58924

Aug-1-90 13966 13966 72890

Sep-1-90 11954 11954 84843

Oct-1-90 15852 15852 100695

Nov-1-90 13711 13711 114407

Dec-1-90 10944 10944 125351

Jan-1-91 12270 12270 137621

Feb-1-91 10109 10109 147730

Mar-1-91 10044 10044 157773

Apr-1-91 4303 4303 162076

Table 2. Calculated additional oil barrels
Date PPSB

Monthly
Profit

Cumulative
Profit

Net 
Cum.
Profit

Apr-1-90 10,87 64 64 -86

May-1-90 11,02 224 288 138

Jun-1-90 11,04 191 479 329

Jul-1-90 10,50 162 641 491

Aug-1-90 12,40 173 814 664

Sep-1-90 13,56 162 976 826

Oct-1-90 14,63 232 1208 1058

Nov-1-90 15,89 218 1426 1276

Dec-1-90 16,02 175 1601 1451

Jan-1-91 16,06 197 1798 1648

Feb-1-91 12,40 125 1924 1774

Mar-1-91 11,36 114 2038 1888

Apr-1-91 9,41 40 2078 1928

Table 3. Calculated net profit

The column Cum. AOB contains the cumulative 
additional oil barrels (note the deferred production was 
already deducted).

If the profit in dollars per sold barrel (column PPSB 
in Table 3) is known, it is straightforward to compute 
the monthly profit using Equation 3.

 (3)

The third column Monthly Profit in Table 3 is the 
monthly revenue in thousands of dollars and the fourth 
column Cum. Profit contains the cumulative profits. 
If the treatment cost US$ 150 000, the investment is 
recovered in about one and a half month.

The column Net Cum. Profit contains the cumulative 
net profit in thousands of dollars that is the cumulative 
profit less the treatment cost.

This kind of economical analysis is not complete. 
To improve it, the present value profit (PVP) and 
the profit-to-investment ratio (P/I) must be included; 
therefore it is advisable to see the Patterson’s tech-
nique (Patterson, 1973) to exhibit the profits in proper 
economical terms.
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 (6)

Assuming that , and solving 
simultaneously Equations 5 and 6, it is obtained:

 (7) 

Equation 7 can be used to derive an equation to 
calculate the removed skin ( ) since it is 
known either  or .

 (8a)

 (8b) 

In Equations 8a and 8b, the rate is the oil rate (not 
the total rate) because including the water rate can 
deceive the analysis.

When the treatment removes the total skin, Equation 
8b can be used to calculate  because in that case  
is equal to zero.

As an example, assuming that from a well test 
, Equation 8b is used to compute the removed 

skin for the data listed in Table 1 (see column Rem. 
Skin in Table 4). 

Productivity indEX analySiS (Pia)

Until this point, the evaluation has been based on 
production data. This approach has a drawback because 
oil extraction depends on the Artificial Lift System 
(ALS) design and performance.

To see properly the effect of the treatment in the well 
flowing capacity, it is necessary to check the productiv-
ity index (Equation 9). The treatment is effective if after 
the job, the productivity index increase. 

 (9)

As stated before, if the analysis uses the total (oil 
and water) rate, the water can mislead the evaluation. 
So, it is better to check oil productivity index and water 
productivity index separately. In this way, it is possible 
to identify water breakthrough.

bottomhole flowing pressure estimation
The productivity index valuation requires the draw-

down and consequently the flowing pressure. If the well 
does not have a downhole pressure recording device, 
the flowing pressure can be calculated from the fluid 
level, using basic hydrostatic relationships.

Assuming that the fluid is static in the tubing-casing 
annulus, the flowing pressure can be calculated from 
both the casing pressure and the pump intake pressure 
(Figure 6).

From the casing pressure, and using the Gilbert 
Equation (Golan & Whitson, 1991), the relationship 
to estimate the flowing pressure is:

 (10) 

Where:

 (10a) 

Date Rem. Skin

Apr-1-90 12,29

May-1-90 11,15

Jun-1-90 9,39

Jul-1-90 8,82

Aug-1-90 7,88

Sep-1-90 6,88

Oct-1-90 9,62

Nov-1-90 8,21

Dec-1-90 6,91

Jan-1-91 7,65

Feb-1-91 6,43

Mar-1-91 7,20

Apr-1-91 2,84

Table 4. Calculated removed skin



CT&F - Ciencia, Tecnología y Futuro  -  Vol. 3  Núm. 2      Dic. 2006 103

STIMULATION JOBS EVALUATION BASED ON DECLINE CURVE ANALYSIS

merely extrapolating the productivity index and the 
pressure drawdown (elevated drawdown can cause, 
for example, water coning, fines migration, etc). Con-
sequently, it is not recommended to calculate the addi-
tional oil barrels due to the workover using the SDC.

In IWE the word instantaneous means the workover 
effect that results from comparing oil rates just before 
and just after the treatment.

EXamPlES in tHE briSaS FiEld

The Brisas field (Páez, Gómez, Saavedra, Mendoza, 
& Pérez, 2003) was discovered in 1973 by Tenneco 
Company and nowadays is operated by Ecopetrol S.A. 
This field is located at the Southwest of Colombia in 
the upper Magdalena basin and produces oil crude 
from the Monserrate formation. The average true verti-
cal depth of the wells is 4300 feet and the production 
mechanism is a combination of solution gas drive and 
partial water drive.

The API gravity is 23 and the bubble pressure is ap-
proximately 800 psi. The reservoir pressure was 2000 
psi in 1973 and 900 psi in 2003.

The formation damage is caused mainly by calcium 
carbonate scale. This damage mechanism has been 
deducted by the calculated saturation index for calcite 
and confirmed by the effectiveness of HCl treatments. 
calcium carbonate scale also has been found in the 
production string.

treatment analysis in brisas-9
Following the additional oil barrels perspective, 

three acid-organic stimulations (Figure 7) were evalu-
ated in the well Brisas-9 oil.

The gas-oil ratio (GOR) in Brisas-9 has ranged from 
17 to 303 scf/stb.

According to the drive mechanism in the Brisas 
field and checking the oil rate data, it is clear that an 
exponential decline curve can be used in the evaluation. 
Figure 8 shows the areas calculated using DCA.

Figure 9 contains the additional cumulative oil curves 
for the analyzed stimulation jobs. To make the compari-

Figure 6. Fluid colum in producing well

 (10b) 

And:

 (10c)

From the pump intake pressure the relationship to 
estimate the flowing pressure is:

 (11) 

Where:

 (11a)

Same drawdown criteria (Sdc).
As the fluid level depends on both the ALS and the 

well performance, the pressure drawdown may change 
after the treatment.

 To make clear the effect of the treatment in the well 
performance (avoiding ALS effects), the same draw-
down criteria must be applied. That is, from the produc-
tivity index after the treatment and using the pressure 
drawdown before the stimulation, the stimulated same 
drawdown oil rate is calculated (Equation 12).

 (12) 

It is advisable to use the SDC only to quantify the 
Instantaneous Workover Efficiency (IWE), because it 
is difficult to predict appropriately the well production 
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In Table 5 appears the deferred production for each 
workover. The column Rec. Time contains the time (in 
days) needed to recover the deferred production.

Date WKtime qo_jbt DPo Rec. Time

Feb-13-95 0,4 133,8 55,7 0,5

Jun-20-98 3,0 131,7 395,1 5,9

Dec-19-01 2,0 122,7 245,5 2,1

Table 5. Deferred production data, Well Brisas-9

Figure 9. Comparison between ACOCs in Well Brisas-9

Figure 7. Production data, Well Brisas-9

Figure 8. Areas per treatment, Well Brisas-9

son between stimulations, the ACOC’s were plotted us-
ing as the abscissa the days after the treatment.

From Figure 9, it is comprehensible that similar 
treatments applied in the same well can gives differ-
ent results. In this case, the acid-organic treatment was 
less effective in December 2001 than in February 1995, 
because the flow potential of the well was changing 
according to the reservoir depletion.

To calculate the removed skin it is necessary to 
have at least one skin value near (just before or just 
after) the treatment date. In Brisas-9 there was only 
one pressure test (July 1991 and the skin calculated 
was 1,1). Because of this lack of information, the skin 
at January 1995 is estimated using the flow efficiency 
equation (Golan & Whitson, 1991).

 (13)

Calculating the ideal rate at July 1991 (from Equa-
tion 13), the skin factor at January 1995 can be ap-
proximated to 4,83 (Calculations of removed skin and 
approximated skin were made in oil-rate basis, which 
means, it was assumed no multiphase flow effects).

Figure 10 illustrates the removed skin calculated 
using Equation 8a. According to this figure, the first 
treatment analyzed in Brisas-9 well, removed an aver-
age skin damage of 4,52. Therefore, the skin factor 
after this treatment should be around 0,31. Using again 
Equation 13, the skin at June 1998 was approximately 
4,09. The same steps are repeated to find the average 
removed skins for each treatment. A summary of this 
results appears in Table 6.

treatment analysis in brisas-8
In the Brisas field the fluid level information has 

been recorded since September 1997. Therefore, two 
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stimulations, performed after that date, were evaluated 
to illustrate the productivity index analysis. 

The first one is an organic-acid treatment (10 bbl 
xylene plus 10 bbl diesel plus 29 bbl 7,5% HCl) per-
formed in November 2001. The second one is an acid 
treatment (8 bbl of 7.5% HCl) performed in April 2002 
(Figure 11).

Until this step of the evaluation, the second stimu-
lation (Apr. 24, 2002) was better than the first one. 
However, the PIA will help to understand the actual 
stimulation effects.

The flowing pressure was calculated from the fluid 
levels, and the reservoir pressure was obtained from 
different pressure test (Figure 14).

The productivity index was estimated from oil and 
water rates separately (Figure 15).

From Figure 15 it can be concluded that the first 
stimulation (Dec. 18, 2001) caused a production in-
crease but the second stimulation (Apr. 24, 2002) had 
no effect in the productivity index, thus its effect in the 
oil rate curve must be the result of an ALS change.

In addition to the productivity index, analysis of the 
treatment effluents can be used to determine if the stimula-

Treatment Date Sbt Average ∆S

Feb-13-95 4,83 4,52

Jun-20-98 4,09 3,69

Dec-19-01 3,10 1,70

Table 6. Treatment analysis results, Well Brisas-9

Figure 11. Production data, Well Brisas-8

Figure 12. Areas per treatment, Well Brisas-8

Figure 13. Comparison between ACOCs, Well Brisas-8

Figure 10. Removed skin, Well Brisas-9

The evaluation of this well starts with the additional 
cumulative oil curves. (Figures 12 and 13).
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tion removed or not any organic or inorganic flow obstruc-
tion. However, that topic is out of the scope of this paper.

Figure 19 illustrates the calculated monthly additional 
oil barrels minus deferred production. The profits per 
sold barrel (Figure 20) were calculated taking into 
account oil prices and cost operations (note that the 
information contained in Figure 20 is fictitious and 
does not represent exactly the profits per sold barrel 
for the Brisas field).

Monthly profits, calculated using Equation 3, are 
plotted in Figure 21.

The date to recover the investment can be estimated 
from the cumulative profits curve (Figure 22).

Figure 16. Additional oil barrels, Well Brisas-8

Date WKtime qo_jbt DPo Rec. Time

Dec-18-01 3,0 103,4 310,3 0,125

Table 7. Deferred production data, Well Brisas-8

Figure 17. Cumulative oil curves, Well Brisas-8

Figure 14. Reservoir and flowing pressures, Well Brisas-8

Figure 15. Productivity indexes, Well Brisas-8

Finally, to complete the evaluation in the Brisas-8, 
the entire additional oil increase will be assigned to the 
first stimulation job (Figure 16).

The deferred production is listed in Table 7. 

An extrapolated cumulative oil curve is showed in 
Figure 17.

The additional cumulative oil curve is plotted in 
Figure 18.

The profits were calculated using the monthly 
additional oil barrels (Equation 2), the deferred pro-
duction (Equation 1) and the profits per sold barrel.  
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diScuSSion

A workover evaluation based in the DCA and the 
pseudo-steady state assumption is appropriate because 
it can be applied using common production data. In 
general, a more sophisticated solution, such as that 
generated using simulation, may not be cost-effective.

The Arp’s decline curve can be established using 
a group of rate data collected for an elapsed time 
when no major changes in operating procedure are 
made and no stimulation treatments are applied 
(Arps, 1956). This condition is found in many wells; 
however, every case should be analyzed separately 
to verify if the well accomplishes the constraints.

Figure 18. Treatment ACOC, Well Brisas-8

Figure 19. Monthly additional oil barrels minus deferred production, 
Well Brisas-8

Figure 21. Monthly profits, Well Brisas-8

Figure 22. Cumulative profits, Well Brisas-8

Figure 20. Profits per sold barrel, Well Brisas-8

Assuming that the treatment cost 100 K$USD, the 
investment is recovered in 6,5 months.
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Because of the oil rate can be affected by the per-
formance of the artificial lift system, the productivity 
index analysis should be included in the treatment 
evaluation. It is suggested to make productivity index 
calculations for water and oil separately, because in 
this way it is easier to detect water breakthrough. 
However, this implies that the relative permeability 
effect is neglected.

To improve the proposed methodology it is recom-
mended to include aspects such as workover operation, 
treatment formulation, and net present value of the 
revenues.

concluSionS

• If a clear production trend can be established and de-
scribed by the Arp’s decline theory, the effectiveness 
of a stimulation treatment can be calculated using well 
known equations and common production data.

• Assuming the pseudo-steady state flow and calculat-
ing hydrostatic pressures in the well annulus, factors 
such as the artificial lift system performance and 
the removed skin damage, can be included in the 
analysis to avoid misleading results.

acKnoWlEdGEmEntS 

Many ideas in this paper are the result of discus-
sions with colleagues at Ecopetrol S.A. The authors of 
this paper wish to express their gratitude to the ICP’s 
customers from whom we have received many valu-
able ideas, especially to Hugo-Iván Muñoz Añazco, 
Javier-Darío Páez, Jorge Hernández Mora and Ivan 
Fedullo Rumbo.

rEFErEncES

Allen, T. O., & Roberts A. P. (1997). Production operations 
(Vol. 2., 4th Ed.). Oil & Gas Consultants Internacional 
Inc. Tulsa Oklahoma, USA. 

Arps, J. J. (1949). Analysis of decline curves. Trans. AIME, 
186: 9.

Arps, J. J. (1956). Estimation of primary oil reserves. Trans. 
AIME, 207: 182-191.

Golan, M., & Whitson, C. H. (1991). Well Performance. (2nd. 
ed.) Prentice Hall, Englewoods Cliffs, NJ.

Páez, J. D., Gómez, M.P., Saavedra, N. F., Mendoza, A., & 
Pérez, E. R. (2003). Formation damage study in the Brisas 
Field. Internal Report, Instituto Colombiano del Petróleo 

-ICP, Ecopetrol S.A.

Patterson, W. E., & Shell Oil Co. (1973). An economic evalu-
ation technique for workovers with declining production. 
Fall Meeting, SPE, Las Vegas, USA, SPE 4618.

Ruz, S., & Calderón, Z. (2005). Reserves estimation and 
hyperbolic decline parameters calculation. A comparison 
between neural networks and numerical methods. XI 
Colombian Petroleum Congress, Bogotá, Colombia.


