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Abstract 
 
Water coning is a critical problem when producing oil through vertical wells from a bottom water reservoir. 
Such a problem includes estimating the time for installing water separation facilities at the surface that 
directly associated with the operating cost. Reliable prediction of water breakthrough time is then important 
to anticipate the start of water production. On the other hand, currently available correlations to predict water 
breakthrough time seem to be incoherent with the affecting reservoir and fluid parameters. In this paper, we 
perform a parametric sensitivity analysis to reexamine the relevant reservoir and fluid parameters. For this 
purpose, an r-z model was used through a commercial reservoir simulator. The results showed that several 
parameters significantly affect the time of water breakthrough. These parameters were then grouped together 
as suggested by the basic flow equation and the grouping was confirmed by regression analysis. This results 
in a correlation that is actually a modification to one of current correlations. Another approach was also 
carried out by way of regression analysis directly. This results in a new empirical correlation that has been 
proved to be more reliable and more accurate. 
 
Keywords: breakthrough time correlation, water coning, parametric sensitivity, regression analysis 
 
Sari 
 
Water coning merupakan suatu masalah serius apabila kita memproduksikan minyak melalui sumur vertical 
dari suatu reservoir yang mempunyai bottom water. Masalah tersebut diantaranya keharusan untuk 
melakukan pemisahan air di permukaan yang secara langsung berkaitan dengan biaya operasi. Oleh karena 
itu, penentuan waktu tembus air menjadi sangat penting dalam rangka mengantisipasi kapan dimulainya 
produksi air. Di sisi lain, korelasi empirik untuk memperkirakan waktu tembus air yang ada pada saat ini, 
ternyata memberikan hasil yang tidak konsisten dengan parameter reservoir maupun fluida yang 
mempengaruhinya. Dalam makalah ini, dilakukan analisis sensitivitas untuk menguji kembali pengaruh dari 
parameter-parameter reservoir dan fluida tersebut. Untuk itu, digunakan sebuah model r-z dengan bantuan 
sebuah simulator komersial. Hasil simulasi menunjukkan bahwa terdapat beberapa parameter reservoir yang 
mempengaruhi waktu tembus air secara signifikan. Parameter-parameter tersebut kemudian dikelompokan 
berdasarkan konsep persamaan aliran dan dilakukan regresi. Proses ini menghasilkan suatu korelasi yang 
merupakan modifikasi dari dari salah satu korelasi yang ada saat ini. Pendekatan dengan cara regresi secara 
langsung kemudian menghasilkan suatu korelasi baru. Persamaan ini terbukti lebih akurat dan konsisten 
terhadap parameter-parameter yang mempengaruhinya. 
 
Kata Kunci: korelasi waktu tembus air, kerucut air, sensitivitas parameter, analisis regresi 
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I. INTRODUCTION 
Many wells produce from oil zones underlain by 
water at the bottom part of the reservoir. Such a 
reservoir is commonly called a bottom-water 

reservoir. When producing oil from such a 
reservoir through a vertical well, water is almost 
always produced. The water production starts 
when the bottom water breaks through into the 
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well. This is usually introduced by a phenomenon 
called water coning (Figure 1). In this case, coning 
results near a vertical well when water flows from 
the free water level (or water-oil contact, WOC) in 
a generally vertical direction.1 Thus, breakthrough 
of the coned water occurs at the lowest part of the 
well’s completion interval. The worse condition 
occurs when the water coning is uncontrolled 
causing premature water breakthrough, which in 
turns could result in rapid increase of water 
production rate. 

Many authors have addressed water coning 
problem in terms of (1) critical oil rate i.e. the 
maximum production oil rate without producing 
water, (2) water oil ratio (WOR) after 
breakthrough, and (3) water breakthrough time. 
Many methods to predict these behaviors, mostly 
empirical correlations based on laboratory 
experiments or computer simulation runs, have 
been developed and presented in literature.1  

Our observations on the computational results 
using the two most popular and currently available 
correlations in literature, Yang and Wattenbarger2 
and Rhecam, Osisanya, and Touami3 correlations, 
respectively, showed some discrepancies with those 
of simulation. For example, as the simulation 
suggested, water breakthrough time should 
decrease as the oil column height above 
perforations increases. Rhecam, Osisanya, and 
Touami’s correlation, in the contrary, predicts 
inversely, i.e. the breakthrough time increases (see 
Figure 7). Similar inconsistency also occurs for the 
effects of drainage radius, perforation length, and 
water viscosity (see Figure 5, Figure 8, and Figure 
10, respectively). Moreover, both Rhecam, 
Osisanya, and Touami’s correlation and Yang and 
Wattenbarger’s correlation are surprisingly 
unaffected by porosity changing. This is rather 
incorrect since, as indicated by the simulation 
results, the change in porosity should increase the 
breakthrough time (see Figure 11). An explanation 
for this case should not be simple since it could 
relate to a specific reservoir dynamical condition 
depending on wettability, viscous-gravity forces, 
and relative mobility properties.1,5  

Motivated by the above facts, this paper 
presents new correlations to estimate the 
breakthrough time. The development of the new 
correlations followed the same procedure as that of 
the two aforementioned methods. By this we mean 
that we performed a parametric sensitivity analysis 
of water coning using numerical simulation. The 
sensitivity analysis was done for various horizontal 
and vertical permeabilities, drainage areas, oil 
column heights above perforation, perforation 
lengths, oil and water viscosities, porosities, total 
production rates, and differences in oil and water 
densities. Regression analysis that we performed 

afterwards resulted in two correlations: one is a 
modified version of the Rhecam, Osisanya, and 
Touami’s correlation and the other is a brand new 
correlation. The assumptions applied in the 
development of these correlations include the 
reservoir is circular with the producing well is 
located at the center of the reservoir and produces 
oil from the zone underlain by water, capillary is 
ignored, and dip angle is equal to zero.  

Hence, the main objectives of this paper are 
(1) to understand all reservoir rock and fluid 
properties that influence the water breakthrough 
time in a vertical well of a bottom-water reservoir 
and (2) to develop new correlations to predict 
water breakthrough time that are more reliable and 
more accurate compared to Yang and 
Wattenbarger and Rhecam, Osisanya, and 
Touami’s correlations. 
 
II. CURRENT CORRELATIONS 
The presence of water coning into a well results 
from the pressure drawdown being too great near 
the well. In this case, two forces control the 
mechanism of water coning namely: viscous (or 
dynamic flow) force and gravity force. If the 
pressure drawdown is larger than the gravity 
pressure differential, which tends to keep the oil 
on top of the water, then coning can occur as 
shown by the Eq. (1).1 This is much true in a 
vertical well since it exhibits a large pressure 
drawdown near the wellbore than a horizontal well 
does. Therefore, horizontal wells provide option 
whereby pressure drawdown can be minimized, 
coning tendencies can be minimized, and high oil 
production rates can be achieved.3  
 

h)(433.0p cow γ−γ>Δ  …………………… (1)
 

Obviously, Eq. (1) does not refer to time. The 
inference is that whenever the inequality is 
satisfied, coning will occur instantaneously; any 
time that the inequality is not satisfied, there will 
be no coning. It is in fact that, initially, the 
researches were focused on the elimination of 
water coning. However, many approaches that 
were tested failed so that the elimination of coning 
had to return to the implication of Eq. (1) i.e. 
reduce the pressure drawdown by reducing 
producing rate. This has motivated many authors 
to develop methods for estimating the critical rate, 
which is the maximum rate that precludes coning. 
Unfortunately, this effort also failed to eliminate 
coning because to eliminate coning completely by 
reducing the drawdown, the permissible well rate 
may be quite low. Therefore, in current practices, 
it is normally more economical to let the water 
produced and then to handle the water production 
at the surface rather than restrict the oil production. 
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As a result, it is more important to estimate the 
breakthrough time than to predict the critical rate. 

One of the current most popular correlations 
to predict water breakthrough time that is available 
in literature had been proposed by Yang and 
Wattenbarger. They presented a correlation that 
was developed based on the basic flow equation 
and regression analysis of field data results from 
numerical simulation. Several years later, Rhecam, 
Osisanya, and Touami have also presented a 
generalized empirical correlation to predict water 
breakthrough time in vertical and horizontal wells. 
Their correlation was also based on an extensive 
parametric sensitivity analysis using a numerical 
simulator to analyze the most relevant fluid and 
reservoir parameters that affect water coning. 

The empirical correlation that has been 
proposed by Yang and Wattenbarger is a 
generalized correlation based on the correlation of 
the breakthrough height, hwb, as a function of qt and 
oil viscosity, etc. The correlation can be used to 
estimate critical rate, water-oil ratio (WOR) after 
breakthrough, and breakthrough time. The 
following is their generalized correlation for 
vertical wells.   
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For a tank reservoir, the average oil column height 
below perforation, hbp, is linearly related to the 
cumulative oil production, Np. Then, the cumulative 

oil production at breakthrough, (Np)bt, can be 
calculated from the breakthrough height hwb that is 
 

hwb= h – 
)SS1(A
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rowc

btp

−−φ
– hap – hp   …..… (9) 

 

Solving for gives )N( p bt
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and the breakthrough time can be predicted using 
the following equation. 
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Rhecam, Osisanya, and Touami3 developed a 
correlation to estimate the breakthrough time as a 
function of the various reservoir and fluid 
properties. Results of their regression analysis are 
shown in the following.  
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III. METHOD OF STUDY 
3.1. Numerical Simulation Model 
A commercial reservoir simulator was used to 
model the composite well-reservoir system with an 
aquifer attached at the bottom of the reservoir. The 
system was simulated through a two-dimensional 
radial gridblock system in a 121.8-acre drainage 
area with homogeneous but anisotropic properties. 
The bottom water was modeled using Carter-Tracy 
aquifer formulation.1,5 To increase the accuracy of 
the finite difference solution, we use equally 
spaced gridblock spacing on a logarithmic basis as 
suggested by the nature of the single-well 
solutions. This reservoir model is shown in Figure 
2 and the formulas that apply for the gridding 
system are given by Eqs. (16) through (19). The 
grid size along with other pertinent well and 
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reservoir geometry data for the simulation are 
shown in Table 1 while the relative permeability 
data is shown in Table 2. 
 

rr i1i ω=+  .........................................……... (16) 
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Table 2. Relative Permeability Data  

(from Ref. 5) 
Sw krw kro 
0.15 0 0.95 
0.2 4.00E-03 0.75 

0.25 1.02E-02 0.5876 
0.3 1.66E-02 0.4462 

0.35 2.32E-02 0.3325 
0.4 3.05E-02 0.245 

0.45 3.92E-02 0.177 
0.5 4.97E-02 0.12 

0.55 6.30E-02 7.24E-02 
0.6 7.98E-02 3.74E-02 

0.65 1.00E-01 1.63E-02 
0.7 1.24E-01 5.64E-03 

0.75 1.53E-01 7.70E-04 
0.775 1.70E-01 3.80E-04 
0.788 1.78E-01 1.90E-04 

0.8 1.87E-01 0 
1 1.87E-01 0 

 
 
3.2. Regression Analysis  
A multi-variable regression was applied to the 
relevant parameters obtained from the simulation 
runs. This regression technique is simply finding a 
combination of independent variables, which will 
be correlated as closely as possible to the dependent 
variable. For example, a number of n data has 
characteristics of measured variables y, x1, x2, x3, 
… , xn where x’s are the independent variables and 
y is the dependent variables. A linear-regression 
equation of the y and x’s variables may be of the 
form of 
 
y = a0+m1x1+m2x2+…….+mnxn    ………… (20) 
 
For all n data with certain observations, Eq. (20) 
can be written as follows. 
 
y = a0+m1xi1+m2xi2+…….+mnxin;  i = 1,2,3….n 
 ……………… (21) 
 

A group of equations having similar form as Eq. 
(21) that is measured through an experiment can 
then be represented in a matrix form as follows. 
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where X is the matrix of n x (n+1),  is the vector 
of (n+1) variables, and 

a
r

y
r

 is the vector of n 
variables. The final solution to this matrix form is 
to find vector a

r
 such that X a

r
 has a value that is 

close to y
r

. The solution vector a
r

 can be found by 
either direct or iteration methods.  

The development of the empirical equation in 
this work is done through a non-linear regression 
technique using a basic form of equation of  
 
t = m0 Am1 Bm2 Cm3 Dm4 Em5 Fm6   ……………. (24) 
 
Eq. (24) can be further simplified to a linear form 
by the way of logarithmic transformation as 
follows. 
 
log t = logm0 + m1logA +m2logB+m3logC +  
           m4 logD +m5 logE + m6 log F    ……… (25) 
 

or 
 

y = c+ m1x1 +m2x2+m3x3 + m4 x4 +m5 x5 + m6 x5 

 ……………… (26) 
 

where 
y = log t 
c = log m0 
x1 = log A 
x2 = log B 
x3 = log C 
x4 = log D 
x5 = log E 
x6 = log F 
 
IV. RESULTS AND DISCUSSION 
Using the relevant or sensitive parameters found 
by simulations, the empirical equation we are 
looking for was assumed to have a form of 
 
tbt = f(kh, kv, h, re, hp, hap, μo, μw, φ, qo, Δρwo)    (27) 
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As suggested by Eq. (24), a non-linear relationship 
among the variables could be written as 
 
tbt = a0kh

a1 kv
a2 re

a3 ha4 hp
a5 hap

a6 μw
a7 μo

a8 φa9 qo
a10 

(Δρwo)a11  ……………………………… (28) 
 
Then, after performing a regression analysis, we 
obtained all the coefficients such that Eq. (28) 
becomes 
 
tbt = 0.053kh

0.745kv
-0.859re

0.424h3.057hap
-0.455hp

-0.497 

 μw
0.511μo

-0.615φ 1.021qo
-0.962(Δρwo) 0.124   …… (29) 

 
The same procedure was conducted to modify 
Rhecam, Osisanya, and Touami’s equation. Their 
equation has a basic form of  
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A regression analysis resulted in all coefficients 
such that the Rhecam, Osisanya, and Touami’s 
equation may be modified as  
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with the same definitions of reD, qD, and M as theirs. 
 
Next, the resulted correlations, i.e. Eq. (29) and Eq. 
(31), are plotted against various relevant 
parameters. These parameters are horizontal and 
vertical permeabilities, drainage areas, oil column 
heights above perforation, perforation lengths, oil 
and water viscosities, porosities, total production 
rates, and differences in oil and water densities. 
Figure 3 through 13 show comparison of solutions 
of the new correlations with that of simulation. 
Along with those are prediction results of the two 
previous correlations, i.e. Yang and Wattenbarger 
and Rhecam, Osisanya, and Touami’s correlations. 

Figure 3 shows the estimated results for 
various horizontal permeability values. The 
modified Rhecam, Osisanya, and Touami’s 
correlation, Eq. (31), gives results that are generally 
close to those of simulation when permeabilities are 
between 300 to 800 md. Meanwhile, the results of 
the original Rhecam, Osisanya, and Touami’s 
correlation fall far below those of its modified 
version. On the other hand, the new correlation, Eq. 
(29), gives best result among all correlations, i.e. 
closer to the simulation results, only when the 
permeabilities are below 600 md. In this case, when 

the permeability is greater than 600 md, the 
correlation gives poorer results and underestimates 
the breakthrough time compared to the Rhecam, 
Osisanya, and Touami’s modified version.  

Figure 4 displays the estimated results for 
various vertical permeabilities. The modified 
Rhecam, Osisanya, and Touami’s correlation gives 
results that are between those of the original 
Rhecam, Osisanya, and Touami’s correlation and 
simulation when the vertical permeabilities are 
between 10 and 50 md. Nevertheless, the modified 
correlation predicts the value of the breakthrough 
time considerably when the vertical permeabilities 
are between 30 and 60 md. The new correlation, 
on the other hand, gives the best result among all 
correlations. 

Figure 5 shows the estimated breakthrough 
time for various drainage radii. The modified 
Rhecam, Osisanya, and Touami’s correlation 
predicts the breakthrough time with trends similar 
to those of the original one but disagrees with 
simulation. This is understandable since its 
development followed the form of its original  
version. The Yang and Wattenbarger’s correlation, 
on the contrary, gives results that are almost the 
same trends as simulation except its values that fall 
far below the simulation results. Again, the new 
correlation gives the best result among all 
correlations. 

Figure 6 displays the breakthrough time 
predicted by the correlations as the oil column 
height is changed. All values estimated by all 
correlations show trends that agree with that of 
simulation. The best agreement with the 
simulation, however, is resulted from the new 
correlation and the modified Rhecam, Osisanya, 
and Touami’s correlation especially when the oil 
height is between 50 and 150 ft. The Yang and 
Wattenbarger’s correlation, in contrast, gives the 
worst results compared to the other equations. 

Figure 7 shows the resulting breakthrough 
time when the oil column above perforations is 
varied. Obviously, the Yang and Wattenbarger’s 
correlation gives deviated results from that of 
simulation and the original Recham, Osisanya, and 
Touami’s correlation is even worst that the trend 
does not agree with that of simulation. Of course, 
this should not be true because increasing oil 
column above the perforation means decreasing oil 
column below the perforation, which in turn will 
accelerate the breakthrough of water. In this case, 
the modified Rhecam, Osisanya, and Touami’s 
correlation gives results that are in good agreement 
with that of simulation.  

Figure 8 exhibits the breakthrough time 
resulting from the use of the developed 
correlations for various perforation lengths. Again, 
the original Rhecam, Osisanya, and Touami’s 
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correlation gives the worst results that it even does 
not have the same trend as the simulation does. 
Besides, the Yang and Wattenbarger’s correlation 
also provides results that are far from that of 
simulation. The modified Rhecam, Osisanya, and 
Touami’s correlation, in this case, gives the best 
results that are close to that of simulation. 
Meanwhile, the new correlation does not give 
satisfied estimates only when the perforation 
thickness is greater than 35 ft. 

Figure 9 shows the resulted estimates for the 
two new correlations along with the original 
Rhecam, Osisanya, and Touami and Yang and 
Wattenbarger’s correlations with varied oil 
viscosities. All values estimated by the correlations, 
including Yang and Wattenbarger and the original 
Rhecam, Osisanya, and Touami’s equations show 
trends that agree with that of simulation. In this 
case, increasing oil viscosity will decrease the 
water breakthrough time, i.e. the thicker oil will 
accelerate water breakthrough. The best agreement 
with the simulation, however, is again resulted by 
the new correlation, Eq. (29) and the modified 
Rhecam, Osisanya, and Touami’s correlation.  

Figure 10 presents the results similar to Figure 
9 for the case of varied water viscosities. Unlike the 
case of oil viscosity, the breakthrough time 
increases as the water viscosity increases, i.e. the 
thicker water will decelerate its breakthrough. The 
best results are shown by the new correlation. And, 
again, the worst estimates are resulted from the use 
of the original Rhecam Osisanya, and Touami’s 
equation as the trend is about in contrary to the 
simulation. 

Figure 11 displays the breakthrough time 
estimates for various porosities. It is quite 
surprising that porosity has not been found by Yang 
and Wattenbarger as a sensitive parameter to 
coning phenomena.2 Porosity was not even 
included by Recham, Osisanya, and Touami in their 
parametric analysis.3 Our simulation run, in 
contrast, showed an extremely sensitive case that 
increasing porosity from 10% to 30% will increase 
the breakthrough time from 100 days to 300 days as 
shown in the figure. Because of our approach, the 
breakthrough time predicted by our new correlation 
fits the simulation case while others show constant 
values. 

Figure 12 shows the results for the case of 
various oil production rates. Regardless the values, 
the figure obviously shows trends of all estimates 
that agree with that of simulation. Undoubtedly, the 
best results are given by the new correlation as they 
are shown by the best agreement with the 
simulation.  

Figure 13 displays the last case of our 
sensitivity study, which is for water-oil density 
difference case. Expectedly, the simulation shows 

significant effects of density difference on the 
breakthrough time. This is quite similar to what 
has been found by Yang and Wattenbarger and 
Rhecam, Osisanya, and Touami as shown by the 
results agreement with that of simulation except 
that their correlations are far below the simulated 
results. On the other hand, as it is clearly shown in 
the figure, the best results are obviously given by 
our new correlation. 

In summary, both the modified version of the 
Rhecam, Osisanya, and Touami and the new 
correlations developed in this study have generally 
shown more reliable estimates of water 
breakthrough time compared to the previously 
published Yang and Wattenbarger and Rhecam, 
Osisanya, and Touami’s correlations. This was 
proved by their consistency with the results of 
simulation.  

It should be noted here that the present study 
has revealed that there are conflicting results of 
sensitivity analysis for varied porosities when we 
compared to what Yang and Wattenbarger and 
Rhecam, Osisanya, and Touami have published. In 
this case, we found the porosity to be a sensitive 
parameter in estimating water breakthrough time. 
This case certainly needs further investigation in 
the future. 

It is also worth to note that the present study 
has proven the lack of Rhecam, Osisanya, and 
Touami’s correlation sensitivity to drainage radius, 
oil column height above perforation, perforation 
length, and water viscosity. In this case our results 
are in good agreement with that found by Yang 
and Wattenbarger. 
 
VI. CONCLUSIONS 
The principal conclusions of the present study are 
as follows. 
1. Increasing horizontal permeability will 

increase breakthrough time and, conversely, 
increasing vertical permeability will decrease 
breakthrough time. 

2. Increasing drainage radius will increase 
breakthrough time. This is in contrast with that 
found by Rhecam, Osisanya, and Touami. 

3. Increasing oil column height will considerably 
increase breakthrough time. 

4. Increasing oil column height above perforation 
will decrease breakthrough time. This is in 
contrast with that found by Rhecam, Osisanya, 
and Touami. 

5. Increasing perforation length will decrease 
breakthrough time. This is in contrast with that 
found by Rhecam, Osisanya, and Touami. 

6. Increasing oil viscosity will decrease 
breakthrough time and, conversely, increasing 
water viscosity will increase breakthrough 
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ρw  = water density, gr/cc time. The later is in contrast with that found by 
Rhecam, Osisanya, and Touami. φ  = porosity, fraction 

7. Increasing oil production rate will decrease 
breakthrough time. 

δ  = fraction of perforated interval  
λ  = fraction of oil column height above 

perforation  8. Porosity is found to be a sensitive parameter. 
Unlike the two previous correlations, we 
propose to include porosity in our new 
correlation as shown in Eq. (29).  
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9. We propose two new correlations to estimate 
more accurately the water breakthrough time. 
One is a modified version of Recham, Osisanya, 
and Touami’s correlation, Eq. (31), and the 
other is a brand new correlation, Eq. (29).  The 
new correlation has been proved to be much 
more reliable than the modified Recham, 
Osisanya, and Touami’s correlation. 

 
NOMENCLATURE  
A  = cross sectional area, ft2

REFERENCES 
BBo  = oil formation volume factor, rb/stb 1. Smith, C. R., Tracy, G. W., and Farrar, R. L.: 

Applied Reservoir Engineering, Vol. 2, OGCI 
Publications, Tulsa, OK, 1992. 

h  = initial oil formation thickness  
hap  = oil column height above perforation, ft 
hbp  = oil column height below perforation, ft 2. Yang, W. and Wattenbarger, R. A.: “Water 

Coning Calculations for Vertical and 
Horizontal Wells,” SPE paper 22931 presented 
at the 66th Annual Technical Conference and 
Exhibition, Dallas, TX, October 6-9, 1991. 

ho  = current oil zone thickness, ft 
hp  = perforation length, ft 
hwb  = breakthrough height, ft 
kh  = horizontal permeability, md 
kv  = vertical permeability, md 3. Recham, R., Osisanya, S. O., and Touami, M.: 

”Effects of Water Coning on the Performance 
of Vertical and Horizontal Wells – A Reservoir 
Simulation Study of Hassi R’mel Field, 
Algeria,” SPE/Petroleum Society of CIM paper 
65506 presented at the 2000 SPE/Petroleum 
Society of CIM International Conference on 
Horizontal Well Technology, Calgary, Alberta, 
Canada, November 6-8. 

kro  = oil relative permeability at Swc
krw  = water relative permeability at 1 - Sor
M  = water-oil mobility ratio  
Np  = cumulative oil production, stb 
(Np)bt = cumulative oil production at breakthrough, 

stb 
qD  = dimensionless production rate  
qcD  = dimensionless critical coning rate 
reD  = dimensionless drainage radius 4. Brown, K. E.: The Technology of Artificial 

Methods, Vol. 4, PennWell Publishing Co., 
Tulsa, OK, 1984. 

Sor  = residual oil saturation 
Swc  = connate water saturation 
tbt  = breakthrough time, days 5. Craft, B. C. and Hawkins, M. F.: Applied 

Petroleum Reservoir Engineering, 2nd Ed., 
Revised by R. E. Terry, Prentice-Hall Inc., 
Englewood Cliffs, NJ, 1991. 

μo  = oil viscosity, cp 
μw  = water viscosity, cp 
ρo  = oil density, gr/cc 
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Table 1. Reservoir, Rock, Fluid, and Well Properties 

Reservoir Geometry   
Well-reservoir geometry : Circular reservoir with a single well at the center 
Number of radial grid  : 10 blocks  
Outer radius of each gridblock  : 4.83, 9.33, 18.01, 34.8, 67.21, 29.81, 250.73, 484.28, 

935.4, 1300 ft 
Well radius  : 0.25 ft 
Drainage radius : 1300 ft 
Number of vertical grid : 13 layers 
Water-oil contact : 13th grid in from the top 
Vertical grid size : 3.75, 16.25, 10, 10, 10, 10, 10, 10, 10, 10, 10, 20, 20 ft. 
Net Pay  : 150 ft 
Horizontal permeability  : 500 md 
Vertical permeability : 50 md 
Reservoir pressure : 2000 psi 
Dip angle : 0  degree 
   
Fluid Properties   
Oil density  : 53.0655 lbm/cuft 
Water density  : 62.43 lbm/cuft 
Oil Viscosity  : 1.5 cp  
Water Viscosity : 0.31 cp 
Oil Compressibility  : 1.0 E-5psi-1

Water Compressibility : 3.0 E-6 psi-1

Oil formation volume factor : 1.2 rb/STB 
Water formation volume factor : 1.1 rb/STB 
   
Rock Properties   
Porosity : 0.20 (fraction) 
Irreducible water saturation  : 0.15 (fraction) 
Residual oil saturation  : 0.224 (fraction) 

Water relative permeability at 
residual oil saturation  

 
: 

 
0.1870 

   
Well Data   
Perforation thickness : 16.25 ft 
Oil column thickness  : 150 ft 

Oil column thickness above 
perforation  

 
: 

 
3.75 ft 

Oil production rate (constant)  : 1000 stb/day 
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Figure 1 Water coning occurrence.4
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Figure 2. Radial gridblock system. 
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Figure 3. Comparison of correlations: sensitivity to 
horizontal permeability 

Figure 4. Comparison of correlations: sensitivity to 
vertical permeability 
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Figure 5. Comparison of correlations: sensitivity to 
drainage radius 

Figure 6. Comparison of correlations: sensitivity to oil 
column height 
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Figure 7. Comparison of correlations: sensitivity to oil 
column height above perforation 

Figure 8. Comparison of correlations: sensitivity to 
perforation thickness 
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Figure 9. Comparison of correlations: sensitivity to oil 
viscosity 

Figure 10. Comparison of correlations: sensitivity to 
water viscosity 
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Figure 11. Comparison of correlations: sensitivity to 
porosity 

Figure 12. Comparison of correlations: sensitivity to 
production rate 

0

50

100

150

200

250

300

350

0 0.1 0.2

Oil - water density difference, gr/cc

tb
t, 

da
ys

0.3

Yang-Wattenbarger
Eq. 31
Recham et al.
Simulasi
Eq. 29

 

 

Figure 13. Comparison of correlations: sensitivity to 
oil-water density difference 
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Perubahan : 
1. Persamaan korelasi, Eq. 29. ‘hp’ menjadi berpangkat minus, waktu tembus air semakin cepat (tbt 

kecil) ketika perforation length semakin besar, hal ini berkebalikan dengan persamaan di paper 
Corrected 6. 

2. Persamaan modifikasi Recham et al. Eq. 31. 
0

1
h
hbp− menjadi berpangkat minus, artinya semakin 

besar kolom minyak di atas perforasi maka waktu tembus air semakin cepat (tbt kecil), ho = bap + 
hbp. hal ini berkebalikan dengan persamaan di paper Corrected 6. 

3. Kolom air dalam model simulasi diganti dengan model aquifer Carter-Tracy dari arah bawah. 
4. Permeabilitas horizontal yang dipakai untuk kasus dasar, 500 md (asalnya 2000 md) 
5. Permeabilitas vertical yang dipakai untuk kasus dasar, 50 md (asalnya 100 md) 
6. Gambar, Figure. 2 tanpa kolom air 
7. Normalisasi data permeabilitas relative yang dipakai untuk simulasi 
8. Simulator menggunakan ECLIPSE Black oil 
9. Kurva-kurva perbandingan sensitivitas pada setiap parameter 
10. Hasil simulasi cenderung mengikuti hasil perhitungan dengan persamaan Yang-Wattenbarger, 

kecuali untuk sensitivitas ’porositas’. 
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