APPENDIX F
SUMMARY OF FIGURES

This appendix provides a full list of figures produced in an effort to validate the ability to characterize the
anomalous rate increase observed in field data. Organization of this appendix follows a similar pattern as
the main body. The dimensionless rate plot will be followed by the dimensionless rate derivative,
dimensionless cumulative production and time-normalized dimensionless cumulative rate for each
parameter, for each time-dependent model, per flow regime. The author notes, all values of the 7 -

parameter will equal 7= 0.01 unless otherwise stated.
F.1 Power-Law Flow Relation

Power-Law Flow Relation with Cumulative Exponential Time-Dependent Skin

Dimensionless Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 1 —Log-log plot (constant pressure dimensionless rate solution) for the power-law flow model combined with the
cumulative-exponential time-dependent skin effects for select values of A-parameter.
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Dimensionless Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s,-Parameter)
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Figure F. 2 —Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
cumulative-exponential time-dependent skin effects for select values of s)-parameter.

Dimensionless Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s -Parameter)
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Figure F. 3 —Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
cumulative-exponential time-dependent skin effects for select values of s.-parameter.
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Dimensionless Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable c,-Parameter)
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Figure F. 4 —Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
cumulative-exponential time-dependent skin effects for select values of ¢;-parameter.

Dimensionless Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable v-Parameter)
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Figure F. 5 —Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
cumulative-exponential time-dependent skin effects for select values of 1-parameter.
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Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 6 —Log-log plot (constant pressure dimensionless rate derivative solution) for the power-law flow model combined
with the cumulative-exponential time-dependent skin effects for select values of A-parameter.

Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s,-Parameter)
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Figure F. 7 —Log-log plot (constant pressure dimensionless rate derivative solution) for the power law flow model combined
with the cumulative-exponential time-dependent skin effects for select values of sy-parameter.
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Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case with Cumulative-Exponential

Time-Dependent Skin Effects (Variable s, -Parameter)
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Figure F. 8 —Log-log plot (constant pressure dimensionless rate derivative solution) for the power law flow model combined
with the cumulative-exponential time-dependent skin effects for select values of s.-parameter.

Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable c,-Parameter)
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Figure F. 9 —Log-log plot (constant pressure dimensionless rate derivative solution) for the power law flow model combined
with the cumulative-exponential time-dependent skin effects for select values of ¢;-parameter.
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Rate and Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable v-Parameter)
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Figure F. 10—Log-log plot (constant pressure dimensionless rate derivative solution) for the power law flow model combined
with the cumulative-exponential time-dependent skin effects for select values of v-parameter.

Dimr ionl Rate and Cu ive Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable 1-Parameter)
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Figure F. 11—Log-log plot (constant pressure dimensionless cumulative production solution) for the power-law flow model
combined with the cumulative-exponential time-dependent skin effects for select values of A-parameter.
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Di ionl Rate and Cu lative Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s,-Parameter}
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Figure F. 12—Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the cumulative-exponential time-dependent skin effects for select values of s,-parameter.

Dimensionless Rate and Cumulative Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s_-Parameter)
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Figure F. 13—Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the cumulative-exponential time-dependent skin effects for select values of s..-parameter.
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Dimensionless Rate and Cumulative Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable ¢c,-Parameter)
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Figure F. 14 —Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the cumulative-exponential time-dependent skin effects for select values of ¢,-parameter.

Dimensionless Rate and Cumulative Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable v-Parameter)
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Figure F. 15—Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the cumulative-exponential time-dependent skin effects for select values of v-parameter.
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Dimensionless Rate, qp
Normalized Cumulative Rate, Qy/1ty/7]

Dimensionless Rate, g

Dimensionless Rate and Normalized Cumulative Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable A-Parameter)
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model combined with the cumulative-exponential time-dependent skin effects for select values of A-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s,-Parameter)
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model combined with the cumulative-exponential time-dependent skin effects for select values of sy-parameter.

137



Dimensionless Rate, g

Dimensionless Rate, g,

Dimensionless Rate and Normalized Cumulative Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s _-Parameter)
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Figure F. 18 —Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the power law flow
model combined with the cumulative-exponential time-dependent skin effects for select values of s.-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Power Law Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable ¢,-Parameter)

107 10° 10° 10t 10° 10° 10" 10° 10’ 10° 10
10° F—T T T T T T T T T T Ty 10
E Legend E
o ( } ap i
i (=+=) Qo ]
10" ‘i:.\-""-. Pararameters  _| 10
L - =05 110
- N §,=0.05 ]
s ~ ]
C g 5.70.1 ]
| "~ =075 ]
I ~
%10D \ - 10"
" E iy o N 3
g F S ~, ]
gt <, \‘x .
o - o &r. E
= ~
T, 1 \ s -1
510 E 2 <. q 10
- - . SN 3
o C . ~. “ ]
a - & \' . -
© -, \'\
E . » \ 3 2
5107 F " o \ 10
E - % ]
L “n e 4
- “n 2% 5 E
i . \ ~ N
. ;
) o, L
10° \\ - \ + 10°
E . E
b ~ -
L , T -
g Poetp)=citp' ¢,=1,000 ‘\.‘\ o3 \
F Sp) = S +5p =S Il —expl =2 i1 || l \ E
104 - L1 ...u.l! L ...uul5 L ...uu4 M EREITT - M RETI - MR - L ...uun M .uu' g .\.'um 3104
10 10 10 10 10 10 10 10 10 10 10

Normalized Dimensionless Time, fy/z

Figure F. 19—Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the power law flow
model combined with the cumulative-exponential time-dependent skin effects for select values of c¢,-parameter.
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Normalized Cumulative Rate, Qp1t/d

Rate and

Ci ive Rate Solution — Pewer Law Flow Case with Cumulative-Exponential

Time-Dependent Skin Effacts (Variable v -Parameter)
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Figure F. 20—Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
cumulative-exponential time-dependent skin effects for select values of v-parameter.
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Power-Law Flow Relation with Exponential Time-Dependent Skin

Dimensionless Rate Solution — Power Law Flow Case with Exponential
Time-Dependent Skin Effects (Variable s,-Parameter)
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Figure F. 21 —Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
exponential time-dependent skin effects for select values of s,-parameter.
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Dimensionless Rate Solution — Power Law Flow Case with Exponential
Time-Dependent Skin Effects (Variable s -Parameter)
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Figure F. 22 —Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the

Dimensionless Rate, g,

exponential time-dependent skin effects for select values of s..-parameter.

Dimensionless Rate Solution — Power Law Flow Case with Exponential
Time-Dependent Skin Effects (Variable c,-Parameter)
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Dimensionless Rate, g,

Dimensionless Rate, qp

Dimensionless Rate Solution — Power Law Flow Case with Exponential
Time-Dependent Skin Effects (Variable v-Parameter)
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Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case with Exponential
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Dimensionless Rate, qp
Dimensionless Rate Derivative, -dgy/dint,

Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case with Exponential
Time-Dependent Skin Effects (Variable s, -Parameter)
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Figure F. 26 —Log-log plot (constant pressure dimensionless rate derivative solution) for the power law flow model combined
with the exponential time-dependent skin effects for select values of s..-parameter.

Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case with Exponential
Time-Dependent Skin Effects (Variable c,-Parameter)
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Dimensionless Rate, gy
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Figure F. 28 —Log-log plot (constant pressure dimensionless rate derivative solution) for the power law flow model combined

Dimensionless Rate, g,

Figure F. 29 —Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
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Dimensionless Rate and Cumulative Rate Solution — Power Law Flow Case with Exponential
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Dimensiconless Rate and Cumulative Rate Solution — Power Law Flow Case with Exponential
Time-Dependent Skin Effects (Variable s -Parameter)
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Figure F. 30 —Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the exponential time-dependent skin effects for select values of s..-parameter.
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Dimensionless Rate, g

Dimensionless Rate and Cumulative Rate Solution — Power Law Flow Case with Exponential
Time-Dependent Skin Effects (Variable ¢,-Parameter}
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Figure F. 31 —Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the exponential time-dependent skin effects for select values of ¢;-parameter.
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Dimensionless Rate, gp

Di i Rate and G ive Rate ion — Power Law Flow Case with Exponential
Time-Dependent Skin Effects (Variable v -Parameter)
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combined with the exponential time-dependent skin effects for select values of v-parameter.
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Dimensionless Rate and Normalized Cumulative Rate Solution — Power Law Flow Case with Exponential
Time-Dependent Skin Effects (Variable sy-Parameter)

10° 10° 10" 10° 10° 10" 10° 10" 10°

TT T TTTm T T T T TTTTTIm TTTTTTm T T T T TT T T T T TTTTTIT

10

Legend
( ) 9
(=+=) Qfltyi7]

! bs,=0.05

-
e

e Pararameters

el o 5.=20.05
S e, =10

e v=0.75

I|
o
Y
o
.

!
S
/

—

y

Dimensionless Rate, qp
a
on

Normalized Cumulative Rate, Qy/[f,/1]

TN

/

v
Poerip)=ciip

Sip)=5. +&ncxp[-1D "r]

10° ...uml\'5 .....m‘ ....m.3 .....mi .....m1 ..”""o 1 .......1 MR 10°
10° 10 10 10 10 10 10 10 10°

Normalized Dimensionless Time, ty/r

Figure F. 33 —Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the power law flow
model combined with the exponential time-dependent skin effects for select values of s,-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Power Law Flow Case with Exponential
Time-Dependent Skin Effects (Variable s -Parameter)
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Figure F. 34 —Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the power law flow
model combined with the exponential time-dependent skin effects for select values of s..-parameter.
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Di i Rate and i Ci ive Rate ion — Power Law Flow Case with Exponential
Time-Dependent Skin Effects (Variable ¢;-Parameter)
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Figure F. 35—Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the power law flow
model combined with the exponential time-dependent skin effects for select values of ¢,-parameter.

Rate and ized C ive Rate Solution — Power Law Flow Case with Exponential
Time-Dependent Skin Effects (Variable v-Parameter)
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Power-Law Flow Relation with Hyperbolic Time-Dependent Skin

Dimensionless Rate, gp

Dimensionless Rate, g,

Dimensionless Rate Solution — Power Law Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 37—Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
hyperbolic time-dependent skin effects for select values of A-parameter.

Dimensionless Rate Solution — Power Law Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s, Parameter)
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Dimensicnless Rate, g

Dimensionless Rate Solution — Power Law Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s -Parameter)
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Figure F. 39 —Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
hyperbolic time-dependent skin effects for select values of s..-parameter.

Dimensionless Rate Solution — Power Law Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable ¢,-Parameter)
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151



Dimensionless Rate, gp

Dimensionless Rate, g5

Dimensionless Rate Solution — Power Law Flow Case with Hyperholic
Time-Dependent Skin Effects (Variable v-Parameter)
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Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case with Hyperbolic
Time-Dependent Skin Effects (VVariable i-Parameter)
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Dimensionless Rate, gp

Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s;-Parameter)
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Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s -Parameter)
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Figure F. 44 —Log-log plot (constant pressure dimensionless derivative rate solution) for the power law flow model combined
with the hyperbolic time-dependent skin effects for select values of s..-parameter.

Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable ¢,-Parameter)
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Figure F. 45—Log-log plot (constant pressure dimensionless derivative rate solution) for the power law flow model combined
with the hyperbolic time-dependent skin effects for select values of ¢,-parameter.

Rate and Rate Solution — Power Law Flow Case with Hyperbolic
Time-Dependent Skin Effects (Varlable v -Parameter)
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Dimensionless Rate and Cumulative Rate Solution — Power Law Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 47—Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
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Dimensionless Rate and Cumulative Rate Solution — Power Law Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s,-Parameter)
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Dimensionless Rate and Cumulative Rate Solution — Power Law Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s_-Parameter)
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Figure F. 49 —Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the hyperbolic time-dependent skin effects for select values of s.-parameter.
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Dil ionless Rate and C ive Rate Solution — Power Law Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable c,-Parameter)
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Figure F. 50 —Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the hyperbolic time-dependent skin effects for select values of ¢;-parameter.
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Di i Rate and Ci ive Rate Solution — Power Law Flow Case with Hyperbalic
Time-Dependent Skin Effects (Variable v-Parameter}
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Figure F. 51 —Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the hyperbolic time-dependent skin effects for select values of v-parameter.
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Dimensionless Rate and Normalized Cumulative Rate Solution — Power Law Flow Case

with Hyperbolic Time-Dependent Skin Effects (Variable A-Parameter)
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Dimensionless Rate and Normalized Cumulative Rate Solution — Power Law Flow Case
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model combined with the hyperbolic time-dependent skin effects for select values of s,-parameter.
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Dimensicnless Rate and Normalized Cumulative Rate Solution — Power Law Flow Case

with Hyperholic Time-Dependent Skin Effects (Variable s _-Parameter)
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Dimensionless Rate and Normalized Cumulative Rate Solution — Power Law Flow Case

with Hyperbalic Time-Dependent Skin Effects (Variable ¢,-Parametar)
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Figure F. 55—Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the power law flow
model combined with the hyperbolic time-dependent skin effects for select values of ¢|-parameter.
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Dimensionless Rate and Normalized Cumulative Rate Solution — Power Law Flow Case

with Hyperbolic Time-Daependent Skin Effects (Vari v-P:
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Figure F. 56 —Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the power law flow
model combined with the hyperbolic time-dependent skin effects for select values of 1-parameter.

Power-Law Flow Relation with Time-Dependent Wellbore Storage

Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case
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10" 1’ 10’ 10° 10°

Legend 1
(—) «q

(tp)=citp’ s ]
#oetp)=c1ip (=+=) ~dayfdinty ]

o Parameters
10 Cp=10
Cop=1 ]
s=0.01 4

’E c; =10 -

. v=0.75

‘310

Rl
2%
g ]
gz 4
3% ]
]
S 3 5 10°
] E
£ 3 \ .

@ ]
£ i ]
5% \ -

[

E 10

a

10!

10-5 g PRI MEEEERTIT P EEETIT M EETTT - PRI - PRI PRI MR RTIT M EETIT M EETTT 10-5
10 10° 10 10 10 10 10 10 10 10 10
Dimensionless Time, f;

162



Figure F. 57—Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
time-dependent wellbore storage for select values of a-parameter.
Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case
with Time-Dependent Wellbore Storage (Variable Cp-Parameter)
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Figure F. 58 —Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
time-dependent wellbore storage for select values of the dimensionless wellbore storage constant.

Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case
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Figure F. 59 —Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
time-dependent wellbore storage for select values phase redistribution constant.

Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case
with Time-Dependent Wellbore Storage (Variable s Parameter)
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Figure F. 60 —Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
time-dependent wellbore storage for select dimensionless constant skin factor.
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Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case
with Time-Dependent Wellbore Storage (Variable c;-Parameter)
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Figure F. 61 —Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
time-dependent wellbore storage for select values of ¢;-parameter.
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Dimensionless Rate and Rate Derivative Solution — Power Law Flow Case
with Time-Dependent Wellbore Storage (Variable wParameter)
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Figure F. 62 —Log-log plot (constant pressure dimensionless rate solution) for the power law flow model combined with the
time-dependent wellbore storage for select values of v-parameter.

Di ionless Rate and C lative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable « -Parameter)
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Figure F. 63 —Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the time-dependent wellbore storage for select values of a-parameter.
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Di ionless Rate and C lative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable Cp-Parameter)
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Figure F. 64 —Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the time-dependent wellbore storage for select values of the dimensionless wellbore storage constant.
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Di ionless Rate and C lative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable C ,-Parameter)
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Figure F. 65—Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the time-dependent wellbore storage for select values phase redistribution constant.

Di ionless Rate and C lative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable s Parameter)
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Figure F. 66 —Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the time-dependent wellbore storage for select dimensionless constant skin factor.
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Di ionless Rate and C lative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable ¢,-Parameter)
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Figure F. 67—Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the time-dependent wellbore storage for select values of ¢;-parameter.
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Di ionless Rate and C lative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable v -Parameter)
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Figure F. 68 —Log-log plot (constant pressure dimensionless cumulative production solution) for the power law flow model
combined with the time-dependent wellbore storage for select values of v-parameter.
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Figure F. 69 —Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the power law flow
model combined with the time-dependent wellbore storage for select values of a-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable Cp-Parameter)
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Figure F. 70 —Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the power law flow

model combined with the time-dependent wellbore storage for select values of the dimensionless wellbore storage
constant.
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Figure F. 71 —Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the power law flow
model combined with the time-dependent wellbore storage for select values phase redistribution constant.
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Figure F. 72 —Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the power law flow
model combined with the time-dependent wellbore storage for select dimensionless constant skin factor.

Dimensionless Rate and Normalized Cumulative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable ¢, Parameter)
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Figure F. 73 —Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the power law flow
model combined with the time-dependent wellbore storage for select values of ¢;-parameter.
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Dimensionless Rate and Normalized Cumulative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable vParameter)
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Figure F. 74 —Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the power law flow

model combined with the time-dependent wellbore storage for select values of v-parameter.
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F.2 Linear Flow Relation
Linear Flow Relation with Cumulative-Exponential Time-Dependent Skin

Dimensionless Rate Solution — Linear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 75—Log-log plot (constant pressure dimensionless rate solution) for the linear flow model combined with the

cumulative-exponential time-dependent for select values of A-parameter.

Dimensionless Rate Solution — Linear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s,-Parameter)
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Figure F. 76—Log-log plot (constant pressure dimensionless rate solution) for the linear flow model combined with the
cumulative-exponential time-dependent for select values of s,-parameter.
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Figure F. 77—Log-log plot (constant pressure dimensionless rate solution) for the linear flow model combined with the
cumulative-exponential time-dependent for select values of s,-parameter.

Dimensionless Rate and Rate Derivative Solution — Linear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable A-Parameter)

10° 10° 10" 10° 10? 10™ 10° 10'
102E T |l|||||'l T ||||||I'| T lllllll'l T 1 ||||I'I'I T |l|l||I'H T T T T T l|l|||'! 102
C Legend ]
C (—) 9o ]
I l (—-=) -dgydint, ]
1 | | Pararameters 1
10 p~— — ——_— 10
< F =05 ?
= L s5,=0.05 -
T L @ -
é L o
3 L <
°>; 0 0
£10 F = =~ 10
2 - -
s F - ! "ﬁ\
o B .- I -~
o 5 2 .
2 e 2 =
5] L - "~
[ Lot L) .
310-1Fd“ 1 S i
] =
Al '. o~
G C *  Rate Increase
H L
E s
[a]
10% 10
: PDerpY=ATAtp
: $(t1) = 5o +15g — 300 N —expl~{z /211
10-3 - L1 ||||||I5 L1 ||||||H‘ Ll |||||||3 [ | |||||.|]2 L - - 110-3
10 107 10 10° 107 10 10 10

Normalized Dimensionless Time, ty/r

Figure F. 78 —Log-log plot (constant pressure dimensionless rate derivative solution) for the linear flow model combined with
the cumulative-exponential time-dependent for select values of A-parameter.
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Dimensionless Rate and Rate Derivative Solution — Linear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s -Parameter)
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Figure F. 80 —Log-log plot (constant pressure dimensionless derivative rate solution) for the linear flow model combined with
the cumulative-exponential time-dependent for select values of s..-parameter.
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Dimensionless Rate and Cumulative Rate Solution — Linear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 81 —Log-log plot (constant pressure dimensionless cumulative production solution) for the linear flow model
combined with the cumulative-exponential time-dependent for select values of A-parameter.
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Dimensionless Rate and Cumulative Rate Solution — Linear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s,-Parameter)
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Figure F. 82—Log-log plot (constant pressure dimensionless cumulative production solution) for the linear flow model
combined with the cumulative-exponential time-dependent for select values of sj-parameter.
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Dimensionless Rate and Cumulative Rate Solution — Linear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s_-Parameter)
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Figure F. 83 —Log-log plot (constant pressure dimensionless cumulative production solution) for the linear flow model
combined with the cumulative-exponential time-dependent for select values of s,.-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Linear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 84 —Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the linear flow
model combined with the cumulative-exponential time-dependent for select values of A-parameter.
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Dimensionless Rate and Nermalized Cumulative Rate Solution — Linear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s,-Parameter}
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Figure F. 85—Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the linear flow
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model combined with the cumulative-exponential time-dependent for select values of sy-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Linear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s_-Parameter)
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model combined with the cumulative-exponential time-dependent for select values of s.-parameter.
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Linear Flow Relation with Exponential Time-Dependent Skin Effects

Dimensionless Rate Solution — Linear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s,-Parameter)
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Figure F. 87 —Log-log plot (constant pressure dimensionless rate solution) for the linear flow model combined with the
exponential time-dependent for select values of sy-parameter.

Dimensionless Rate Solution — Linear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s_-Parameter)
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Figure F. 88 —Log-log plot (constant pressure dimensionless rate solution) for the linear flow model combined with the
exponential time-dependent for select values of s.-parameter.

183



Dimensionless Rate and Rate Derivative Solution — Linear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s;,-Parameter)
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Figure F. 89 —Log-log plot (constant pressure dimensionless rate derivative solution) for the linear flow model combined with
the exponential time-dependent for select values of s,-parameter.

Dimensionless Rate and Rate Derivative Solution — Linear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s, -Parameter)
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Dimensionless Rate, ¢,

Figure F. 90 —Log-log plot (constant pressure dimensionless rate derivative solution) for the linear flow model combined with
the exponential time-dependent for select values of s..-parameter.

Dimensionless Rate and Cumulative Rate Solution — Linear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s,-Parameter)
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Figure F. 91 —Log-log plot (constant pressure dimensionless cumulative production solution) for the linear flow model
combined with the exponential time-dependent for select values of sy-parameter.
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Di ionl Rate and C: lative Rate Solution — Linear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s -Parameter)
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combined with the exponential time-dependent for select values of s,-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Linear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s -Parameter)
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Dimensionless Rate and Normalized Cumulative Rate Solution — Linear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s_-Parameter)
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Figure F. 94 —Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the linear flow
model combined with the exponential time-dependent for select values of s..-parameter.

Linear Flow Relation with Hyperbolic Time-Dependent Skin Effects

Dimensionless Rate Solution — Linear Flow Case with Hyperbolic
Time-Dependent $kin Effects (Variable i-Parameter)
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Dimensionless Rate Solution — Linear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s,-Parameter)
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Dimensionless Rate Solution — Linear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s, -Parameter)
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Dimensionless Rate, gp

Dimensicnless Rate and Rate Derivative Sclution — Linear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable A-Parameter)
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Dimensionless Rate and Rate Derivative Solution — Linear Flow Case with Hyperbolic

Time-Dependent Skin Effects (Variable s,-Parameter)
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Dimensionless Rate and Rate Derivative Solution — Linear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s_ -Parameter)
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Figure F. 100 — Log-log plot (constant pressure dimensionless rate derivative solution) for the linear flow model combined
with the hyperbolic time-dependent for select values of s.-parameter.

Dimensionless Rate and Cumulative Rate Solution — Linear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 101 — Log-log plot (constant pressure dimensionless cumulative production solution) for the linear flow model
combined with the hyperbolic time-dependent for select values of A-parameter.
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Dimensionless Rate and Cumulative Rate Solution — Linear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s,-Parameter)
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Figure F. 102 — Log-log plot (constant pressure dimensionless cumulative production solution) for the linear flow model
combined with the hyperbolic time-dependent for select values of s,-parameter.
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Dimensionless Rate and Cumulative Rate Solution — Linear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s -Parameter)
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Figure F. 103 — Log-log plot (constant pressure dimensionless cumulative production solution) for the linear flow model
combined with the hyperbolic time-dependent for select values of s.-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Linear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 104 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the linear flow
model combined with the hyperbolic time-dependent for select values of A-parameter.
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Dimensionless Rate and Normalized Cumulative Rate Solution — Linear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable sy-Parameter)
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Figure F. 105 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the linear flow
model combined with the hyperbolic time-dependent for select values of s,-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Linear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s_-Parameter)
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Figure F. 106 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the linear flow
model combined with the hyperbolic time-dependent for select values of s..-parameter.
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Linear Flow Relation with Time-Dependent Wellbore Storage

Dimensionless Rate and Rate Derivative Solution — Linear Flow Case
with Time-Dependent Wellbore Storage (Variable & -Parameter)
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Figure F. 107— Log-log plot (constant pressure dimensionless rate solution) for the linear flow model combined with the time-
dependent wellbore storage for select values of a-parameter.

Dimensionless Rate and Rate Derivative Solution — Linear Flow Case

with Time-Dependent Wellbore Storage (Variable Cp-Parameter)
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Figure F. 108 — Log-log plot (constant pressure dimensionless rate solution) for the linear flow model combined with the time-
dependent wellbore storage for select values of the dimensionless wellbore storage constant.

Dimensionless Rate and Rate Derivative Solution — Linear Flow Case
with Time-Dependent Wellbore Storage (Variable C-Parameter)
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Figure F. 109 — Log-log plot (constant pressure dimensionless rate solution) for the linear flow model combined with the time-
dependent wellbore storage for select values phase redistribution constant.

Dimensionless Rate and Rate Derivative Solution — Linear Flow Case
with Time-Dependent Wellbore Storage (Variable s-Parameter)
10° 10° 10" 10° 10' 10° 10° 10
10 T T T T T T T T T T T T T T T T T 10
2D er(tD)= Cypll-e"D'#D] i
PDor D)= ftp (=) ap

(=+=) -dgo/dinty

Parameters 0
10

Cp=10

Cp=1

a=05

-
Se

il

“s=0.01
-

- -1

10

-
€=.

-
= 0.025_,

I et : \\
* \

10”°

-
Q.
ta

Dimensionless Rate, gy
Dimensionless Rate Derivative, -dgp/dint;

040

10-3 3 2 1 i 1 2 3 111 0-3
10 10 10 10 10 10 10 10
Dimensionless Time, iy

Figure F. 110 — Log-log plot (constant pressure dimensionless rate solution) for the linear flow model combined with the time-
dependent wellbore storage for select dimensionless constant skin factor.
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Di ionless Rate and C lative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable o -Parameter)
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Figure F. 111 — Log-log plot (constant pressure dimensionless cumulative production solution) for the linear flow model

combined with the time-dependent wellbore storage for select values of a-parameter.
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Di ionless Rate and C lative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable Cp-Parameter)
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Figure F. 112— Log-log plot (constant pressure dimensionless cumulative production solution) for the linear flow model
combined with the time-dependent wellbore storage for select values of the dimensionless wellbore storage
constant.
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Di ionless Rate and C lative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable Cp-Parameter)
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Figure F. 113 — Log-log plot (constant pressure dimensionless cumulative production solution) for the linear flow model

combined with the time-dependent wellbore storage for select values phase redistribution constant.
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Di ionless Rate and C lative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable s-Parameter)

10° 10* 10° 10° 10"
10° ™TT T T™TTTTm ™TT T™TTTTT™ ™TT ™1 T ™TT T
[ 750.0r(tD) = Cypll—¢ DD
i PDer(tD) =7 fiD
.-_—S=U.U1.—-\
0025 I—
e
f 05 T \ s
0.1 g
8 " s=05 -
g 10" 2
= E =
o o -4
@ o E
lﬂ - =
= (5]
= [ @
g 10 k]
a 2
5
[ E
[=]
107 k J 07
" Parameters %
0 E P Co=1 1w
E - Coo= 3
F g S Legend a=0.5 ]
B ,*:;'9' (=) ap| =10 b
[ 2 (='=) Q| v=005 7
-5 fd BRI M EETIT AR EEITT BRI BRI M ERTIT MR RTIT M EETIT AR ERTIT -5
i £ 5 4 3 2 1 0 1 2 3 JD
10 10 10 10 107 100 10 10 10 10 10

Dimensionless Time, tp

Figure F. 114 — Log-log plot (constant pressure dimensionless cumulative production solution) for the linear flow model

combined with the time-dependent wellbore storage for select dimensionless constant skin factor.

Di ionl Rate and N lized Ci lative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable a« -Parameter)
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Figure F. 115— Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the linear flow

model combined with the time-dependent wellbore storage for select values of a-parameter.
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Dii ionless Rate and N, lized C lative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable Cp-Parameter)
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Figure F. 116 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the linear flow
model combined with the time-dependent wellbore storage for select values of the dimensionless wellbore
storage constant.

Dii ionless Rate and N, lized C lative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage (Variable C ,-Parameter)
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Figure F. 117— Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the linear flow
model combined with the time-dependent wellbore storage for select values phase redistribution constant.
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Figure F. 118 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the linear flow
model combined with the time-dependent wellbore storage for select dimensionless constant skin factor.

Linear Flow Regime with Time-Dependent Wellbore Storage and Cumulative-Exponential Skin Effects

Dimensionless Rate and Rate Derivative Solution — Linear Flow Case
with Time Dependent Wellbore Storage and Cumulative-Exponential
Skin Effects (Variable « -Parameter)
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Figure F. 119 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
time-dependent wellbore storage and cumulative-exponential skin effects for select values of a-parameter.

Dimensionless Rate and Rate Derivative Solution — Linear Flow Case
with Time Dependent Wellbore Storage and Cumulative Exponential
Skin Effects (Variable Cp Parameter)
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Figure F. 120 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
time-dependent wellbore storage and cumulative-exponential skin effects for select values of the dimensionless
wellbore storage constant.
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Dimensionless Rate and Rate Derivative Solution — Linear Flow Case
with Time-Dependent Wellbore Storage and Cumulative-Exponential
Skin Effects (Variable C-Parameter)
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Figure F. 121 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
time-dependent wellbore storage and cumulative-exponential skin effects for select values phase redistribution
constant.
Dimensionless Rate and Rate Derivative Solution — Linear Flow Case
with Time-Dependent Wellbore Storage and Cumulative Exponential
Skin Effects (Variable s Parameter)
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Figure F. 122 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
time-dependent wellbore storage and cumulative-exponential skin effects for select values of s)-parameter.
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Dimensionless Rate and Rate Derivative Solution — Linear Flow Case
with Time-Dependent Wellbore Storage and Cumulative-Exponential
Skin Effects (Variable s_Parameter)
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Figure F. 123 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
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time-dependent wellbore storage and cumulative-exponential skin effects for select values of s.-parameter.

Dimensionless Rate and Rate Derivative Solution — Linear Flow Case
with Time-Dependent Wellbore Storage and Cumulative Exponential
Skin Effects (Variable i-Parameter)
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Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
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Dimensionless Rate and Cumulative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage and Cumulative-Exponential Skin Effects (Variable o -Parameter)
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Figure F. 125 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the time-dependent wellbore storage and cumulative-exponential skin effects for select values
of a-parameter.
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Dimensionless Rate and Cumulative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage and Cumulative-Exponential Skin Effects (Variable Cp-Parameter)
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Figure F. 126 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the time-dependent wellbore storage and cumulative-exponential skin effects for select values
of the dimensionless wellbore storage constant.

205



Dimensionless Rate, gp

Dimensionless Rate and Cumulative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage and Cumulative-Exponential Skin Effects (Variable C-Parameter)

10° 10° 10" 10° 10° 10" 10° 10' 10° 10 w0,
111" T T T / 10
1 1
e, i
——a0.5 ]
el ]
[0
10 E 10’
i 1 &
. ]l =
£
o
10'E  RUME
= 3 =
L - S
= of E
= - =
(5]
B b w
5 o (8
0 E i 4 10" £
E 3 ®
] \: g
[ ] E
(=]
10°E {10
[ Parameters ]
19“' E c07:0150 - 1!}4
F PDer(tD) =+7ftp :ﬂ; 01 E
[ Pgpcrtp)=Cypll- ¢ iblap 1 |—) g |S==005 J
i s(tp)= s +[s0 - sell—espl-e/epy* ) | (==) Qp| TZ001 4
10-5 - : - L sl : Ll - Ll - i ||uu|n Ll ||uu|' [ ERITT = Ll - "10-5
10 10° 10 10 10 10 10 10 10 10 10

Dimensionless Time, tp

Figure F. 127 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the time-dependent wellbore storage and cumulative-exponential skin effects for select values
phase redistribution constant.
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Dimensionless Rate and Cumulative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage and Cumulative-Exponential Skin Effects (Variable sp-Parameter)

10° 10° 10" 10° 10' 10° 10 10*
' P cannll 10’
10 fF T T 10’

F T 01 55=0.05 ]
- 0.25 1
- 0.5 |

415=10 2
b \ q 10"
" \\: =
10°E {10

B Parameters
Ccl
10 E ere  oae?
3 PDer (D) =7 D Oekal
L = Legend T r
- PaDer(tp) =Copll-a "D #0] |y g, Ss‘u%gs ]
b i T A
i (D) =5 +[50 — s 11 - exp[~(r/2p) " 1] (==} "Gn) 7545
10-5 AR ETLT) ; 1 ..""_’ L sl : Ll - Ll - Ll --uuln bl --uul' MR ETIT = Ll - AR EETIT 410-5
10 10° 10 10 10 10 10 10 10 10 10

Dimensionless Time, tp

Dimensionless Cumulative Rate, Qp

Figure F. 128 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the time-dependent wellbore storage and cumulative-exponential skin effects for select values

of sy-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Linear Flow Case
Time Dependent Wellbore Storage and Cumulative-Exponential Skin Effects (Variable e -Parameter)
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Figure F. 129 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the time-dependent wellbore storage and cumulative-exponential skin effects for select values

of a-parameter.
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Dimensionless Rate and Normalized Gumulative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage and Cumulative-Exponential Skin Effects (Variable Cpy-Parameter)

210'“ 107 10* 10° 10" 10° ' 10" 10" 10 10° 10 10! ”
10 F T T T T g 10
4
L
E_c.=05
L i ]
2.5, b el
[~ Cp =10
10" p—2 3§10
1 Legend
1§ ) an
[ (- =) Qoitod
- Parameters
2| Gw=1
10 05
F 50=01 Poarlnd=smyip
[ 7a: 008 Pgmerlin) = Canll-e 070
r=0.01 o
b Hipd=re Loy el expl teiip)Al
10* L .......|T FEFIPRTTT T TTTY B el FETTTT sl el T e
10° 10° 10° 10° 10 107 10 107 10" 10

Normalized Dimensionless Time, /7

Figure F. 130 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the time-dependent wellbore storage and cumulative-exponential skin effects for select
values of the dimensionless wellbore storage constant.

Dimensionless Rate and Normalized Cumulative Rate Solution — Linear Flow Case
Time-Dependent Wellbore Storage and C ive-E: ial Skin Effects (Vari Cyo P )
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Figure F. 131 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the time-dependent wellbore storage and cumulative-exponential skin effects for select
values phase redistribution constant.
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Di ionless Rate and N lized C: lative Rate Solution — Linear Flow Case
Time Dependent Wellbore Storage and Cumulative-Exponential Skin Effects (Variable s; Parameter)
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Figure F. 132 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the time-dependent wellbore storage and cumulative-exponential skin effects for select
values of sy-parameter.
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F.3 Bilinear Flow Relation

Bilinear Flow Relation with Cumulative-Exponential Time-Dependent Skin

Dimensionless Rate, g

Dimensionless Rate Sclution — Bilinear Flow Case with Cumulative-Expenential
Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 133 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the

Dimensionless Rate, q,

cumulative-exponential time-dependent for select values of A-parameter.

Dimensionless Rate Solution — Bilinear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s,-Parameter)
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Figure F. 134 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the

cumulative-exponential time-dependent for select values of s)-parameter.
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Dimensionless Rate Solution — Bilinear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s_-Parameter)
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Figure F. 135— Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
cumulative-exponential time-dependent for select values of s..-parameter.
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Dimensionless Rate Solution — Bilinear Flow Case with Cumulative-Exponential

Time-Dependent Skin Effects (Variable (kwv;),-Parameter)
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Figure F. 136 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
cumulative-exponential time-dependent for select values of dimensionless fracture conductivity.
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Dimensionless Rate, g,

Dimensionless Rate and Rate Derivative Solution — Bilinear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 137 — Log-log plot (constant pressure dimensionless rate derivative solution) for the bilinear flow model combined
with the cumulative-exponential time-dependent for select values of A-parameter.
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Figure F. 138 — Log-log plot (constant pressure dimensionless rate derivative solution) for the bilinear flow model combined
with the cumulative-exponential time-dependent for select values of sy-parameter.
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Dimensionless Rate, g,

Dimensionless Rate and Rate Derivative Solution — Bilinear Flow Case with Cumulative-Exponential

Time-Dependent Skin Effects (Variable s, -Parameter)
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Figure F. 139 — Log-log plot (constant pressure dimensionless rate derivative solution) for the bilinear flow model combined
with the cumulative-exponential time-dependent for select values of s,.-parameter.
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Dimensionless Rate, g

Dimensionless Rate and Cumulative Rate Solution — Bilinear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 140 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the cumulative-exponential time-dependent for select values of A-parameter.
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Dimensionless Rate and Cumulative Rate Solution — Bilinear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s,-Parameter)
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Figure F. 141 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model

combined with the cumulative-exponential time-dependent for select values of sj-parameter.
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Dimensionless Rate, g

Dimensionless Rate and Cumulative Rate Solution — Bilinear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s_-Parameter)
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Figure F. 142 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the cumulative-exponential time-dependent for select values of s,.-parameter.
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Dimensionless Rate, ¢,

Dimensionless Rate and Cumulative Rate Solution — Bilinear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable (kaw),-Parameter)
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Figure F. 143 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model

combined with the cumulative-exponential time-dependent for select values of dimensionless fracture
conductivity.
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Dimensionless Rate, g

Dimensionless Rate and Normalized Cumulative Rate Solution — Bilinear Flow Case with Cumulative-Exponential

Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 144 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
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model combined with the cumulative-exponential time-dependent for select values of A-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Bilinear Flow Gase with Cumulative-Exponential
Time-Dependent Skin Effects (Variable sy-Parameter)
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Figure F. 145 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow

model combined with the cumulative-exponential time-dependent for select values of s)-parameter.
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Dimensionless Rate and Normalized Cumulative Rate Solution — Bilinear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable s_-Parameter)
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Figure F. 146 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the cumulative-exponential time-dependent for select values of s.-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Bilinear Flow Case with Cumulative-Exponential
Time-Dependent Skin Effects (Variable (kw;),-Parameter)
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Figure F. 147 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the cumulative-exponential time-dependent for select values of dimensionless fracture

conductivity.
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Bilinear Flow Relation with Exponential Time-Dependent Skin

Dimensionless Rate Solution — Bilinear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s,-Parameter)
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Figure F. 148 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
exponential time-dependent for select values of s,-parameter.

Dimensionless Rate Solution — Bilinear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s_-Parameter)
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Figure F. 149 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
exponential time-dependent for select values of s..-parameter.
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Dimensionless Rate Solution — Bilinear Flow Case with Exponential
Time-Dependent Skin Effects (Variable (kavjg-Parameter)
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Figure F. 150 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
exponential time-dependent for select values of dimensionless fracture conductivity.

Dimensionless Rate and Rate Derivative Solution — Bilinear Flow Case with Exponential

Time-Dependent Skin Effects (Variable s,-Parameter)
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Figure F. 151 — Log-log plot (constant pressure dimensionless rate derivative solution) for the bilinear flow model combined

with the exponential time-dependent for select values of s)-parameter.
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Dimensionless Rate and Rate Derivative Solution — Bilinear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s -Parameter)
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Figure F. 152 — Log-log plot (constant pressure dimensionless rate derivative solution) for the bilinear flow model combined
with the exponential time-dependent for select values of s..-parameter.

Dimensionless Rate and Rate Derivative Solution — Bilinear Flow Case with Exponential
Time-Dependent Skin Effects (Variable (kmw)p-Parameter)
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Dimensionless Rate, ¢,

Figure F. 153 — Log-log plot (constant pressure dimensionless rate derivative solution) for the bilinear flow model combined
with the exponential time-dependent for select values of dimensionless fracture conductivity.

Dimensiconless Rate and Cumulative Rate Sclution — Bilinear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s,-Parameter)
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Figure F. 154 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the exponential time-dependent for select values of sy-parameter.
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Dimensionless Rate, g

Dimensionless Rate and Cumulative Rate Solution — Bilinear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s_.-Parameter)
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Figure F. 155 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the exponential time-dependent for select values of s..-parameter.
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Dimensionless Rate, g

Dimensionless Rate and Cumulative Rate Solution — Bilinear Flow Case with Exponential
Time-Dependent Skin Effects (Variable (kw,),-Parameter)
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Figure F. 156 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the exponential time-dependent for select values of dimensionless fracture conductivity.

Dimensicnless Rate and Normalized Cumulative Rate Solution — Bilinear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s,-Parameter)}
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Figure F. 157 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the exponential time-dependent for select values of s,-parameter.
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Dimensionless Rate, g,

Dimensicnless Rate and Normalized Cumulative Rate Solution — Bilinear Flow Case with Exponential
Time-Dependent Skin Effects (Variable s_-Parameter)
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Figure F. 158 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the exponential time-dependent for select values of s..-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Bilinear Flow Case with Exponential
Time-Dependent Skin Effects (Variable {ka),-Parameter)
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Figure F. 159 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the exponential time-dependent for select values of dimensionless fracture conductivity.
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Bilinear Flow Relation with Hyperbolic Time-Dependent Skin Effects
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Dimensionless Rate Solution — Bilinear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s.-Parameter)
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Figure F. 163 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the

hyperbolic time-dependent for select values of dimensionless fracture conductivity.

229



Dimensionless Rate, g,

Dimensionless Rate, g,
Dimensionless Rate Derivative, -dqy/dint,

Dimensionless Rate and Rate Derivative Solution — Bilinear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable i-Parameter)
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Figure F. 164 — Log-log plot (constant pressure dimensionless rate derivative solution) for the bilinear flow model combined

with the hyperbolic time-dependent for select values of A-parameter.

Dimensionless Rate and Rate Derivative Solution — Bilinear Flow Case with Hyperbolic
Time-Dependent SKin Effects (Variable s,-Parameter)
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Figure F. 165 — Log-log plot (constant pressure dimensionless rate derivative solution) for the bilinear flow model combined

with the hyperbolic time-dependent for select values of s,-parameter.
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Dimensionless Rate and Rate Derivative Sclution — Bilinear Flow Case with Hyperbolic
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Figure F. 166 — Log-log plot (constant pressure dimensionless rate derivative solution) for the bilinear flow model combined

with the hyperbolic time-dependent for select values of s..-parameter.

Dimensionless Rate and Rate Derivative Solution — Bilinear Flow Case with Hyperbolic
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Dimensicnless Rate and Cumulative Rate Selution — Bilinear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 168 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the hyperbolic time-dependent for select values of A-parameter.
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Figure F. 169 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the hyperbolic time-dependent for select values of s)-parameter.
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Dimensionless Rate and Cumulative Rate Solution — Bilinear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable s_.-Parameter)
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Figure F. 170 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the hyperbolic time-dependent for select values of s..-parameter.
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Dil i Rate and C ive Rate ion — Bilinear Flow Case with Hyperbolic
Time-Dependent Skin Effects (Variable (kv )p-Parameter)
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Figure F. 171 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the hyperbolic time-dependent for select values of dimensionless fracture conductivity.
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Dimensionless Rate and Normalized Cumulative Rate Solution — Bilinear Flow Case with Hyperbolic

Time-Dependent Skin Effects (Variable A-Parameter)
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Figure F. 172 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the hyperbolic time-dependent for select values of A-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Bilinear Flow Case with Hyperbolic

Time-Dependent Skin Effects (Variable sy-Parameter)
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Figure F. 173 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the hyperbolic time-dependent for select values of s,-parameter.
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Dimensionless Rate and Normalized Cumulative Rate Solution — Bilinear Flow Case with Hyperbolic
Time-Dependent Skin Effects {Variable s_-Parameter)
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Figure F. 174 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the hyperbolic time-dependent for select values of s..-parameter.
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Bilinear Flow Relation with Time-Dependent Wellbore Storage

Dimensionless Rate and Rate Derivative Solution — Bilinear Flow Case
with Time-Dependent Wellbore Storage (Variable « -Parameter)
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time-dependent wellbore storage for select values of a-parameter.
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Figure F. 178 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
time-dependent wellbore storage for select values phase redistribution constant.
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Figure F. 179 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
time-dependent wellbore storage for select dimensionless constant skin factor.
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Figure F. 180 — Log-log plot (constant pressure dimensionless rate solution) for the bilinear flow model combined with the
time-dependent wellbore storage for select values of (kw/)-parameter.
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Dimensionless Rate and Cumulative Rate Solution — Bilinear Flow Case
Time-Dependent Wellbore Storage (Variable o« -Parameter)
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Figure F. 181 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the time-dependent wellbore storage for select values of a-parameter.
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Dimensionless Rate, gp

Dimensionless Rate and Cumulative Rate Solution — Bilinear Flow Case
Time-Dependent Wellbore Storage (Variable Cp-Parameter)

10° 10° 10" 10’ 10’ 10° 10

10" =TT T T T T T T T T T T T T T T,

F Parameters | Legend

F Coo=1 (=) ap

b 2-05 (= =) G

[ s=0.01

ky =10

10 (kg

L®

E_it—1 -"’,
ot -__'—'———.. [
—'———._.___‘-'——-.,___ .
T e —— |
—50—— [————
10° Fco=100 %&—
i 5
L \ o
[ &
10'E 2
] £
d s
i £
b =
(5]
[ g
2 £
1 E s 5
- + I3
; 25 5
- 225" £
Pl [=]
L Bl
o v
10 E r,:ﬁ
3 _a‘.f h
; L5
10" E
10°E 4 10"
E PgDer(tD)=Cypl1-a PP ]
e £ e
PDeD) —————1ltp
o I(3/4). Z{JCfo}D -
105 > L z = : PECRRTIT : PR RTIT > PR ......n PR ......l PR ......I2 L .......I1 MR ETT 4")-5
10 10° 10 10 10 10 10 10 10 10 10

Dimensionless Time, tp

Figure F. 182 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the time-dependent wellbore storage for select values of the dimensionless wellbore storage
constant.
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Dimensionless Rate, gp

Dimensionless Rate and Cumulative Rate Solution — Bilinear Flow Case
Time-Dependent Wellbore Storage (Variable C -Parameter)

10° 10° 10" 10° 10° 10" 10° 10' 10° 10 w0,
10" T, T T T T T T T T T T T T T Ty 10

[ Parameters Legend 3

F o= 10 (—) ]

[ =05 (==) Qp 4

5=0.01
1’ | Uawdo =10 / 10°
101 // 102
iz

10 b J 10'
10'E P
10°E i
10° d 10
10" E d 10
10°E : 4 10"

E PaDer (tD) = Cpll -7 D140 ] ]

F x 4] ]

Ly —_—

[ PDer D) s T o ]
10 B g = = PETETERTIT - PR RTIT - PR --uun PETEEETTT : PR --uul2 PR --uul1 MR 4")-5

10 10° 10 10 10 10 10 10 10 10 10

Dimensionless Time, tp

Dimensionless Cumulative Rate, Qp

Figure F. 183 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model

combined with the time-dependent wellbore storage for select values phase redistribution constant.
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Dimensionless Rate and Cumulative Rate Solution — Bilinear Flow Case
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Figure F. 184 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the time-dependent wellbore storage for select dimensionless constant skin factor.
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Dimensionless Rate, qp
Normalized Cumulative Rate, Qp/tp

Dimensionless Rate and Cumulative Rate Solution — Bilinear Flow Case

Time-Dependent Wellbore Storage (Variable (kpvy)p-Parameter)
10° 1w* 1w 10°
T

Parameters Legend FD.cr(’D}éﬁlD
Cp=10 (—) @ : TG/ .26 rip
Coi=1 (==} q i
,:30_5 > PyDer(tp) = Cypll-o 70D
1w s=o0m

Dimensionless Rate, g,
Dimensionless Cumulative Rate, Q,

106 M ||||£' MEEERRTT MEEEERTIT PRI PRI RTTT PRI PEEEETIT PEEEETIT M EETIT PRI 10'5
£ : : £

Dimensionless Time, iy

Figure F. 185 — Log-log plot (constant pressure dimensionless cumulative production solution) for the bilinear flow model
combined with the time-dependent wellbore storage for select values of (kw;)-parameter.

Dimensionless Rate and Normalized Cumulative Rate Solution — Bilinear Flow Case
Time-Dependent Wellbore Storage (Variable & -Parameter)
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Figure F. 186 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the time-dependent wellbore storage for select values of a-parameter.
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Dii ionless Rate and N, lized C lative Rate Solution — Bilinear Flow Case
Time-Dependent Wellbore Storage (Variable Cp-Parameter)
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Figure F. 187 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the time-dependent wellbore storage for select values of the dimensionless wellbore
storage constant.
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Figure F. 188 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the time-dependent wellbore storage for select values phase redistribution constant.
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Figure F. 189 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the time-dependent wellbore storage for select dimensionless constant skin factor.
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Figure F. 190 — Log-log plot (constant pressure time-normalized dimensionless cumulative rate solution) for the bilinear flow
model combined with the time-dependent wellbore storage for select values of (kw)-parameter.
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