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ABSTRACT

Decline Curve Analysis (DCA) is a tool utilized for the estimation
of oil reserves and the prediction of reservoir performance. This
study focuses on introducing the fundamental concepts and
applications of DCA in determining the remaining reserves and
estimating ultimate recoveries. Furthermore, a comprehensive
analysis of production history data using Excel spreadsheets is
conducted.

Two reservoirs are chosen to represent strong Aquifer drive
mechanisms.

Various techniques, such as OFM, MBAL, and the least Sum of
Squares method are employed to estimate the decline rate in these
reservoirs. Additionally, the recovery factor is determined using
correlation equations, including Arps (which incorporates various
reservoir parameters like porosity, permeability, viscosity,
saturation, etc) and Craze & Buckly correlations (utilizing end-
Points Saturation).

Both reservoirs exhibit an exponential decline, with an
approximate decline rate of 3.47% per year for Augila and 2.47%
per year for the Zaggut reservoir. The most accurate recovery factor
correlation for Augila was found to be Isehunwa & Nwankwo,
which indicates a 0.9% increase compared to the company's
estimation. While the most accurate recovery factor correlation for
Zaggut reservoir was Arps correlation, which indicates a 0.17%
lower compared to the company's estimation.
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Introduction

Reserves are estimated volumes of crude oil, condensate, natural
gas, natural gas liquid, and associated substances anticipated to be
commercially recoverable and marketable from a given forward,
under existing economic conditions, by established operating
practices, and under current government regulations.

Reserve estimation in the petroleum industry relies on geological
and engineering data, alongside consideration of prevailing
economic conditions. These estimates are pivotal in decision-
making processes, as they determine the feasibility of projects.
However, uncertainties persist due to the varying reliability of data,
leading to classifications of reserves as proved or unproved, with
differing levels of certainty (Determination of oil and gas reserves,
1994).

Estimating oil reserves is one of the most important phases of the
work of a petroleum engineer since the solutions to the problems he
deals with usually depend on a comparison of the estimated cost in
terms of dollars, with the anticipated result in terms of barrels of oil.
His recommendations to management regarding the best course of
action are therefore normally based on the most favorable balance
between these two.

There are a lot of methods are used to determining oil reserves
(Determination of oil and gas reserves, 1994). The one of the most
popular methods is decline curve method. The decline curve is basic
tool for predicting future production rates, estimating oil reserves,
and estimating remaining productive life.

The most popular decline curve is that which represent the
decline in the oil production rate with time (rate time plot), another
common technique is the plot of production rates versus cumulative
oil or cumulative gas production, normally termed (rate-cumulative
plots).

Decline Curve Analysis (DCA) is a valuable tool employed for
estimating oil reserves and predicting reservoir performance. This
study aims to provide an introduction to the fundamental concepts
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and practical applications of DCA in determining remaining
reserves and estimating ultimate recoveries.

Decline curve analysis (DCA) is a method that uses past
production data to predict future hydrocarbon production. While
various approaches can be employed to forecast crude oil
production, it is important to consider the physical laws governing
hydrocarbon extraction from reservoirs to provide realistic outlooks.

Decline curve analysis has long been used as a reliable tool for
generating future production forecasts for individual wells or entire
oilfields. Extrapolating production history is widely regarded as the
most accurate and defensible approach for estimating remaining
recoverable reserves from wells and reservoirs as a whole (Chen &
Teufel, 2002).

By utilizing decline curve analysis, it becomes possible to
describe future oil production at a field-by-field level more
effectively. Reliable and reasonable forecasts are indispensable for
planning purposes and essential for gaining insights into future
global oil production trends (Hook, 2009).

Moreover, calculating the recovery factor using correlation
equations is very important part of this study (Oseh, 2014).

Study Objectives
The primary aim of this study is to forecast the future behavior the
Augila and Zaggut reservoirs. The specific objectives of the study,
for both of reservoirs, are as follows:
a. Using decline curve analysis, we aim to:
a.1. Make predictions about oil production
a.2. ldentify the decline curve type weather is exponential,
Hyperbolic or Harmonic
a.3. To estimate Decline rate, oil reserves.
a.4. Estimated Ultimate Recovery (EUR) for the reservoirs.
b. Use the Recovery factor correlations to estimate the recovery
factor and select the best correlation that can be applied to the
reservoirs (Oseh, 2014).

Methodology
Two reservoirs are selected to represent robust Aquifer drive
mechanisms, then go through the following steps:
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e Production history data were collected and to be used
through two softwares OFM, MBAL, which including DCA
facilities, these softwares are applied to get a full DCA for
both of the reservoirs.

e Another type of data been collected and to be used in
calculations of recovery factor through the correlation
equations such as Arps (which incorporates essential
reservoir parameters like porosity, permeability, viscosity,
saturation, and compressibility) and Craze & Buckly
correlations (which utilize end-Points Saturation).

Oil Field Manager (OFM) Software

The oilfield manager (OFM) software, which is a well and reservoir
analysis software, offers advanced tools for production surveillance
and forecasting. It enables oil field managers to effectively manage
and enhance field performance throughout the entire life cycle of
the field.

The software includes robust production forecasting tools that
utilize decline curve analysis, type curve analysis, and other
forecasting techniques. These tools help in predicting future
production rates, estimating reserves, and supporting decision-
making related to field development and production optimization.
See figure (1).
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MBAL Software

MBAL software typically incorporates various reservoir and fluid
properties, production data, and historical performance data to
perform many types of calculations, one of them is decline curve
analysis, figures (2&3).
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Fig 3: DCA in MBAL Software.

Overall, MBAL software plays a crucial role in reservoir
engineering by providing valuable insights into reservoir
performance and aiding in the estimation and management of
hydrocarbon reserves.

6 Copyright © ISTJ A gina auball (5 i
Ayl g o shell 40 sal) dlaall


http://www.doi.org/10.62341/istj-vol38-2-67

International Science and Volume 38 1) Ly 0 2 pd ) <
_Technology Journal Part 1 aaall - m
A gl 2 ) el | | _j/\

http://www.doi.org/10.62341/istj-vol38-2-67

Data Processing for reservoirs

» Run forcast
+ produce history profite
+ Estimate DCA

N

* Run forcast
= produce history profite
- Estimate DCA

R.F Correlation |/ Estimate recovery factor by Several correlations. }

<

Fig 4 : Data Analysis process for the reservoir.

Results and Discussion

Decline curve analysis for Augila reservoir.

Using OFM Software (Augila reservoir).

After that, set up a decline curve analysis using OFM software, and
the model estimated the decline curve and continued extend a
forecast curve based in real data and based on the shape of decline
curve best fit available as shown in figure (5).

As initial action was performed to understand the recovery factor
estimation using decline curve by OFM software, there are some
steps were done in advance which are use the final production rate
as was provided by the company as of 2000 STBO/Day which is the
economic limit with production operation for project revenue. There
are some data was excluded in this case study which are clearly off-
set values. Ultimate recovery was used as of 100 years. The forecast
decline curve will start with the end of best fit decline curve
regardless of the final production rate.

7 Copyright © ISTJ b gine okl (3 gia
Ayl g o shell 40 sal) dlaall


http://www.doi.org/10.62341/istj-vol38-2-67

International Science and
Technology Journal

) g a glall 4 gal) Alnal)

Oil Rate (CD), bbl/d

10

4
10

3
10

2
10

10

Volume 38 axd)
Part 1 Aaal

Ayl g p gl Ao Al

Nt st ] Sy i Tioviamings Smmrmal

IST.1

http://www.doi.org/10.62341/istj-vol38-2-67

X

70 76 8 88

94

2000 06 12 18

Date

24 29

GIAU

Fig 5 : Augila Reservoir decline curve and oil production forecast.

Table (1) shows that the exponential decline model is being used to
forecast the production decline of the reservoir (b = 0). The
exponential decline model assumes that the production rate
decreases exponentially over time. The forecast was ended by rate
which was sat up in the modeling case. After 25 years of production,
the ultimate recovery will be 214.251 MMSTB with recovery factor
of 54.43 %, table (2).

Table 1 : Augila DCA, OFM Results

Working forecast Parameters
Phase Qil
Case Name Casel
b 0
Di 0.0351942 A.n.
qi 4964.17 STB/d
ti 01/01/2024
te 31/10/2049
Final Rate 1999.95 STB/d
Cum.Prod 183.488 MMSTB
Cum.Date 01/12/2023
Reserves 30.763 MMSTB
Reserves Date 31/10/2049
EUR 214.251 MMSTB
Forecast Ended By Rate
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Table 2 : Augila production history and reserves, OFM Results.

OFM Results

Original oil in place (OOIP) 394 MMSTB
The produced oil up to date was 183.488 MMSTB
The current Recovery 46.57% Percentage
Ultimate Recovery factor 54.43% Percentage
The Ultimate recoverable reserve 214.251 MMSTB
The Remaining Reserve 30.763 MMSTB
Decline Rate 0.0351942 | 1ll/year

Based on OFM results, the value of b was zero, which reflects the
effect of exponential decline as a result of strong water aquifer.

Using MBAL software (Augila reservoir)
The same section was used to create model using MBAL software

as follow in figure (6).
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Fig 6 :Augila oil production rate which was used in this model.

The history production was selected to start from 2021 up to 2024.
This period is sufficient to mitigate the decline rate as well as
recovery factor.

Figure (7) shows the starting production rate for prediction as of
4964.2 STB/Day with annual decline rate about 3.4 %. Best fit was
selected to be used with exponential equation with b = 0.

Copyright © ISTJ
Ayl g o shell 40 sal) dlaall


http://www.doi.org/10.62341/istj-vol38-2-67

International Scienceand ~ VOlIUMeE 38 asl) iy gl 58 gt ) <
_Technology Journal Part 1 aaall - m
Aty gl 2l A ISTA7

http://www.doi.org/10.62341/istj-vol38-2-67

Decline Cuzve Analysis - Welll

7500 Match Points Status
——oz£
—fr—High
[~ Medium
—7—Low
Match Parameters :
+ a=0
£000 Std Dev = 317.441 (5TB/day)
b:4 4 Break Initial Decline
No Rate Rate
. g 2 T X (date d/mfy)  (5TB/day) (1/year)
7 01/12/2020 5183.08 0.034367
b T Z. | 2 . )
lﬁ T ——=—IXX] X4Z 1
% |
H z z z IX 7
- 4500, Foy
X 4 2
4 +
L)
"
¥
o
.{.
+
3000 {—fr
+
1500
01/12/2020 31/08/2021 01/06/2022 02/03/2023 01/12/2023

Time (date d/m/y)

Fig 7 : Decline Curve usinlg exponential for the best fit.

Figure (8) shows that the reservoir remaining reserve of this
reservoir is 27.2269 MMSTB.
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Fig 8 : Production Forecast and estimated remaining reserve.

As shown in the next table, this method shows that this reservoir is
exponentially declining:
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Table 3 : Augila production history and reserves, MBAL Results.

MBAL Results
Original oil in place (OOIP) 394 MMSTB
The produced oil up to date was 183.488 MMSTB
The current Recovery 46.57% Percentage
Decline Rate 0.034367 llyear
Final Rate 2000 STB/d
Reserves Date te 2/11/2046 /
Ultimate Recovery factor 53.48% Percentage
The Ultimate recoverable reserve 210.715 MMSTB
The Remaining Reserve 27.2269 MMSTB

Augila Reservoir calculation Summary

Based on the recovery factor estimation, there are some results that
are very close to original one and the others are off-set or far away
from that for different reasons. From OFM software, it was very
close, and this method was used by the company. Also, the result
from decline curve analysis using MBAL software shows similarity
and got the same result.

Table (4) shows that the best correlation is Isehunwa & Nwankwo;
Nevertheless, it uses only saturation parameter. Although using
more reservoir parameters, Guthrie & Greenberger correlation was
not working for this reservoir, because it does not include pressure
effects, this equation is normally used for water drive aquifer with
less porosity and less permeability reservoir.

Arps correlation was not working for this reservoir, because it is
general correlation and it developed for both sandstone and
carbonate reservoirs. Also, Zekri and Nasr correlation is not
applicable for this reservoir, because it is developed for carbonate
reservoir in Libya. Craze & Buckley correlation is not applicable
because it is general correlation, and it requires a decline coefficient
for more accurate results.
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Table 4 : Summary of Recovery Factor Correlations results

Recover Remaining The ultimate
Correlations Factory Reserve recoverable
(MMSTB) reserve (MMSTB)
Company 54.60% 31.636 215.124
Arps 46.53% - -
Guthrie & 41.48% i i
Greenberger
Craze & Buckley 65.71% 75.41 258.9
Isehunwa & o
Nwankwo 55.51% 35.242 218.73

Table (5) presents data calculated by OFM / MBAL softwares, these
data include: ultimate Recoverable Reserve (MMSTB) which refers
to the total estimated amount of oil that can be recovered from a
reservoir, the recovery factor which is the percentage of ultimate
recoverable reserve to initial oil in place and the remaining reserve
that represents the estimated quantity of oil still available in the
reservoir for future recovery.

The ultimate recoverable reserves indicate the total estimated
amount of oil that can be recovered. OFM has an ultimate
recoverable reserve of 214.251 MMSTB, while MBAL has an
ultimate recoverable reserve of 210.715 MMSTB, this implies that
OFM has a slightly larger estimated total recoverable oil quantity
compared to MBAL and was the closer to company calculation.
The remaining reserves represent the estimated quantity of oil that
is still available for extraction. OFM has 30.768 million stock tank
barrels (MMSTB) of remaining reserves, while MBAL has 27.227
MMSTB of remaining reserves, this suggests that OFM has a
slightly higher quantity of oil yet to be extracted compared to
MBAL and was the closer to company calculation.

Table 5 : Summary of Recovery Factor Results Using OFM and

MBAL softwares
Parameters Company OFM MBAL
Recovery Factor 54.60% 54.43% 53.48%
The ultimate recoverable
reserve (MMSTB) 215.1 214.251 210.715
Remaining Reserve
(MMSTB) 31.64 30.763 27.227
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Table (6) presents data calculated by OFM / MBAL softwares,
these data include: the parameter "Di" which represents the decline
rate per year, indicating the rate at which the oil production rate
decreases over a year time, the parameter "qi" represents the initial
oil production rate, indicating the rate at which oil is initially being
produced

OFM has a decline rate of 3.51942% per year, while MBAL has a
slightly lower decline rate of 3.4367% per year, this suggests that
both softwares experience a gradual decline in their oil production
rates, with OFM having a slightly higher rate of decline.

Both OFM and MBAL have the same initial oil production rate of
4964.17 stock tank barrels per day (STB/D), this indicates that both
methods start their production with the same level of output.

Table 6 : comparison in results between OFM-software and MBAL-

software
Parameters OFM MBAL
Di (1/year) 3.51942% 3.4367%
qi (STB/D) 4964.17 4964.17
Reserves Date te 31/10/2049 2/11/2046

Zaggut Reservoir

Decline curve analysis for Zaggut reservoir.

Using OFM software (Zaggut reservoir)

After that, set up a decline curve analysis using OFM software, and
the model estimated the decline curve and continue extend a forecast
curve based in real data and based on the shape of decline curve best
fit available as shown in figure (9).

As initial action was performed to understand the recovery factor
estimation using decline curve by OFM software, there are some
steps were done in advance which are use the final production rate
as was provided by the company as of 2000 STBO/Day which is the
economic limit with production operation for project revenue. There
are some data was excluded in this case study which are clearly off-
set values. Ultimate recovery was used as of 100 years. The forecast
decline curve will start with the end of best fit decline curve
regardless of the final production rate.
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Fig 9 :Zaggut Reservoir decline curve and oil production forecast.

Table (7) shows that the exponential decline model is being used to
forecast the production decline of the reservoir (b = 0). The
exponential decline model assumes that the production rate
decreases exponentially over time. The forecast was ended by rate
which was sat up in the modeling case. After 57 years of production,
the ultimate recovery will be 131.570 MMSTB with recovery factor
of 31.7%, table (8).

Table 7 : Zaggut DCA, OFM Results

Working forecast Parameters
Phase Qil
Case Name Cased
b 0
Di 0.0253628 A.n.
qgi 3255.55 STB/d
ti 01/12/2023
te 28/02/2081
Final Rate 1999.97 STB/d
Cum.Prod 77.6879 MMSTB
Cum.Date 01/12/2023
Reserves 53.882 MMSTB
Reserves Date 28/02/2081
EUR 131.570 MMSTB
Forecast Ended By Rate
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Table 8 : Zaggut production history and reserves, OFM Results.
OFM Results

415 MMSTB
77.6879 MMSTB
18.72% Percentage

Original oil in place (OOIP)
The produced oil up to date was
The current Recovery

31.69% Percentage

Ultimate Recovery factor
131.570 MMSTB

The Ultimate recoverable reserve
The Remaining Reserve 53.882 MMSTB
Decline Rate 0.0253628 l/year

Based on OFM results, the value of b was zero, which reflect the
effect of exponential decline because of strong water aquifer.

Using MBAL software (Zaggut reservoir)
The same section was used to create model using MBAL software

as follow in figure (10).

02/03/2023 0L/12/2022

01/08/2022

1500
01/12/2020 31/08/2021
Time (date d/m/y)

Fig 10 : Zaggut oil production rate which was used in this model.

The history production was selected to start from 2021 up to the
2024. This period is sufficient to mitigate the decline rate as well as

recovery factor.
Figure (11) shows the starting production rate for prediction as of
3255.5 STB/Day with annual decline rate of about 2.4 %. Best fit

was selected to be used with exponential equation with b = 0.
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Fig 11 : Decline Curve using exponential for the best fit for Zaggut.

Figure (12) shows that the reservoir remaining reserve of this
reservoir is 56.7141 MMSTB, which is similar to the OFM reserve.

Preduction Prediction

€0, 3500 [HE-cumulative 011 Producticn

" ==

1 H

Tedustion (@1STE)

(Kwpsazs) saw

o 1500
01/12/2023 21/12/2038 23/01/2054 18/02/20€9 17/03/2084

Time (date din/y)

Fig 12 : Zaggut Production Forecast and estimated remaining reserve.

As shown in the next table. This method shows that this reservoir is
exponentially declining.
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Table 9 : Zaggut production history and reserves. MBAL results.

MBAL Results
Original oil in place (OOIP) 415 MMSTB
The produced oil up to date was 77.6879 MMSTB
The current Recovery 18.72% Percentage
Decline Rate 0.024119 llyear
Final Rate 2000 STB/d
Reserves Date te 17/3/2084 /
Ultimate Recovery factor 32.38% Percentage
The Ultimate recoverable reserve 134.402 MMSTB
The Remaining Reserve 56.7141 MMSTB

The incremental increase in recovery factor is very small and Zaggut
reservoir reserve depending on MBAL software is about 56.7141
MMSTB.

Zaggut Reservoir calculation Summary

Based on the recovery factor estimation, there are some results are
very close to original one and the others are off-set or far away from
that for different reasons. From OFM software, it was very close,
and this method was used by the company. Also, the result from
decline curve analysis using MBAL software shows similarity and
got the same result.

Table (10) shows that the Guthrie & Greenberger equation is not
applicable for this reservoir. On the other hand, the Zekri & Nasr
equation shows a recovery factor of 30% with remaining reserves of
47.02 MMSTB. The Craze & Buckly equation demonstrates a
higher recovery factor of 65.71% with a remaining reserves of
195.07 MMSTB, ultimate recoverable reserve of 271.76 MMSTB.
Also, the Isehunwa & Nwankwo equation shows a higher a recovery
factor of 55.51% with a remaining reserves of 152.75 MMSTB,
ultimate recoverable reserve of 230.44 MMSTB.
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Table 10 : Summary of Recovery Factor Correlations results

. Recovery Remaining The ultimate
Correlations Eactor Reserve recoverable
(MMSTB) reserve (MMSTB)
Company 33.25% 61.06 137.75
Arps 33.08% 59.625 137.3215
Zekri & Nasr 30.04% 47.02 124.71
Craze & Buckly 65.71% 195.07 271.76
Isehunwa & 5551% | 152.75 230.44
Nwankwo

Table (11) presents data calculated by OFM / MBAL softwares,
these data include: ultimate Recoverable Reserve (MMSTB) which
refers to the total estimated amount of oil that can be recovered from
a reservoir, the recovery factor which is the percentage of ultimate
recoverable reserve to initial oil in place and the remaining reserve
that represents the estimated quantity of oil still available in the
reservoir for future recovery.
From Table (11), the ultimate recoverable reserve for Zaggut field
as follows: the Company calculations has an ultimate recoverable
reserve of 137.75 (MMSTB), OFM has 131.570 MMSTB, and
MBAL has 134.402 MMST which a slightly higher ultimate
recoverable reserve calculated by OFM. This implies that MBAL
has a slightly larger estimated total recoverable oil quantity from the
Zaggut field compared to OFM.
From Table (11), the remaining reserve for Zaggut field as follows:
the Company company calculations has 61.06 MMSTB of
remaining reserve, OFM has 53.882 MMSTB, and MBAL has
56.7141 MMSTB.
From Table (11), the recovery factor represents for Zaggut field as
follows: the Company has a recovery factor of 33.25%, while OFM
and MBAL have recovery factors of 31.69% and 32.38%,
respectively.

Table 11 : Summary of recovery factor results using OFM and

MBAL software.
Parameters Company OFM MBAL
Recovery Factor 33.25% 31.69% | 32.38%
The ultimate recoverable reserve
(MMSTB) 137.75 131.570 | 134.402
Remaining Reserve (MMSTB) 61.06 53.882 56.7141
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The table (12) provides information about two entities, OFM and
MBAL, and their associated parameters for the Zaggut field. The
parameter "Di" represents the decline rate per year, indicating the
rate at which the oil production rate decreases over a year time. For
the Zaggut field, OFM has a decline rate of 2.5% per year, while
MBAL has a slightly lower decline rate of 2.4% per year. This
suggests that both entities experience a relatively moderate decline
in the oil production rate of the Zaggut field.

From table (12), the parameter "gi" represents the initial oil
production rate, indicating the rate at which oil is initially being
produced. For the Zaggut field, both OFM and MBAL have the
same initial oil production rate of 3255 stock tank barrels per day
(STB/D). This indicates that both entities start the production of the
Zaggut field with the same level of output.

Table 12 : comparison in results between OFM-software and
MBAL-software

Parameters OFM MBAL

Di(1/year) 2.53628% 2.4119%

gi (STB/D) 32555 32555
Reserves Date te 28/02/2081 17/3/2084

In summary, the tables reveal that both OFM and MBAL experience
a relatively moderate decline in the oil production rate of the Zaggut
reservoir over time, with MBAL showing a slightly lower decline
rate. The initial oil production rate is the same for both entities.
MBAL has a slightly larger quantity of remaining reserves and a
higher estimated amount of ultimate recoverable reserves compared
to OFM for the Zaggut reservoir. These parameters provide insights
into the production dynamics and potential recoverable reserves for
the Zaggut reservoir in the context of the two entities.

Conclusion

a) There are two reservoirs were selected to perform this study,
which are representing strong Aquifer drive mechanisms.

b)For the first reservoir “Augila”, we had the following:

= The decline rate was estimated using OFM, MBAL, and all of
them shows the results similar to the value provided by the
company.
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= Further investigation was performed using correlations to
determine the recovery factor, such correlations are: Arps
(which incorporates various reservoir parameters like porosity,
permeability, viscosity, saturation, etc) and Craze & Buckly
correlations that utilizing end-Points Saturation (initial and
Residual Saturation).

¢) For the second reservoir “Zaggut”, we had the following:

= Both of OFM and MBAL results showed a slightly deviation in
decline rate, this could be as a result of injection water effect.

= For this reservoir most of correlation equations show incorrect
values of recovery factor apart from Arps and Zekri and Nasr
correlations, which shows very close value.

d) The benefit from decline curve analysis is to figure out the future
production, that’s to optimize and develop the field before it
reaches the abandonment point.

Recommendations

e It is recommended that the Arps Equation to be corrected to
Libyan Sandstone Reservoirs. Zekri and Nesr provide a general
correlation for both carbonate and sandstone. However,
Correlation should be developed to mitigate sandstones formula
and Carbonate equation.

There are limitations for both software (OFM and MBAL) to
determine the ultimate recovery. OFM has the maximum time
forecast is 100 years only; While, MBAL has time up to 2099
only. This should be considered when using them.

Daily Production rate which was used for this study was obtained
from OFM. However, these values are calculated via OFM. The
raw data is cumulative monthly production. Thereafter, a
correction for oil production rate should be performed in such
calculations.

It is recommended to install sensors on the wells to record
production parameters correctly to avoid and human errors.

It is recommended that operation condition are not subjects to be
changed for a certain period in order to be used for determining
decline rate.
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e This study focus only on the future perdition of the field without
considering the economic side, so it’s recommended that
(incase a new study made), economic can be taken into
consideration.
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