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Production data analysis software for shale I
gas/oil reservoirs
» Model free analysis of production data //

 Better insight of flow mechanisms

» Characterization of fracture geometry
and conductivity

* Refracturing candidate selection
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» Motivation/Background
» Methodology

» Derive drainage volume, instantaneous recovery ratio
(I.R.R.) and w(t) from production data

= w(7) illustration for single infinite conductivity fracture
» Refracturing candidate selection criteria
« Demonstration

Radius of Investigation

» Radius of Investigation is the propagation distance of the ‘peak’
pressure disturbance for an impulse source or sink (Lee, 1982)
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Generalization via Diffusive Time of
Flight (1)

Homogeneous Heterogeneous
Radius of investigation Diffusive time of flight
(Lee 1982) Log10 Time (day) (Datta-Gupta 2011)
X | 2.5
2
‘1.5
-1
0.5
0
e k Va)|rtx)|=1
lefUSIVI'[)./ a=_ Eikonal Equation
MCERI Analytical 6

Drainage Volume and w(t)

« Visualization of the drainage * w(7) indicates hOW fast 1,(7)

volume evolution V, (1) increases w(r) = d
(drainage surface area)




Outline

* Methodology

» Derive drainage volume, instantaneous recovery ratio
(I.R.R.) and w(t) from production data

= w(7) illustration for single infinite conductivity fracture
» Refracturing candidate selection criteria

New Model-Free Methodology for
Production Analysis

 Drainage Volume (RNP Approximation) Generalization of MBH
1 d Apys(te) (1954) PSS to
V.~ “tar, Gw (te) ) transient flow

* Instantaneous Recovery Ratio

N (t
IRR(t,)|= V;’Eteg Impact of Rate
e

 Drainage Volume Geometry: w(r)

Flow Geometry
V(t.) = fd e—Tz/‘“ (Diffusivity Equation)
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Analysis of Field Production Data

» Given Pressure & Rate Data Pressure & Rate Data
» Step 1: Drainage Volume 4
1 d prf (te) Drainage Volume

Valt) ~ tar, Cqne) e N

d Step 2: W(‘l’) Function > w(t) Function  IRR Curve
drt

TZ
Valte) = | w(yexp (—4—t
 Step 3: Instantaneous Recovery Ratio (IRR)

N, (te)

IRR(t,) = S

MCERI 1

lllustration: w(z) for Single Fracture

Pillbox Shape Model

 Drainage Volume
V,(r) = (4rxs +mr?)ho

1EHM

w(o) = 20 ‘l b
e A
 Early Time: Fracture Area 0 O w1 10000
Linear flow w(r) » 4yaxhp = AVagp
* Late Time: Permeability
Radial flow w(r) ~ 2rnah¢r
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Well Performance Analysis: Eagle Ford

* 4 Eagle Ford shale oil wells are analyzed
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Methodology: Drainage Volume and IRR

* Well drainage volume
» Drainage volume is calculated directly from pressure and production rate

* The reservoir volume accessed by the well after hydraulic fracturing
- Depends on the fracture geometry, fracture and reservoir properties
- Independent of rate history

» Well depletion rate

» Define Instantaneous Recovery Ratio (IRR) as the ratio of produced
volume to the drainage volume

* How effectively the accessed volume is being produced
- Depends on rate history
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Methodology: Candidate Selection Criteria

* Drainage volume looks at how
much pore volume is accessed by C[
V.

the well \ .
* IRR compares how efficiently the * Regiun.. Region
accessed pore volume is drained o, II.) ol
g | -
We qualitatively rank wells according to f{; .
their drainage volume (per lateral length) RE!IJ\“J’" R"!Ili““
and IRR after sufficient production time &“ . ®
Drainage Volume
Relsazsoir
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Ranking of Refracturing Candidate

Large surface area Small surface area
but low conductivity (region I) but high conductivity (region Il)
- - -
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* Region | wells are more favorable for refracturing than region Il wells
* More practical to enhance fracture conductivity with region | wells
e Challenging to increase stimulated reservoir volume with region Il wells
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« Motivation/Background
» Methodology

= Derive drainage volume, instantaneous recovery ratio
(I.R.R.) and w(t) from production data

= w(7) illustration for single infinite conductivity fracture
= Refracturing candidate selection criteria
« Demonstration
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» Evalie the effectivencss of stim
performance of uncomvetional
|

ulancn  and » Refracturing Candidates Selection Criseria

wells * Two types frachae systems sdentified

& Region I: long fraceures (big wurface area)
with low conductivity

e

¥ Idertify the best candsdate wells for refracturmg in
umconventioaal reservoirs

> Well Drainage Vohume: The reservoir volume accessed
by the well afies bydraulic fractanng
1 d ‘:\v.f[t.l'
Vi) " A, auie)
P Well Depleticn Efficiency: Mow effectively the
accesed volume s bein mitantimsoutty prodiaced
Nylta)
Valt)
» Well Drainage Volumen Geomsetry wir): How quickly
the deainage vohume increases, controlled by both
fracneze geomnetry and reservonr quality

Valt,) j-w-].. Tadr
a
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IRR(E,) =




SPADES: Production Data Import
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SPADES: BHP Calculation
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SPADES: BHP Regression

BHP Regression 4u Regression =

BHE, H
Dy K’
k] ‘-E@!Eu | @
- TotlResidonl  JSTSOBTEIS .
I I T
Resarmpbng Interval
s oS
010
— Fithng Carve
010 + Onginal Data
# Sclecied Data
Lty
geowo YL
010 1 I
3010
)
2010
1010
0
GO0E=00 S.O0EHM 1LOOEHS LSOEHS 2O0E+HS 250E+05
Cumulative Production (RB or MCF)

19

e bt o ettt .

SPADES: Production Rate Regression
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SPADES: Single Well Analysis
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SPADES: Refracturing Candidate
Selection




