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Abstract.: This presentation outlines critical concepts associated with diagnostic based well performance analysis and production forecasting
methods in unconventional (low-permeability) reservoirs. We will provide background on traditional and recently introduced methodologies
adapted/developed for unconventional reservoirs including basis for (modified) Arps’ decline models. We will discuss methods and considerations
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Presentation Outline

This presentation attempts to address various challenges with decline curve analysis using empirical (data-driven) methodologies

Overview/Introduction

Diagnostic based decline curve analysis

Techniques for improving resolution of production data
Incorporation of pressure data in decline curve analysis
Multiphase flow decline curve analysis

Empirical methodology to estimate GOR profile
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Time-Rate Analysis — Modified-Hyperbolic Relation

Schematic represents the most common approach to estimate ultimate recoveries

The schematic
represents the most
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Time-Rate Analysis — g-D-b Plot

gDb plot can be used as basis for formulating a variety of decline curve relations
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Time-Rate Analysis — p-Derivative Plot

[-derivative is directly related to “power-law” type flow regimes

Oil Decline B (Rate) vs. Time [Log-log] Gas Decline B (Rate) vs. Time [Log-log]
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Time-Rate Analysis — Continuous Evaluation of Effective Decline

Data-driven methodology to identify long-term decline behavior

Oil Effective Decline D, (Rate) vs. Time [Cartesian] Gas Effective Decline D, (Rate) vs. Time [Cartesian]
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Extrapolation of effective decline trend implies terminal decline rate values below 10 percent/year.
Value of “terminal” decline rate may be estimated based on projected trends (and comparisons).
Trends can be compared against “long-term” behavior (e.g. older vintage wells).
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Time-Rate Analysis — Characteristic Response based on Groupings

Diagnostic plots allows for extracting type curve shape/decline parameters

Gas qDb vs. Time [Log-log] Gas Effective Decline D, (Rate) vs. Time [Cartesian]
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Time-Rate Analysis — Continuous Evaluation of b-factor

As more days of production are available for analysis, uncertainty on production forecasts may decrease
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Time-Rate Analysis — Continuous Evaluation of b-factor

Flow regime diagnostics help identifying potential changes in EUR and decline parameters over time.
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Variable Pressure Drop Cases

Theoretically variable rate/pressure responses are obtained through convolution/superposition

Variable pressure decline curve analysis uses time-rate production data normalized by discrete
pressure drop changes (p; — p,s) as the constant pressure relation for analysis.

It is worth to note that the pressure drop normalization serves only for an approximation, and it is
not exact.
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Forecasting Production Rates using Time-Rate-Pressure Data

Pressure drop normalized rate data are used for forecasting well performance

Flowing pressure profiles have a declining behavior during the production life of the well. The use of
pressure drop normalized rate data attempt to provide a “constant-pressure” rate response to be

forecasted with decline curve analysis.
Normalized rate and flowing pressure are both forecasted. Resulting profiles are used to obtain the

“variable-pressure” response of oil rate in time.
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Rate-Integral Function

The rate-integral function assist decline curve analysis by smoothing the data

Why use the rate-integral function?

(Log-log) Rate and Rate-Integral "qDb" Plot
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Rate-Integral Function

Recomputed rates from using rate-integral function may provide better resolution to identify certain decline curve parameters
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Rate-Integral Function

Rate-time functions are computed to compare the resolution between rate and rate-integral
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Rate-Integral Function

Higher resolution of recomputed rate data allows for better identification of decline parameters
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Multiphase Decline Curve Analysis

Originally presented to predict multiphase flowrates using early-time flowback data with flowing measured bottomhole pressures

Reference: Jones and Blasingame —
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Multiphase Decline Curve Analysis

Diagnostics are performed using “pressure drop normalized total fluid” rate data
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Multiphase Decline Curve Analysis

Modeling “water cut” or “fractional flow of water” is based on empirical methods
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Multiphase Decline Curve Analysis

Methodology is not bound by any physical constraints — GOR/CGR modeling can be performed empirically
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Multiphase Decline Curve Analysis

Oil, gas, and water forecasts are obtained as a result of the process
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Multiphase Decline Curve Analysis

Estimation of gas-oil ratio profile methodology based on a data-driven approach

Estimate oil (major phase) EUR. . Cumulative GOR vs. Cumulative Oil

Prepare plots of “Oil Rate vs Cumulative
GOR” and extrapolate trends.

o Cumulative GOR is used for better resolution.

o Cartesian plot and Semi-log plots of oil rate
and cumulative GOR for investigating low case
and high case estimates.

Use Cumulative GOR and Cumulative oil
production plot to “sense check” profiles
and final “cumulative” GOR estimates.

Plot “instantaneous” and “cumulative”’
GOR data to estimate “final”
instantaneous GOR. 5 e S 5 G S B

GOR based on Cumulative Production, SCF/STB

0 120,000 ~
a - - - I@
d | f| d t t Cumulative Oil Production, STB
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Multiphase Decline Curve Analysis

Underlying concept is based on “straight-line” extrapolation of rate and cumulative GOR with simple transformations
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Multiphase Decline Curve Analysis

Final GOR profile is established using a potential relationship between cumulative and instantaneous GOR behavior
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Summary of the Presentation

Diagnostic methods are powerful to identify trends, analyze and forecast production

Key Discussion Points
o Assumptions and limitations of the traditional Arps decline models.

o Utilization of diagnostic methodologies to assess decline curve model parameters (e.g., Arps’
hyperbolic b-factor, terminal decline rate, etc.).

o Considerations for production forecasting using Arps and other decline models.

o Incorporation of techniques which include incorporation of multi-phase flow, variable flowing
pressures into decline curve analysis.

o Impact of production data quality on decline curve analysis.

o Considerations for characteristic solutions (“type well profiles”).
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