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Abstract
Thin oil rim reservoirs are predominantly those with pay thickness of less than 100 ft. Oil production challenges arise due 
to the nature of the gas cap and aquifer in such reservoirs and well placement with respect to the fluid contacts. Case studies 
of oil rim reservoir and operational properties from the Niger-Delta region are used to build classic synthetic oil rim models 
with different reservoir parameters using a design of experiment. The black oil simulation model of the ECLIPSE software 
is activated with additional reservoir properties and subsequently initialized to estimate initial oil and gas in place. To opti-
mize hydrocarbon production, 2 horizontal wells are initiated, each to concurrently produce oil and gas. Well placements of 
(0.5 ft., 0.25 ft. and 0.75 ft.) are made with respect to the pay thickness and then to the fluid contacts. The results show that 
for oil rim with bigger aquifers, an oil recovery of 8.3% is expected when horizontal wells are placed at 0.75 ft. of the pay 
thickness away from the gas oil contact, 8.1% oil recovery in oil rims with larger gas caps with completions at 0.75 ft. of the 
pay zone from the gas oil contacts, 6% oil recovery with relatively small gas caps and aquifer and 9.3% from oil rims with 
large gas caps and aquifers, with completions at mid-stream of the pay zone.

Keywords Well placement · Oil recovery · Horizontal well · Reservoir simulation · Concurrent production

Abbreviations
WOC  Water oil contact
GOC  Gas oil contact
HWL  Horizontal well length
Krw  Water relative permeabilty
WOPR  Well oil production rate
WGPT  Well gas production total
FOE  Field oil efficiency
WWCT   Well water cut
SGFN  Gas saturation function
GOR  Gas oil ratio
BHP  Bottom hole pressure
IOIP  Initial oil in place
GIIP  Gas initially in place
PVTG  Properties of wet gas with vaporized oil
PVTO  Properties of live oil with dissolved gas

SWFN  Water saturation function
SOF3  Oil saturation function

Introduction

The peculiarity of thin oil rim reservoirs irrespective of the 
depletion strategies used as described by Masoudi (2013) is 
such that at onset of production high water cuts and gas oil 
ratios are experienced. This is due to the nature of oil rim 
reservoirs with gas caps and aquifers larger in volume and 
size than the oil rim. Although Olabode et al. (2019) had 
developed a numerical method to predict post water and gas 
coning, this method is not sufficient enough as it did not 
incorporate oil rim parameters. Thus, optimizing production 
and reservoir parameters are key to optimizing oil recovery 
in oil rim reservoirs. Ibunkun (2011) listed factors affect-
ing productivity of oil rim reservoirs. Olabode (2020) high-
lighted important parameters that affects oil rim productivity 
through a sensitivity analysis study. In their study, size of gas 
cap and aquifer, well placement and length, pay thickness 
and horizontal well placement are factors that affect oil rim 
productivity. The effectiveness of horizontal wells over ver-
tical wells in normal reservoirs has been extensively studied 
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by Olabode and Egeonu (2017) and extensively studied in 
oil rim reservoirs by Olabode et al. (2018a), Akpabio et al. 
(2013), Haug et al. (1991) and Kolbikov (2012). In their 
estimation of oil recovery via improved methods in oil rim 
reservoirs, Zakirov and Zakirov (1996) proposed four types 
of oil rims with two approaches to development. The short 
fall of the background lies in the fact that few parameters 
used do not fall under the category of important uncertain-
ties as discussed by Olabode (2020). In their summary of 
the effect of well placement on thin oil rims with bottom 
and edge water drive, Kabir et al. (2004) analyzed that well 
placement relative to fluid contact among other less essential 
factors is essential to optimizing oil recovery. Optimizing 
horizontal well placement in oil rim reservoirs is essential 
to oil recovery as noted by Ogiriki et al. (2018), Carpenter 
(2015) and Keng et al. (2014). Much of their work focused 
on a single type of oil rim reservoir, use of few important 
parameters that affect productivity, focus on horizontal well 
length and neglect of parameters such as height of oil rim, 
sizes the gas caps and aquifers. Iyare and Marcelle-De silva 
(2012) considered the effect of well placement based on gas 
cap and aquifer strength. The authors only considered the 
strength of the gas caps based on a static variable of the 
aquifer strength with respect to the fluid contacts.

To maximally optimize production in oil rim reservoirs, 
important parameters to oil recovery are essential in building 
the reservoir models. Considering these parameters would 
dislodge the idea of placing the wells at the fluids contacts 
but at varying ratios from the fluid contacts. Thus, consid-
ering other important factors, proper well placements are 
essential for reducing water and gas coning, maximizing oil 
recovery, predicting and forecasting reservoir productivity 
(Olabode et al. 2018b) and maximizing oil recovery before 
commencing secondary and enhanced oil recovery (Olabode 
et al. 2018c).

Methodology

The grid design is built following the method adopted by 
Olabode (2020). An experimental method of design (Placket 
Burman) is used to design 4 oil rim models based on the 
uncertainties in Table 1. These factors and their values are 
selected over a wider range of oil rim reservoirs in the Niger-
delta region. The well placement option is omitted from 
the design analysis but done manually to accommodate for 
proper allocation of the variable. The black oil option of the 

ECLIPSE software is built with correlations for PVT and 
solution (as found in figures a, b, c, d and e in “Appendix A”) 
properties which is used to initialize the models to estimate 
the initial oil in place (IOIP) and initial gas in place (IGIP) 
(Table 2). The other fluid properties of concern are included 
in the experimental design analysis. The result from the 
design in Table 1 forms 18 oil rim models out of which 4 
models are selected for horizontal well placement optimiza-
tion. The selected reservoir models have varying reservoir 
and operational properties (Table 3) and are summarized as:

1. Oil rim with large gas caps and aquifers.
2. Oil rims with large gas caps and small aquifer.
3. Oil rims small gas caps and large aquifers and
4. Oil rims with small gas caps and aquifers.

Table 1  Design of experiment variable

Factors Units Low Mid High
− 1 0 1

1 Dip degrees 1.5° 4 7
2 Gas wetness stb/Mscf 0.003 0.03 0.06
3 Pay thickness feet 22 42 72
4 Ratio of gas cap to pay thickness 0.6 3 7
5 Aquifer ratio to pay thickness 0.6 3 7
6 (Kx, Ky) mD 45 450 4500
7 Kv/Kh 0.004 0.04 0.4
8 Wellbore diameter feet 0.35 0.45 0.55
9 Oil density lb/cu. ft. 32 40 45
10 HWL feet 1100 1300 1500
11 Oil rate stb/day 1200 2200 3000
12 Krw 0.25 0.35 0.55
13 GOR control 3.5 5.5 7.5
14 PBH psia 1300 1500 1800

Table 2  Initialized fluids in place

Type of reservoir IOIP (Mstb) GIIP (Bscf)

Oil rim with large gas caps and aquifers 5732.8 320,221
Oil rims with large gas caps and small 

aquifer
29,238 345,697

Oil rims small gas caps and large aqui-
fers and

4892 29,212

Oil rims with small gas caps and aquifers 5920 155,384
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The grid is designed using the full grid plan of the mod-
els showing their respective oil saturations are displayed in 
Figs. 5, 6, 7 and 8 in “Appendix A.”

The grid sections are modeled at 20 by 20 by 41 at a 
Datum depth of 7000 ft. with porosity values in Table 12 in 
“Appendix A” (for Model II). The last 6400 cells are denoted 
with a porosity value of zero. Other reservoir and dynamic 
properties used in building the models are found in Tables 1 
and 3. A conventional method of selecting well placement 
relative to fluid contact is done by viewing the section of 
the models with high oil saturation and varying the place-
ments based on the pay thickness of that particular model 
and multiplying by some factors. The multiplying factors 
are 0.25 ft., 0.5 ft. and 0.75 ft. The sizes of each cells in 
the z direction of the models depict the pay thickness of the 
models as described in Table 13 in “Appendix A” (for Model 
II). The green section of Table 4 is the dimension of the 
model representing the oil column. Table 14 in “Appendix 
A” describes the respective fluid contacts for the models 
which when subtracted amounts to the thickness of the oil 
column (i.e., WOC minus GOC).

Thus, for an oil rim with a large gas cap and small aquifer;

The grid design is in Cartesian and block centered option; 
thus, well locations will be in the x, y and z directions. The 
k direction represents the two options available for com-
pletions (k upper and k lower). Tables 4, 5, 6 and 7 show 
selected locations of completions for each of the models 
based on the above explanation. The models are depleted 
under a simultaneous production at the onset from two hori-
zontal wells (oil and gas) completed at varying distances 
from the fluid contacts. The oil production rates for the mod-
els range between 1200 and 3000 stb/day with a gas oil ratio 
constraint range in Table 1 item 13.

Well completions at mid-stream of the pay thickness is 
introduced in models I and IV.

Results

The production profiles for each well placements under a 
model would have been the best to depict trend of fluid pro-
ductivity, but due to large parameters of gas produced, the 
production profile is split to be viewed on individual well 
placement basis. Thus, the focus here will be on oil recovery, 
gas produced and the water cuts.

@0.75 ft., placement will be at 0.75 ∗ 72 = 54 ft.

@0.5 ft. placement will be at 0.5 ∗ 72 = 36 ft.

@0.25 ft. placement will be at 0.25 ∗ 72 = 18 ft.
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Table 4  Well placement 
coordinates for Model II

Model II

@ GOC @ 0.75 ft. of Ho from 
GOC

@ 0.5 ft. of Ho from 
GOC

@ 0.25 ft. of Ho 
from GOC

i j k i j k i j k i j k

20 3 8 14 3 9 9 3 10 4 3 12
20 4 8 14 4 9 9 4 10 4 4 12
20 5 9 14 5 10 9 5 11 4 5 13
20 6 9 14 6 10 9 6 11 4 6 13
20 7 10 14 7 11 9 7 12 4 7 14
20 8 10 14 8 11 9 8 12 4 8 14

Table 5  Well placement 
coordinates for Model III

Model III

@ 0.75 ft. of Ho from 
WOC

@ 0.5 ft. of Ho from WOC @ 0.25 ft. of Ho from 
WOC

@ WOC

i j k i j k i j k i j k

12 2 1 10 2 3 7 2 6 2 2 11
12 3 1 10 3 3 7 3 6 2 3 11
12 4 2 10 4 4 7 4 7 2 4 12
12 5 2 10 5 4 7 5 7 2 5 12
12 6 3 10 6 5 7 6 8 2 6 13
12 7 3 10 7 5 7 7 8 2 7 13

Table 6  Well placement 
coordinates for Model IV

Model IV

@ GOC @ 0.75 ft. of Ho 
from GOC

@ Mid-stream @ 0.75 ft. of Ho 
from WOC

@ WOC

i j k i j k i j k i j k i j k

5 3 1 4 4 4 3 8 9 2 3 11 1 11 12
5 4 1 4 5 4 3 9 9 2 4 11 1 12 12
5 5 2 4 6 5 3 10 10 2 5 12 1 13 13
5 6 2 4 7 5 3 11 10 2 6 12 1 14 13
5 7 3 4 8 6 3 12 11 2 7 13 1 15 14
5 8 3 4 9 6 3 13 11 2 8 13 1 16 14

Table 7  Well placement 
coordinates for Model I

Model I

@ GOC @ 0.75 ft. of Ho 
from GOC

@ Mid-stream @ 0.75 ft. of Ho 
from WOC

@ WOC

i j k i j k i j k i j k i j k

11 3 1 9 5 3 1 10 14 1 9 18 1 10 22
11 4 1 9 6 3 1 11 14 1 10 18 1 10 22
11 5 1 9 7 3 1 12 15 1 11 18 1 10 23
11 6 1 9 8 3 1 13 15 1 12 18 1 10 23
11 7 1 9 9 3 1 14 15 1 13 18 1 10 23
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Model I

The plots in Fig. 1 is that of respective production profiles 
for model I (large gas cap and aquifer). Figure 1c suggests 
that for an oil rim with large cap and aquifer, well placement 
at mid-stream is best for optimum oil recovery at 9.36%. 
At this oil recovery, gas production is still substantial and 

produced water cut minimal. Table 8 explains the summary 
of production from model I. Completing the well at the water 
oil contact resulted in a low recovery for both oil and gas.

Model II

Figure 2a–d illustrates the production profiles for an oil rim 
with a larger gas cap compared to the aquifer. The reservoir 
is dipping at 1.5° with a pay zone of 65 ft. The oil recovery 
result shows (Fig. 2a) that completing the well at a position 
of 0.75 ft of the pay zone with respect to the gas oil contact 
is optimum for oil recovery. The oil recovery rate reduces 
as the completion is varied close to the gas oil contact. The 
water cut and rates also follow a similar trend of increases in 
water cuts as placement is further away from gas oil contact 
with a faster decline in production rates.

The summary of oil recovery and gas production is dis-
played in Table 9.

Oil recovery Gas Production 
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Fig. 1  a Oil recovery. b Gas production. c Well water cuts. d Well production rates

Table 8  Summary of Model I production

Well placement Oil recovery % Gas pro-
duction 
(MMSCF)

@ GOC 8.7 1760
@ WOC 4.8 1640
@ Mid-stream 9.3 1780
@ 0.75ft. GOC 8.6 1570
@ 0.75ft. WOC 8.9 1000
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Model III

The oil rim model has a larger aquifer compared to the gas 
cap. The pay thickness is 20 ft. and is dipping at an angle 
of 1.5°.

Figures 3a–d represents the production profile for this oil 
rim reservoir. As in the case of model II, placing the wells 
away from the water oil contact increases the oil recovery 
(Fig. 3a) and closer to the water oil contact increases water 
cut as noticed in Fig. 3c. Table 10 illustrates the values of 
the oil recovery and gas production for Model III.

Model IV

The model with small gas cap and aquifer has a thickness of 
20 ft. and also dipping at 1.5°. Due to the nature of the weak 
drives (gas cap and aquifer), the oil recovery results are low 
(Table 11, Fig. 4a) when compared with other models. For 
this case scenario, the order of oil recovery is completion 
closer to GOC is greater than completion at mid-stream and 
is greater than completion closer to the WOC. There is an 
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Fig. 2  a Oil recovery. b Gas production. c Well water cuts. d Well production rates

Table 9  Summary of Model II production

Well placement Oil recovery % Gas pro-
duction 
(MMSCF)

@ 0.25ft. GOC 5.7 1640
@ 0.5ft. GOC 7.3 1780
@ 0.75ft. GOC 8.1 1570
@ GOC 7.4 1000
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appreciable gas production that has not hindered oil produc-
tion while the model recorded an average production rate 
and water cuts (Fig. 4b–d).

Conclusion and recommendation

For optimum recovery of oil and gas from oil rim reservoirs, 
placements of horizontal wells must be done based on the 
sizes or strengths of the reservoir drive mechanisms, in this 
case basically the gas cap and aquifer. Under a concurrent 
production of oil and gas, this procedure is essential to pre-
vent the production of gas jeopardizing that of oil and vice 
versa. Varying the horizontal well placement with respect 
to the fluid contacts for oil rims under this production sce-
nario helps to determine the optimum well placement to 
effectively produce gas and oil. The production and subse-
quent sales of gas ensure project viability and improve the 
net present value. Optimizing production parameters such 
as well placement is essential for optimizing oil recovery 

A Oil recovery profile B Gas Production. 

C Oil production rate profile D water cut profile 

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0 2000 4000 6000 8000 10000

O
il 

re
co

ve
ry

Time (Days)

FOE (@0.25�. WOC)
FOE (@0.5�. WOC)
FOE (@0.75�. WOC)
FOE (@ WOC)

0

10000000

20000000

30000000

0 5000 10000

Ga
s P

ro
du

c�
on

 (M
sc

f/
da

y)

Time (Days)

WGPT (@ 0.25�. WOC)  (MSCF)
WGPT (@ 0.5�. WOC)  (MSCF)
WGPT (@ 0.75�. WOC)  (MSCF)
WGPT (@ WOC)  (MSCF)

0

200

400

600

800

1000

1200

1400

1600

0 2000 4000 6000 8000 10000

O
il 

pr
od

uc
�o

n 
ra

te
 (s

tb
/d

ay
)

Time (Days)

WOPR (@ 0.25�. WOC)  (STB/DAY)
WOPR (@ 0.5�. WOC)  (STB/DAY)
WOPR (@ 0.75�. WOC)  (STB/DAY)
WOPR (@  WOC)  (STB/DAY)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 2000 4000 6000 8000 10000

W
at

er
 c

ut
 (s

tb
/d

ay
)

Time (Days)

WWCT (@ 0.25�. WOC) stb/day
WWCT (@ 0.5�. WOC) stb/day
WWCT (@ 0.75�. WOC) stb/day
WWCT (@ WOC) stb/day

Fig. 3  a Oil recovery profile. b Gas production. c Oil production rate profile. d Water cut profile

Table 10  Summary of Model III production

Well placement Oil recovery % Gas pro-
duction 
(MMSCF)

@ 0.25ft. WOC 8.30 33,341
@ 0.5ft. WOC 7.60 31,775
@ 0.75ft. WOC 6.44 30,193
@ WOC 5.96 34,095

Table 11  Summary of model IV production

Well placement Oil recovery % Gas pro-
duction 
(MMSCF)

@ GOC 2.56 1760
@ WOC 3.99 1640
@ Mid-stream 5.33 1780
@ 0.75ft. GOC 5.23 1570
@ 0.75ft. WOC 5.96 1000
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in ultra-thin oil rim reservoirs before the implementation of 
secondary and enhanced oil recovery as described by Ola-
bode et al. (2018c). Enhanced oil recovery methods intro-
duced by Olabode et al. (2020a) and Olabode et al. (2020b) 
for heavy oil reservoirs can also be considered for heavy-
medium oil rim reservoirs. These models can be used as a 
matrix for similar field case studies.
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Appendix A

See Figs. 5, 6, 7 and 8.

A Oil recovery profile B Gas Production. 

C Oil production profile D water cut profile 
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Fig. 4  a Oil recovery profile. b Gas production. c Oil production profile. d Water cut profile
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Fig. 5  Grid view of Model I

Fig. 6  Grid view of Model III
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Fig. 7  Grid view of Model II

Fig. 8  Grid view of Model IV
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See Tables 12, 13 and 14.

Table 12  Porosity values (Model II)

400*0.29 400*0.24 400*0.27 400*0.26 400*0.28 400*0.25 400*0.26 400*0.28 400*0.26 400*0.28
400*0.29 400*0.24 400*0.25 400*0.24 400*0.27 400*0.28 400*0.29 400*0.28 400*0.29 400*0.24
400*0.26 400*0.27 400*0.27 400*0.24 400*0.26 6400*0.00

Table 13  Fluid contact 
locations

Models GOC WOC

I 7440 7420
II 7795 7767
III 7144 7214
IV 7106 7086
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