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This study examines the material balance equation (MBE) for predicting future reservoir pressure in
the Ghani field / farrud reservoir. The reservoir's complexity made material balance calculations
challenging. Relevant properties were extracted, and composite PVT set and relative permeability
curves were obtained from PVT and SCAL data. Cumulative production and injection data from 1980-
2024 were screened and optimized. The material balance calculations were executed for the historical
production/injection period up to the end of 2024, employing various aquifer models. To match
average pressure behavior, an aquifer influx was superimposed on the model. The MBAL software
revealed energy contributions, indicating aquifer influence, leading to the successful application of
the Carter-Tracy aquifer model and demonstrating good consistency with observed data. Ultimately,
the Carter-Tracy model was used for water influx calculations. The energy plot indicated that water
injection and influx were the primary contributors to production over time, while fluid expansion and
PV compressibility played a minor role. A notable discrepancy in the history match post-2002 was
attributed to the diminishing effects of the water influx model and the increasing influence of the
water injection system, which accounted for approximately 94% of total reservoir energy.
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1. Introduction

H H H H H H Ol - Black Oil: Matching
The present study is concerned with improving oil reservoir e T e e T

management by predicting reservoir pressure using the Material
Balance Equation (MBE).

Traditional material balance is a convenient method for evaluating
dynamic reserves. MBAL (1) is a commonly used software to carry
over material balance equation calculations utilizing different options.
The model incorporates initial hydrocarbon volumes, production and
injection history data, and water influx dynamics. If a good history
match is obtained, then the results will provide insights into future
reservoir performance, enabling better decision-making and resource
management in hydrocarbon extraction. MBE Application is used as a
voidage replacement” tool. It helps determine if water injection
volumes are sufficient to replace produced volumes and maintain
reservoir pressure. Engineers use the MBE to predict whether reservoir
pressure will be maintained, rise, or fall. This is crucial for reservoir
management [1, 2]. Production data analysis (PDA) uses flowing
bottom-hole pressures instead of shut-in pressures, allowing for
continuous pressure prediction without the need for expensive shut-in
surveys [3, 4]. The pressure predictions from the MBE are used to
validate and history-match more complex, multi-cell numerical
simulation models, which provide a more granular, spatially aware
pressure forecast [5]. Numerical simulations are common methods
used to analyze the dynamic characteristics [7, 8]., The MBE remains
an indispensable first-step tool for reservoir engineers to predict
reservoir pressure, estimate reserves, and forecast the future
performance of both oil and gas fields. Its simplicity, grounded in the
fundamental law of conservation of mass, ensures its continued
relevance in the industry. The first objective of this study is to predict
future reservoir pressure of an oil reservoir called Farrud/Ghani, which
is located in the Sirte Basin/Libya. The Ghani reservoir is a carbonate
oil reservoir that contains 31 producers and 20 injectors and covers
7,200 acres.

2. GENERAL

2.1 Geological Overview

2.1.1 Stratigraphical Column Description

Figure.1 shows the Chrono-Stratigraphic subdivision of geological
time. The oldest formation is the Hagfa, followed by the Beda
formation, which was formed around 60 million years ago. The
youngest is the Zelten formation, which crosses the boundary into the
younger Eocene Epoch. The Beda formation is divided into Thalith,
Beda C, and Mabruk members, with the youngest subdivided into
Mabruk A and B. These formations are oil-producing reservoirs.
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Fig. 1: The Chrono-Stratigraphic Sub-Division of Geological Time
2.2 Tank Model Set Up
The interface uses a single tank model with oil as the main fluid to
provide a cumulative reservoir production history. It uses black oil
correlations to define fluid properties and matches them with
laboratory measurements as shown in figure 2. Formation rock
compressibility is used to determine energy contribution due to
hydrocarbon pore volume reduction.
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Fig.2: PVT data

The reservoir is an undersaturated oil reservoir, with current pressure
above 1900 psia. The reservoir was subjected to water injection.
Figure 3 shows part of pressure history and production history as an
input to MBAL model.

It is expected that the reservoir was partially subjected to aquifer
support. It is important to include in the model the most representative
influx model that lead to best history match..
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Fig 3: Pressure and production data
3. Adjustment of input data
The methods for model development and pressure performance
forecasting, covering system options, PVT fluid properties, and the
adjustment of differential liberation data to separator conditions.

By = (BOfb)(Sod)r Soa = (Bod

Bodb

Where;
B.d/S.d: Oil shrinkage & gas evolution
Bo/B,fb: Reserve calculation & production in Figures 4 & 5.

BOd

)

Rg = Rgpp — (Rsap — Rs) (B -
0

Where;

Rs: Gas solubility, (SCF/STB),
Rst: Bubble-point solution gas-oil ratio from the separator test,
(SCF/STB),
Rsdb: Solution gas-oil at the bubble-point pressure as measured by the
differential liberation test, (SCF/STB),
Rsg: Solution gas-oil ratio at various pressure levels as measured by
the differential liberation test, (SCF/STB).
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Fig.4: Black oil - matching
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Fig.5: Observed versus simulation data — oil fluid properties

3.1.2 Tank Input Data

3.2 Model verification and History Matching

To improve the history match, regression analysis can be performed
on least uncertainty parameters. These parameters include, original oil
in place (OOIP), water influx rates, ...etc. After many runs, it was
found that the most effective parameters are OOIP and Water influx.
Fig 7 shows the history match without any regression on OOIP and
Aqifer data.
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Fig 7: History match without regression

3.3 History Match with Regression Analysis on OOIP

Many history match runs were conducted using MBAL to match the
historical data. After many attempts a reasonable match has been
obtained at early stages as shown in Fig 8 and Fig 9. The results
indicated overall improvement in history matching with OOIP
regression. The model shows high differences in pressure data which
indicates the importance of including water influx schemes.
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Fig 9: Pressure History Match with OOIP regressio

3.4 History Match with Regression Analysis on OOIP and Water
influx Models.

Water influx models, like the Fetkovich Steady State Model, Carter-
Tracey models are crucial in reservoir engineering for estimating
water encroachment (2). Fig 10 shows the differences in history
matching between water influx and without it. Including Water influx
model of Fetkovich in the calculations has improved the overall
history.

Graphical Method

Fig.10 History matching with aquifer parameters & OOIP regression

4. Prediction of Reservoir Pressure

Following a reasonable history match, many prediction runs were
performed to forecast future reservoir pressure. Two cases were run.
Fig 11 shows the case | represents the future performance without
water influx calculations while case Il with water influx in Fig 12.
The results indicated that reservoir pressure will continue to decline if
no active aquifer is present. It is important to keep water injection
scheme on operation in order to keep the reservoir pressure above the
bubble point pressure.

L m/

Fig.11 Pressure prediction run — Case |

Fig.12 Pressure prediction run — Case 11
4.Conclusions

Using MBAL to history match pressure and production data were

unsatisfactory when applied on Farrud/Ghani reservoir due to

inconsistencies in reservoir pressure data, likely linked to lateral
heterogeneities and compartmentalization.

An analysis of the dominant drive mechanism was made and led to
the following conclusions:

- The expansion of reservoir fluid is the primary drive mechanism,
accounting for over 48% of pressure support before water injection.
Rock volume compressibility is less important, representing 18% at
production.

- Aquifer water influx represents 20-40% of driving mechanisms,
with water injection not significantly altering aquifer influx support
from 1981 to 1988.

- Water injection is needed to support reservoir pressure
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