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Figure 1. Location of the study area.
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Table 1- Mechanical and hydrodynamic parameters used in gravel pack design simulation.

Parameter Value

Pp 2700
Hpp 0.6
kn 1.2x108
ks 1x107
Hpw 0.1

Kn,w 1.2x108

Ks,w 1x107
pf 1000
e 0.001
Ca 0.1,0.35,0.45
Cq 1

Unit
kg/m?
N/m
N/m
N/m
N/m
kg/m?
Pa‘s
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Figure 3. An example of geological logs of wells located in the study area: a) Coarse Sand -A, b) Medium Sand -
B, ¢) Fine Sand -C, d) Very Fine Sand and Silt -D.
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Table 2- Hydrogeological Characteristics of 20 Wells in the Study Area.

. . Well Max .
Well No. Location Iaa)t;\t/}lsd)e L?Bidltg;i ¢ Depth (m) | Diameter Flow DOCI;; ;rilim g:;ld
(inch) (m*/h) up
1 Balanj 37°23'47" 45°09'53" 57 12 278 Coarse Sand A
2 Arablu 37°2824" 45°14'52" 91 12 197 Very Fine Sand D
3 Naybin 37°24'36" 45°1721" 67 12 283 Medium Sand C
4 Bozorg Abad 37°23'30" 45°11'43" 41 10 242 Medium Sand A
5 Babarud 37°24'04" 45°14'06" 40 10 264 Fine Sand C
6 Tazeh Kand 37°16'01" 46°12'13" 30 8 82 Very Fine Sand D
7 Saribiglu 37°28'54" 45°10'54" 45 10 153 Medium Sand B
8 Ghasemlu 37°20'46" 45°09'04" 28 8 198 Coarse Sand A
9 Arablu 37°23'54" 45°14'52" 26 8 205 Fine Sand C
10 Dolama 37°22'33" 45°12'47" 34 8 78 Medium Sand B
11 Torkaman 37°27'25" 45°1520" 44 10 162 Medium Sand B
12 Dizaj Tekyeh 37°25'56" 45°09'58" 26 8 65 Fine Sand C
13 Shams Hajilan 37°27'25" 45°10'09" 35 8 68 Medium Sand B
14 Qurt Tappeh 37°24"21" 45°12'18" 71 12 312 Fine Sand C
15 Bozorg Abad 37°23'34" 45°11'09" 120 12 298 Medium Sand B
16 Qurt Tappeh 37°24'54" 45°12'57" 98 12 226 Medium Sand B
17 Topuz Abad 37°1924" 44°16'12" 160 12 158 Medium Sand B
18 Mir Shekarlu 37°26'34" 45°1229" 35 8 48 Fine Sand C
19 Babarud 37°24'13" 45°1527" 41 10 97 Fine Sand C
20 Naybin 37°24'55" 45°1328" 57 12 279 Medium Sand B
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Table 2- Calculation of critical well discharge, critical flow velocity, and comparison with actual well discharge.

Well | Sand ?:1’ WellD | WellD | Qreal Qreal Vil | oo Qc Ve N
No. | Type m) (inch) (m) (m¥%h) | (m%s) | (m/s) (m%/h) (m/s) et re
1 A 1.50 12 0.304 278 | 0.0772 | 0.119 | 1 0.09576 | 2.74x10* 436.5
7 B 121 10 0.254 153 | 0.0425 | 0.065 | 1 0.09576 | 3.29x10* 199.9
14 C 0.25 12 0.304 312 | 0.0867 | 0.134 | 1 0.558 1.60x102 83.9
6 D 0.11 8 0.203 82 0.0228 | 0.035 | 1 0.10584 | 4.55x10 7.8
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Table 3- Determination of Critical Shear Stress of Sand Particles for Gravel Pack Design Based on the Shields

Criterion.
Well Well Sand dso Qreal Te Ve Aetf ttheoretical tpractical Vgravel Mass-gravel
No. d(inch) Type (mm) (m%s) (Pa) (m/s) (m? (m) (mm) (m?3) (kg)
1 12 A 1.50 0.0772 138 0.0371 2.08 3.24 50 0.323 533
7 10 B 1.21 0.0425 138 0.0371 1.15 1.43 50 0.269 444
14 12 C 0.25 0.0867 1.38 0.0371 2.34 3.64 50 0.323 533
6 8 D 0.11 0.0228 1.38 0.0371 0.61 0.76 50 0.215 355
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Figure 4 — Design of Type A Gravel Pack:
b) Particle a) Visual plot from the simulation and design of Type A gravel pack in the CFD-DEM numerical model;
velocity.
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Figure 5 — Design of Type B Gravel Pack:
b) Particle a) Visual plot from the simulation and design of Type B gravel pack in the CFD-DEM numerical model;
velocity diagram from the simulation and design of Type B gravel pack.
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Figure 6 — Design of Type C Gravel Pack:
a) Visual plot from the simulation and design of Type B gravel pack in the CFD-DEM numerical model; b)
Particle velocity diagram from the simulation and design of Type C gravel pack.
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Figure 7 — Design of Type D Gravel Pack:

a) Visual plot from the simulation and design of Type B gravel pack in the CFD-DEM numerical model; b) Particle velocity
diagram from the simulation and design of Type D gravel pack.
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