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FIGURE 3: MINING SCHEDULE
TWIN PINES MINERALS

BASEMAP: DigitalGlobe, 3/24/2018 (0.46 m Resolution).
ST. GEORGE, CHARLTON COUNTY, GEORGIA



FIGURE 4: CONCEPTUAL HYDROGEOLOGIC MODEL



OKEFENOKEE
NATIONAL

WILDLIFE REFUGE

16
5

15
0 125 12
0 110

105 95 85 80

70

170 160 155

14
0

13
0

10
0

90

165
155

145

125
115

100

160

135

105

140

110
100

165

155
150
145
140
13512

5

17
0

16
0

15
5

145
14013

513
0

16
0

15
0

12
5

165
160
15514

5
14

0
13

5
13

0

16
5

16
0

11
5

11
0

95 85

130

120

170

150

160

135

12
5

75

17
0

170

120

120

DRAWN BY: DEK
CHECKED BY: RMH

DRAWING DATE: 1/13/2020
REVISION DATE: N/A

TTL JOB NO.: 000180200804.00

 APPROX. SCALE:

LEGEND
Groundwater Contour
Model Boundary
Project Permit Area
Proposed Mining Areas
Okefenokee National Wildlife Refuge

³

0 5,000
Feet

1 in = 5,000 ft
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FIGURE 6: PIEZOMETER & WELL LOCATION MAP
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FIGURE 7: EXAMPLE WEST-TO-EAST PROFILE



FIGURE 8: EXAMPLE NORTH-TO-SOUTH PROFILE
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FIGURE 11: VERTICAL MODEL GRID NORTH TO SOUTH
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FIGURE 12: VERTICAL MODEL GRID WEST TO EAST
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FIGURE 16: INITIAL MODEL HORIZONTAL HYDRAULIC CONDUCTIVITYLAYER 2
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FIGURE 17: INITIAL MODEL HORIZONTAL HYDRAULIC CONDUCTIVITYLAYER 3
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FIGURE 19: INITIAL MODEL HORIZONTAL HYDRAULIC CONDUCTIVITYLAYER 5
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FIGURE 22: INITIAL MODEL HORIZONTAL HYDRAULIC CONDUCTIVITYLAYER 8
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FIGURE 30: OBJECTIVE FUNCTION V. ITERATION



FIGURE 31: CALCULATED V. OBSERVED HEADS - CALIBRATED
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FIGURE 58: POST-MINING HORIZONTAL HYDRAULIC CONDUCTIVITYLAYER 10
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FIGURE 59: POST-MINING HORIZONTAL HYDRAULIC CONDUCTIVITYLAYER 11
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FIGURE 60: POST-MINING HORIZONTAL HYDRAULIC CONDUCTIVITYLAYER 12
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FIGURE 62: POST-MINING HORIZONTAL HYDRAULIC CONDUCTIVITYLAYER 14
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FIGURE 63: POST-MINING HORIZONTAL HYDRAULIC CONDUCTIVITYLAYER 15
TWIN PINES MINERALS
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FIGURE 67: DRAWDOWN DUE TO THE MOVING MINE

• The zone of drawdown moves 100 ft/d in the x-direction

• Recovery is fast behind the pit, with drawdown decreasing to > -2 ft in less than 20 days

• When superimposed on the existing water table, groundwater divides will separate the moving pit from the Okefenokee to the west and the streams to the east

Drawdown Profiles through the Origin

Drawdown Due to a Moving Rectangular Pit



TABLES 



Soil Type Hydraulic Conductivity (cm/s)
Unconsolidated Sand 1.00E-02

Semi-Consolidated Sand 1.00E-03
Consolidated Sand 5.00E-05
Silty-Clayey Sand 1.00E-04

Clayey Sand 1.00E-04
Clay 5.00E-05

cm/s = centimeters per second

Table 1. Soil Conductivity Values Used to Determine Initial Grid Block Hydraulic Conductivity

Page 1 of 1



ObsIDname0 Easting1 Northing1 TOC2 ScreenT3 ScreenM4 ScreenB5 Layer Time Calc.6 Obs.6 Calc.-Obs.6

L1/L1 6.58E+05 1.90E+05 - - - 107.51 8 0 121.70 115.51 6.1849
L2/L2 6.82E+05 2.14E+05 - - - 80.36 10 0 91.09 88.36 2.7334
L3/L3 6.75E+05 2.14E+05 - - - 121.89 6 0 129.98 129.89 0.08297
L4/L4 6.76E+05 2.11E+05 - - - 121.35 6 0 128.35 129.35 -1.0039
L5/L5 6.78E+05 2.12E+05 - - - 118.27 7 0 127.75 126.27 1.4771
L6/L6 6.74E+05 2.12E+05 - - - 148.82 4 0 158.02 156.82 1.203
L7/L7 6.85E+05 2.14E+05 - - - 67.82 12 0 90.09 75.82 14.272
L8/L8 6.85E+05 2.09E+05 - - - 68.06 12 0 90.19 76.06 14.133
L9/L9 6.85E+05 2.02E+05 - - - 77.48 11 0 90.15 85.48 4.672
L10/L10 6.84E+05 1.98E+05 - - - 77.37 11 0 90.40 85.37 5.033
L11/L11 6.83E+05 1.95E+05 - - - 75.84 11 0 90.61 83.84 6.7703
L12/L12 6.81E+05 1.94E+05 - - - 89.27 9 0 100.30 97.27 3.0317
L13/L13 6.76E+05 1.95E+05 - - - 115.22 7 0 124.43 123.22 1.2068
L14/L14 6.85E+05 1.91E+05 - - - 73.80 11 0 90.09 81.80 8.294
L15/L15 6.85E+05 1.87E+05 - - - 82.46 10 0 90.08 90.46 -0.38114
L16/L16 6.80E+05 1.87E+05 - - - 146.92 4 0 153.21 154.92 -1.7077
L17/L17 6.78E+05 1.91E+05 - - - 138.77 5 0 151.44 146.77 4.6703
L18/L18 6.68E+05 2.03E+05 - - - 139.99 4 0 148.31 147.99 0.31858
L19/L19 6.69E+05 1.89E+05 - - - 153.24 3 0 158.18 161.24 -3.0584
OWA1BS/OWA1BS 6.73E+05 2.04E+05 172.16 165.16 162.66 160.16 2 0 166.70 170.87 -4.166
OWA1D/OWA1D 6.73E+05 2.04E+05 172.23 92.23 87.73 83.23 10 0 166.67 162.74 3.9259
OWA1S/OWA1S 6.73E+05 2.04E+05 172.12 147.12 142.12 137.12 5 0 166.69 170.53 -3.8441
OWB1BS/OWB1BS 6.70E+05 1.91E+05 172.38 165.38 162.88 160.38 2 0 169.62 170.87 -1.2482
OWB1D/OWB1D 6.70E+05 1.91E+05 172.49 92.49 87.49 82.49 10 0 169.60 168.15 1.448
OWB1S/OWB1S 6.70E+05 1.91E+05 172.43 147.43 142.43 137.43 5 0 169.61 169.85 -0.23541
PZ01D/PZ01D 6.65E+05 2.13E+05 123.10 83.10 78.10 73.10 11 0 121.68 123.04 -1.3591
PZ01S/PZ01S 6.65E+05 2.13E+05 123.04 119.04 114.04 109.04 7 0 121.71 121.93 -0.22498
PZ02/PZ02 6.65E+05 2.10E+05 126.03 122.03 117.03 112.03 7 0 121.71 124.46 -2.7452
PZ03D/PZ03D 6.65E+05 2.08E+05 123.56 83.56 78.56 73.56 11 0 121.72 123.42 -1.6952
PZ03S/PZ03S 6.65E+05 2.08E+05 123.80 119.80 114.80 109.80 7 0 121.75 121.92 -0.17321
PZ04/PZ04 6.64E+05 2.05E+05 123.89 119.89 114.89 109.89 7 0 121.75 120.93 0.81847
PZ05/PZ05 6.63E+05 2.03E+05 124.37 120.37 115.37 110.37 7 0 121.91 121.62 0.28836
PZ06/PZ06 6.62E+05 2.01E+05 124.26 120.26 115.26 110.26 7 0 122.19 122.20 -0.0068085
PZ07/PZ07 6.62E+05 1.99E+05 123.41 119.41 114.41 109.41 7 0 122.75 121.73 1.0238
PZ08/PZ08 6.64E+05 1.98E+05 130.08 126.08 121.08 116.08 7 0 126.64 127.75 -1.1079
PZ09/PZ09 6.67E+05 2.11E+05 135.06 120.06 115.06 110.06 7 0 135.97 133.48 2.4925
PZ10/PZ10 6.68E+05 2.06E+05 145.97 130.97 125.97 120.97 6 0 145.93 143.80 2.1261
PZ11/PZ11 6.67E+05 2.01E+05 148.10 138.10 133.10 128.10 6 0 146.39 145.62 0.76763
PZ12D/PZ12D 6.66E+05 1.99E+05 138.18 98.18 93.18 88.18 10 0 136.34 136.85 -0.51394
PZ12S/PZ12S 6.66E+05 1.99E+05 138.00 128.00 123.00 118.00 7 0 136.35 136.88 -0.52998
PZ13/PZ13 6.69E+05 1.96E+05 157.63 137.63 132.63 127.63 6 0 158.00 155.39 2.6051
PZ14/PZ14 6.70E+05 1.94E+05 167.66 147.66 142.66 137.66 5 0 169.09 165.97 3.1234
PZ15/PZ15 6.69E+05 1.92E+05 166.84 146.84 141.84 136.84 5 0 167.08 164.69 2.3894
PZ16D/PZ16D 6.69E+05 1.89E+05 160.41 120.41 115.41 110.41 7 0 158.17 155.65 2.5156
PZ16S/PZ16S 6.69E+05 1.89E+05 160.42 150.42 145.42 140.42 4 0 158.18 157.69 0.48767
PZ17D/PZ17D 6.70E+05 2.12E+05 161.01 126.01 121.01 116.01 7 0 158.29 156.40 1.8891
PZ17S/PZ17S 6.70E+05 2.12E+05 161.75 157.75 155.25 152.75 3 0 158.31 159.24 -0.92788
PZ18/PZ18 6.70E+05 2.10E+05 164.26 154.26 149.26 144.26 4 0 159.55 161.68 -2.1338
PZ19/PZ19 6.71E+05 2.07E+05 169.87 159.87 154.87 149.87 3 0 166.44 166.85 -0.41136
PZ20D/PZ20D 6.70E+05 2.05E+05 168.46 138.46 133.46 128.46 6 0 164.64 164.87 -0.2271
PZ20S/PZ20S 6.70E+05 2.05E+05 168.33 164.33 161.83 159.33 2 0 164.66 165.13 -0.47467
PZ21/PZ21 6.70E+05 2.03E+05 164.90 154.90 149.90 144.90 4 0 165.34 163.79 1.5547
PZ22D/PZ22D 6.72E+05 2.00E+05 170.48 140.48 135.48 130.48 5 0 166.89 167.99 -1.0996
PZ22S/PZ22S 6.72E+05 2.00E+05 170.18 166.18 163.68 161.18 2 0 166.91 168.33 -1.4178
PZ23/PZ23 6.72E+05 1.98E+05 169.44 165.44 160.44 155.44 3 0 167.37 168.17 -0.80264
PZ24/PZ24 6.73E+05 1.97E+05 169.54 159.54 154.54 149.54 3 0 167.65 168.11 -0.45973
PZ25D/PZ25D 6.73E+05 1.94E+05 169.65 124.65 119.65 114.65 7 0 169.37 167.87 1.5035
PZ25S/PZ25S 6.73E+05 1.94E+05 169.61 159.61 154.61 149.61 3 0 169.39 167.78 1.6115
PZ26/PZ26 6.76E+05 1.90E+05 169.22 159.22 154.22 149.22 3 0 167.63 167.36 0.27374
PZ27D/PZ27D 6.76E+05 1.89E+05 168.06 148.06 143.06 138.06 5 0 167.46 166.07 1.3944
PZ27S/PZ27S 6.76E+05 1.89E+05 168.17 163.17 160.67 158.17 3 0 167.48 165.98 1.4962
PZ28D/PZ28D 6.72E+05 1.91E+05 173.99 153.99 148.99 143.99 4 0 171.41 172.07 -0.66335
PZ28S/PZ28S 6.72E+05 1.91E+05 173.92 168.92 166.42 163.92 2 0 171.43 172.25 -0.82433
PZ29D/PZ29D 6.68E+05 1.94E+05 153.88 113.88 108.88 103.88 8 0 152.00 151.84 0.15718
PZ29S/PZ29S 6.68E+05 1.94E+05 154.04 145.04 140.04 135.04 5 0 152.01 152.34 -0.33496
PZ30D/PZ30D 6.66E+05 1.90E+05 138.02 98.02 93.02 88.02 10 0 137.50 135.87 1.6293
PZ30S/PZ30S 6.66E+05 1.90E+05 137.65 132.65 130.15 127.65 6 0 137.53 136.17 1.3602
PZ31D/PZ31D 6.65E+05 1.92E+05 135.90 95.90 90.90 85.90 10 0 131.83 133.19 -1.3614
PZ31S/PZ31S 6.65E+05 1.92E+05 135.92 128.92 126.42 123.92 6 0 131.83 133.08 -1.2464
PZ32D/PZ32D 6.66E+05 1.95E+05 139.68 99.68 94.68 89.68 9 0 137.07 138.06 -0.98793
PZ32S/PZ32S 6.66E+05 1.95E+05 139.94 131.94 129.44 126.94 6 0 137.10 138.15 -1.0464
PZ33D/PZ33D 6.61E+05 1.93E+05 123.91 82.91 77.91 72.91 15 0 121.96 121.12 0.84202
PZ33S/PZ33S 6.61E+05 1.93E+05 123.73 116.73 114.23 111.73 7 0 121.97 121.45 0.51656
PZ34D/PZ34D 6.62E+05 1.97E+05 124.48 84.48 79.48 74.48 15 0 122.68 121.57 1.1056
PZ34S/PZ34S 6.62E+05 1.97E+05 124.39 114.39 111.89 109.39 7 0 122.69 121.91 0.77533
PZ35D/PZ35D 6.59E+05 1.98E+05 119.17 89.17 84.17 79.17 15 0 121.46 116.63 4.8276
PZ35S/PZ35S 6.59E+05 1.98E+05 119.17 114.17 111.67 109.17 7 0 121.47 116.87 4.5976
PZ36D/PZ36D 6.59E+05 2.00E+05 119.18 89.18 84.18 79.18 15 0 121.44 117.50 3.936
PZ36S/PZ36S 6.59E+05 2.00E+05 118.83 115.83 113.33 110.83 7 0 121.44 116.93 4.5075
PZ38/PZ38 6.73E+05 2.05E+05 171.93 167.93 162.43 156.93 3 0 166.58 169.08 -2.5
PZ39/OWA3D/PZ39/OWA3D 6.73E+05 2.04E+05 171.81 91.81 86.81 81.81 10 0 166.69 157.07 9.6238
PZ39S/OWA3S/PZ39S/OWA3S 6.73E+05 2.04E+05 171.94 146.94 141.94 136.94 5 0 166.71 161.91 4.8042
PZ40/PZ40 6.74E+05 2.01E+05 169.70 165.70 160.70 155.70 3 0 166.83 168.26 -1.4309

Table 2. Groundwater Observations Including Piezometers and Soft Data Points
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ObsIDname0 Easting1 Northing1 TOC2 ScreenT3 ScreenM4 ScreenB5 Layer Time Calc.6 Obs.6 Calc.-Obs.6

Table 2. Groundwater Observations Including Piezometers and Soft Data Points

PZ41/PZ41 6.75E+05 1.97E+05 161.19 157.19 152.19 147.19 4 0 158.02 160.12 -2.1036
PZ42/PZ42 6.76E+05 1.94E+05 147.76 143.76 138.76 133.76 5 0 147.79 145.51 2.2838
PZ43/PZ43 6.76E+05 1.91E+05 161.88 157.88 152.88 147.88 4 0 156.79 160.37 -3.5796
PZ44/PZ44 6.78E+05 1.89E+05 154.07 149.07 144.07 139.07 4 0 153.57 152.14 1.4303
PZ45D/PZ45D 6.76E+05 2.03E+05 166.67 127.67 122.67 117.67 7 0 163.58 158.89 4.6936
PZ45S/PZ45S 6.76E+05 2.03E+05 166.72 162.72 157.72 152.72 3 0 162.63 164.85 -2.2178
PZ46/PZ46 6.77E+05 1.98E+05 139.99 134.99 129.99 124.99 6 0 136.93 137.43 -0.50338
PZ47/PZ47 6.78E+05 1.93E+05 138.47 133.47 128.47 123.47 6 0 139.86 136.02 3.8447
PZ48D/PZ48D 6.80E+05 1.91E+05 132.78 92.78 87.78 82.78 10 0 127.85 128.55 -0.70469
PZ48S/PZ48S 6.80E+05 1.91E+05 133.20 129.20 126.70 124.20 6 0 127.86 130.27 -2.4068
PZ49/PZ49 6.78E+05 2.05E+05 143.01 139.01 134.01 129.01 5 0 142.27 141.63 0.64132
PZ50/PZ50 6.79E+05 2.03E+05 127.87 123.87 118.87 113.87 7 0 125.76 125.72 0.039926
PZ51D/PZ51D 6.80E+05 1.96E+05 115.73 75.73 70.73 65.73 12 0 112.76 112.61 0.15068
PZ51S/PZ51S 6.80E+05 1.96E+05 115.84 111.84 109.34 106.84 8 0 112.80 113.80 -1.0033
PZ52/PZ52 6.82E+05 2.02E+05 111.44 107.44 102.44 97.44 9 0 110.07 109.55 0.52296
PZ53/PZ53 6.82E+05 1.99E+05 111.51 106.51 101.51 96.51 9 0 109.09 109.88 -0.78789
PZ55D/PZ55D 6.72E+05 1.88E+05 174.92 135.92 130.92 125.92 6 0 173.22 173.34 -0.11594
PZ55S/PZ55S 6.72E+05 1.88E+05 174.83 164.83 159.83 154.83 3 0 173.24 173.32 -0.083611
PZ56D/PZ56D 6.71E+05 1.96E+05 171.58 131.58 126.58 121.58 6 0 168.40 169.38 -0.98139
PZ56S/PZ56S 6.71E+05 1.96E+05 171.50 166.50 164.00 161.50 2 0 168.42 169.56 -1.1416
PZ57D/PZ57D 6.75E+05 1.92E+05 165.89 126.89 121.89 116.89 7 0 162.06 161.56 0.50229
PZ57S/PZ57S 6.75E+05 1.92E+05 165.68 156.68 154.18 151.68 3 0 162.09 164.57 -2.4795
PZ58D/PZ58D 6.77E+05 1.96E+05 139.98 99.98 94.98 89.98 9 0 134.97 134.25 0.71751
PZ58S/PZ58S 6.77E+05 1.96E+05 140.02 130.02 127.52 125.02 6 0 134.98 138.49 -3.5089
L20/L20 6.69E+05 2.00E+05 - - - 154.72 3 1 161.26 162.72 -1.4643
L21/L21 6.64E+05 2.02E+05 - - - 122.90 6 2 125.50 130.90 -5.3953
L22/L22 6.64E+05 1.95E+05 - - - 121.64 6 3 126.17 129.64 -3.4641
0  All "L" observation point are soft data points; groundwater elevations set to two feet below land surface elevation
1  NAD83-East Georgia State Plane Projection  (feet)
2  Top of Casing measured in feet above mean sea level (amsl)
3  Top of screen measured in feet (amsl)
4  Middle of screen measured in feet (amsl)
5  Bottom of screen measured in feet (amsl)
6   Groundwater elevation measured in feet (amsl)
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In Out In Out In Out

Storage* 0.00 0.00 0.00 0.00 0.00 0.00

Constant Head* 0.00 572,079.38 0.00 572,114.56 0.00 -35.19

Drains* 0.00 40,802.34 0.00 40,767.18 0.00 35.17

Recharge** 612,881.69 0.00 612,881.69 0.00 0.00 0.00

Total 612,881.69 612,881.72 612,881.69 612,881.75 0.00 -0.02

Table 3. Water Budget Comparisons of the Pre-Mining and Post-Mining Models

Source
Pre-Mining Post-Mining Difference

* Cumulative Volume (ft  3)
** Rates for time step (ft   3/day)
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In Out In Out In Out
Constant Head* 0.00 249,000.00 0.00 248,700.00 0.00 300.00
Drains* 0.00 29,670.00 0.00 29,630.00 0.00 40.00
Recharge** 276,900.00 0.00 276,900.00 0.00 0.00 0.00
Zone 2 to 1 74,254.00 0.00 72,518.00 0.00 1,736.00 0.00
Zone 1 to 2 0.00 72,489.00 0.00 71,092.00 0.00 1,397.00
* Cumulative Volume (ft3)
** Rates for time step (ft3/day)

Table 4. Water Budget Comparison of the Pre-Mining and Post-Mining Models - Zone 1 

Source
Pre-Mining Post-Mining Differences
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In Out In Out In Out
Constant Head* 0.00 323,080.00 0.00 323,420.00 0.00 -340.00
Drains* 0.00 11,133.00 0.00 11,137.00 0.00 -4.00
Recharge** 335,980.00 0.00 335,980.00 0.00 0.00 0.00
Zone 2 to 1 0.00 74,254.00 0.00 72,518.00 0.00 1,736.00
Zone 1 to 2 72,489.00 0.00 71,092.00 0.00 1,397.00 0.00
* Cumulative Volume (ft3)
** Rates for time step (ft3/day)

Table 5. Water Budget Comparison of the Pre-Mining and Post-Mining Models - Zone 2 

Source
Pre-Mining Post-Mining Differences
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