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A Numerical Study on Behavior of Fresh Water Body between Injection

and Production Wells with Variation of Fresh Water Injection Rate
in a Saline Aquifer
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Abstract

In this study, the behavior of fresh water body between the injection and production wells with the fresh
water injection rate in a saline aquifer is numerically analyzed by using a three-dimensional numerical
model. 8 injection wells are arranged at equidistant intervals on a concentric circle and one production well
is located at the center of this circle. In the case that the fresh water injection rate is relatively small,
the fresh water body around a injection well screen is not mixed with neighboring ones and is independently
distributed. However, when the injection rate is increased, the size of the fresh water body is continuously
increased, and the areas, where saline and fresh water among injection wells are mixed, are appeared. The
mixed degree is increased as the injection rate is increased. This phenomenon is identically generated
around the production well. Moreover, when the injection rate is increased, the ratio of saline water in and

around the production well is decreased.

Keywords : injection well, production well, saline aquifer, fresh water body
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Table 1. Turbulence Models available in ANSYS CFX

RANS Eddy-Viscosity

RANS Reynolds-Stress

Eddy Simulation

- Zero Equation model

- LRR Reynolds Stress

- Large Eddy
Simulation (Transient)

- Standard k— e model

- QI Reynolds Stress

- RNG k— € model Stress

- Spezial, Sarkar and Gatski Reynolds

- Standard £k— w mode

- SMC-w model

- Baseline zonal k— w based model

- Baseline Reynolds’ Stress model

- SST zonal k— w based model

- (k— €)1E model
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Fig. 2 Dimension of study area
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Fig. 3. Variation of Hydraulic Head Gradient (a) and Reynolds Number (b) with Discharge at Outlet
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Table 2. Comparison between Simulated and Analytical Infiltration Velocity with Inflow and Porosity

Inflow Simulated infiltration velocity Analytical infiltration velocity Absolute error
[liter/sec] [m/sec] [m/sec] [m/sec]
1.0x10° 4.3111x1077 4.2441x107" 0.0670x10"
5.0x10° 2.1556x10°° 2.1221x10°° 0.0335x10™°
1.0x107 4.3112x10°° 4.2441x10° 0.0671x10°°
5.0%107 2.1556x10° 2.1221x107° 0.0335x10°°
1.0x10* 4.3113x107° 4.2441x107 0.0671x107°
5.0x10* 2.1556x10™* 2.1221x10™* 0.0335x10™*
1.0x10°° 4.3113x10™* 4.2441x10" 0.0671x10"*
5.0x10 " 2.1556x107° 2.1221x107° 0.0335x107°
1.0x10°* 4.3113x10° 4.2441x107° 0.0671x107°
5.0x102 2.1556x10° 2.1221x107° 0.0335x10™
1.0x10™" 4.3113x10* 4.2441x10 0.0671x10
Porosity Simulated infiltration velocity Analytical infiltration velocity Absolute error
[m/sec] [m/sec] [m/sec]
0.1 1.2934x10 1.2732x10 " 0.0202x10°°
0.2 6.4669x10* 6.3662x10 * 0.1007x10"*
0.3 4.3113x10* 4.2441x10 0.0672x10"*
0.4 3.2335x10* 3.1831x10" 0.0504x10"*
05 2.5868x10 " 2.5465%10 " 0.0403x10"*
0.6 2.1556x10™" 2122110 0.0335x10"*
0.7 1.8477x10™* 1.8189x10™* 0.0288x10"*
0.8 1.6167x10* 1.5915x10* 0.0252x10"*
0.9 1.4371x10* 1.4147x10 " 0.0224x10*
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I'W : Injection well AN%;’;%

Fig. 6. Dimension of Saline Aquifer and Location of 8 Injection Wells and a Production Well

Fig. 7. Dimension of Injection and Production Wells, and Slot Size of Well Screen
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Fig. 8. Grid System of Study Domain
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Fig. 9. 3-d Iso—surface Profile of Interface between Saline Water and Fresh Water:
(a) Case 1, (b) Case 2, (c) Case 3, and (d) Case 4
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Fig. 10. Spatial Distribution of Fresh Water and Saline Water on 2-d Planes:
(a) Case 1, (b) Case 2, (c) Case 3, and (d) Case 4 (Red color: saline water, Blue color: fresh water)

() (d)

Fig. 11. Spatial Distribution of Fresh Water and Saline Water in a Production Well:
(a) Case 1, (b) Case 2, (c) Case 3, and (d) Case 4 (Red color: saline water, Blue color: fresh water)
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Fig. 12. (a) Comparison of Fresh Water Body Sizes with each Case and (b) Maximum Horizontal
Distance (H) and Maximum Vertical Distance (V)

Table 3. Comparison of Fresh Water Body Sizes witn each Case

Case H [m] V [m] H/V W [m]
1 4.8444 4.6041 1.0522 4.2046
2 9.9582 6.0660 1.6416 5.8080
3 11.0822 6.2646 1.7690 5.8109
4 13.0631 6.3677 2.0515 5.8152
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