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Abstract: Predicting the performance of reservoirs help engineers to evaluate reserves, carryout development planning
which requires thorough understanding of the reservoir characteristics, develop a model that can mimic the physical processes
occurring in the reservoir such that forecast can be made with reasonable accuracy. This study used the material balance
software, MBAL which is an allocation tool to evaluate the reserves of reservoir Buza and thereafter predictions were carried
out on the reservoir. This was achieved by determining the dominant energy in the reservoir, performing non-linear regression
on the uncertain parameters and performance predictions to obtain cumulative oil production and recovery factor. The results
obtained showed that water injection at an average rate of 22000STB/D was the main energy in the reservoir providing about
68% of the total energy in the system. The recovery forecast at 31/12/2022 will be 42.8% with cumulative oil production of
98MMSTB. These results are necessary and important for reservoir engineers and policy makers in reservoir management.
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1. Introduction

The roles of Reservoir engineers are to continuously
monitor the reservoir, collect relevant data and interpretthese
data to be able to determine the present conditions of the
reservoir, estimate future conditions and control the flow of
fluids through the reservoir with an aim to increase recovery
factor and accelerate oil recovery [1]. It therefore implies that
the ability of a Reservoir engineer to predict the behaviour of
petroleum reservoirs depends solely on his ability to predict
the flow characteristics of the fluids in the reservoir. Thus,
the main concern of the engineer to carry out a study on the
reservoir is to adequately simulate the reservoir with
minimum effort [2]. In real-life scenario, the knowledge of a
reservoir is not accurately known since the reservoirs are
large complex systems with irregular geometries that are
found in subsurface formations with several uncertainties,
limited information about the reservoir structure and
behavior [1]. Reservoir fluid properties are very important in
petroleum engineering computations, such as material
balance calculations, well test analysis, reserve estimates,
inflow performance calculations and numerical reservoir

simulations [3]. Ideally, reservoir PVT properties are
determined from laboratory studies on samples collected
from the bottom of the wellbore or at the surface [4]. Such
experimental solution is to use the empirically derived
correlations to predict PVT properties.

Conventional reservoir  engineering procedure is
inadequate for the analysis of an oil reservoir which has
considerable and complex structural relief, steep, andgood
permeability. In this type of reservoirs, gravity drainage plays
a major role in the movement of oil to producing wells and
this should be included in the analysis and prediction of the
reservoir behavior. It is a general belief by engineers that the
force of gravity is only important in the later life of a
reservoir. This may be due to the fact that gravitational
effects may not be easily detected [5]. Actually, the effects of
gravitational forces are at a maximum when the reservoir
pressure is high. But recent approaches have now been
adopted for the analysis and prediction of reservoir
performance, especially the use of material balance [6].

Material balance is an analytical tool that allows the
analysis, evaluation and prediction of the performance of
hydrocarbon reservoir system [7]. The ease with which the
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material balance technique can be applied allows for faster
decision making concerning oil and gas reservoir
management compared to 3D numerical simulation [8]. The
material balance equation (MBE) carries out resource volume
allocation by considering the different time intervals in the
depletion history of a reservoir ensuring volumes
conservation [9]. The Havlena and Odeh straight line
technique is one of several methods developed that apply the
material balance equation (MBE) to different reservoirs. An
important evolution of MBAL is the application of multi-tank
evaluation [10]. The MBAL multi-tank model is regarded as
an approximate model to a full field model for developed
reservoirs in communication with undeveloped reservoirs [9].
The use of MBAL to investigate communication of reservoirs
due to sand to sand juxtaposition of reservoirs based on fault
seal analysis is due to the availability geologic data [8].
MBAL had already been used to determinereserves for
developed and producing reservoirs that are in
communication via non-sealing faults [9]. It has also been
used in reservoirs evaluation of developed reservoirs that
have been compartmentalized due to intra reservoir shale
[11]. Most reservoirs in the Niger Delta fall into these
categories due to complex faulting, hence the use of multi
tank model to provide a better description of our reservoirs
[10]. This method has been used to evaluate the impact of

Case Definition

inter reservoir communication between two reservoirs. It was
adopted due to shorter simulation time to use the information
to make management decisions and future development plans
[11].

In this work, we carried out performance prediction of
Niger Delta reservoir BUZA using MBAL (Allocation tool).
This was necessaryto determine with reasonable certainty, the
expected recovery of the reservoir due to the uncertainties
and complexities that characterize the description of the
volume of fluid present in a reservoir which forms a very
important part of reserve development, reservoir
management and decision making. This was achieved by
building a single tank model; thereafter the empirical fluid
property correlations were adjusted to fit measured PVT
laboratory data, then the uncertain reservoir and aquifer
parameters were estimated using the non-linear regression
approach of the MBAL and finally the accuracy of the model
was validated by history matching the field pressure and
production data with the simulated data.

2. Methodology

This study investigates the performance prediction of
Niger Delta reservoir BUZA using MBAL (Allocation tool).
This was achieved by building a single tank model.

Define Input Parameters

(Rock & Fluid Properties)

Model

Generate MBAL

History Match NO
Calibrate Aquifer
YES
Model
Run Simulation
REGRESS y

Perform Forecast

Predict Performance

Figure 1. Workflow for MBAL Model.

2.1. Workflow Procedure

i. Pressure and production data were entered on a single
tank basis.

ii. The matching facility in MBAL was used to adjust the
empirical fluid property correlations to fit measured PVT
laboratory data. Correlations were modified using non-linear
regression technique to best fit the measured data.
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iii. The graphical method plotwas used to visually
determine reservoir and aquifer parameters. The Campbell
plot of the graphical method was used to visually observe and
determine the appropriate model and parameters.

iv. The non-linear regression engine of the analytical
method was used to estimate the uncertain reservoir and
aquifer parameters and fine tune the pressure and production
match. This was done for various aquifer models with the
best match with actual field data selected.

v. The accuracy of the model was validated by history
matching the field pressure and production data with the
simulated data.

2.2. Input Parameters

The input data into the MBAL model include production
and pressure data, PVT properties, aquifer parameters,
reservoir thickness, relative permeability data. Porosity and
permeability input data were obtained from well logs via
averaging method. Correlations were used to evaluate
relative permeability. A summary of the input data and
relative permeability data that used for this studyareshown in
table 1 and 2 respectively.

Table 1. Summary of input data.

PARAMETER INPUT
FORMATION GOR (SCF/STB) 476
OIL GRAVITY (API) 26
GAS GRAVITY (SP. GRAVITY) 0.7
WATER SALINITY (PPM) 33000
MOLE PERCENT H2S 0
MOLE PERCENT CO2 0
MOLE PERCENT N2 0
BUBBLE POINT PRESSURE (Psig) 35877
OIL FVF (RB/STB) 1.24
OIL VISCOSITY (cp) 1.3

Table 2. Relative Permeability data.

Residual saturation End point Exponent
Krw 0.05 0.4 1.8
Kro 0.2 0.85 0.9
Krg 0.08 0.95 1.35

3. Overview ofthe Reservoir

The reservoir under study (BUZA) is situated in the Niger
Delta in the South-South part of Nigeria. The reservoir is
under-saturated and has bubble point pressure of 354psia.
The reservoir has an API gravity of 21.88 and oil density of
63.12 1b/ft3 and rock compressibility of 1.04134E-6. Just like
other nearby reservoirs in the same field, BUZA-307 has a
high permeability.

4. Case Definition

A single tank MBAL model was built [12]. Several aquifer
influxes were modeled from which a suitable match
representative of reservoir trend was selected. The models
were initialized and pressure match carried out by regressing

on parameters with uncertainty as shown in figure 2
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Figure 2. Single tank MBAL model.
4.1. MBAL Model

The quality assured data gathered were used to initiate the
MBAL model. Knowledge of the reservoir structure and
aquifer strength based on available data were used to ensure
good engineering judgment to build the model.

4.2. History Matching

The single tank model constructed was history matched
with reservoir production and pressure data. This was done
with aquifer parameters being the key uncertainty; the
encroachment angle and radius were regressed upon to obtain
history matches on pressure and production data. The main
criterion used to assess the quality of the matches is to obtain
a satisfactory pressure match for the tank.

4.3. Aquifer Model

During the study, to get a good history match, several
aquifer models were attached to the reservoir model and their
parameters were regressed upon. The aquifer model that best
describe the physics and geology of the system was selected;
this is observed when the model replicated the reservoir
behaviour to a reasonable extent.

4.4. Simulation and Prediction

After a good history match had been achieved, measured
reservoir pressures were compared with the MBAL simulated
pressure to see how good the model could replicate the
prevailing reservoir pressure given the same energy, rock and
fluid properties. The MBAL model showed a good pressure
match for the tank with actual production and pressure data.
This was then used as a basis to predict the performance of
the reservoir.

5. Results and Discussion

5.1. The Energy of the System

After a suitable aquifer was selected, the relative
contributions of the main source of energy in the reservoir
and aquifer systems contributing to the recovery from the
reservoir were ascertained. From figure 3, it is observed that
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there are four drive mechanisms present with the pore
volume compressibility and the fluid expansion beingignored
due to the negligible fraction of energy they contribute. Water
injection was identified as the dominant energy in the system
and contributed about 68%of of the total energy in the system

while water influx contributed about 30% of the energy.
Hence, it can be concluded that the main source of energy
comes from water injection with little support from the
aquifer.

Drive Mechanism

0

Fluid Expansion

PV Compressibility
Water Influx

Water Injection

02/03/2015 13/10/2015 26/05/2016 07/01/2017 21/08/2017
Time (date d/m/y)
Tank Temperature 163 (deg F) Aquifer Model Hurst-van Everdingen-Dake
Tank Pressure 4347.35 (psig) Aquifer System Radial Aquifer
Tank Porosity 0.29481 (fraction) Outer/Inner Radius 29.7346
Connate Water Saturation 0.15 (fraction) Encroachment Angle 120.197 (degrees)
Water Compressibility Use Corr (1/psi) Calc. Aquifer Volume 1.62415e+6 (MMft3)
Formation Compressibility 3.20024e-6 (1/psi) Aquifer Permeability 183.375 (md)
Initial Gas Cap 0] Tank Thickness 3530.28 (feet)
0il in Place 228 (MMSTB) Tank Radius 201.444 (feet)
Production Start 20/01/2015 (date d/m/y)

Figure 3. Drive mechanism for reservoir BUZA.

5.2. Simulation

The analytical plot uses the reservoir pressure entered in
the historical data to calculate the production while
simulation does the opposite. The rates are used from the
historical data and the reservoir pressure is calculated based
on the material balance model. Figure 4 show that the Hurst-

van Everdingen-Dake aquifer model simulated the reservoir
pressure decline better than the other models selected due to
the fact that pressure decline is approximated as a series of
time steps with constant pressure. The constant pressure
comes from water injection since we have a relatively weak
aquifer system.
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Figure 4. Simulation result for reservoir BUZA.
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5.3. Performance Prediction

With acceptable pressure history match obtained, predictions on cumulative oil production, oil recovery factor, reservoir

pressure decline are carried out.

Production Prediction
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Figure 5. Tank pressure versus time.

Figure 5 shows that from the beginning of production in
20/01/2015 to 21/08/2017, the reservoir pressure declined
from 4347.35 psig to 4069 psig, which is278 psigreductions
in reservoir pressure for over 2 years of production. From the
end of historical production, 21/08/2017 to the forecast date
of 31/12/2022, which is a 5-year period, the model predicts

that the reservoir pressure will have a decline of 1014 psig
(i.e. from 4069 psig to 3055 psig). This relatively large
pressure reduction of 1014 psig over a S-year period
compared to the initial decline of 278 psig over a 2-year
period was attributed to water injection reaching its economic
limit or a reduction in the average water injection rate.
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Figure 6. Cumulative oil production with tank pressure versus time.

From figure 6, it was observed that the cumulative oil
produced from the beginning of production to the end of
historical production was29.29 MMSTB which is only 12.8%
of total recoverable reserve (228 MMSTB) for a 278 psig

reservoir pressure decline. The model forecasts that
cumulative oil produced will be about 98 MMSTB, meaning
that an additional 69 MMSTB (30%) of oil will be produced
at the forecast date of31/12/2022. This shows that the
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reservoir pressure decline of 1014 psig within 5 years
resulted in more oil production compared to the reservoir

Production Prediction

pressure decline of 278 psig within a 2-year period.
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Figure 7. Oil recovery factor with tank pressure versus time.

From the beginning of production in 20/01/2015 to the end
of historical production period, 21/08/2017, the recovery
factor stood at 12.8% while the model forecasts the recovery
factor to increase to 42.8% at the forecast date of 31/12/2022
as shown in figure 7, which is an average of 6% per year

increase in recovery factoragain shown in figure 8. This
means constant average water injection rate of about 22000
STB/day would be maintained since water injection is the
dominant energy in the system.
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Figure 8. Average water injection rate and oil recovery factor versus time.

6. Conclusion

From the results obtained the following conclusions are
drawn from this work:

The material balance analysis has proved to be a useful
investigative tool when time is limited. It has also proved to
be a very fast analytical tool in evaluating resource volumes
for reservoirs with historical production. Good data

acquisition is required to carry out reserve evaluation with
MBAL as it is used to initialize, calibrate and benchmark the
history matching.

The main source of energy in reservoir BUZAwas water
injection, providing about 68% of the reservoir energy
required for oil recovery from the reservoir. The Hurst-van
Everdingen-Dake model best described the reservoir BUZA
aquifer which provides about 30% of the reservoir energy.

The cumulative oil produced for the historical period was
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29.29 MMSTB and 98 MMSTB for the forecast period, with
recovery factors of 12.8% and 42.8% respectively. The
recovery for the forecast period is achievable assuming an
average water injection rate of 22000 STB/day is maintained.
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