WELL TEST INTERPRETATION MODELS

NEAR WELLBORE RESERVOIR BOUNDARY
EFFECTS BEHAVIOUR EFFECTS

Wellbore Storage Homogeneous Infinite extent
Skin Heterogeneous Specified Rate

Fractures -2-Porosity Specified Pressure

Partial -2-Permeability | Leaky Boundary
Penetration
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Horizontal Well
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WELL TEST INTERPRETATION MODELS

NEAR WELLBORE RESERVOIR BOUNDARY
EFFECTS BEHAVIOUR EFFECTS

Wellbore Storage Homogeneous Infinite extent

Skin

Fracture
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Wellbore Storage and Skin, Homogeneous Behaviour,

Infinite Acting
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Wellbore Storage and Skin, Homogeneous Behaviour,

Infinite Acting
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WELL TEST INTERPRETATION MODELS

NEAR WELLBORE RESERVOIR BOUNDARY
EFFECTS BEHAVIOUR EFFECTS

Homogeneous Infinite extent

EARLY TIMES MIDDLE TIMES LATE TIMES
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INTERFERENCE TEST IN AN INFINITE RESERVOIR WITH
HOMOGENEOUS BEHAVIOUR:
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Drawdown Type Curve for a Line Source well
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Drawdown Type Curve for a Line Source well
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WELL TEST INTERPRETATION MODELS

NEAR WELLBORE RESERVOIR BOUNDARY
EFFECTS BEHAVIOUR EFFECTS

Homogeneous Infinite extent

EARLY TIMES MIDDLE TIMES LATE TIMES
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SCHEMATIC OF A VERTICALLY FRACTURED WELL AT THE
CENTRE OF A RECTANGULAR RESERVOIR

Fracture
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INFINITE CONDUCTIVITY VERTICAL FRACTURE
Flow Regimes

Frac
Well | X, I

Linear Flow Pseudo-Radial Flow
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DERIVATIVE FOR HIGH CONDUCTIVITY FRACTURE (Early Times)

High conductivity fracture » :(7[ th)l/z
Linear flow "
Pp = Ap
l l l l Y VY l l l l 1412Aq B u
© 0.000264 k
NI T
tf

 Early Times

O Half-unit slope log-log straight line

O Derivative is one half the pressure

Log of pressure derivative

1
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MODEL
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STRAIGHT LINE METHODS FOR A HIGH CONDUCTIVITY FRACTURE

(Early Times)
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FRACTURED WELL

DIRECT METHOD

INFINITE CONDUCTIVITY FRACTURE
« Wellbore Storage and Skin type curves

* Infinite Conductivity Fracture

FINITE CONDUCTIVITY FRACTURE

$10 woLesunn ) ULV
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DIRECT METHOD FOR HIGH CONDUCTIVITY VERTICAL FRACTURE

103

PM

%‘
Q.
[«
Pp = kh p '-E Fracture [ L ue® e®
412Aq B u 2102 | Flow | Lo -
o (Ap) | -
Q stabilization I ,,/./l' Radial flow stabilization line
U ! 1
: | T
Fracture Flow :  Pp = 7lp, o o |
S 10 o |  Radial |
5 : Flow
dp,, dp 1|z 1 o
dinlt, ) " dr,, 72\t 2V ©0:5)p, 7 :
E 1 \Xb\& SAt)stabilization1. Y V.(At)stabilizationlz
102 10-1 1 10 102 103
Elapsed time, At ( hours)
kh
PM = A =(p Ap') . = _
(p D/ p )match (p D)stabilization / ( p )Stablhzatlon 141.2AqBu PM =0.5 / (Ap')stabilization = kh
1ty () 0.000264
TM N At - Df /stabilization / (At)stabilization - 2
¢,UCtX f o
match g
)
05— 0.25 g
(p 'D )stabilizationl =0.5= \/72' (th )stabilizationl — > ( t b f] =—— TM=0.25 / 7T (At)stabilizationl :>.Xf E
stabilizat ion 1 T 3
1 W
(p'D )s abilization 2 :OS = 05 7 (th )sa ilization —> ( t j = ™ =1 7\ At S =
t t \/ tabilization 2 Df ) abilizat ion 2 P / ( )stablhzatlon 2 Xf 372



Well with Wellbore Storage & Skin, in a Reservoir of Infinite Extent with
Homogeneous Behaviour

Minimum value of C,e? for an acidized well
Gringarten, Bourdet, Landel and Kniazeff SPE8205 54" ATCE Las Vegas 1979

Wellbore
C..=C, +7r(rje —r )h @c,
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Acidized zone

k=o p=9,

(CezS)W+S =(C82S) +7Tr (1 e )h Qc,

2(1_ 28 _
)l (o)

=25

Minimum value of (C,e?°),.s = 0.5

Lower values of (Cpe?°),.s must correspond to
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Dimensionless pressure, Pp

Drawdown Type Curve for a Well with Wellbore Storage & Skin, in a
Reservoir of Infinite Extent with Homogeneous Behaviour
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Dimensionless Pressure, pp & Derivative, py’

Fractured Well with Wellbore Storage & Skin

10
Alagoa, Bourdet and Ayoub Worlld Qil (Oct 1985) ! !
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INFINITE CONDUCTIVITY VERTICAL FRACTURE AT THE

CENTRE OF A CLOSED RECTANGLE

Gringarten SPE 7452 1978
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INFINITE CONDUCTIVITY VERTICAL FRACTURE AT THE

Dimensionless Pressure, pp
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FINITE CONDUCTIVITY VERTICAL FRACTURE
Flow Regimes

Bi-Linear &
Linear Flow

Fractu
y kf N
\

|

Well J|
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<>

Pseudo-Radial Flow
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DERIVATIVE FOR LOW CONDUCTIVITY FRACTURE (Early Times)

-1)2 /4
Low conductivity fracture P :2'45(ka WD) (th )

Bi-linear flow = h A
l Po = 1a120gBu "
T
— = Y du Ctx;'

RARIARAAN ko =4

Early Times

dp,

Tt =(025)245(k yw,) " (1) =(029)p,

a Quarter-unit slope log-log straight line

Log of pressure derivative

a Derivative is one fourth the pressure
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|l

STRAIGHT LINE METHOD FOR A LOW CONDUCTIVITY FRACTURE

(Early Times)
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Dimensionless Pressure, p,

FINITE CONDUCTIVITY VERTICAL FRACTURE

10 1 1 1 1

KipWip = kW 1 K X¢

-
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10-1 208 9\09?’

N
o
N

Cinco alnd Samaniego 53 ATCIIE Houston(Sept., 1978)

10-3 10-2 10-1 1 10 102
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FINITE CONDUCTIVITY VERTICAL FRACTURE

103

Dimensionless Pressure, pp (kpwip)
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Dimensionless Pressure, pp

FINITE CONDUCTIVITY VERTICAL FRACTURE AT THE
CENTRE OF A CLOSED SQUARE
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Dimensionless Pressure, pp

FINITE CONDUCTIVITY VERTICAL FRACTURE

102 | | | |
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-
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10-1

Dimensionless Pressure, pp

10-2

Type curves

—— Finite conductivity fracture

——— Infinite conductivity fracture —

—— Wellbore storage and skin
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10-2 10-1 1 10 102 103
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Wellbore storage and skin

Infinite conductivity fracture

Finite conductivity fracture

Pp =

Pp =
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PM
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DAMAGED FRACTURE

Vertical fracture with fluid loss damage
Cinco-Ley and Samaniego SPE 6752 52nd ATCE(Sept 1977)

Choked vertical fracture

Chavez, Alejandro and Cinco-Ley, SPE 104004 (Sept., 2006)

Damaged zone

-
(=}
N

-
o

Dimensionless Pressure, pp & Derivative, py

« SKIN ADDITIVE TO DIMENSIONLESS PRESSURE

7 e 7

7

Z - //,: %,,/}/////////// //,/ o /,./'_,-' .'.,'/ )

Damaged zone

 NO EFFECT ON DERIVATIVE UNLESS THERE IS WELLBORE STORAGE

INFINITE CONDUCTIVITY

Fracture skin

Pressure

Dimensionless time, tp;

1 Derivative |
101 _
10-2 1 1 1 1 1

103 102 101 1 10 102 103

102

FINITE CONDUCTIVITY

-
o
I

-—

10

10-3

10-

Derivative

Dimensionless Pressure, pp & Derivative, py

$10 woLesunn ) ULV

10-2 1 102

389

10+
Dimensionless time, tp;



Dimensionless Pressure, pp

UNIFORM FLUX VERTICAL FRACTURE

dip=2 g¢(x,t) hx/q,,

Uniform Flux

kipWip>300

Cinco-Ley and Samaniego SPE 6752 52"¢ ATCE(Sept 1977)

3 ! ! !

Gringarten, Ramey and Raghavan
SPE 4051 47" ATCE(Sept 1972)

Normalised pressure

1 0 1 1 1

102

x | X;

-
o
I

S

Finite Conductivity
KipWep = kew / K X;

Uniform Flux

o? Infinite Conductivity
M [l ' 1

101
10-2

10-1

1 10
Dimensionless time, tj,

102

103

Am(X,1)

=
/wAeu/A T Pm(xt) l

f

Fracture

gm(X,t) influx / unit area / unit time

*g(X,t) uniform (constant) over the

fracture length:
UNIFORM FLUX FRACTURE

*p,(X,t) uniform (constant) over the

fracture length:
INFINITE CONDUCTIVITY FRACTURE

*Infinite fracture is a limiting case of
FINITE CONDUCTIVITY FRACTURE
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WELL TEST INTERPRETATION MODELS

NEAR WELLBORE RESERVOIR BOUNDARY
EFFECTS BEHAVIOUR EFFECTS

Homogeneous

Infinite extent

Partial
Penetration

EARLY TIMES MIDDLE TIMES LATE TIMES
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Well with wellbore storage and skin and limited entry in an
infinite reservoir with homogeneous behaviour

Log of Pressure Derivative

Flow regimes

(1)

Flow regimes:
(1)+(2)+(3)

(4) (5)
7 BTN
N N

(2) @ @ | @®

Log of Elapsed time
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STRAIGHT LINE METHOD FOR SPHERICAL FLOW (Middle Times)

3 —
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DERIVATIVE FOR SPHERICAL FLOW (Middle Times)

Limited entry
Spherical flow

N\

| < Spherical
— > ! pherica
— | -— ﬂOW

7N

d, 171 -1)2
L =_|:_(7Z-ISPHD) :l
dln(t 2(2

SPH D)

v Negative Half-unit slope log-log straight line

Log of pressure derivative

DspH D=%|:1 _(” IspH D)_l/z}

» _ kspu Tspu
SMDT 1412 AgBu

0.00264kspy

2
@ 1L ¢, Tspy

tSPHD:

Middle Times

$10 woLesunn ) ULV

Log of elapsed time

394



WELL WITH LIMITED ENTRY

4
10 i I I
MODEL
Paortfally Penetratfng Well
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WELL WITH LIMITED ENTRY

4
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WELL WITH LIMITED ENTRY

) n Tk ) { (Zhw+0.25j(1—zhw+0.25j
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Maureen A2

N (1sd) aAr13oAlueQ pup 8buby) @unssaid pas| |DWION 93Dy

Changingy ¢ AN
Wellborej { N
Storage 7
o0 4
100_ 0 —
o]
i o
]
Q)
3
10—1 — l - | — | S | - ;
10 10 10 10 10 10 UE
=3
Elapsed time (hrs) 5

398



Maureen A2 Test 1 (Exploration)
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WELL TEST INTERPRETATION MODELS

NEAR WELLBORE RESERVOIR BOUNDARY
EFFECTS BEHAVIOUR EFFECTS

Homogeneous |Infinite extent

Horizontal Well

EARLY TIMES MIDDLE TIMES LATE TIMES
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Horizontal well with wellbore storage and skin in an infinite

Log of Pressure Derivative

reservoir with homogeneous behaviour

Flow regimes:

(1)+(2)+(3) (4) l(S) l
\il/ _>j¢l}z/(_ \ Horizontal /
Te Tl T o

7 AN > AN

(1) (2) (3)

Flow regimes

(5)

)

Log of Elapsed time
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HORIZONTAL WELL

3
10
MODE L
Horizontal Well
2 Homogeneous
- Infinite Lateral Extent
10 PRESSURE O
3
0]
I
1 w
10 _ _.
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)
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100'— to k,.h ]
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HORIZONTAL WELL

3
10 I I I
MODEL
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HORIZONTAL WELL
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Cross section Well H
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Pressure Change and Derivative (psi)
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Pressure (bar)
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COMPOSITE BEHAVIOUR
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m,(p) change and Derivative (psi)

COMPOSITE BEHAVIOUR
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