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Abstract 

Supertight oil and gas reservoirs have always been considered uneconomical. Their high stimulation 

costs, forecasting the future production and estimating the ultimate recovery (EUR), have long been problematic. 

They should be constantly updated during the lifetime of a reservoir, besides; their accuracy depends on the 

amount of available data and the adopted method.  However, after the enormous production in North America, 

exploring and developing unconventional hydrocarbon resources are gaining more interest worldwide. Nowadays, 

the Egyptian government is targeting tight layers/zones, in the western desert, to increase the high domestic energy 

demand and hence, increase the annual production of the conventional – high permeability – reservoirs. Several 

zones within Khatatba source rock in the Shoushan basin as well as in the Abu Gharadig basin are now being 

studied and evaluated to maximize their productivity and identify the optimal technology for future developments.  

In the present work, various approaches, used in predicting the performance of unconventional reservoirs, are 

investigated and compared through their forecasting future production and their estimated ultimate recovery 

(EUR). Traditional Arps’ decline, for low permeability reservoirs, over-forecasts reserves. Power-law exponential 

decline (PLED), stretched-exponential decline (SEPD), logistic-growth model (LGM), and Duong’s method have 

been used to represent the rate/time production data for the standard well completion in a multiple-fractured 

horizontal well in a shale play. These methods provide different forecasts as they are based on different equation 

forms. Unfortunately, previously mentioned methods are not satisfactorily adequate to forecast production for all 

unconventional reservoirs. The rate transient analytical (RTA) models require certain modifications of the 

reservoir and fracture parameters to provide optimistic EURs when compared to the numerical simulation. 

In this research, based on the production forecast and EUR prediction, different models for forecasting 

unconventional well data have been reviewed and compared. Production data has been used to validate the 

accuracy of the models, show the similarity of reserves estimation, and reveal the relationship to the reservoir 

theory. This work might help the Egyptian operating companies to better understand the production dynamics of 

unconventional reservoirs and suggest a more reliable model EUR’s estimation. 

Keywords: Unconventional Reservoirs, Egyptian Challenges; EUR Prediction, Production Forecast; Decline 

Curve Analysis 
 

http://ijisd.journals.ekb.eg/
mailto:omar.mahmoud@fue.edu.eg


International Journal of Industry and Sustainable Development (IJISD) 

Volume 1, No.1, pp. 60- 70, January 2020, ISSN 2682-4000   

 

http://ijisd.journals.ekb.eg                                                                61 

1-Introduction 

Developments of unconventional reservoirs is a challenge. Knowledge about the properties 

and physical controlling flow parameters of formations as well as the long-term production 

performance is the main key element. Targeting a reliable production forecast of 

unconventional reserves requires using a combination of different methods. Among these 

methods are the Analogy (Type curves), the volumetric method, the material balance method, 

the decline curve analysis (DCA), the rate transient analysis (RTA), and the numerical 

simulation [24], [28]. In the following section, these methods are discussed briefly, pointing 

out their main ideas and the difficulties in estimating the EUR of such tight reserves. 

The objective of this study is to review the used models and compare the different methods 

that are used for forecasting unconventional resources based on the goodness of fit, the 

similarity of reserves estimation, and the relationship to the reservoir physics. This review 

might help the Egyptian companies to better understand the production dynamics of 

unconventional reservoirs and suggest a more reliable and optimistic EURs estimation. 

2-Egyptian Petroleum And Natural Gas 

Egypt has been known as one of the pioneer African countries in the production of both oil 

and natural gas. According to the [49] it is classified as the largest non-OPEC oil producer in 

Africa and the third country in the production of natural gas within the same continent. 

Unfortunately, Egypt’s oil reserves are decreased by about one billion barrels in 2016 [7]. 

Besides, the oil consumption rate is in a continuous increase, exceeding the production rate 

since ~ year 2011 (Fig. 1). Comparable to the world’s oil producers, Egypt suffers from the 

lack of new oil fields discoveries.  

Fig. 1― Annual petroleum and other liquids production and consumption in Egypt (after US eia 2018). 

 

On the other hand, as mentioned in the [49], Egypt became a net importer of natural gas in 

2015 as a result of growing domestic demand over production levels (Fig. 2). Since then, 

several developments are carried out, by the government, in different gas fields such as Zohr 

and Atoll besides new projects such as the West Nile Delta (WND). Consequently, it is 

expected, within the next few years, that there will be a significant increase in Egypt’s natural 
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gas reserves providing recent discoveries.  

Egypt is now targeting tight, unconventional layers/zones, such as Khatatba source rock in 

the Shoushan basin as well as in the Abu Gharadig basin in the Western Desert. Ongoing 

explorations and studies aim at identifying optimal technologies to maximize productivity of 

unconventional low-permeability reservoirs [30]. [41] and [42] summarized the findings of the 

recent activities within different unconventional plays in Egypt from which the basis for 

necessary subsequent development could be achieved.  

The production of both oil and natural gas from unconventional resources has grown 

dramatically over the last two decades, especially in North America, through improving 

techniques of exploration and development [8], [15]. In 2018, The US production of petroleum 

and natural gas increased by 16% and 12%, respectively, and these totals combined established 

a new production record [50]. The United States surpassed Russia in 2011 to become the 

world's largest producer of natural gas, and surpassed Saudi Arabia in 2018 to become the 

world's largest producer of petroleum (Fig. 3). U.S. natural gas production in 2018 was about 

30.6 trillion cubic feet (Tcf), the highest annual amount recorded. Most of the production 

increases since 2005 are the result of horizontal drilling and hydraulic fracturing techniques, 

notably in shales and other tight geologic formations. 

Fig. 2― Dry natural gas production and consumption in Egypt (after US eia 2018). 

3-Analogy (Type Curves) 

Analogy/analogies can be defined as an identifying of similarities between two things by 

using logical comparison. So that, Analog data points to existing reservoirs and wells that have 

like properties can lead to a reliable future production forecast and reserves estimation. It helps 

in reducing uncertainty while running those kinds of prediction. 

Based on the Society of Petroleum Engineers (SPE) and the United States Securities and 

Exchange Commission (SEC)’ definition of an analog, an analog should have the same 

geographic, geological, shale and fluid characteristics [22]. Besides, different criteria regarding 

depletion stage, completion techniques and controlling properties, of both an analog and a 

target should be satisfied [27]. 
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Fig. 3― Estimated petroleum and natural gas production in U.S., Russia, and Saudi Arabia (after US 

eia 2019). 

 

4-Volumetric Estimations 

In this method the EUR can be estimated as a fraction of the existing hydrocarbon in place, 

which could be done through simple calculations that rely on the recovery factor [18].  One of 

these equations is given below (Eq. 1) in which the EUR can be calculated as follows: 

 

𝐸𝑈𝑅 =
𝐴ℎ𝜙(1−𝑆𝑤𝑖)

𝐵𝑖
× 𝑅𝐹,   …….………………………………………….………. (1) 

where A = reservoir drainage area, h = reservoir thickness, ϕ = porosity, Swi = connate or 

irreducible water saturation, Bi = initial formation volume factor, and RF is the recovery factor. 

 

Despite the difficulty in accurately determining the net-pay thickness  [44] additional gas 

volumes in the pore spaces [39], [40] and the amount of recoverable gas in unconventional 

tight reservoirs, the volumetric method is still regarded as simple and essential in reserves 

estimation and production forecast. 

 

5-Material Balance Calculations 

The main idea of the material balance is to determine the initial volume of hydrocarbons in 

the reservoir and its current volume then equate their difference with the total production. It 

assumes an unchanged drainage volume and a stabilized boundary-dominated flow (BDF). The 

problem arises when dealing with unconventional reserves which requires longer times for 

volumetric behavior stabilization. the longer time will assure a sufficient pressure production 

data and reservoir fluid behavior (PVT) data [43],[19], [20]. A straight-line plot between the 

reservoir pressure/gas compressibility factor ratio (p/z ) versus cumulative gas production is 

mostly common in estimating the gas in place at p/z = 0 (Fig. 4, based on Eq. 2). 

 
𝑝

𝑧
=

𝑝𝑖

𝑧𝑖
(1 −

𝐺𝑝

𝐺
) ,………………………………………………………....……..…... (2) 
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where p = reservoir pressure, z = gas compressibility factor, Gp = cumulative gas produced 

(volume), G = gas in place (volume), and the subscript “i” represents the initial reservoir 

conditions.  

 

 
Fig. 4― Schematic illustration of the p/z versus cumulative gas production plot. 

 

The assumptions of this method like unchanging drainage volume and a stabilized BDF are 

not satisfied in the case of unconventional gas reservoirs. So that, the p/z-plot analysis in this 

case can provide reasonable assessments for planning purposes with other methods.   

6-Decline Curve Analysis 

Analyzing techniques are commonly used for conventional reserves to estimate the future 

performance and determining the EUR. It has been the most widely used approach in the field 

of analyzing the decline rates, forecasting the future performance, and determining EUR. This 

could be done either through the Arps’ decline model [2], or type-curve matching techniques 

[13], [14], [35], [1] by matching the predetermined type curves by the early production data 

from producing wells. The Arps’ model has proven to work very well in conventional oil and 

gas wells. However, it has not been proven to work well when used with the extremely low-

permeability reservoirs. 

As reported in [2] the empirical equation of Arps’ model can be put as in Eq. 3, that could 

represent three different forms of conventional reservoirs depending on the value of b (the 

dimensionless decline curve exponent) which is 0≤ b ≤1. Table 1 shows a summary of Arps’ 

decline curve relations and their characteristics. 

 

𝑞 =  
𝑞𝑖

(1+𝑏𝐷𝑖𝑡)(1 𝑏⁄ ) , …………………………………………………………………. (3) 

 

where q is the production rate at time t (volume/time), qi = the initial production rate 

(volume/time), Di = Arps’ initial decline rate (1/time), b = Arps’ decline curve exponent 

(dimensionless). 
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Table 1― Summary of Arps’ traditional decline curve relations (modified after [28]). 

Exponential 

Decline 
Hyperbolic Decline Harmonic Decline 

b = 0 0 < b < 1 b = 1 

Di is constant 

Di  is proportional to a 

fractional power of the 

production rate 

Di is proportional to 

production rate 

𝑞 = 𝑞𝑖𝑒
−𝐷𝑖𝑡 𝑞 =  

𝑞𝑖

(1 + 𝑏𝐷𝑖𝑡)(1 𝑏⁄ )
 𝑞 =  

𝑞𝑖

(1 + 𝐷𝑖𝑡)
 

𝑄 =  −
1

𝐷𝑖
𝑞 +

𝑞𝑖

𝐷𝑖
 

𝑄 =  
𝑞𝑖

𝑏

𝐷𝑖  (𝑏 − 1)
[𝑞(1−𝑏)

− 𝑞𝑖
(1−𝑏)] 

𝑄 =
𝑞𝑖

𝐷𝑖

[ln 𝑞𝑖 − ln 𝑞] 

Straight line when 

plotting:  

log 𝑞 versus 𝑡 , or 

𝑞 versus 𝑄 

Straight line when plotting: 

𝑞/(𝑑𝑞/𝑑𝑡) versus 𝑡 

Straight line when 

plotting: 

log 𝑞 versus log 𝑡 , or 

log 𝑞 versus log 𝑄 

 

However, when dealing with unconventional reservoirs, a b-value greater than one is 

experienced, and thus, this causes an over-forecasting of reserves. The Arps’ equations then 

become inadequate for reserves estimation. Recently, different techniques have been developed 

to model the decline behavior in unconventional plays [25], [26],[51], [9], [11], [36], [53] and 

provide the best equation for calculating the dimensionless decline rate (Eq. 4). [24] gave a 

good summary of the decline rate calculations in different methods (Table 2). 

  

𝑞 =  𝑞𝑖  ∝ (𝑡) ,…………………………………………….…………………..……. (4) 

 

where ∝ (𝑡) = the decline rate (dimensionless). 

Table 2― Summary of decline rate relations for DCA of unconventional gas reservoirs (modified after 

[24]). 

Method Decline Rate  Reference 

Stretched Exponential 

Decline 
∝ (𝑡) = exp[−(

𝑡

𝜏
)𝑛] [51] 

Power Law Decline ∝ (𝑡) =  exp (−𝐷∞ −
𝐷𝑙

𝑛
𝑡𝑛) [25], [26] 

Duong’s Model 
∝ (𝑡) = 𝑡−𝑚 exp [

𝑎

1 − 𝑚
(𝑡1−𝑚

− 1)] 
[11] 

Logistic Growth Decline ∝ (𝑡) =
𝑛𝑎𝑡𝑛−1

(𝑎 + 𝑡𝑛)2
 [9] 

Probabilistic Decline ∝ (𝑡) =  𝑒−𝑎𝑒−𝑏𝑡
 

[17] and Blasingame 

(2013) 

Extended Exponential 

Decline ∝ (𝑡) = 𝑒
−(𝛽𝑙+𝛽𝑒𝑒−𝑡𝑛

)𝑡
 [53] 
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Recently, different trails had been accomplished in order to develop a more conservative 

DCA model that can lead to more confident forecasts [10], [29], [48]. DCA is a powerful tool 

and can be used as a standalone way for forecasting future performance of unconventional 

reservoirs of predicting EUR’s.   

 

7-Rate Transient Analysis And Numerical Simulation 

Compared to the DCA model, the rate transient analysis (RTA) is more attractive for tight 

and unconventional reservoirs. Its main idea is based on analyzing daily production data and 

matching them with analytical models [54]. The analytical models developed depend on the 

characteristics of the production flow rate. For example [12],[52],[5] established their 

analytical model for long-term transient linear flow reserves, whereas, [3],[4] presented a 

transient analysis of tight gas reservoirs that have long-term linear and bilinear flows. For the 

multilayer unconventional gas reservoirs,[45], [46] presented a model that can be used for 

matching production data. 

There is an ongoing development in analytical models that can be adopted for forcasting 

production and estimating the EUR of unconventional reserves [6], [31], [32], [37],[38], He et 

al. 2018). Fig. 5 shows the log-log diagnostic, standard, and dynamic drainage area (DDA)-

corrected linear flow plots of a tight/shale gas reservoir case using an analytical model 

developed by [37].   

 
Fig. 5: Log-log diagnostic, standard, and dynamic drainage area (DDA)-corrected linear flow plots of 

a tight/shale gas reservoir case (modified after [37]) 

 

Despite their availability in different commercial software, the RTA application, with 

unconventional reservoirs, is still facing different challenges. One of these challenges is the 

limitations of the analytical and semi-analytical models [23], especially for tight/shale gas 

systems. 

 

Recently numerical simulation is found to be a vital tool in understanding of the flow 

behavior characteristics in tight/shale gas systems. Although facing nearly the same difficulties 

and limitations of analytical analysis, their ongoing developments are promising in helping in 

the optimization of lateral length, well spacing, and completion techniques as well as getting 
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valuable reserves estimation [16], [33], [47], [34].    

8-Conclusions And Recommendations 

The breakthrough in the oil/gas production from tight/unconventional reservoirs in North 

America, led different countries, all over the world, to target their tight, unconventional 

layers/zones. In Egypt there is an ongoing exploration in Khatatba source rock in the Shoushan 

basin as well as in the Abu Gharadig basin in the Western Desert. Egypt aims at identifying 

optimal technologies to maximize productivity of unconventional low-permeability reservoirs. 

It is expected, within the next few years, that there will be a significant increase in Egypt’s 

natural gas reserves providing recent discoveries. 

In this paper, various approaches, currently used in predicting the performance of 

unconventional reservoirs, are investigated and compared through their forecasting future 

production and their estimated ultimate recovery (EUR). This might help the Egyptian 

operating companies to better understand the production dynamics of unconventional 

reservoirs and suggest a more reliable model EUR’s estimation. 

Traditional Arps’ decline, for low permeability reservoirs, is found inadequate. Thus, 

different other methods and relations have been used to represent the rate/time production data 

in tight/shale gas plays. The recent developments are leading to more conservative and 

confident DCA models forecasts that are based on different equation forms.  

Analytical, semi-analytical models, numerical models, and history matching of production 

data using RTA are widely used for forecasting future performance and estimating reserves of 

unconventional reservoirs. The commercial software’s for this type of modeling exist in large 

quantities. Rate transient analytical (RTA) models require certain modifications of the reservoir 

and fracture parameters to provide optimistic EURs when compared to the numerical 

simulation. They are important tools that can be used – in parallel with other methods – for 

production forecasting and EUR prediction of unconventional reservoirs. 

Analogy and volumetric calculations are both important methods for EUR prediction of 

unconventional reservoirs and should be attempted whenever possible. Both can be used to 

provide valuable uncertainty estimations with other methodologies. However, they can’t be 

used as standalone analysis for predicting accurate EUR and forecasting future performance. 
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