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To validate versus the pressure signals and

Eclipse, we used:
Normalized Root Mean Square Error (NRMSE)
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RMSE = \/ D Kopsi = X nogers)?
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To do sensitivities over the analytical

solution parameters, we used:
Mean Absolute Relative Error (MARE)

MARE = @Zp -P.J/|lo}]




Hybrid Grid, Single Well, 7 Cases
Compared to Eclipse Cartesian Grid

Case
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Test Type
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# of Grids 193, 1 to 3 Newton Iter./T.S., CPU Time=4 Secs

Indexing

Eclipse Cartesian Grid

193 192 191 190 189 188 187
182 181 180 179 178 177 176
174 170 169 168 167 166 165
160 158 158 157 =3 == =
13a| 140 124 130 122
L) e T 5 1411425 A nEaZs 126

M?' 1441 43138571 B4 B3 PE1 2T
p 10510692 dads 96 42 88
108107 o4 57 45 84
117 116 115 114 & R, Tt gy ]
121 npabafige g1 g
&7, ©B 69 57 56 61 62 50 54
77| 76 75 74 70 7080 5964 6353 s2
3 72 66 65 56
a5 a4 = 4z 41 40 3g
34 33 3z 31 30 28 28
23 22 21 20 18 18 17

12 11 10 k) a 7 6

123

124,

ar

55

121

81

49

27

16

48

a7

15

78

485

a5

24




Case
Source

Test Type

Givens
(Model Parameters)

_ . Qo =250 STB/D, h =69 ft, ¢ = 0.039, Bo = 1.136 RB/STB,
1 Exz2.1 DrawDown O |pi = 4,412 psia, C, = 17 x 10 psit, r, = 0.198 ft, and i = 0.8 cp
A 3-hour 1st hour averaged 478.5 STB/D; 2" hour, 319 STB/D;
2 Ex:2.3| Variable Rate Draw QOil and 3 hour, 159.5 STB/D, . :
- Down h=10ft, =0.12, Bo = 1.2 RB/STB, Pi = 3,000 psia,
C,=48x10®psit r,=0.25ft,andpy=0.6 cp
after constant rate of 500 STB/D for 3 days
3 Ex24 Build Up Oil h=22ft,e=0.2,Bo=1.3RB/STB, Pwf = 1,150 psia,
C,=20x10-6 psit, r,=0.3ft,andp=1cp
Time Interval Production Rate
(hours) (STB/D)
Build Up After Oto3 398.8
4 Ex:2.6| Variable Rate Draw Oil 3to6 265.8
Down 6t0o9 132.9
h=22ft ¢=0.12, Bo=1.2 RB/STB, Ct = 4.8 x 10-5 psi-1,
rw=0.25ft,and uy=0.6 cp
yg = 0.7, Qg = 5,256 Mscf/D, tp = 2000 hrs,
_ : z=0.8678, T= 640°R (180°F), h =28 ft, ¢ = 0.18,
°_Ex:3.3 Build Up G35 |Bg = 0.962 RB/ Mscf, Pi = 2,906 psia, C, = 2.238 x 10-4 psi,
ry = 0.3 ft, and y = 0.01885 cp
_ D Qw =-100 STB/D, h=16 ft, ¢ = 0.15, Bw = 1 RB/STB,
6_Ex9.1 Injectivity WATer pi = 449 psia, C,= 7.7 x 10-6 psi™, 1, = 0. 25 ft, and y = 1 cp
_ Qw =-807 STB/D, h =28 ft, ¢ = 0.25, Bw = 1 RB/STB,
T-Ex9.2 Fall Off Water Ipi ~ 5 788 psia ,C,= 1.18 x 10-5 psi-L.r, = 0. 4 ft, and u = 1 cp




Data Validation
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Case_1: Validation Versus The Analytical Solution

Closed Circular Bounda
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Case_2: Variable Rate
DD-Oil

Goodness of Fit Based on NRMSE*
Relative to Test Points:

1- Eclipse=0.044

2- Model=0.031
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Data Validation
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Case_3: Validation Versus The Analytical Solution

Closed Circular Boundal
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Data Validation
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Data Validation

T T T T T T T T 10000
Case_5: BU-Gas
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Case_6: Inj. Test-Water

Data Validation
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Data Validation

Case_7: Fall Off Test- —
Water - pe—
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Hybrid Grid, Single Well + Hyd. Frac., 1 Case
Compared to Eclipse Cartesian Grid

Indexing
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Case_8: DD-Gas, ‘Fractured Well’

Test Type Givens
yP (Model Parameters)

Case

Source

yg = 0.65, Qg = 3,000 Mscf/D, h=60ft, ¢ =0.1,
Bg = 0.7085 RB/ Mscf, Pi = 5,000 psia,Ct = 2.084 x 10-4 psi-1,

8 EXx6.2 Draw Down Gas
rw = 0.25 ft, z=0.991, T= 570°R (110°F) ,and y = 0.01961 cp

Data Validation
5000 # T T T

Goodness of Fit Based on NRMSE*
Relative to Test Points:

1- Eclipse= 0.07

2- Model= 0.06

BHP (psi)

0 1000 2000 3000 4000

NRMSE*: Normalized Root Mean Square Error. Time (Hours)



Case_8: Sensitivities

Sensitivity
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Case_8: Validation Versus The Analytical Solution
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Hybrid Grid, Single Well , ‘Distance to Fault’, 1 Case
Compared to Eclipse Cartesian Grid

Test Type
9 _Ex2.11 | BuildUp | Oil

Eclipse Cartesian Grid, — =S
Representing Fault by Setting |
Transmissibility Multiplier by Zero
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Data Validation
Case_9: BU-Oil, ‘Distance ' '
to Fault’

Eclipse Failed to Match

Goodness of Fit Based on NRMSE*

%“
o
Relative to Test Points: % 6900 -
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Hybrid Grid, Two Wells , ‘Interference Test’, 1 Case
Compared to Eclipse Cartesian Grid

Test Type

| 10_Ex:10.1 | Interference | Oil/Water

Eclipse Cartesian Grid,



Data Validation

Case_10: BU-Oil,
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Hybrid Grid, Single Well , ‘Hz. Well’, 1 Case
Compared to Eclipse Cartesian Grid

Test Type

11 Ex:12.1 Draw Down Oil

Eclipse Cartesian Grid,
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Data Validation

Case_11: DD'Oll, ‘Hz. Well’ 3000 ; . : : :

Goodness of Fit Based on NRMSE*
Relative to Test Points:
1- Eclipse=0.0037 2980

2- Model=0.0029 N z
o
Givens =
(Model Parameters)
Qo0 =800 STB/D, h=200ft, p =0.2,Bo =1.25 2960 | .
RB/STB, Pi = 3000 psia, Ct = 15 x 10-6 psi-1, rw = s Tty — +
0.25ft,and p=1cp ) ——Test |
Centered in box-shaped drainage area. :5‘22’;8
h =200 ft, a = 4,000 ft, and b = 2,000 ft. Rate
Lw= 1,000 ft kx = 200 md 0 5 10 15 20 25
Time (Hours)
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Case_11: Validation Versus The Analytical Solution
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1 Case

’
’

‘Hz. Well + 3 Transverse Fractures

Compared to Eclipse Cartesian Grid

’

Hybrid Grid, Single Well

Test Type
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Case_12: DD-0il, ‘Hz. Well + 3 Transverse Fractures’

Givens

(Model Parameters)

Qo0 =800 STB/D, h=200ft, ¢ = 0.2, Bo = 1.25 RB/STB, Pi = 3000 psia, Ct = 15 x 10-6 psi-1, rw =0.25 ft,and y = 1 cp
Centered in box-shaped drainage area. a = 4,000 ft, and b = 2,000 ft. Lw= 1,000 ft kx = 200 md

Data Validation
3100 I T T T T
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Difference
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Rate
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Contribution (Added Value): NWT, **SPE 105271/2007

e
< \‘_tr‘\ternatlonal
M

SPE 105271

Linking Well-Test Interpretations to Full Field Simulations
Faisal M. Al-Thawad, SPE,. and Jim S. Liu, SPE, Saudi A ramco, and Raj Banerjee, SPE, and Dominic Agyapong, SPE.
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