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Abstract: Shale oil production from the Bakken shale and the Eagle Ford shale was analyzed using decline curve 
analysis and a constrained Monte Carlo technique. The purpose of the paper is to provide a set of parameters that can 
be used to initialize a Monte Carlo analysis of shale oil production using a selection of decline curves. The parameters 
are obtained by matching shale oil production for a set of wells in the Eagle Ford shale and the Bakken shale. 
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INTRODUCTION 

One way to integrate uncertainty into the 
preparation of shale oil and gas recovery forecasts is to 
apply an empirical technique based on decline curve 
analysis and a probabilistic production forecasting 
workflow. A workflow for forecasting shale gas recovery 
based on a constrained Monte Carlo method has been 
used to develop a probabilistic distribution of decline 
curve forecasts for four major North American shale 
gas fields: Barnett, Fayetteville, Haynesville, and 
Woodford [1-3]. The work is extended here to shale oil 
production forecasting for the North American shale oil 
fields: Eagle Ford and Bakken. 

We begin by reviewing some decline curve models 
that have been applied to production from 
unconventional resources. We then describe the 
probabilistic decline curve analysis (pDCA) method. 
The criteria for selecting suitable wells from the 
database are then described, and results from the 
pDCA method are presented. Ranges of model input 
parameters for uniform probability distributions and 
triangle probability distributions are presented.  

DECLINE CURVE MODELS FOR 
UNCONVENTIONAL RESOURCES 

Decline curve models used here must have finite, 
bounded values of Estimated Ultimate Recovery 
(EUR). Not all decline curve models satisfy this 
criterion. For example, Arps (1945) [4] presented the 
following empirical decline curve model for flow rate q 
as a function of time t and parameters a, n:  

dq
dt

= !aqn+1            (1) 
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The Arps models are harmonic decline (n = 1), 
exponential decline (n = 0), and hyperbolic decline with 
values of n that are usually in the range 0<n<1 for 
conventional reservoir production. For more discussion 
of Arps equation and decline curve analysis, see [5-8]. 

The Arps harmonic decline model (n = 1) and 
hyperbolic decline model with n > 1 are not always 
suitable for modeling unconventional reservoir 
production because extrapolation of the decline curve 
can lead to unbounded values of EUR and 
corresponding overestimates of EUR. The method 
presented below is able to avoid this problem by 
restricting the allowed values of n to physically 
meaningful values and performing statistically 
significant number of calculations that lead to a set of 
values that best fit the data.  

The Arps exponential model does not always 
adequately model the decline rate of unconventional 
reservoir production. Another model that is called the 
Stretched Exponential Decline Model (SEDM) was 
introduced by Valkó and Lee (2010) [9] into decline 
curve analysis as a generalization of the Arps 
exponential model. The SEDM is based on the idea 
that several decaying systems can be modeled as a 
single decaying system [10, 11]. If production from a 
reservoir is considered a collection of decaying 
systems (declining well production from several wells) 
in a single decaying system (a reservoir), then SEDM 
can model declining flow rate. 

We use two decline curve models in this study: 
Stretched Exponential Decline Model (SEDM), and the 
Arps hyperbolic decline model (HYDM). The SEDM 
model has the form  

q = qi exp[!(t / " )
n ] = a exp[!(t / b)c ]         (2) 

with the three parameters qi, τ, n (or a, b, c). Parameter 
qi is flow rate at initial time t. The form of the SEDM 
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equation simplifies to Arps exponential decline model 
when n = c = 1. 

The HYDM model with constraint 0 < b < 1 is  

q = a(1+ bct)(!1/b)            (3) 

Table 1 summarizes the parameters for both 
models. 

Table 1: Parameters for Decline Curve Models 

Parameter SEDM HYDM 

DCMA a or qi a or qi 

DCMB b or τ b 

DCMC c or n c 

PROBABILISTIC DECLINE CURVE ANALYSIS 

The pDCA method used here is a constrained 
Monte Carlo technique. The workflow is illustrated in 
Figure 1 and described in more detail in Fanchi, et al. 
(2013) [1]. The workflow in Figure 1 is a variation of a 
workflow that can be applied to more complex reservoir 
modeling studies of green fields and brown fields [12]. 
The first step in the decline curve analysis study is to 
gather production rate versus time data for the wells of 
interest. The next step is to choose a decline curve 
model and specify unknown model input parameters 
using probability distributions. 

Decline curve model parameter values (a, b, c) are 
determined by sampling from the associated probability 
distributions. Each complete set of model input 
parameters is used to obtain decline curve model 
results. The set of input parameters and associated 
decline curve model results constitute a trial. The 
quality of each trial is determined by specifying a 
constraint. In this study, cumulative oil production at the 
end of history is specified as the constraint.  

The Monde Carlo technique generates a statistically 
significant number of trials. Trial results are compared 
to available rate-time production history and user-
specified criteria. If a trial satisfies user-specified 
criteria, it is included in the subset of acceptable trials. 
An acceptable trial here is any decline curve model that 
yields a model calculated cumulative oil production for 
the historical production period that is within a user 
specified percentage of the actual cumulative oil 
production. In the analysis here, model calculated 
cumulative oil production had to be within 2% of actual 
cumulative oil production at the end of history. 

A probability distribution of Estimated Ultimate 
Recovery (EUR) values is generated for the subset of 
acceptable trials. The probability distribution expresses 
EUR values as percentiles. The EUR percentiles are 
related to SPE reserves definitions by P10 = PC90, P50 
= PC50, and P90 = PC10. The reader should consult 
regulatory agencies such as the Securities and 

 
Figure 1: Probabilistic DCA Workflow. 
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Exchange Commission for oil and gas reporting 
requirements. 

WELL SELECTION CRITERIA 

Shale oil production rate-time data were obtained 
from the Drillinginfo database (Drillinginfo.com). Since 
decline curve analysis typically presumes single phase 
flow, we selected oil wells that had a relatively constant 
GOR over the lifetime of the production period. Wells 
were selected with a relatively constant GOR so that 
the models were being applied to data that appeared to 
be single phase oil flow at subsurface shale conditions. 
There were only a few wells in the database that 
satisfied this requirement. The use of wells with more 
GOR variability raised the possibility that production 

would require a more sophisticated analysis of 
multiphase flow. 

Wells with approximately 90 months or more of 
history were used in the study. The duration of at least 
90 months provided a well-defined decline curve for 
finding the model that best fit the data and estimating 
parameters that could be used to initialize the Monte 
Carlo study of other wells. Shorter production periods 
could have been used, but may not have provided 
enough data for both selecting a best-fit model and 
associated parameters. It is still possible that the 
parameter range may need to be altered to match other 
cases. We selected nine Bakken wells and six Eagle 
Ford wells based on the GOR and duration of history 
criteria. 

 
Figure 2: GOR for Bakken Well BaW10. 

 

 
Figure 3: Linear Regression Rate Curves for Bakken Well BaW10. 
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SHALE OIL PRODUCTION 

The pDCA models SEDM and HYDM are used to 
match oil production rate versus time data for nine 
Bakken shale wells and six Eagle Ford shale wells 
using the workflow displayed in Figure 1. The Monte 
Carlo analysis uses 1000 trials initially. The parameter 
b in the HYDM model was kept within the range 
constraint 0.01 < b < 0.99. Each trial in the subset of 
acceptable trials for a pDCA model must match 
cumulative oil production at the end of the historical 
production period within the limit specified by the user. 
A set of decline curve models is available for matching 
the shape of the decline curve throughout the decline 
curve history. The preferred choice of decline curve 
model is the model that provides the best fit of the data 
over the decline curve history. Criteria for an 

acceptable match include the choice of decline curve 
model and a match of cumulative oil production within 
user-specified limits at the end of the production period. 

The quality of the match between the pDCA model 
and oil production rate data for a Bakken shale oil well 
is illustrated in Figures 2 through 4. Similarly, the 
quality of the matches for an Eagle Ford shale oil well 
is illustrated in Figures 5 through 7. The gas-oil ratio 
shows realistic variability around a relatively constant 
value. 

Linear regression is used to fit pDCA models to 
actual data and displayed in the linear regression plots. 
The quality of the match between actual data and 
pDCA model parameters is displayed in the PC50 (50th 
percentile) plots. Minimum and maximum pDCA 

 
Figure 4: 50th Percentile Rate Curves for Bakken Well BaW10. 

 

 
Figure 5: GOR for Eagle Ford Well EFW08. 



Decline Curve Analysis of Shale Oil Production Using a Constrained Journal of Basic & Applied Sciences, 2020, Volume 16      65 

 
Figure 6: Linear Regression Rate Curves for Eagle Ford Well EFW08. 

 

 
Figure 7: 50th Percentile Rate Curves for Eagle Ford Well EFW08. 

 

Table 2: Bakken Shale Oil Wells 

SEDM HYDM 
Case Parameter 

MIN MAX MIN MAX 

PC50 a 4651 15151 1856 8683 

PC50 b 2.680 21.004 0.862 0.980 

PC50 c 0.3209 0.6206 0.0315 0.1092 

 

parameter values for the PC50 trial in the subset of 
acceptable trials are collected for the set of wells in the 
Bakken shale and the Eagle Ford shale. The minimum 
and maximum values of pDCA parameters are 
tabulated in Tables 2 and 3. The set of decline curves 

that are considered matches must satisfy the 
requirement that the allowed parameter range 
represents physically meaningful parameters. For 
example, the hyperbolic decline curve has values of b 
in the range 0≤b≤1 in both Tables 2 and 3. 
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Table 3: Eagle Ford Shale Oil Wells 

SEDM HYDM 
Case Parameter 

MIN MAX MIN MAX 

PC50 a 1603 5940 919 6276 

PC50 b 1.544 9.414 0.822 0.961 

PC50 c 0.3026 0.6966 0.0355 0.2799 

 

 
Figure 8: HYDM Rate Curves for Eagle Ford Well EFW08. 

 

 
Figure 9: SEDM Rate Curves for Eagle Ford Well EFW08. 

Figures 8 and 9 show how the choice of model 
(HYDM or SEDM) affects the match of the shape of the 
curve for PC10, PC50, and PC90 cases which 
correspond to the 10th, 50th and 90th percentile cases. 
In this case, the SEDM rates in Figure 9 tend to be less 
than actual rates during the first 10 months and greater 

than actual rates between 10 and 50 months. The 
cumulative production criterion is satisfied by the end of 
production history. By contrast, Figure 8 shows HYDM 
rates more closely aligned with actual rates. Both 
Figures 8 and 9 include forecasts of rates to 150 
months and show the variability in PC10, PC50, and 
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PC 90 forecasts. The magnitude of the variability 
depends on the user-specified criteria for controlling 
the Monte Carlo analysis. 

SUMMARY 

Probabilistic decline curve analysis (pDCA) with a 
constrained Monte Carlo technique was used to 
analyze oil production rate versus time data for a 
sampling of wells from the Bakken shale and the Eagle 
Ford shale. Minimum and maximum values of pDCA 
parameters were determined and can be used as input 
parameter ranges for probability distributions. Matches 
of shale oil production for a selection of wells in the 
Eagle Ford shale and the Bakken shale provided a 
realistic, empirical basis for the reported parameter 
ranges. The selected wells were restricted to wells with 
a relatively constant GOR and a production history of at 
least 90 months. These criteria satisfy the requirement 
that produced oil was single phase oil at subsurface 
shale conditions and enough data was available to 
define the shape of the oil rate decline curve. 

ACKNOWLEDGEMENT 

I thank drillinginfo.com for access to their database 
of well production data and Buck Jones for helping 
analyze the data.  

REFERENCES 

[1] Fanchi JR, Cooksey MJ, Lehman KM, Smith A, Fanchi AC, 
Fanchi CJ. Probabilistic Decline Curve Analysis of Barnett, 
Fayetteville, Haynesville, and Woodford Gas Shales. Journal 
of Petroleum Science and Engineering 2013; 109: 308-311. 
https://doi.org/10.1016/j.petrol.2013.08.002 

[2] Fanchi JR. Forecasting Shale Gas Recovery Using Monte 
Carlo Analysis - Part 1 2012a. on PennEnergy.com; 
published online Dec. 3, 2012: http://www.pennenergy.com/ 
articles/pennenergy/2012/12/forecasting-shale-gas-recovery-
using-monte-carlo-analysis---part-1.html 

[3] Fanchi JR. Forecasting Shale Gas Recovery Using Monte 
Carlo Analysis - Part 2 2012b. on PennEnergy.com; 
published online Dec. 5, 2012: http://www.pennenergy.com/ 
articles/pennenergy/2012/12/forecasting-shale-gas-recovery-
using-monte-carlo-analysis-part-2.html 

[4] Arps JJ. Analysis of Decline Curves. Transactions of AIME 
1945; 160: 228-247. 
https://doi.org/10.2118/945228-G 

[5] Ezekwe W. Reservoir Engineering of Conventional and 
Unconventional Petroleum Resources, Tiga Petroleum, 
Houston, TX 2020. 

[6] Fanchi JR, Christiansen RL. Introduction to Petroleum 
Engineering, Wiley, Hoboken, New Jersey 2016. 
https://doi.org/10.1002/9781119193463 

[7] Sun H. Advanced Production Decline Analysis and 
Application. Petroleum Industry Press, Elsevier, Waltham, 
Massachusetts 2015. 
https://doi.org/10.1016/B978-0-12-802411-9.00026-0 

[8] Economides MJ, Hill AD, Ehlig-Economides C, Zhu D. 
Petroleum Production Systems, 2nd Edition, Pearson 2012. 

[9] Valkó PP, Lee WJ. A Better Way to Forecast Production from 
Unconventional Gas Wells. Paper SPE 134231. Society of 
Petroleum Engineers, Richardson, Texas 2010. 
https://doi.org/10.2118/134231-MS 

[10] Phillips JC. Stretched Exponential Relaxation in Molecular 
and Electronic Glasses. Reports of Progress in Physics 
1996; 59: 1133-1207. 
https://doi.org/10.1088/0034-4885/59/9/003 

[11] Johnston DC. Stretched Exponential Relaxation Arising from 
a Continuous Sum of Exponential Decays. Physical Review 
2006; B74: 184430. 
https://doi.org/10.1103/PhysRevB.74.184430 

[12] Fanchi JR. Principles of Applied Reservoir Simulation, 4th 
Edition, Elsevier, Cambridge, Massachusetts 2018. 
https://doi.org/10.1016/B978-0-12-815563-9.00009-4 

 
 
 

 
Received on 02-09-2020 Accepted on 29-09-2020 Published on 09-10-2020 
 
https://doi.org/10.29169/1927-5129.2020.16.08 
 
© 2020 John R. Fanchi; Licensee SET Publisher. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in 
any medium, provided the work is properly cited. 
 


