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Settle3D Analysis Information

Labadie UWL

Project Settings

Document Name: circle 47.s3z

Project Title: Labadie UWL

Analysis: Settlement

Author: Christopher Cook

Company: Reitz & Jens, Inc

Date Created: 10/17/2012, 11:48:36 AM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3

Depth to water table: 1 [ft]

Stage Settings

Stage# Name
1 Stage 1

Results

Time taken to compute: 0 seconds

Stage: Stage 1

Data Type Minimum Maximum
Total Settlement [in] 0 20.9532
Consolidation Settlement [in] 0 7.85148
Immediate Settlement [in] 0 13.1102
Loading Stress [ksf] 0 10.3292
Effective Stress [ksf] 0 16.4014
Total Stress [ksf] 0 22.7662
Total Strain 0 0.083698
Pore Water Pressure [ksf] 0 6.3648
Degree of Consolidation [%] 100
Pre-consolidation Stress [ksf] 0.0585001  16.3699
Over-consolidation Ratio 1 9.15019
Void Ratio 0 0.916997
Hydroconsolidation Settlement [in] 0 0

Loads
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1. Polygonal Load

Load Type: Flexible

Area of Load: 183389 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1929.25 862.473 0
-1332.07 -407.189 0
-210.328 -424.303 0
-270.312 -363.597 2.9
-1293.01 -349.297 2.9
-1870.41 874.203 2.9
-1852.31  1508.1 2.9
-1908.21 1557.97 0

2. Polygonal Load

Load Type: Flexible

Area of Load: 234768 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1852.31  1508.1 2.9
-221.212  1808.9 2.9
-270.312 -363.597 2.9
-210.328 -424.303 0
-162.623 1880.73 0
-1908.21 1557.97 0

3. Polygonal Load

Load Type: Flexible

Area of Load: 156632 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1870.41 874.203 2.9
-1293.01 -349.297 2.9
-270.312 -363.597 2.9
-317.264 -315.23 5
-1259.26 -297.655 5
-1809.13  885.67 5
-1806.79 1469.02 5
-1852.31  1508.1 2.9
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4. Polygonal Load

Load Type: Flexible

Area of Load: 171981 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1852.31  1508.1 2.9
-1806.79 1469.02 5
-267.217 1755.15 5
-317.264 -315.23 5
-270.312 -363.597 2.9
-221.212  1808.9 2.9

5. Polygonal Load

Load Type: Flexible

Area of Load: 244557 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-102.643 -2757.4 0
1076.16 -2794.88 0
1109.25 -1637.87 0
3035.41 -1668.34 0
2874.5 -1608.34 2.9
1048.12 -1576.89 2.9
1016.65 -2734.4 2.9
-39.0646 -2705.7 2.9

6. Polygonal Load

Load Type: Flexible

Area of Load: 433982 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-39.0604 -2705.58 2.9
88.9461 776.742 2.9
2874.5 -1608.34 2.9
3035.41 -1668.34 0
35.4746 897.295 0
-102.643 -2757.4 0

7. Polygonal Load
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Load Type: Flexible
Area of Load: 451309 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
27.8223 -2642.81 5
153.042 647.667 5
2690.18 -1545.21 5
2874.5 -1608.34 2.9
88.9461 776.742 2.9
-39.0604 -2705.58 2.9

8. Polygonal Load

Load Type: Flexible

Area of Load: 238713 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-39.0644 -2705.7 2.9
1018.23 -2734.44 2.9
1048.12 -1576.89 2.9
2874.5 -1608.34 2.9
2690.18 -1545.21 5
989.752 -1516.32 5
956.638 -2672.65 5
27.8223 -2642.81 5

9. Polygonal Load

Load Type: Flexible

Area of Load: 567821 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1637.57 1323.75 10.2
-447.535 1544.49 10.2
-485.349 -142.076 10.2
-317.264 -315.23 10.2
-267.217 1755.15 5
-1806.56 1468.98 5

10. Polygonal Load

Load Type: Flexible
Area of Load: 1.5903e+006 ft?
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Load: 10.2 ksf

Depth: O ft

Installation Stage: Stage 1

Coordinates

X[l Y[
-1649.21 915.592
-1153.62 -131.529
-485.349 -142.076
-447.535 1544.49
-1637.57 1323.75

11. Polygonal Load

Load Type: Flexible

Area of Load: 417396 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-485.349 -142.076 10.2
-1153.62 -131.529 10.2
-1649.21 915.592 10.2
-1637.57 1323.75 10.2
-1806.56 1468.98 5
-1809.13  885.67 5
-1259.26 -297.655 5
-317.264 -315.23 5

12. Polygonal Load

Load Type: Flexible

Area of Load: 941302 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
188.83 -2491.7 10.2
293.799 364.216 10.2
2201.69 -1376.73 10.2
2690.18 -1545.21 5
153.042 647.667 5
27.7015 -2645.99 5

13. Polygonal Load

Load Type: Flexible

Area of Load: 551990 ft?
Depth: O ft

Installation Stage: Stage 1
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Coordinates and Load

X [ft]
952.602
989.748
2690.18
2201.69
832.524
802.744

188.83
27.7015

Y [ft]
-2672.52
-1516.48
-1545.21
-1376.73
-1353.16
-2507.54
-2491.7
-2645.99

Load Magnitude [ksf]
5

5

5

10.2

10.2

10.2

10.2

14. Polygonal Load

Load Type:

Flexible

Area of Load: 2.38333e+006 ft?

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
832.524 -1353.16 10.2
2201.69 -1376.73 10.2
293.799 364.216 10.2

188.83 -2491.7 10.2
802.744 -2507.54 10.2

Soil Layers
Layer # Type Thickness [ft] Depth [ft]
1 SILT 7 0
2 CLAY 8 7
3 SAND & SILT 8.5 15
4 SAND 16.5 23.5
5 SAND & GRAVEL 63 40

— 0 ft

—7

—15

—z3.5

—40

—10z2fe

Soil Properties
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Property CLAY SILT SAND & SILT SAND SAND & GRAVEL
Color 1 [ 1 [ [ ]
Unit Weight [kips/ft®] 0.113 0.117 0.122 0.122 0.124
Saturated Unit Weight [kips/ft3] 0.113 0.117 0.122 0.122 0.124
Immediate Settlement Disabled Enabled Enabled Enabled Enabled
Es [ksf] 200 700 1100 1400
Esur [ksf] 200 700 1100 1400
Primary Consolidation Enabled Disabled Disabled Disabled Disabled
Material Type Non-Linear
Cc 0.3
Cr 0.05
el 0.917
Pc [ksf] 4.52
OCR 1 1 1 1
Secondary Consolidation Standard Disabled Disabled Disabled Disabled
Cae/Ca 0.005
Car/Care 0.005

Query Lines

Line# Start Location End Location Horizontal Divisions Vertical Divisions
1 -2058.82, 801.176 -110.756, 801.176 100 101
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Settle3D Analysis Information
Labadie UWL

Project Settings

Document Name: CIRCLE 48.s3z
Project Title: Labadie UWL

Analysis: Settlement

Author: Christopher Cook

Company: Reitz & Jens, Inc

Date Created: 10/17/2012, 11:48:36 AM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3

Depth to water table: 1 [ft]

Stage Settings

Stage# Name
1 Stage 1

Results

Time taken to compute: 0 seconds

Stage: Stage 1

Data Type Minimum  Maximum
Total Settlement [in] 0 20.4739
Consolidation Settlement [in] 0 7.35604
Immediate Settlement [in] 0 13.1178
Loading Stress [ksf] 0 10.2043
Effective Stress [ksf] 0 16.5216
Total Stress [ksf] 0 23.0112
Total Strain 3.9992e-008 0.0983004
Pore Water Pressure [ksf] 0 6.4896
Degree of Consolidation [%] 0 100
Pre-consolidation Stress [ksf] 0.506464 16.4897
Over-consolidation Ratio 1 80.6776
Void Ratio 0 0.862
Hydroconsolidation Settlement [in] 0 0

Loads
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1. Polygonal Load

Load Type: Flexible

Area of Load: 183389 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1929.25 862.473 0
-1332.07 -407.189 0
-210.328 -424.303 0
-270.312 -363.597 2.9
-1293.01 -349.297 2.9
-1870.41 874.203 2.9
-1852.31  1508.1 2.9
-1908.21 1557.97 0

2. Polygonal Load

Load Type: Flexible

Area of Load: 234768 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1852.31  1508.1 2.9
-221.212  1808.9 2.9
-270.312 -363.597 2.9
-210.328 -424.303 0
-162.623 1880.73 0
-1908.21 1557.97 0

3. Polygonal Load

Load Type: Flexible

Area of Load: 156632 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1870.41 874.203 2.9
-1293.01 -349.297 2.9
-270.312 -363.597 2.9
-317.264 -315.23 5
-1259.26 -297.655 5
-1809.13  885.67 5
-1806.79 1469.02 5
-1852.31  1508.1 2.9
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4. Polygonal Load

Load Type: Flexible

Area of Load: 171981 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1852.31  1508.1 2.9
-1806.79 1469.02 5
-267.217 1755.15 5
-317.264 -315.23 5
-270.312 -363.597 2.9
-221.212  1808.9 2.9

5. Polygonal Load

Load Type: Flexible

Area of Load: 244557 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-102.643 -2757.4 0
1076.16 -2794.88 0
1109.25 -1637.87 0
3035.41 -1668.34 0
2874.5 -1608.34 2.9
1048.12 -1576.89 2.9
1016.65 -2734.4 2.9
-39.0646 -2705.7 2.9

6. Polygonal Load

Load Type: Flexible

Area of Load: 433982 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-39.0604 -2705.58 2.9
88.9461 776.742 2.9
2874.5 -1608.34 2.9
3035.41 -1668.34 0
35.4746 897.295 0
-102.643 -2757.4 0

7. Polygonal Load
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Load Type: Flexible
Area of Load: 451309 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
27.8223 -2642.81 5
153.042 647.667 5
2690.18 -1545.21 5
2874.5 -1608.34 2.9
88.9461 776.742 2.9
-39.0604 -2705.58 2.9

8. Polygonal Load

Load Type: Flexible

Area of Load: 238713 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-39.0644 -2705.7 2.9
1018.23 -2734.44 2.9
1048.12 -1576.89 2.9
2874.5 -1608.34 2.9
2690.18 -1545.21 5
989.752 -1516.32 5
956.638 -2672.65 5
27.8223 -2642.81 5

9. Polygonal Load

Load Type: Flexible

Area of Load: 567821 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1637.57 1323.75 10.2
-447.535 1544.49 10.2
-485.349 -142.076 10.2
-317.264 -315.23 10.2
-267.217 1755.15 5
-1806.56 1468.98 5

10. Polygonal Load

Load Type: Flexible
Area of Load: 1.5903e+006 ft?
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Load: 10.2 ksf

Depth: O ft

Installation Stage: Stage 1

Coordinates

X[l Y[
-1649.21 915.592
-1153.62 -131.529
-485.349 -142.076
-447.535 1544.49
-1637.57 1323.75

11. Polygonal Load

Load Type: Flexible

Area of Load: 417396 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-485.349 -142.076 10.2
-1153.62 -131.529 10.2
-1649.21 915.592 10.2
-1637.57 1323.75 10.2
-1806.56 1468.98 5
-1809.13  885.67 5
-1259.26 -297.655 5
-317.264 -315.23 5

12. Polygonal Load

Load Type: Flexible

Area of Load: 941302 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
188.83 -2491.7 10.2
293.799 364.216 10.2
2201.69 -1376.73 10.2
2690.18 -1545.21 5
153.042 647.667 5
27.7015 -2645.99 5

13. Polygonal Load

Load Type: Flexible

Area of Load: 551990 ft?
Depth: O ft

Installation Stage: Stage 1

CIRCLE 48.s3z Reitz & Jens, Inc  10/17/2012, 11:48:36 AM



SETTLE3D 2.016
DO

N
~1e,

Page 6 of 7

Coordinates and Load

X[f] YI[ft]

952.602 -2672.52
989.748 -1516.48
2690.18 -1545.21
2201.69 -1376.73
832.524 -1353.16
802.744 -2507.54
188.83 -2491.7
27.7015 -2645.99

Load Magnitude [ksf]
5

5

5

10.2

10.2

10.2

10.2

14. Polygonal Load

Load Type: Flexible
Area of Load: 2.38333e+006 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X[f] YI[ft]

832.524 -1353.16
2201.69 -1376.73
293.799 364.216
188.83 -2491.7
802.744 -2507.54

Load Magnitude [ksf]
10.2
10.2
10.2
10.2
10.2

Soil Layers

Layer # Type Thickness [ft] Depth [ft]
1 CLAY 7 0
2 SILT 7 7
3 SILT & SAND 8 14
4 SAND 23 22
5 SAND & GRAVEL 60 45

— 0 ft

—7

—zz

—45

—105 fe

Soil Properties
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Property CLAY SILT SILT & SAND SAND SAND & GRAVEL
Color |:| |:| |:| |:| |:|
Unit Weight [kips/ft®] 0.118 0.117 0.12 0.122 0.124
Saturated Unit Weight [kips/ft3] 0.118 0.117 0.12 0.122 0.124
Immediate Settlement Disabled Enabled Enabled Enabled Enabled
Es [ksf] 150 700 900 1400
Es bottom [ksf] 400
Esur [ksf] 150 700 900 1400
Esur bottom [ksf] 400
Primary Consolidation Enabled Disabled Disabled Disabled Disabled
Material Type Non-Linear
Cc 0.32
Cr 0.04
el 0.862
Pc [ksf] 4.76
OCR 1 1 1 1
Secondary Consolidation Standard Disabled Disabled Disabled Disabled
Cae/Ca 0.004
Car/Care 0.004

Query Lines

Line # Start Location End Location Horizontal Divisions Vertical Divisions
1 -119.939, -437.96 1670.82, -437.96 100 101
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Settle3D Analysis Information
Labadie UWL

Project Settings

Document Name: CIRCLE 49.s3z
Project Title: Labadie UWL

Analysis: Settlement

Author: Christopher Cook

Company: Reitz & Jens, Inc

Date Created: 10/17/2012, 11:48:36 AM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3

Depth to water table: 1 [ft]

Stage Settings

Stage# Name
1 Stage 1

Results

Time taken to compute: 0 seconds

Stage: Stage 1

Data Type Minimum  Maximum
Total Settlement [in] 0 24.8356
Consolidation Settlement [in] 0 12.1942
Immediate Settlement [in] 0 12.6414
Loading Stress [ksf] 0 10.2043
Effective Stress [ksf] 0 16.5846
Total Stress [ksf] 0 23.0742
Total Strain 3.9992e-008 0.0983004
Pore Water Pressure [ksf] 0 6.4896
Degree of Consolidation [%] 0 100
Pre-consolidation Stress [ksf] 0.788336 16.5514
Over-consolidation Ratio 1 80.6776
Void Ratio 0 0.862
Hydroconsolidation Settlement [in] 0 0

Loads
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1. Polygonal Load

Load Type: Flexible

Area of Load: 183389 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1929.25 862.473 0
-1332.07 -407.189 0
-210.328 -424.303 0
-270.312 -363.597 2.9
-1293.01 -349.297 2.9
-1870.41 874.203 2.9
-1852.31  1508.1 2.9
-1908.21 1557.97 0

2. Polygonal Load

Load Type: Flexible

Area of Load: 234768 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1852.31  1508.1 2.9
-221.212  1808.9 2.9
-270.312 -363.597 2.9
-210.328 -424.303 0
-162.623 1880.73 0
-1908.21 1557.97 0

3. Polygonal Load

Load Type: Flexible

Area of Load: 156632 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1870.41 874.203 2.9
-1293.01 -349.297 2.9
-270.312 -363.597 2.9
-317.264 -315.23 5
-1259.26 -297.655 5
-1809.13  885.67 5
-1806.79 1469.02 5
-1852.31  1508.1 2.9
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4. Polygonal Load

Load Type: Flexible

Area of Load: 171981 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1852.31  1508.1 2.9
-1806.79 1469.02 5
-267.217 1755.15 5
-317.264 -315.23 5
-270.312 -363.597 2.9
-221.212  1808.9 2.9

5. Polygonal Load

Load Type: Flexible

Area of Load: 244557 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-102.643 -2757.4 0
1076.16 -2794.88 0
1109.25 -1637.87 0
3035.41 -1668.34 0
2874.5 -1608.34 2.9
1048.12 -1576.89 2.9
1016.65 -2734.4 2.9
-39.0646 -2705.7 2.9

6. Polygonal Load

Load Type: Flexible

Area of Load: 433982 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-39.0604 -2705.58 2.9
88.9461 776.742 2.9
2874.5 -1608.34 2.9
3035.41 -1668.34 0
35.4746 897.295 0
-102.643 -2757.4 0

7. Polygonal Load
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Load Type: Flexible
Area of Load: 451309 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
27.8223 -2642.81 5
153.042 647.667 5
2690.18 -1545.21 5
2874.5 -1608.34 2.9
88.9461 776.742 2.9
-39.0604 -2705.58 2.9

8. Polygonal Load

Load Type: Flexible

Area of Load: 238713 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-39.0644 -2705.7 2.9
1018.23 -2734.44 2.9
1048.12 -1576.89 2.9
2874.5 -1608.34 2.9
2690.18 -1545.21 5
989.752 -1516.32 5
956.638 -2672.65 5
27.8223 -2642.81 5

9. Polygonal Load

Load Type: Flexible

Area of Load: 567821 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1637.57 1323.75 10.2
-447.535 1544.49 10.2
-485.349 -142.076 10.2
-317.264 -315.23 10.2
-267.217 1755.15 5
-1806.56 1468.98 5

10. Polygonal Load

Load Type: Flexible
Area of Load: 1.5903e+006 ft?

CIRCLE 49.s3z Reitz & Jens, Inc  10/17/2012, 11:48:36 AM
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Load: 10.2 ksf

Depth: O ft

Installation Stage: Stage 1

Coordinates

X[l Y[
-1649.21 915.592
-1153.62 -131.529
-485.349 -142.076
-447.535 1544.49
-1637.57 1323.75

11. Polygonal Load

Load Type: Flexible

Area of Load: 417396 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-485.349 -142.076 10.2
-1153.62 -131.529 10.2
-1649.21 915.592 10.2
-1637.57 1323.75 10.2
-1806.56 1468.98 5
-1809.13  885.67 5
-1259.26 -297.655 5
-317.264 -315.23 5

12. Polygonal Load

Load Type: Flexible

Area of Load: 941302 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
188.83 -2491.7 10.2
293.799 364.216 10.2
2201.69 -1376.73 10.2
2690.18 -1545.21 5
153.042 647.667 5
27.7015 -2645.99 5

13. Polygonal Load

Load Type: Flexible

Area of Load: 551990 ft?
Depth: O ft

Installation Stage: Stage 1
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Coordinates and Load

X[f] YI[ft]

952.602 -2672.52
989.748 -1516.48
2690.18 -1545.21
2201.69 -1376.73
832.524 -1353.16
802.744 -2507.54
188.83 -2491.7
27.7015 -2645.99

Load Magnitude [ksf]
5

5

5

10.2

10.2

10.2

10.2

14. Polygonal Load

Load Type: Flexible

Area of Load: 2.38333e+006 ft?

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X[f] YI[ft]

832.524 -1353.16
2201.69 -1376.73
293.799 364.216
188.83 -2491.7
802.744 -2507.54

Load Magnitude [ksf]
10.2
10.2
10.2
10.2
10.2

Soil Layers
Layer # Type Thickness [ft] Depth [ft]
1 CLAY 12 0
2 SILT & SAND 8 12
3 SAND 15 20
4 SAND & GRAVEL 42 35
5 SAND (2) 28 77
— 0 ft
—1z
—z0
—=5
17
—105 ft

Soil Properties

CIRCLE 49.s3z

Reitz & Jens, Inc  10/17/2012, 11:48:36 AM
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Property CLAY SILT & SAND SAND SAND & GRAVEL SAND (2)
Color |:| I:I I:I I:I I:I
Unit Weight [kips/ft®] 0.118 0.12 0.122 0.124 0.125
Saturated Unit Weight [kips/ft3] 0.118 012  0.122 0.124 0.125
Immediate Settlement Disabled Enabled Enabled Enabled Enabled
Es [ksf] 200 1100 1000 1200
Es bottom [ksf] 500
Esur [ksf] 200 1100 1000 1200
Esur bottom [ksf] 500
Primary Consolidation Enabled Disabled Disabled Disabled Disabled
Material Type Non-Linear
Cc 0.32
Cr 0.04
el 0.862
Pc [ksf] 4.76
OCR 1 1 1 1
Secondary Consolidation Standard Disabled Disabled Disabled Disabled
Cae/Ca 0.004
Car/Care 0.004

Query Lines

Line # Start Location End Location Horizontal Divisions Vertical Divisions
1 -119.939, -437.96 1670.82, -437.96 100 101

CIRCLE 49.s3z Reitz & Jens, Inc  10/17/2012, 11:48:36 AM
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Settle3D Analysis Information
Labadie UWL

Project Settings

Document Name: CIRCLE 50.s3z
Project Title: Labadie UWL

Analysis: Settlement

Author: Christopher Cook

Company: Reitz & Jens, Inc

Date Created: 10/17/2012, 11:48:36 AM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3

Depth to water table: 1 [ft]

Stage Settings

Stage# Name
1 Stage 1

Results

Time taken to compute: 0 seconds

Stage: Stage 1

Data Type Minimum  Maximum
Total Settlement [in] 0 24.747
Consolidation Settlement [in] 0 12.1942
Immediate Settlement [in] 0 12.5528
Loading Stress [ksf] 0 10.2043
Effective Stress [ksf] 0 16.5806
Total Stress [ksf] 0 23.0702
Total Strain 3.9992e-008 0.0983004
Pore Water Pressure [ksf] 0 6.4896
Degree of Consolidation [%] 0 100
Pre-consolidation Stress [ksf] 0.788336 16.5474
Over-consolidation Ratio 1 80.6776
Void Ratio 0 0.862
Hydroconsolidation Settlement [in] 0 0

Loads

CIRCLE 50.s3z Reitz & Jens, Inc  10/17/2012, 11:48:36 AM



? SETTLE3D 2.016
'1'»_1’ Page 2 of 7

1. Polygonal Load

Load Type: Flexible

Area of Load: 183389 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1929.25 862.473 0
-1332.07 -407.189 0
-210.328 -424.303 0
-270.312 -363.597 2.9
-1293.01 -349.297 2.9
-1870.41 874.203 2.9
-1852.31  1508.1 2.9
-1908.21 1557.97 0

2. Polygonal Load

Load Type: Flexible

Area of Load: 234768 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1852.31  1508.1 2.9
-221.212  1808.9 2.9
-270.312 -363.597 2.9
-210.328 -424.303 0
-162.623 1880.73 0
-1908.21 1557.97 0

3. Polygonal Load

Load Type: Flexible

Area of Load: 156632 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1870.41 874.203 2.9
-1293.01 -349.297 2.9
-270.312 -363.597 2.9
-317.264 -315.23 5
-1259.26 -297.655 5
-1809.13  885.67 5
-1806.79 1469.02 5
-1852.31  1508.1 2.9
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4. Polygonal Load

Load Type: Flexible

Area of Load: 171981 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1852.31  1508.1 2.9
-1806.79 1469.02 5
-267.217 1755.15 5
-317.264 -315.23 5
-270.312 -363.597 2.9
-221.212  1808.9 2.9

5. Polygonal Load

Load Type: Flexible

Area of Load: 244557 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-102.643 -2757.4 0
1076.16 -2794.88 0
1109.25 -1637.87 0
3035.41 -1668.34 0
2874.5 -1608.34 2.9
1048.12 -1576.89 2.9
1016.65 -2734.4 2.9
-39.0646 -2705.7 2.9

6. Polygonal Load

Load Type: Flexible

Area of Load: 433982 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-39.0604 -2705.58 2.9
88.9461 776.742 2.9
2874.5 -1608.34 2.9
3035.41 -1668.34 0
35.4746 897.295 0
-102.643 -2757.4 0

7. Polygonal Load
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Load Type: Flexible
Area of Load: 451309 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
27.8223 -2642.81 5
153.042 647.667 5
2690.18 -1545.21 5
2874.5 -1608.34 2.9
88.9461 776.742 2.9
-39.0604 -2705.58 2.9

8. Polygonal Load

Load Type: Flexible

Area of Load: 238713 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-39.0644 -2705.7 2.9
1018.23 -2734.44 2.9
1048.12 -1576.89 2.9
2874.5 -1608.34 2.9
2690.18 -1545.21 5
989.752 -1516.32 5
956.638 -2672.65 5
27.8223 -2642.81 5

9. Polygonal Load

Load Type: Flexible

Area of Load: 567821 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1637.57 1323.75 10.2
-447.535 1544.49 10.2
-485.349 -142.076 10.2
-317.264 -315.23 10.2
-267.217 1755.15 5
-1806.56 1468.98 5

10. Polygonal Load

Load Type: Flexible
Area of Load: 1.5903e+006 ft?

CIRCLE 50.s3z Reitz & Jens, Inc  10/17/2012, 11:48:36 AM
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Load: 10.2 ksf

Depth: O ft

Installation Stage: Stage 1

Coordinates

X[l Y[
-1649.21 915.592
-1153.62 -131.529
-485.349 -142.076
-447.535 1544.49
-1637.57 1323.75

11. Polygonal Load

Load Type: Flexible

Area of Load: 417396 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-485.349 -142.076 10.2
-1153.62 -131.529 10.2
-1649.21 915.592 10.2
-1637.57 1323.75 10.2
-1806.56 1468.98 5
-1809.13  885.67 5
-1259.26 -297.655 5
-317.264 -315.23 5

12. Polygonal Load

Load Type: Flexible

Area of Load: 941302 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
188.83 -2491.7 10.2
293.799 364.216 10.2
2201.69 -1376.73 10.2
2690.18 -1545.21 5
153.042 647.667 5
27.7015 -2645.99 5

13. Polygonal Load

Load Type: Flexible

Area of Load: 551990 ft?
Depth: O ft

Installation Stage: Stage 1
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Coordinates and Load

X[f] YI[ft]

952.602 -2672.52
989.748 -1516.48
2690.18 -1545.21
2201.69 -1376.73
832.524 -1353.16
802.744 -2507.54
188.83 -2491.7
27.7015 -2645.99

Load Magnitude [ksf]
5

5

5

10.2

10.2

10.2

10.2

14. Polygonal Load

Load Type: Flexible

Area of Load: 2.38333e+006 ft?

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X[f] YI[ft]

832.524 -1353.16
2201.69 -1376.73
293.799 364.216
188.83 -2491.7
802.744 -2507.54

Load Magnitude [ksf]
10.2
10.2
10.2
10.2
10.2

Soil Layers
Layer # Type Thickness [ft] Depth [ft]
1 CLAY 12 0
2 SILT & SAND 8 12
3 SAND 17 20
4 SAND & GRAVEL 40 37
5 SAND (2) 28 77
— 0 ft
—1z
—z0
—=7
17
—105 ft

Soil Properties

CIRCLE 50.s3z

Reitz & Jens, Inc  10/17/2012, 11:48:36 AM
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Property CLAY SILT & SAND SAND SAND & GRAVEL SAND (2)
Color |:| I:I I:I I:I I:I
Unit Weight [kips/ft®] 0.118 0.12 0.122 0.124 0.125
Saturated Unit Weight [kips/ft3] 0.118 012  0.122 0.124 0.125
Immediate Settlement Disabled Enabled Enabled Enabled Enabled
Es [ksf] 300 900 1000 1200
Es bottom [ksf] 500
Esur [ksf] 300 900 1000 1200
Esur bottom [ksf] 500
Primary Consolidation Enabled Disabled Disabled Disabled Disabled
Material Type Non-Linear
Cc 0.32
Cr 0.04
el 0.862
Pc [ksf] 4.76
OCR 1 1 1 1
Secondary Consolidation Standard Disabled Disabled Disabled Disabled
Cae/Ca 0.004
Car/Care 0.004

Query Lines

Line # Start Location End Location Horizontal Divisions Vertical Divisions
1 -119.939, -437.96 1670.82, -437.96 100 101

CIRCLE 50.s3z Reitz & Jens, Inc  10/17/2012, 11:48:36 AM
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Settle3D Analysis Information

Project Settings

Document Name: circle 12 Labadie.s3z

Date Created: 3/15/2011, 2:21:05 PM

Stress Computation Method: Boussinesq

Include buoyancy effect when material settles below water table
Use average properties to calculate layered stresses
Groundwater method: Water Table

Water Unit Weight: 0.0624 kips/ft3

Depth to water table: O [ft]

Stage Settings

Stage #| Name
1 Stage 1

Results

Time taken to compute: 0 seconds

Stage: Stage 1

Data Type Minimum Maximum
Total Settlement [in] 0| 0.167998
Consolidation Settlement [in] 0| 0.0707617
Immediate Settlement [in] 0 0.142156
Loading Stress [ksf] 0| 0.531582
Effective Stress [ksf] 0 6.69012
Total Stress [ksf] 0 13.1166
Total Strain 4.27224e-0090.00181831
Pore Water Pressure [ksf] 0 6.42712
Degree of Consolidation [%] 0 100
Pre-consolidation Stress [ksf] 1.13095 6.68765
Over-consolidation Ratio 1 171.223
Void Ratio 0 0.862
Hydroconsolidation Settlement [in] 0 0

Loads

1. Polygonal Load

Load Type: Flexible
Area of Load: 183389 ft?

circle 12 Labadie.s3z
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Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-1929.25| 862.473 0
-1332.07 | -407.189 0
-210.328|-424.303 0
-270.312|-363.597 2.9
-1293.01 | -349.297 2.9
-1870.41| 874.203 2.9
-1852.31| 1508.1 2.9
-1908.21| 1557.97 0

2. Polygonal Load

Load Type:

Flexible

Area of Load: 234768 ft2

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-1852.31| 1508.1 2.9
-221.212| 1808.9 2.9
-270.312|-363.597 2.9
-210.328|-424.303 0
-162.623| 1880.73 0
-1908.21| 1557.97 0

3. Polygonal Load

Load Type:

Flexible

Area of Load: 156632 ft2

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-1870.41| 874.203 2.9
-1293.01|-349.297 2.9
-270.312|-363.597 2.9
-317.264| -315.23 5
-1259.26 | -297.655 5
-1809.13| 885.67 5
-1806.79| 1469.02 5
-1852.31| 1508.1 2.9

4. Polygonal Load

Load Type:

Flexible

circle 12 Labadie.s3z
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Area of Load: 171981 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]

-1852.31| 1508.1 2.9
-1806.79| 1469.02 5
-267.217| 1755.15 5
-317.264| -315.23 5
-270.312|-363.597 2.9
-221.212| 1808.9 2.9

5. Polygonal Load

Load Type: Flexible

Area of Load: 244557 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]

-102.643| -2757.4 0
1076.16 | -2794.88 0
1109.25 | -1637.87 0
3035.41 (-1668.34 0
2874.5|-1608.34 2.9
1048.12|-1576.89 2.9
1016.65| -2734.4 2.9
-39.0646| -2705.7 2.9

6. Polygonal Load

Load Type: Flexible

Area of Load: 433982 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]

-39.0604 | -2705.58 2.9
88.9461( 776.742 2.9
2874.5|-1608.34 2.9
3035.41 (-1668.34 0
35.4746 | 897.295 0
-102.643| -2757.4 0

7. Polygonal Load

Load Type: Flexible
Area of Load: 451309 ft?

circle 12 Labadie.s3z
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Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
27.8223|-2642.81 5
153.042 | 647.667 5
2690.18 |-1545.21 5
2874.5(-1608.34 2.9
88.9461 | 776.742 2.9
-39.0604 | -2705.58 2.9

8. Polygonal Load

Load Type: Flexible
Area of Load: 238713 ft?

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-39.0644 | -2705.7 2.9
1018.23(-2734.44 2.9
1048.12 | -1576.89 2.9
2874.5(-1608.34 2.9
2690.18 | -1545.21 5
989.752|-1516.32 5
956.638 | -2672.65 5
27.8223|-2642.81 5

9. Polygonal Load

Load Type: Flexible
Area of Load: 567821 ft?

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-1637.57 | 1323.75 10
-447.535| 1544.49 10
-485.349|-142.076 10
-317.264| -315.23
-267.217| 1755.15
-1806.56 | 1468.98

10. Polygonal Load

Load Type: Flexible
Area of Load: 1.5903e+006 ft?

Depth: O ft

circle 12 Labadie.s3z
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Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-1649.21| 915.592 10.2
-1153.62|-131.529 10.2
-485.349|-142.076 10.2
-447.535| 1544.49 10.2
-1637.57 | 1323.75 10.2

11. Polygonal Load

Load Type

: Flexible

Area of Load: 417396 ft2

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-485.349|-142.076 10
-1153.62|-131.529 10
-1649.21| 915.592 10
-1637.57 | 1323.75 10
-1806.56 | 1468.98 5
-1809.13| 885.67 5
-1259.26 | -297.655 5
-317.264| -315.23 5

12. Polygonal Load

Load Type

. Flexible

Area of Load: 941302 ft2

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
188.83| -2491.7 10
293.799 | 364.216 10
2201.69|-1376.73 10
2690.18 |-1545.21
153.042 | 647.667
27.7015|-2645.99

13. Polygonal Load

Load Type

. Flexible

Area of Load: 551990 ft2

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

circle 12 Labadie.s3z
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X [ft] Y [ft] |Load Magnitude [ksf]
952.602 | -2672.52 5
989.748 |-1516.48 5
2690.18 |-1545.21 5
2201.69|-1376.73 10
832.524-1353.16 10
802.744 | -2507.54 10
188.83| -2491.7 10
27.7015|-2645.99 5

14. Polygonal Load

Load Type: Flexible
Area of Load: 2.38333e+006 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
832.524-1353.16 10.2
2201.69|-1376.73 10.2
293.799 | 364.216 10.2
188.83| -2491.7 10.2
802.744 | -2507.54 10.2
Soil Layers
Layer # Type Thickness [ft] | Depth [ft]
1 CLAY 10 0
2 SILT 10 10
3 SAND 20
4 SILT & SAND 25
5 LOWER SAND 31
6 SAND & GRAVEL 68 35
— 0 ft
—10
—z0
;31
—10z2fe

Soil Properties
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Property CLAY SILT SAND [SILT & SAND [ LOWER SAND | SAND & GRAVEL

Color L L L] [] [ ] [ ]

Unit Weight [kips/ft®] 0.118 0.117 0.119 0.12 0.122 0.124

Saturated Unit Weight [kips/ft3] 0.118 0.117 0.119 0.12 0.122 0.124

Immediate Settlement Disabled | Enabled | Enabled Enabled Enabled Enabled

Es [ksf] 200 800 600 900 1400

Es bottom [ksf] 500

Esur [ksf] 200 800 600 900 1400

Esur bottom [ksf] 500

Primary Consolidation Enabled | Disabled | Disabled Disabled Disabled Disabled

Material Type Non-Linear

Cc 0.32

Cr 0.04

el 0.862

Pc [ksf] 4.76 4.52

OCR 1 1 1 1

Secondary Consolidation Standard | Disabled | Disabled Disabled Disabled Disabled

Cae/Ca 0.004

Car/Care 0.004

Query Lines

Line #| Start Location | End Location [ Horizontal Divisions | Vertical Divisions

1 -37, 1887

-188, -1959

100

Auto: 61

circle 12 Labadie.s3z
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Settle3D Analysis Information

Project Settings

Document Name: circle 11 Labadie.s3z

Date Created: 3/15/2011, 2:21:05 PM

Stress Computation Method: Boussinesq

Include buoyancy effect when material settles below water table
Use average properties to calculate layered stresses
Groundwater method: Water Table

Water Unit Weight: 0.0624 kips/ft3

Depth to water table: O [ft]

Stage Settings

Stage #| Name
1 Stage 1

Results

Time taken to compute: 0 seconds

Stage: Stage 1

Data Type Minimum | Maximum
Total Settlement [in] 0] 0.198016
Consolidation Settlement [in] 0| 0.0968068
Immediate Settlement [in] 0 0.148182
Loading Stress [ksf] 0| 0.531582
Effective Stress [ksf] 0 6.66916
Total Stress [ksf] 0 13.0956
Total Strain 01]0.00603323
Pore Water Pressure [ksf] 0 6.42712
Degree of Consolidation [%] 0 100
Pre-consolidation Stress [ksf] 1.1603 6.66669
Over-consolidation Ratio 1 713.429
Void Ratio 0 0.862
Hydroconsolidation Settlement [in] 0 0

Loads

1. Polygonal Load

Load Type: Flexible
Area of Load: 183389 ft?

circle 11 Labadie.s3z
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Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-1929.25| 862.473 0
-1332.07 | -407.189 0
-210.328|-424.303 0
-270.312|-363.597 2.9
-1293.01 | -349.297 2.9
-1870.41| 874.203 2.9
-1852.31| 1508.1 2.9
-1908.21| 1557.97 0

2. Polygonal Load

Load Type:

Flexible

Area of Load: 234768 ft2

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-1852.31| 1508.1 2.9
-221.212| 1808.9 2.9
-270.312|-363.597 2.9
-210.328|-424.303 0
-162.623| 1880.73 0
-1908.21| 1557.97 0

3. Polygonal Load

Load Type:

Flexible

Area of Load: 156632 ft2

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-1870.41| 874.203 2.9
-1293.01|-349.297 2.9
-270.312|-363.597 2.9
-317.264| -315.23 5
-1259.26 | -297.655 5
-1809.13| 885.67 5
-1806.79| 1469.02 5
-1852.31| 1508.1 2.9

4. Polygonal Load

Load Type:

Flexible
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Area of Load: 171981 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]

-1852.31| 1508.1 2.9
-1806.79| 1469.02 5
-267.217| 1755.15 5
-317.264| -315.23 5
-270.312|-363.597 2.9
-221.212| 1808.9 2.9

5. Polygonal Load

Load Type: Flexible

Area of Load: 244557 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]

-102.643| -2757.4 0
1076.16 | -2794.88 0
1109.25 | -1637.87 0
3035.41 (-1668.34 0
2874.5|-1608.34 2.9
1048.12|-1576.89 2.9
1016.65| -2734.4 2.9
-39.0646| -2705.7 2.9

6. Polygonal Load

Load Type: Flexible

Area of Load: 433982 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]

-39.0604 | -2705.58 2.9
88.9461( 776.742 2.9
2874.5|-1608.34 2.9
3035.41 (-1668.34 0
35.4746 | 897.295 0
-102.643| -2757.4 0

7. Polygonal Load

Load Type: Flexible
Area of Load: 451309 ft?
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Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
27.8223|-2642.81 5
153.042 | 647.667 5
2690.18 |-1545.21 5
2874.5(-1608.34 2.9
88.9461 | 776.742 2.9
-39.0604 | -2705.58 2.9

8. Polygonal Load

Load Type: Flexible
Area of Load: 238713 ft?

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-39.0644 | -2705.7 2.9
1018.23(-2734.44 2.9
1048.12 | -1576.89 2.9
2874.5(-1608.34 2.9
2690.18 | -1545.21 5
989.752|-1516.32 5
956.638 | -2672.65 5
27.8223|-2642.81 5

9. Polygonal Load

Load Type: Flexible
Area of Load: 567821 ft?

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-1637.57 | 1323.75 10
-447.535| 1544.49 10
-485.349|-142.076 10
-317.264| -315.23
-267.217| 1755.15
-1806.56 | 1468.98

10. Polygonal Load

Load Type: Flexible
Area of Load: 1.5903e+006 ft?

Depth: O ft
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Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-1649.21| 915.592 10.2
-1153.62|-131.529 10.2
-485.349|-142.076 10.2
-447.535| 1544.49 10.2
-1637.57 | 1323.75 10.2

11. Polygonal Load

Load Type

: Flexible

Area of Load: 417396 ft2

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
-485.349|-142.076 10
-1153.62|-131.529 10
-1649.21| 915.592 10
-1637.57 | 1323.75 10
-1806.56 | 1468.98 5
-1809.13| 885.67 5
-1259.26 | -297.655 5
-317.264| -315.23 5

12. Polygonal Load

Load Type

. Flexible

Area of Load: 941302 ft2

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
188.83| -2491.7 10
293.799 | 364.216 10
2201.69|-1376.73 10
2690.18 |-1545.21
153.042 | 647.667
27.7015|-2645.99

13. Polygonal Load

Load Type

. Flexible

Area of Load: 551990 ft2

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load
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X [ft] Y [ft] |Load Magnitude [ksf]
952.602 | -2672.52 5
989.748 |-1516.48 5
2690.18 |-1545.21 5
2201.69|-1376.73 10
832.524-1353.16 10
802.744 | -2507.54 10
188.83| -2491.7 10
27.7015|-2645.99 5

14. Polygonal Load

Load Type: Flexible
Area of Load: 2.38333e+006 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] |Load Magnitude [ksf]
832.524-1353.16 10.2
2201.69|-1376.73 10.2
293.799 | 364.216 10.2

188.83| -2491.7 10.2
802.744 | -2507.54 10.2

Soil Layers

Layer # Type Thickness [ft] | Depth [ft]
1 CLAY 12 0
2 SILT 8 12
3 SILT & SAND 10 20
4 CLAY & SILT 5 30
5 SAND & GRAVEL 68 35

— 0 ft

—1z

—z0

—30

—10z2fe

Soil Properties
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Property CLAY SILT |[SILT & SAND | CLAY & SILT [ SAND & GRAVEL

Color L1 ] [] ] []

Unit Weight [kips/ft®] 0.118 0.117 0.118 0.12 0.124

Saturated Unit Weight [kips/ft3] 0.118 0.117 0.118 0.12 0.124

Immediate Settlement Disabled | Enabled Enabled Enabled Enabled

Es [ksf] 400 500 225 1400

Esur [ksf] 400 500 225 1400

Primary Consolidation Enabled | Disabled Disabled Disabled Disabled

Material Type Non-Linear

Cc 0.32

Cr 0.04

el 0.862

Pc [ksf] 4.76 4.52

OCR 1 1 1

Secondary Consolidation Standard | Disabled Disabled Disabled Disabled

Cae/Ca 0.004

Car/Care 0.004

Query Lines

Line #| Start Location | End Location [ Horizontal Divisions | Vertical Divisions

1 -37, 1887

-188, -1959

100

Auto: 59
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Settle3D Analysis Information

Labadie UWL

Project Settings

Document Name: circle 9.s3z

Project Title: Labadie UWL

Analysis: Settlement

Author: Christopher Cook

Company: Reitz & Jens, Inc

Date Created: 10/17/2012, 11:48:36 AM
Stress Computation Method: Boussinesq
Use average properties to calculate layered stresses
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3

Depth to water table: 1 [ft]

Stage Settings

Stage# Name
1 Stage 1

Loads

1. Polygonal Load

Load Type: Flexible

Area of Load: 183389 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1929.25 862.473 0
-1332.07 -407.189 0
-210.328 -424.303 0
-270.312 -363.597 2.9
-1293.01 -349.297 2.9
-1870.41 874.203 2.9
-1852.31  1508.1 2.9
-1908.21 1557.97 0

2. Polygonal Load

Load Type: Flexible
Area of Load: 234768 ft?
Depth: O ft

circle 9.s3z
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Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1852.31  1508.1 2.9
-221.212  1808.9 2.9
-270.312 -363.597 2.9
-210.328 -424.303 0
-162.623 1880.73 0
-1908.21 1557.97 0

3. Polygonal Load

Load Type: Flexible

Area of Load: 156632 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1870.41 874.203 2.9
-1293.01 -349.297 2.9
-270.312 -363.597 2.9
-317.264 -315.23 5
-1259.26 -297.655 5
-1809.13  885.67 5
-1806.79 1469.02 5
-1852.31  1508.1 2.9

4. Polygonal Load

Load Type: Flexible

Area of Load: 171981 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1852.31  1508.1 2.9
-1806.79 1469.02 5
-267.217 1755.15 5
-317.264 -315.23 5
-270.312 -363.597 2.9
-221.212  1808.9 2.9

5. Polygonal Load

Load Type: Flexible

Area of Load: 244557 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load
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X [ft] Y [ft] Load Magnitude [ksf]
-102.643 -2757.4 0
1076.16 -2794.88 0
1109.25 -1637.87 0
3035.41 -1668.34 0
2874.5 -1608.34 2.9
1048.12 -1576.89 2.9
1016.65 -2734.4 2.9
-39.0646 -2705.7 2.9

6. Polygonal Load

Load Type: Flexible

Area of Load: 433982 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-39.0604 -2705.58 2.9
88.9461 776.742 2.9
2874.5 -1608.34 2.9
3035.41 -1668.34 0
35.4746 897.295 0
-102.643 -2757.4 0

7. Polygonal Load

Load Type: Flexible

Area of Load: 451309 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
27.8223 -2642.81 5
153.042 647.667 5
2690.18 -1545.21 5
2874.5 -1608.34 2.9
88.9461 776.742 2.9
-39.0604 -2705.58 2.9

8. Polygonal Load

Load Type: Flexible

Area of Load: 238713 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
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-39.0644 -2705.7 2.9
1018.23 -2734.44 2.9
1048.12 -1576.89 2.9
2874.5 -1608.34 2.9
2690.18 -1545.21 5

989.752 -1516.32
956.638 -2672.65
27.8223 -2642.81

(G20 &2 BINé) |

9. Polygonal Load

Load Type: Flexible

Area of Load: 567821 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1637.57 1323.75 10.2
-447.535 1544.49 10.2
-485.349 -142.076 10.2
-317.264 -315.23 10.2
-267.217 1755.15 5
-1806.56 1468.98 5

10. Polygonal Load

Load Type: Flexible

Area of Load: 1.5903e+006 ft?
Load: 10.2 ksf

Depth: O ft

Installation Stage: Stage 1

Coordinates

X[l Y[
-1649.21 915.592
-1153.62 -131.529
-485.349 -142.076
-447.535 1544.49
-1637.57 1323.75

11. Polygonal Load

Load Type: Flexible

Area of Load: 417396 ft
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-485.349 -142.076 10.2
-1153.62 -131.529 10.2
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-1649.21 915.592 10.2
-1637.57 1323.75 10.2
-1806.56 1468.98 5
-1809.13  885.67 5
-1259.26 -297.655 5
-317.264 -315.23 5

12. Polygonal Load

Load Type:

Flexible

Area of Load: 941302 ft2

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft]

188.83
293.799
2201.69
2690.18
153.042
27.7015

Y [ft]
-2491.7
364.216

-1376.73

-1545.21
647.667

-2645.99

Load Magnitude [ksf]
10.2

10.2

10.2

5

5

5

13. Polygonal Load

Load Type:

Flexible

Area of Load: 551990 ft2

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft]
952.602
989.748
2690.18
2201.69
832.524
802.744

188.83
27.7015

Y [ft]
-2672.52
-1516.48
-1545.21
-1376.73
-1353.16
-2507.54

-2491.7
-2645.99

Load Magnitude [ksf]
5

5

5

10.2

10.2

10.2

10.2

14. Polygonal Load

Load Type:

Flexible

Area of Load: 2.38333e+006 ft?

Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft]
832.524
2201.69

Y [ft]
-1353.16
-1376.73

Load Magnitude [ksf]
10.2
10.2
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293.799 364.216 10.2
188.83 -2491.7 10.2
802.744 -2507.54 10.2

15. Polygonal Load

Load Type: Flexible

Area of Load: 6368.13 ft?
Load: 2.2 ksf

Depth: O ft

Installation Stage: Stage 1

Coordinates

X[f]  Y[ft]

-189.163 598.37
241777 598.37
25.3044 628.184
-188.546 628.184

16. Polygonal Load

Load Type: Flexible

Area of Load: 36129.2 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]

-263.883 598.37 0
-190.3 543.421 0
-189.163 598.37 2.2
-188.546 628.184 2.2
25.3044 628.184 2.2
241777 598.37 2.2
-189.163 598.37 2.2
-190.3 543.421 0
22.101 543.421 0
100.385 598.37 0
100.385 628.184 0
27.3659 682.733 0
-187.417 682.733 0
-263.883 628.184 0
Soil Layers
Layer # Type Thickness [ft] Depth [ft]
1 CLAY 7 0
2 SILT 9 7
3 SILT & SAND 6 16
4 SAND 13 22
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5 LOWER SAND 10 35
6 SAND & GRAVEL 58 45

— 0 ft

—7

—1&
|
—1—45

—1o0zfr

Soil Properties
Property CLAY SILT SILT & SAND SAND SAND & GRAVEL LOWER SAND
Color 1 [ L1 [ [ ] L]
Unit Weight [kips/ft®] 0.113 0.117 0.12 0.122 0.124 0.124
Saturated Unit Weight [kips/ft®] 0.113 0.117 0.12 0.122 0.124 0.124
Immediate Settlement Disabled Enabled Enabled Enabled Enabled Enabled
Es [ksf] 300 900 1100 1400 1300
Esur [ksf] 300 900 1100 1400 1300
Primary Consolidation Enabled Disabled Disabled Disabled Disabled Disabled
Material Type Non-Linear
Cc 0.3
Cr 0.05
el 0.917
Pc [ksf] 452
OCR 1 1 1 1 1
Secondary Consolidation Standard Disabled Disabled Disabled Disabled Disabled
Cae/Ca 0.005
Car/Care 0.005
Query Lines

Line # Start Location End Location Horizontal Divisions Vertical Divisions
1 -37, 1887 -188, -1959 100 100
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Settle3D Analysis Information

Project Settings

Labadie UWL

Document Name: CIRCLE 48.s3z
Project Title: Labadie UWL

Analysis: Settlement

Author: Christopher Cook

Company: Reitz & Jens, Inc

Date Created: 10/17/2012, 11:48:36 AM
Stress Computation Method: Boussinesq

Use average properties to calculate layered stresses

Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 1 [ft]

Stage Settings

Stage# Name
1 Stage 1

Results

Time taken to compute: 0 seconds

Stage: Stage 1

Data Type
Total Settlement [in]
Consolidation Settlement [in]
Immediate Settlement [in]
Loading Stress [ksf]
Effective Stress [ksf]
Total Stress [ksf]
Total Strain
Pore Water Pressure [ksf]
Degree of Consolidation [%]
Pre-consolidation Stress [ksf]
Over-consolidation Ratio
Void Ratio
Hydroconsolidation Settlement [in]

Minimum

O O ©O O © O

2.30708e-009

0
0

0.498421

1
0
0

Maximum
4.28082
1.93172
2.34909
2.20022
7.76966
14.2593

0.0552686

6.4896
100
7.76591
806.771
0.862

0

Loads

CIRCLE 48.s3z
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1. Polygonal Load

Load Type: Flexible

Area of Load: 183389 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1929.25 862.473 0
-1332.07 -407.189 0
-210.328 -424.303 0
-270.312 -363.597 2.9
-1293.01 -349.297 2.9
-1870.41 874.203 2.9
-1852.31  1508.1 2.9
-1908.21 1557.97 0

2. Polygonal Load

Load Type: Flexible

Area of Load: 234768 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1852.31  1508.1 2.9
-221.212  1808.9 2.9
-270.312 -363.597 2.9
-210.328 -424.303 0
-162.623 1880.73 0
-1908.21 1557.97 0

3. Polygonal Load

Load Type: Flexible

Area of Load: 156632 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1870.41 874.203 2.9
-1293.01 -349.297 2.9
-270.312 -363.597 2.9
-317.264 -315.23 5
-1259.26 -297.655 5
-1809.13  885.67 5
-1806.79 1469.02 5
-1852.31  1508.1 2.9

CIRCLE 48.s3z Reitz & Jens, Inc  10/17/2012, 11:48:36 AM
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4. Polygonal Load

Load Type: Flexible

Area of Load: 171981 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1852.31  1508.1 2.9
-1806.79 1469.02 5
-267.217 1755.15 5
-317.264 -315.23 5
-270.312 -363.597 2.9
-221.212  1808.9 2.9

5. Polygonal Load

Load Type: Flexible

Area of Load: 244557 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-102.643 -2757.4 0
1076.16 -2794.88 0
1109.25 -1637.87 0
3035.41 -1668.34 0
2874.5 -1608.34 2.9
1048.12 -1576.89 2.9
1016.65 -2734.4 2.9
-39.0646 -2705.7 2.9

6. Polygonal Load

Load Type: Flexible

Area of Load: 433982 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-39.0604 -2705.58 2.9
88.9461 776.742 2.9
2874.5 -1608.34 2.9
3035.41 -1668.34 0
35.4746 897.295 0
-102.643 -2757.4 0

7. Polygonal Load
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Load Type: Flexible
Area of Load: 451309 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
27.8223 -2642.81 5
153.042 647.667 5
2690.18 -1545.21 5
2874.5 -1608.34 2.9
88.9461 776.742 2.9
-39.0604 -2705.58 2.9

8. Polygonal Load

Load Type: Flexible

Area of Load: 238713 ft?
Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-39.0644 -2705.7 2.9
1018.23 -2734.44 2.9
1048.12 -1576.89 2.9
2874.5 -1608.34 2.9
2690.18 -1545.21 5
989.752 -1516.32 5
956.638 -2672.65 5
27.8223 -2642.81 5

9. Polygonal Load

Load Type: Flexible

Area of Load: 567821 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-1637.57 1323.75 10.2
-447.535 1544.49 10.2
-485.349 -142.076 10.2
-317.264 -315.23 10.2
-267.217 1755.15 5
-1806.56 1468.98 5

10. Polygonal Load

Load Type: Flexible
Area of Load: 1.5903e+006 ft?
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Load: 10.2 ksf

Depth: O ft

Installation Stage: Stage 1

Coordinates

X[l Y[
-1649.21 915.592
-1153.62 -131.529
-485.349 -142.076
-447.535 1544.49
-1637.57 1323.75

11. Polygonal Load

Load Type: Flexible

Area of Load: 417396 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
-485.349 -142.076 10.2
-1153.62 -131.529 10.2
-1649.21 915.592 10.2
-1637.57 1323.75 10.2
-1806.56 1468.98 5
-1809.13  885.67 5
-1259.26 -297.655 5
-317.264 -315.23 5

12. Polygonal Load

Load Type: Flexible

Area of Load: 941302 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]
188.83 -2491.7 10.2
293.799 364.216 10.2
2201.69 -1376.73 10.2
2690.18 -1545.21 5
153.042 647.667 5
27.7015 -2645.99 5

13. Polygonal Load

Load Type: Flexible

Area of Load: 551990 ft?
Depth: O ft

Installation Stage: Stage 1
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Coordinates and Load

X [ft]

Y [ft]

Load Magnitude [ksf]

952.602 -2672.52
989.748 -1516.48
2690.18 -1545.21
2201.69 -1376.73
832.524 -1353.16
802.744 -2507.54

188.83 -2491.7
27.7015 -2645.99

5
5
5
10.2
10.2
10.2
10.2

14. Polygonal Load

Load Type: Flexible

Area of Load: 2.38333e+006 ft?

Depth: O ft
Installation Stage: Stage 1

Coordinates and Load

832.524 -1353.16
2201.69 -1376.73
293.799 364.216

188.83 -2491.7
802.744 -2507.54

X [ft] Y [ft] Load Magnitude [ksf]

10.2
10.2
10.2
10.2
10.2

15. Polygonal Load

Load Type: Flexible

Area of Load: 6083.7 ft?
Load: 2.2 ksf

Depth: O ft

Installation Stage: Stage 1

Coordinates

X[l YIft]
-209.08 -363.999
-12.1921 -363.999
-11.0259 -333.141
-208.441 -333.141

16. Polygonal Load

Load Type: Flexible

Area of Load: 34847 ft?
Depth: O ft

Installation Stage: Stage 1

Coordinates and Load

X [ft] Y [ft] Load Magnitude [ksf]

-270.312 -363.597
-210.328 -424.303

0
0

CIRCLE 48.s3z
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s
-209.08 -363.999 2.2
-208.441 -333.141 2.2
-11.0259 -333.141 2.2
-12.1921 -363.999 2.2
-209.08 -363.999 2.2
-210.328 -424.303 0
-14.4711 -424.303 0
64.675 -363.999 0
64.675 -333.141 0
-8.95688 -278.393 0
-207.308 -278.393 0
-270.312 -333.141 0
Soil Layers
Layer # Type Thickness [ft] Depth [ft]
1 CLAY 7 0
2 SILT 7 7
3 SILT & SAND 8 14
4 SAND 23 22
5 SAND & GRAVEL 60 45
— 0 ft
—7
—zz
—las
—l105 fr
Soil Properties
Property CLAY SILT SILT & SAND SAND SAND & GRAVEL
Color 1 [ 1 [ [ ]
Unit Weight [kips/ft®] 0.118 0.117 0.12 0.122 0.124
Saturated Unit Weight [kips/ft3] 0.118 0.117 0.12 0.122 0.124
Immediate Settlement Disabled Enabled Enabled Enabled Enabled
Es [ksf] 150 700 900 1400
Es bottom [ksf] 400
Esur [ksf] 150 700 900 1400
Esur bottom [ksf] 400
Primary Consolidation Enabled Disabled Disabled Disabled Disabled
Material Type Non-Linear

CIRCLE 48.s3z Reitz & Jens, Inc  10/17/2012, 11:48:36 AM
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SCH

Cc 0.32

Cr 0.04

e0 0.862

Pc [ksf] 4.76

OCR 1 1 1 1
Secondary Consolidation Standard Disabled Disabled Disabled Disabled
Cae/Ca 0.004

Car/Care 0.004

Query Lines

Line# Start Location End Location Horizontal Divisions Vertical Divisions

1 -37, 1887 -188, -1959 100 101

2 -114.933, -268.397 -121.003, -437.214 100 Auto: 61

CIRCLE 48.s3z Reitz & Jens, Inc  10/17/2012, 11:48:36 AM
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Table 1.0 Typical Dimensions and Weights

HYDROTEX
Specification Guideline

Fabric-formed Concrete
Erosion Control Systems

Filter Point
Lining

Po P220 PADO P600 P800 P1000 P1200
Average Thickness, mm 56 102 152 203 254 305
Mass Per Unit Area, kg/m? 121 220 330 440 550 661
Filter Point Spacing, mm 127 203 254 305 356 406
Area per Filter Point, cm? 12.9 12.9 40.7 40.7 78.7 78.7
Perimeter per Filter Point, mm 165 165 279 279 381 381
Concrete Coverage, m¥m? 16.6 9.1 6.1 4.6 3.6 3.0
Shear Resistance, kg/m? 54 98 146 195 244 293

Note: Values shown are typical and will vary with weight of concrete

and field conditicns.

Product Description

Filter Point Linings with filtering points (drains) provide an
erpsion resistant, permeable concrete lining for ditches,
channels, canals, streams, rivers, ponds, lakes, reservoirs,
marinas, and protected port and harbor areas. Filter Point
Linings have a cobbled surface and a relatively high coeffi-
cient of hydraulic friction in order to achieve lower flow ve-
locities and to reduce wave run-up. The filter points pro-
vide for the relief of hydrostatic uplift pressure, increasing
the system’s stability.

Filter Point Linings are generally used in lieu of stone rip
rap or slope paving due to their lower cost and higher per-
formance. Filter Point Linings have greater stability than
conventional slope paving because of several factors —they
can mitigate uplift pressure from ground water, reduce hy-
draulic uplift of flowing water by slowing channel velocities,
and conform to soil contours during installation to reduce
the potential for underscour.

Filter Point forms are woven from multifilament and textured
yarns. The double-layer fabric is joined by interwoven filter
points on controlled centers to form a lining with a deeply
cobbled appearance. The spacing of the filter points deter-
mines the lining’s thickness and weight, while the specially
designed filter points relieve hydrostatic pressure and re-
duce applied stress to the fabric during pumping. Filter Point
Linings are available in a wide range of thicknesses.

1.0 GENERAL

1.1 Scope of Work: The Contractor shall furnish all labor,
materials, equipment, and incidentals required to perform
all operations in connection with the installation of the pro-
posed Filter Point (FP) Lining in accordance with the lines,
grades, design, and dimensions shown on the Contract
Drawings and as specified herein.

1.2 Description: The work shall consist of installing an unre-
inforced concrete lining by positioning specially woven,
double-layer synthetic forms on the surface to be protected
and filling them with a pumpable, fine aggregate concrete
(structural grout) in such a way as to form a stable lining of
required thickness, weight and configuration.

2.0 MATERIALS REQUIREMENTS

2.1 Fine Aggregate Concrete: Fine aggregate concrete shall
consist of a proportioned mixture of Portland cement, fine
aggregate (sand) and water. The consistency of the fine
aggregate concrete delivered to the concrete pump shall
be proportioned and mixed as to have an efflux time of 9-
12 seconds when passed through the 19 mm orifice of the
standard flow cone that is described in ASTM C 939. Poz-
zolan, fluidifier or pumping aid conforming to this Specifi-
cation may be used at the option of the Contractor. The
mix shall exhibit a compressive strength of 13.8 MPa at
28 days, when made and tested in accordance with ASTM
C 31 and C 39.

2.1.1 Portland cement shall conform to ASTM C 150, Type
1 or Type Il.

2.1.2 Fine aggregate shall conform to ASTM C 33, except
as to grading. Aggregate grading shall be reasonably

consistent and shall not exceed the maximum size
which can be conveniently handled with available
pumping equipment.
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PROPERTY REQUIREMENTS - FILTER POINT FABRIC" 2

Property Test Method Units Values
Physical:
Composition of Yarns Nylon or polyester
Mass Per Unit Area (double-layer) ASTM D 5261 g/m? 403
Thickness ASTM D 5199 mm 0.6
Mill Width m 1.92
Mechanical:
Wide-Width Strip Tensile Strength - Machine | ASTM D 4595 kN/m 245

- Cross kN/m 19.3
Elongation at Break - Machine | ASTM D 4595 Yo 20

- Cross Yo 30
Trapezoidal Tear Strength - Machine | ASTM D 4533 N 665

- Cross N 445
Hydraulic:
Apparent Opening Size (AOS) ASTM D 4751 mm 0.425
Flow Rate ASTM D 4491 I/min/m? 3665
Flow Rate through Filter Point ASTM D 4491 I/min/m? 285

MNofes:

1. Conformance of fabric to specification property requirements shall be based on ASTM D 4758, “Practice for Deter-

mining the Specification Conformance of Geolextiles.”

2 Al numerical values represent minimum average roll values (i.e., average of lest resulls from any sample rofl in a lot
shall meet or exceed the minimum values). Lois shall be sampled accoraing to ASTM D 4354, “Practice for Sam-

pling of Geosynithetics for Testing.”

2.1.3 Water for mixing shall be clean and free from injuri-
ous amounts of oil, acid, salt, alkali, organic matter or
other deleterious substances.

2.1.4 Pozzolan, if used, shall conform to ASTM C 618,
Class C, F or N.

2.1.5 Plasticizing and air entraining admixtures, if used,
shall conform to ASTM C 494 and ASTM C 260, re-
spectively.

2.2 Fabric Forms: The fabric forms shall be as specified,

HYDROTEX™ Filter Point (see Note A) forms as manu-
factured by Geostar Corporation; 74 Perimeter Center East,
Suite 7420; Atlanta, Georgia 30346-1803, Tel:
800.253.0561 (770.399.5051); or approved equal. The fab-
ric forms shall be composed of synthetic yarns formed into
a woven fabric. Yarns used in the manufacture of the fab-
ric shall be composed of nylon and/or polyester. Forms
shall be woven with a minimum of 50% textured yarns (by
weight) to improve adhesion to fine aggregate concrete
and to improve filtration. Partially-oriented (PQY), draw-
textured, and/or staple yarns shall not be used in the manu-
facture of the fabric. Each layer of fabric shall conform to
the physical, mechanical and hydraulic requirements ref-
erenced herein. The fabric forms shall be free of defects
or flaws which significantly affect their physical, mechani-
cal, or hydraulic properties.

Note A: The engineer shall indicate the Filter Point Lining

size required (see Table 1.0). Example: FP400.

2.2.1 Fabric forms shall consist of double-layer woven fab-

ric joined together by spaced, interwoven filter points
to form a concrete lining with a finished average thick-

Page 2

ness of (see Jable 7.0) mm, a nominal mass per unit
area of (sge Jable 1.0) kg/m?, and a deeply cobbled
surface appearance. After the form has been filled with
fine aggregate concrete, the filter points shall be on
approximately (see 7able 7.0) mm spacing when mea-
sured along the diagonal. Filter points shall be formed
by interweaving the double-layer fabric to form water
permeable drains and attachment points for the con-
trol of concrete lining thickness. The interweaving of
the fabric layers shall form an area of double density,
high strength, single-layer fabric with an area of (see
Table 7.0) cm? and a perimeter of ( Iable 1.0) mm.
All filter points shall be cross shaped and shall have
twill weave centers designed to function as drains to
relieve hydrostatic uplift pressure.

2.2.2 Mill widths of fabric shall be a minimum of 1.92
meters. Each selvage edge of the top and bottom lay-
ers of fabric shall be reinforced for a width of not less
than 35 mm by adding a minimum of 6 warp yarns to
each selvage construction. Mill width rolls shall be cut
to the length required, and the double-layer fabric sepa-
rately joined, bottom layer to bottom layer and top layer
to top layer, by means of sewing thread, to form mul-
tiple mill width panels with sewn seams on not less
than 182 cm centers.

2.2.3 All factory-sewn seams shall be downward facing as
shown on the Contract Drawings. All seams sewn in
the factory shall be not less than 15.7 kN/m when tested
in accordance with ASTM D 4884. All sewn seams and
zipper attachments shall be made using a double line
of U.S. Federal Standard Type 401 stitch. All stitches
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shall be sewn simultaneously and be parallel to each
other, spaced between 6 and 19 mm apart. Each row
of stitching shall consist of 4 to 7 stitches per 25.4 mm.
Thread used for seaming shall be nylon and/er poly-
ester.

2.2.4 Baffles shall be installed at predetermined mill width
intervals to regulate the distance of lateral flow of fine
aggregate concrete. The baffle material shall be non-
woven filter fabric. The grab tensile strength of the
filter fabric shall be not less than 400 N when tested in
accordance with ASTM D 4632.

2.2.5 The fabric forms shall be kept dry and wrapped such
that they are protected from the elements during ship-
ping and storage. If stored outdoors, they shall be el-
evated and protected with a waterproof cover that is
opaque to ultraviolet light. The fabric forms shall be
labeled as per ASTM D 4873, “Guide for Identification,
Storage and Handling of Geosynthetic Rolls.”

2.2.6 The Contractor shall submit a manufacturer’s certifi-
cate that the supplied fabric forms meet the criteria of
these Specifications, as measured in full accordance
with the test methods and standards referenced herein.
The certificates shall include the following information
about each fabric form delivered:

Manufacturer’'s name and current address;
full product name;

style and product code number;

form number(s);

composition of yarns; and

manufacturer’s certification statement.

2.3 Filter Fabrics: The filter fabrics shall be composed of syn-
thetic fibers or yarns formed into a nonwoven or woven fabric.
Fibers and yarns used in the manufacture of filter fabrics shall
be composed of at least 85% by weight of polypropylene, poly-
ester or polyethylene. They shall be formed into a network
such that the filaments or yarns retain dimensional stability
relative to each other, including selvages. These materials shall
conform to the physical requirements shown below. The filter
fabric shall be free of defects or flaws which significantly af-
fect its mechanical or hydraulic properties.

PROPERTY REQUIREMENTS - FILTER FABRIC ' 2

Property Test Method | Units| Values
Grab Tensile Strength ASTM D 4632 N 400
Elongation at Break ASTM D 4632 % 15
Trapezoidal Tear Strength | ASTM D 4533| N 130
ASTM D 4491| sec’| 0.5

Permittivity

Noles:

7. Conformance of filter fabrics to specification property
requirements shall be based on ASTM D 4759, ‘FPrac-
tice for Determining the Specification Conformarnce of
Geolextliles.”

2. All numerical values represent minimum average roll
values (i.e., average of test resulis from any sample roll
in a fot shall meet or exceed the minimum values). Lois
shall be sampled according fo ASTM D 4354, ‘Practice
for Sampling of Geosynihetics for Testing.”

3.0 DESIGN REQUIREMENTS

Note B: Select the appropriate pair of paragraphs for the
final specification based upon the type of Aydraulic
application.

The average thickness, mass per unit area and hydrauliic re-
sistance of each concrete lining shall withstand the hydraulic
loadings (velocity, depth, duration, shear stress, pressure, and
frequency of immersion) for the design discharges along the
structure(s). The stability analysis for each concrete lining shall
be accomplished using a factor-of-safety methodology. A mini-
mum factor of safety of 1.5 shall be required.

The Contractor shall provide to the Engineer calculations and
design details, provided by the manufacturer or a professional
engineer, attesting to the suitability of each fabric formed con-
crete lining for the purpose contemplated. Each concrete lin-
ing shall be accepted only when accompanied by the docu-
mented hydraulic performance characteristics derived from
tests performed under controlled flow conditions. Test condi-
tions shall conform to test protocol as documented in “Hy-
draulic Stability of Fabric Formed Concrete Lining and Mat
Systems During Overtopping Flow.”

or

The average thickness, mass per unit area and hydraulic re-
sistance of each concrete lining shall withstand the hydraulic
loadings (depth, duration, type of wave, wave height and pe-
riod, and pressure distribution) for the design wave. The sta-
bility analysis for the concrete lining shall be accomplished
using the factor-of-safety methodology. A minimum factor of
safety of 1.5 shall be required.

The Contractor shall provide to the Engineer calculations and
design details, provided by the manufacturer or a professional
engineer, attesting to the suitability of each fabric formed con-
crete lining for the purpose contemplated. Each concrete lin-
ing shall be accepted only when accompanied by hydraulic
stability calculations derived from mathematical models de-
veloped specifically for fabric formed concrete linings and for
this purpose.

4.0 CONSTRUCTION AND INSTALLATION RE-
QUIREMENTS

4.1 Site Preparation

4.1.1 Areas on which fabric forms are to be placed shall
be constructed to the lines, grades, contours, and di-
mensions shown on the Contract Drawings. All obstruc-
tions such as roots and projecting stones shall be re-
moved. Where such areas are below the allowable
grades, they shall be brought to grade by placing com-
pacted layers of select material. The thickness of lay-
ers and the amount of compaction shall be as speci-
fied by the Engineer. Where required by the Contract
Specifications, soft and otherwise unsuitable subgrade
soils shall be identified, excavated and replaced with
select materials in accordance with the Contract Speci-
fications.

4.1.2 Excavation and preparation of aprons as well as an-
chor, terminal or toe trenches shall be done in accor-
dance with the lines, grades, contours, and dimensions
shown on the Contract Drawings.
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4.1.3 Immediately prior to placing the fabric forms, the pre-
pared area shall be inspected by the Engineer, and no
forms shall be placed thereon until the area has been
approved.

4.2 Fabric Form Placement

4.2.1 Afilter fabric shall be placed on the graded surface
approved by the Engineer.

4.2.2 Fabric forms shall be placed over the filter fabric and
within the limits shown on the Contract Drawings. An-
choring of the fabric forms shall be accomplished
through the use of anchor, terminal and toe trenches.

4.2.3 Adjacent fabric forms shall be joined before filling
with fine aggregate concrete by field sewing or zipper-
ing the two bottom layers of fabric together and the
two top layers of fabric together. All field seams shall
be made using two lines of U.S. Federal Standard Type
101 stitches. All sewn seams shall be downward fac-
ing, and all zipper seams shall be fastened as shown
on the Contract Drawings, except with the approval of
the Engineer.

4.2.4 When conventional joining of fabric forms is imprac-
tical or where called for on the Contract Drawings, ad-
jacent forms may be overlapped a minimum of one
meter to form a lap joint, pending approval by the En-
gineer. Based on the predominant flow direction, the
downstream edge of the form shall overlap the up-
stream edge of the next form. In no case shall simple
butt joints between forms be permitted.

4.2.5 Expansion joints shall be provided as shown on the
Contract Drawings, or as specified by the Engineer.

4.2.6 Immediately prior to filling with fine aggregate con-
crete, the assembled fabric forms shall be inspected
by the Engineer, and no fine aggregate concrete shall
be pumped therein until the fabric seams have been
approved. At no time shall the unfilled fabric forms be
exposed to ultraviolet light (including direct sunlight)
for a period exceeding five days.

4.3 Fine Aggregate Concrete Placement

4.3.1 Following the placement of the fabric forms, small
slits shall be cut in the top layer of the fabric form to
aliow the insertion of the filling pipe at the end of the
fine aggregate concrete pump hose. These slits shall
be of the minimum length to allow proper insertion of
the filling pipe. Fine aggregate concrete shall be
pumped between the top and bottom layers of fabric,
filling the forms to the recommended thickness and
configuration.

4.3.2 Fine aggregate concrete shall be pumped in such a
way that excessive pressure on the fabric forms and
cold joints are avoided. A cold joint is defined as one
in which the pumping of the fine aggregate concrete
into a given form is discontinued or interrupted for an
interval of forty-five or more minutes.

4.3.3 Holes in the fabric forms left by the removal of the
filling pipe shall be temporarily closed by inserting a
piece of nonwoven fabric or similar material. The non-
woven fabric shall be removed when the concrete is
no longer fluid and the concrete surface at the hole
shall be cleaned and smoothed by hand. Foot traffic
on the filled form shall be restricted to an absolute mini-
mum for one hour after filling.

4.3.4 After the fine aggregate concrete has set, all anchor,
terminal and toe trenches shall be backfilled and com-
pacted, as specified by the Engineer.

4.3.5 The Filter Point Lining shall be measured by the num-
ber of square meters computed from the payment lines
shown on the Contract Drawings or from payment lines
established in writing by the Engineer. This includes
Filter Point fabric forms, fine aggregate concrete, and
filter fabric used in the aprons, overlaps, and anchor,
terminal, or toe trenches. Slope preparation, excava-
tion and backfilling, and bedding are separate pay
items.

Spec: FP (siu)
Revised December 2001

Call or write for your complete set of HYDROTEX™ and HYDROCAST ™
Specification Guidelines. Available as printed specifications, in Adobe®
Acrobat® (padff) format, or in an editable lext format. PDF specifications
are avaliable for download from our web site at
www.geoslarconporation.corm.

Hydrotex products are manufactured by:

Geostar Corporation

74 Perimeter Center East, Suite 7420

Atlanta, Georgia 30346-1803

Tel: 1.800.253.0561 or 770.399.5051 Fax: 770.394.5999
www.geostarcorporation.com ¢ e-mail: info@geostarcorporation.com

Hydrotex and Hydrocast are trademarks of Geostar Corporation.

2001 Geostar Corporation « Printed in U.S.A.
The information contained herein is furnished without charge or obligation, and the recipient assumes all responsibility for its use. Because conditions
of use and handling may vary and are beyond our control, we make no representation about, and are not responsible for, the accuracy or reliability
of said information or the performance of any product. Any specifications, properties or applications listed are provided as information only and in no
way modify, enlarge or create any warranty. Nothing contained herein is to be consirued as permission or as a recommendation to infringe any
patent.
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Ameren Missouri Labadie Energy Center
Construction Permit Application for a
Proposed Utility Waste Landfill
Franklin County, Missouri

December 2012, Revised August 2013

Appendix K
Soil Material Volume and Balance Calculations

Appendix K contains calculations of soil needed (required) for construction of the
Ameren Missouri Labadie Energy Center Utility Waste Landfill (UWL), and the sail
available on-site for the construction. Soil is required for construction of the four general
components of the UWL: perimeter berms; liner system; intermediate cover; and final
cover system. Operational cover (intermediate) is proposed based on the characteristics
of the coal combustion products (CCPs) that will be placed in the UWL.

The perimeter berms are designed with 3:1 side slopes, with a typical berm height of 23
feet, and a 12-foot wide access road on top of the berm. The exterior perimeter berm
slopes will be lined with a 2.2-in thick, fabric-formed articulated concrete mat. A 2-feet
thick compacted clay liner will be placed on the inside slope of the berm to tie-in with the
landfill liner in each phase.

The UWL'’s final cover system will be two (2) feet of nominally compacted soil capable of
sustaining vegetation, underlain by a geotextile cushion, which is underlain by a
geomembrane liner.

Three general soil types will be used for construction of the UWL components: Liner-
guality, non liner-quality, and vegetative soil. Liner-quality soil describes clayey soils
that would meet the requirements of 10 CSR 11.010(10)(B)1 for the landfill liner. Non
liner-quality soil describes low plastic clayey soil, silty soils, or sandy soils present at the
site. Non liner-quality soils would not be suitable for the landfill liner, but would be used
for the construction of the core of the perimeter berms. Vegetative soil describes soils
that are capable of sustaining vegetation for the UWL final cover or the outside slopes of
the perimeter berms.

The following table summarizes the pertinent acreages and berm volumes for each utility
waste landfill component. The acreages and berm volumes were determined from the
AutoCAD drawings that depict the three storm water ponds and the layout of the four
disposal phases.

UWL Component Design Parameters Notes/Comments
Phase 1 Cell 1: 31.4 acres Stormwater Pond 1: 5.7 acres
Phase 2 Cell 2: 35.2 acres

Prepared by GREDELL Engineering Resources, Inc. Page 1 of 2




Phase 3 Cell 3: 57.1 acres Stormwater Pond 2: 4.4 acres
Phase 4 Cell 4: 42.8 acres Stormwater Pond 3: 3.4 acres
. . Includes Cells 1 through 4,
Total Permitted Disposal 166.5 acres excludes the Stormwater
Area
Ponds.
Stormwater Pond 1 5.7 acres Area at 488’ contour
Stormwater Pond 2 4.4 acres Area at 488’ contour
Stormwater Pond 3 3.4 acres Area at 488’ contour
Total Area for Excavation 180.0 acres Includes Phases 1 through 4
and the Stormwater Ponds.
Final “Top of Landfill” Area 73.7 acres Final "flat” top of UWL at
closure.
Final EXterfrreilde Slopes 92.8 acres Final slopes at closure.
Total Final Area for 166.5 acres Total Acreage Requiring
Closure Final Cap

All calculated volumes of soil, both needed and available, are rounded up to the nearest
1,000 yd®.

The total soil balance for Phases 1 through 4 and the three stormwater ponds, for clay
liner, final cap (top and side slopes), and all perimeter berms, reveals a total soil
shortage of 2,750,000 CY of on-site soils within the foot print of Phases 1 through 4 and
the three stormwater ponds.

Soils available: 1,260,000 CY
Soils needed: (perimeter berms, liner, intermediate and final cover): 4,010,000 CY
Net soil balance for the landfill: -2,750,000CY

An estimated 2,600,000 CY of liner-quality soil is available from a borrow area in
Callaway County on property owned by Ameren Missouri. This is greater than the
639,000 CY of liner-quality soil needed. A contractor will supply additional soil for berm
core fill and vegetative cover.

Prepared by GREDELL Engineering Resources, Inc. Page 2 of 2




Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri

December 2012, REVISED August 2013

Appendix K
Soil Material Volume and Balance Calculations

Note: All calculated volumes are rounded to the nearest 1,000 CY.
Stripping depth of 1.63 ft is the required minimum for volume of final cover.
Soil balance calculations utilized the minimum stripping depth required.
Stripping depth of 1.75 ft is recommended.

Lifetime Construction: Phases 1 through 4 and Stormwater Ponds

ESTIMATE OF TOTAL SOIL NEEDED

ESTIMATE OF NOMINALLY COMPACTED FINAL COVER SOIL NEEDED
SOIL TYPE REQUIRED: Vegetative
Volume (CY) = Area (AC) x 43,560 SF/AC x 2 ft x 1.1 [shrinkage factor] / 27 CF/CY

Total Area 166.5 AC
Total Volume of 2 ft Nominally Compacted Final Cover 166.5 AC= 591,000 CY
ESTIMATE OF UWL LINER SOIL REQUIRED

SOIL TYPE REQUIRED: Liner Quality
Volume (CY) = Area (AC) x 43,560 SF/AC x 2 ft x 1.1 [shrinkage factor] / 27 CF/CY

Disposal Areas 166.5 AC= 591,000 CY
Pond Areas 13.5 AC= 48,000 CY
Total Area 180.0 AC

Total Volume of 2 ft Liner for Disposal Area and Ponds 180.0 AC= 639,000 CY

ESTIMATE OF GENERAL FILL NEEDED UNDER UWL
SOIL TYPE REQUIRED: Non-Liner Quality
From CADD cut/fill volumes - design grade to existing grade.
Volume of General Site Fill Under UWL & Pond Floors 780,000 CY

ESTIMATE OF PERIMETER BERM CORE FILL SOIL NEEDED
SOIL TYPE REQUIRED: Non-Liner Quality

Phase 1 204,115 CY
Phase 2 165,531 CY
Phase 3 393,858 CY
Phase 4 293,945 CY
Pond 1 99,269 CY
Pond 2 93,713 CY
Pond 3 65,730 CY
Total Perimeter Berm Volumes 1,316,162 CY

ESTIMATE OF GENERAL FILL NEEDED TO REPLACE 1.63' STRIPPING UNDER UWL
SOIL TYPE REQUIRED: Non-Liner Quality
Volume (CY) = Area (225 AC) x Depth (1.63 ft) x 43,560 SF/AC / 27 CFICY

Volume of Fill to Replace 1.63-ft Stripping in Construction Footprint 592,000 CY

From CADD cut/fill volumes - design grade to existing grade, less 2-ft clay liner on slope.

Prepared by GREDELL Engineering Resources, Inc.
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri

December 2012, REVISED August 2013

Appendix K
Soil Material Volume and Balance Calculations

ESTIMATE OF INTERMEDIATE COVER (IC) NEEDED
SOIL TYPE REQUIRED: Non-Liner
Assumes reuse of IC and maxium area requiring IC < 57 AC

Volume of Intermediate Cover

ESTIMATE OF TOTAL SOIL NEEDED

Intermediate Cover
Volume of Intermediate Cover Soil Needed

Liner and Cover Systems

Volume of Final Cover Soil Needed

Volume of Liner Soil Needed

Total Needed for Liner and Final Cover Systems

General Fill and Perimeter Berm Soil Needs

Volume of General Site Fill Under UWL & Pond Floors
Volume of Perimeter Berm Core Fill Soil Needed
Volume of 1.63-ft. Stripping Replacement

Total Needed for General Fill and Perimeter Berm

Estimated Total Volume of Soil Needed

ESTIMATE OF SOIL-SPECIFIC REQUIRMENTS

Volume of Liner Quality Soil Needed

Volume of Vegetative Quality Soil Needed
Volume of Non-Liner Quality Soil Needed
Estimated Total Volume of Soil Needed

Volume (CY) = Area (57 AC) x Depth (1 ft) x 43,560 SF/AC / 27 CFICY

92,000 CY

92,000 CY

591,000 CY
639,000 CY

1,230,000 CY

780,000 CY
1,316,000 CY
592,000 CY

2,688,000 CY

4,010,000 CY

639,000 CY
683,000 CY
2,688,000 CY

4,010,000 CY

ESTIMATE OF TOTAL SOIL AVAILABLE

Liner Quality Soil to be Excavated from the Construction Footprint
Vegetative Soil to be Excavated from the Construction Footprint
Non-Liner Quality Soil to be Excavated from the Construction Footprint
Total Soil to be Excavated from the Construction Footprint

Liner Quality Soil to be Excavated from the Borrow Area
Made to equal liner soil needed. No surplus from borrow inclued
Vegetative Soil to be Excavated from the Borrow Area
Non-Liner Quality Soil to be Excavated from the Borrow Area
Total Soil to be Excavated from the Borrow Area

Volume of Liner Quality Soil Available
Volume of Vegetative Soil Available
Volume of Non-Liner Quality Soil Available
Total Soil Available

Assumes 1.63 ft of vegetative soil will be excavated from the 225 AC area, 5% swell.

0CYy
621,000 CY
0CY

621,000 CY

639,000 CY

0CY
0CY

639,000 CY

639,000 CY
621,000 CY
0CYy

1,260,000 CY

Prepared by GREDELL Engineering Resources, Inc.
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri

December 2012, REVISED August 2013

Appendix K
Soil Material Volume and Balance Calculations

SOIL BALANCE FOR PHASES 1 THROUGH 4 AND THE STORMWATER PONDS

TOTAL SOIL BALANCE
Estimated Volume of Soil Needed 4,010,000 CY
Estimated Volume of Soil Avaiable 1,260,000 CY
Soil Balance -2,750,000 CY

SOIL SPECIFIC BALANCE
Estimated Volume of Liner Quality Soil Needed 639,000 CY
Estimated Volume of Liner Quality Soil Available 639,000 CY
Liner Quality Soil Balance 0CY
Estimated Volume of Vegetative Soil Needed 683,000 CY
Estimated Volume of Vegetative Soil Available 621,000 CY
Vegetative Quality Soil Balance -62,000 CY
Estimated Volume of Non-Liner Quality Soil Needed 2,688,000 CY
Estimated Volume of Non-Liner Quality Soil Available 0 CY
Non-Liner Quality Soil Balance -2,688,000 CY

LANDFILL SYSTEMS BALANCE
Estimated Liner Quality Soil for Liner Needed 639,000 CY
Estimated Liner Quality Soil for Liner Available 639,000 CY
Liner and Cover System Liner Quality Soil Balance 0CY
Estimated Volume of Vegetative Soil for Cover Systems Needed 683,000 CY
Estimated Volume of Vegetative Soil for Cover Systems Available 621,000 CY
Cover Sytem Vegetative Soil Balance -62,000 CY

GENERAL FILL AND PERIMETER BERM BALANCE
Estimated Volume of General Fill and Permieter Berm Core Fill Needed 2,688,000 CY
Estimated Volume of General Fill and Permieter Berm Core Fill Available 0CYy
General Fill and Perimeter Berm Core Fill Balance -2,688,000 CY

Prepared by GREDELL Engineering Resources, Inc.
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Ameren Missouri L.abadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri

January 2013

Appendix L
Landfill Life Estimate

The life of the proposed ulility waste landfill (UWL) is estimated based on projected waste
volume production rates and the calculated net UWL volume. The total UWL volume was
estimated using CADD to measure the volume between a surface 2-feet below the final
cover (to adjust for the final cover thickness of 2-feet} and a surface 1-foot above the top-
of-liner {to adjust for the protective cover thickness of 1-foot). The net UWL volume was
then determined by deducting a volume equal to the area of the relatively flat floor (146.6
acres) times a thickness of 1-foot, to account for the volume occupied by the leachate
drainage aggregate layer.

Gross UWL Airspace Volume = 16,513,000 CY
Drainage Layer Volume = 1 ft x 146.6 AC x 43,560 SF/AC x 1 CY/ 27 CF = 236,500 CY
Protective Cover Volume = 1 ft x 166.5 AC x 43,560 SF/AC x 1 CY/ 27 CF = 268,600 CY
Final Cover Volume =2 ft x 166.5 AC x 43,560 SF/AC x 1 CY/27 CF = 537,200 CY
Net Waste Volume = 16,513,000 - 236,500 - 268,600 - 537,200 = 15,470,700 CY
Two wet flue gas desulfurization (WFGD) systems will come on line at different times,

increasing the rate of coal combustion product {CCP) generation over time. The
generations rates projected are:

2015 to 2019, 2.3 MCY,

2020 to 2024, 2.9 MCY,

2025 to 2029, 3.6 MCY, and

2030 and after, 3.8 MCY every five year period or 760,060 CY/year.*

The amount of landfill volume remaining after the first 15 years would be:
15.5 MCY - 2.3 MCY - 2.9 MCY — 3.6 MCY = 6.7 MCY

The years of life available in the remaining volume is:
6.7 MCY / 760,000 CY/year = 8.8 years

The total landfill life is:
15.0 + 8.8 = 23.8 years

" CCP production estimates are drawn from the Reitz & Jens Design Basis dated October
16, 2012.
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri
December 2012

Amendments to Erosion Calculations
Appendix M

EROSION PROTECTION CALCULATIONS

The stormwater drainage structures were checked for erosion controt by utilizing the Erosion
Controi Materials Design Software 4.3 (ECMDS) by North American Green {(NAG). This software
analyzes erodibility of various channel/slope configurations. The channel/slope is analyzed for
erodibifity based upon soll type, cover, flow-rate, velocity, Manning's number and channel grade.
Channel sections representative of the side slope benches and letdown ditches have been
analyzed for erosion using riprap.

SUMMARY OF DESIGN ANALYSIS

1. Typical Landfill Slope Erosion Protection

The typical top of landfill was modeled for erosion using ECDMS, which uses a version of the
Revised Universal Soil Loss Equation (RUSLE). The top of the landfill is designed with a
minimum 2 percent slope. The maximum distance along the 2 percent glope is 550 it. The
annual soil loss of 0.013 inches per year is less than the permissible 0.03 inches per year, and is
considered acceptable (a standard value in ECDMS; see Table 1 and Figure 1a).

The typical side slope was also modeled for erosion using ECDMS. The 3:1 side slope of 225 ft
is broken into two sections of approximately 117 ft and 108 ft by a bench at 520 feet elevation.
Both segments have annual soil losses less than .03 in. The segment with the targer annual soil
loss eroded at a rate of 0.017 infyr (see Table 1 and Figures 1a and 1h).

Slope length 108 f 554 ft elev.

520 f elev.

Siope length = \(elev. diff ¥+(3 x elev. diff.)?

Slope length 1417 & \

3:1 side slopes
483 ft elev.

2. Typical Diversion Structure on Top of Landfill

Flow from the top of the landfill will be directed to the letdowns using diversion structures, The
typical diversion structure would have a slope of up to 1 percent, a depth of 1 ft, and side siope of
50:1 and 3:1. ECMDS was used to calculate shear siress resulting from the maximum flow of 4.5
cfs (half the maximum flow in a letdown). Shear stresses were within permissible levels {see
Table 1 and Figure 2).

Prepared by GREDELL Page 1 of 2 December 2012
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3. Typical Landfili Letdown Structure

The standard letdown design to be utilized at the Ameren Missouri Labadie Power Plant Utility
Waste Landfill (8 ft wide boitom and 3:1 side slopes) was checked for permissible shear stress
using two types of cover {reinforced vegetation and 22-in riprap). ECMDS was used to calculate
shear stress resulting from the maximum flow of 8.9 cfs on the 3:1 bottom slope of the letdowns.
The letdown structure flow was calculated in Appendix N using the Rational method, a 25-year, 1-
hour storm, the largest area drained by a letdown structure. Shear stresses were within
permissible levels (see Table 1 and Figure 3a and 3b).

4. Typical Bench

Benches on the side slope are proposed. They will be at 520 ft elevation and have 1 percent
bottom slopes. The bench side slopes will be 3:1 on one side and 10:1 on the other, with a depth
of 1.5 ft. As with the leldown structures, these were modeled using ECMDS. The permissible
shear stress for a fair stand of vegetation is greater than the estimated shear stress created by a
flow of 4.5 cfs (half the maximum flow in a letdown; see Table 1 and Figure 4).

5. Perimeter Ditch

The standard perimeter ditch to be utilized at the Ameren Missouri Labadie Power Plant Utility
Waste Landfill (9 ft wide bottom and 3:1 side siopes) was checked for permissible shear stress
using a fair stand of unreinforced vegetation. ECMDS was used to calculate shear stress
resulting from the maximum flow of 36 cfs. Shear stresses were within permissible levels (see
Table 1 and Figure 5).

Prepared by GREDELL Page 2 of 2 December 2012
Engineering Resources, Inc.
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri

Summary Table of Erosion Control

Table 1
Limitations
Structure Description of Cover and Conditions Safety Limiti
P Factor 'miting Permissible | Calculated
Factor
, ) Unreinforced vegetation with a fair stand . . .
. Soif L . .
1a | Typical Top of Landfill of bunch growth 2.232 oil Loss 0.03 infyr 0.013 inlyr
117 feet of cover with an excellent stand
i i | Below B .284 Seil L 031 0131
1b Typical Side Slope Below Bench of sod growth 2.28 oil Loss 0.03 infyr 0.013 infyr
. . 108 feet of cover with a good stand of . . .
h 1.81 . .
Typical Side Slope Above Benc mixed bunch and sod growth 816 Soil L.oss 0.03 infyr 0.017 infyr
Typical Di [ T f inforced tati i '
5 yplcg iversion Structure on Top o Unreinforced vegetation with a fair stand 9.04 Shear Stress | 4.20 psf 0.46 psf
Landfill of bunch growth
3a | Typical Letdown Reinforced vegetation 1.55 Shear Stress | 7.00 psf 4.52 psf
3b | Typical Letdown RipRap 1.23 Shear Stress | 7.33 psf 5.98 psf
— . . P
4 | Typical Bench Wnreinforced vegetation with afair stand | ¢ o gp oo Siress | 420 psf | 0.65 ps
of bunch growth
d of mixed b hy
5 | Typical Perimeter Ditch Good stand of mixed bunch and sod 7017 | Shearstress | 0.035psf | 0.000499 psf

growth

Prepared by GREDELL Engineering Resources, Inc.

December 2012
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Ameren Missouri Labadie Power Plant

Proposed Utility Waste Landfill
Franklin County, Missouri

Appendix M

Typical Top of Landfill

Figure 1a

Horth Americar Green - ECMDS Vetsion 4.3

1073172002 10010 AMICOMPUTED BY:

FROJECT NaME: Smeren Missour Labadie {PACGJECT NO . SLOPE DESCRIFTION: Tupical Ton of Lendhil
Country iUn&led States B
StateRegion Missous ‘:j Stope Bradien! = 501
City St Louis Jj
Annual R Factor 210 o
Total Slope Length [ft] L] :
Protection Type Permanent :_f
Freay oaps Porsbond Dmonstbs
Bagmining Feanih _jj Eab Veg (-0
Adjusted R Value 218 5510
Siope Gradient (H:1} 50
Suoit Type Sit Loam ‘:é
K Facter i3s3 ot to Seale
S9if Loss Tolesance fin} _QU‘US
Beach | Cum_Bist. Material | Wegetation Type | Density J ASL J ASL 51T SF Remarks
Beoin] End {zrowth Habit bate | mat
| W {in} | {in} fin]

1 6 RS0 Esth. Veg  jBunch Type B0-78% HO134F03 003 2232 STABLE

2

3

TR [T Camposite 81340073

Yegetation Densitp=Percerdage of soil coverage povided by vegstation E=Cover material pedormance lactor [Fraction of soit loss of unprotected]

451 hare=hwerage Sol Losy potential of unprotected sof {uniform inchet]
M5 bare=Manimum Soll Lose potential an unprotected sof [uridferm inches)

SLT =S Loss Talerance for slope segmerst funifom inches)
Eompositesbyverage 2ol ks from total slops length funfonm inches)

ASLmatsAverage Sof Lots potential wimalenal {usifom inches)
MSLmat=Madinum Sol Loss patential w/matesial furfom inches]
Sr=Salely Factor



Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfill
Franklin County, Missouri

Appendix M

Typical Side Slope

Figure 1b

INerth American Greer - ECMDS Version 4.3

1571472002 [04:31 FMICOMPUTEL BY:

PROJECT NAME . Ameren Mizzoun Labadie IPROJECT HO. {SLOPE GESCRIPTION:
LCountry United States :‘j
State/Region Missour ':é Slope Gradent = 31
City St Louis i
Annual R Factor l10 o
Total Slope Length {ft) 225
Pratection Type Pemaner = Fob Voo, (D=0007)
Pegloetion Par i
Haminmg Mo E ‘”é
Adjusted i Value 7 25 Butb Veg  (C-0.00%
Skope Gradient [H:1) 3
Soit Type Sit Loam :vé
K Factor 033 ot to Scale
Soil Lass Tolerance [in} Wmm
Reach | Cusm. Dist, Hatenal Vegelation Type | Density fASL [ASL SLY SF Aematks
Begin] End Growth Habit bare | mat
{}] [t} (in) { {in} {in)

1 1] 108 |Eslb.Veg.  fMix [Both Sod/Bunch) | »=85% | 236040.817 03| 1816 STABLE

2 e |225  |Eetb.ven  [SodFormer »=85% H4.37810012 003 | 2284 STABLE

3

fl 225 Compozite 34050 M5

Vegetation Density=FPeicentage of soil coverage provided by vegetation
A5 bare=tverage Soil Lass potential of unprotected sl furmfom: inchiss)
MSLbars=Mammum 5ol Loss potential on unprotected soll [uniform nches)
SLT=50il Lose Tolersnce for slope segment funiform inches)
Compositgstverage soll loss from total slope length funiform mches}

C=Lover materist perfoimance factor Fraction of soff loss of unpratested)
A5 mat=grerage Sol Lass polertial w/matenal lurdfom inches)
MELmat=Masximur: Sof Loss potentiat w/matenal luniform inches]
SF=5afety Factor



Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfili
Franklin County, Missouri

Appendix M
Typical Diversion Structure on Top of Landfill
Figure 2
Morth Amenican Green - ECMDS Yersion 4.3 §10/21/2012 0215 AMICOMPUTED BY:
PROJECT MAME: Ameren Missour Labadie IPROJECT HE,.
FROM STATION/REACH: {Te STATION/REACH: {DRAINAGE 25EA: IDESIGN FREGLIENTY:
HYDRAULIC RESULTS Urseiosced ™y o et 250
fiischaige | Peak Flawe [Velocty ffpz)} Area (s ft) [ Hydieulic Hormal mreinferced Vegetalion (<0, 250)
[cfs) Pesod us] Badiusli] | Depth (it}
45 1o 13 1468 jikcn) 074
LINER RESULTS Hok ta Scale
Matting Tepe Yegetation Characterislioy
Feach 5 tability Analysis) Peiissible Calculated Gafely Factor Flemarks
Siaple Patten Brase | Cloms | Type |Densty| Sheat Stiess | Shear Stess
{psh {psf)
Straight Unreinfarced Yegetation | Mix {B0-75% 4,20 048 SB4 STABLE
Sait Sit Loam 0.a3s 0.0 4847 STABLE




Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfill
Franklin County, Missouri

Appendix M

Typical Reinforced Vegetation Letdown Structure

Figure 3a

Mosths Bunzrinan Green - ECMDS Yersion 4.3

10/31/2012 106:17 AMICOMPUTED BY:

FPROJECT MAME: Ameten Missou Labadie PROJECT HO.:
FROM STATION/REACH: TR STATIORREALH: IDRAINAGE ARES: IDESIGH FREQUENLCY:
HYDRAULIC RESIHTS
- - SC250 [n=0.082)
Discharge | Peak Flow [Velosity [fps)] Area (sqft] | Hpdraulic Nomat
jeis) Prriod (st Badiuslit] | Desth [t
] 10 474 188 0z 622
Botiom
30 Width = 8.00 ft 1]
LINER RESULTS Hotto Scale
Mattmg Type Wengetalion Chasactenistiog
Feach S tabilty Analpsis| Permissible Calculated Safety Factor Bemartks
Staple Pattem Fhase | Cioss | Tepe |Densip] 5hed Stiasy | Shear Stress
faf fpsf}
Staight SC250 Yegetstion Z 2] Mix |75-95% 708 4572 155 STABLE
Staple £ Sal Sit Loam 25060 {147 332 STABLE

“Back is npul St



Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfill
Frankiin County, Missouri
Appendix M
Typical Riprap Letdown Structure
Figure 3b

o Ametican Green - ECMDS Yersion 4 3

11073172012 106:19 AMICOMPUTED BY:

IPROJECT HAME: Ameren Missolr | abadie IPROJECT HO.:
[FROM STATION/REACH: [TO STATIOH/REACH, IBRAINAGE AREA:
HYDBRAULIC RESULTS
Discharge | Padk Flow [Welocty o) Alea (sqf] | Hydaulic Nomal
fels) Peiicd fhts] Raduslfi) | Depth [t
83 1.0 349 258 026 n23

LINER BESUELTS

[DESIGN FREQUENCY:

Flock Riprap {re0.100]

Motto Scale

Matting Type Wegetation Charactenistios
Feach S tabity Analyay Permizsibie Caloulated Safety Factor Femarks
Staple Pattem Phase | Ciass | Type Joensiy| ShearSuess | Shear Stess
fpsf] {psh)
Straight Fock Riprap | Urwegetated 7.33 558 1.23 STABLE
22m

" Back tn Inpit Soreer



Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfill
Franklin County, Missouri

Appendix M
Typical Bench
Figure 4
Nefth Arvetican Green - ECMDS Version 4,3 [18/21/2012 0620 AM ICOMPUTED BY-
PROJECT NAME: Ameren Missourd Labadis PROJECT NEL:
[0 STATION/REACH IDRATNAGE AREL IDESIGN FRECIUENCY:

RGN 51 AT IDNREACH:
HYDRAULIC RESULTS

Discharge | Peak Flow {Velocity (fns)] Area fsq it | Hydrsulic Mormal
[els) Perind fvs] Raduslit | Lrepth (1)
U5 10 64 7.00 65 104

Yreinforced Vegetation in=0.148}

M & =00100

Bollom
60 widh=0021

21

Motio Scale

LINER RESULTS
Matting Tvpe Yegetation Charactershos
Fleach Crabiity Anslss Pemissible Calculated Safety Factor Remarks
Slaple Patters Phase | Ulass | 1ype |Densiyf ohest Stiess | Shear Stress
{psH (psf)
Shaight Unpeinlareed Vegetation L |Bunch |50-75% 4.28 0ES £.4% STABLE
Suil Sit Loam Qo35 0004 .08 STABLE

| Bick 1 Inpul Sereer



Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfill

Franklin County, Missouri
Appendix M

Typical Perimeter Berm
Figure &

ok American Green - ECMDS Yersion 4.3

110/31/201 2 10623 AMICOMPUTED BY.

PROJECT HAME: Ameren Missoun Labadie

iPROJECT NO.:

FROM STATION/REACH:
HYDRAULIC RESULTS

[T STATION/REACH:

Gischarge | Peak Flow [Velociy [fps]| Area fsglt)
3

Hydrauds Homa!

URAINAGE AREA

DESIGN FREGLIENCY.

Uriginforsed Wegetation {n=.034]

fels} Pesiod [hrs] Radusfitl | Depth i
jecti] 18 032 11274 i 481
t. B=00001
Botlom
30 Widih= 300 a0
UNER RESULTS Notta Scale

Matting Type Wegetation Charactendice
Reach 5 tabiity Analysis Permiszible Cafculated Safety Faclor Rematks

Staple Patlens Phase ] Ciass | Typs [Density Shear Skess | Shear Shess

fpsf] [p=f]
Straight {nrenforced Yegetslion C  |8unch [50-75%] 4.20 003 139.99 STABLE
Soft S# Loam 0035 0.000439 7 STABLE
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
December 2012

Appendix N

STORMWATER DRAINAGE STRUCTURE SUMMARY

10 CSR 80-11.010 {8)B}1.F.li of the Missouri Solid Waste Management Regulations requires
that “On-site drainage structures and channels shall be designed io prevent flow onto the active
portion of the utility waste landfill during peak discharge from at least a twenty-five (25)-year
storm....” 10 CSR 80-11.010 (8)}{B)1.F 1l of the Missouri Solid Waste Management Regulations
requires that “On-site drainage structures and channels shail be designed to collect and control at
least the water volume resulting from a twenty-four (24)-hour, twenty-five (25)-year storm.” In this
document, the capacities of the stormwater drainage structures are calculated and compared to
expected storm flows using the Rational Method equation. Channel design calculations utilized a
1-hour, 25-year storm intensity as the basis for estimating runoff and peak discharge. The 1-hour
intensity storm results in a larger peak flow than the 24-hour intensity storm. Pond storage
capacity calculations utilized the 24-hour, 25-year storm intensity for the peak design volume.

Drainage Areas and Flows

To determine the spacing of letdown structure, limits on the grade within the side benches were
set. The flow line of the benches were set at a grade of 200H:1V (0.5%), and were limited to a
depth of 1.5 feet difference in elevation along the length of the bench. Using those limits, the
letdown structures were spaced approximately 600 feet apart, with benches rising away in both
directions from each letdown structure. Figure N-1 shows the locations of letdown structures.
The first letdown ditch is expected to be built in line with the eastern side of Pond 1 in Cell 1.
From this location, letdown structures are numbered proceeding clockwise around the footprint of
the landfill. Ponds are located on Figure 1 and are numbered in the order they are expected to
be constructed. :

Table N-1 is a summary of the letdown structures and is set up to indicate which pond will serve
each letdown structure. The letdown struciure flows are directed to the nearest pond. Table N-1

lists:

e 3 location at a letdown structure or pond,
the distance along the perimeter of the side-slope crest,

s the side slope area below the top of slope which is conservatively assumed to coliect in
the perimeter ditch at the letdown ditch,

s the side slope area below the top of slope is also assumed to flow into the perimeter ditch

through the letdown structure,

the sum of the total drainage area flowing in the letdown structure,

the sum of all areas served by the perimeter ditch at and above the letdown struciure,

the flow contribuied to the perimeter ditch at each letdown structure, and;

the cumulative flow in the perimeter ditch at the location of each letdown structure.

The table is set up to allow convenient coordination with the tables estimating the water profiles in
the perimeter diich.

Prepared by GREDELL
Engineering Resources, Inc. Page 10f6 December 2012



Capacity
The Rational Method was used to estimate the landfill's runoff. The rational method equation is:

Q =CIA

Where: Q is the flow rate (cfs)
C is the runoff coefficient (unitless)
| is the rainfall intensity {in/hr)
A is the drainage area {acres)

A runoff coefficient of C=0.4 is used and is considered representative for low to moderate
permeability soils with emergent ground cover on steep slopes.

Areas served by side benches and letdowns are expected to be less than 11 acres each. For a
25-yr, 1-hr storm, the expected rainfall is 2.63 in/hr and the anticipated runoff from 11 acres is:

Q =0.4 X 2.63 in/hr X 11 ac X 43,560 ft¥/ac X 1 /12 in X 1 hr/3,600 s = 11.67 cfs

The 25-yr, 1-hr storm intensity (2.63 in/hr) is used as more conservative than the 25-yr, 24-hr
storm intensity of 5.6 in. The 24-hr storm intensity would require the flow to be adjusted by
dividing by 24 hours; 5.6 inf24 hr. = 0.233 in/hr. The storm intensity table is found in Rainfall
Frequency Atlas of the Midwest by Floyd A. Huff and James R. Angel, Table 7
{http//www.sws uiuc.edu/pubdoc/Bl ISWSB-71.pdf). Capacity for flow was evaluated for top of
slope diversion berms, intermediate bench diversion berms (side benches) and letdown
structures. The fargest flow of 11.67 cfs is also used in Appendix M to test the stability of these
structures for erosion during peak flow.

Manning's equation was used to calculate the flow capacity of the three types of drainage
features: top of slope diversion berms; intermediate bench diversion berm; and letdown
structures. Manning’s eguation is:

Q = (1.49/n)(A)rHY*(s)"?
Where: Q is the flow rate (cfs)
n is Manning's coefficient of roughness {unitless)
A is the drainage area (fiz)
ry is the hydraulic radius (ft}, which equals A/P,,, where P,, is the wetted
perimeter, and
s is the slope (ft/ft).

Manning's equation is also used to define the water profile in the perimeter ditch.
Top of Slope Diversion Berms

The purpose of the top of slope diversion berms is to inhibit rill erosion on the upper part of the
iandfill cap and at the top of the 3:1 slope. Diversion berms are placed on the cap to direct run-off
to the letdown structures. The diversion berms are simple mounds of soll constructed as a V-
notch channel. The berms are modeled with Manning’s equation using a triangular cross-section
with side slopes of 3.1 and 30:1 {2%). The following calculation shows the capacity of a berm
carrying 0.5 ft. of water with a flow line of one-half percent {0.5%), using a typical n value of .020
for the coefficient of roughness, and an area of 6.63 sq. ft.
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Q = (1.49/0.020)(6.63%0.25)°(0.005)"? = 13.9 ¢fs > 11.67 cfs

This capacity exceeds the flow anticipated at each individual letdown structure shown on Table
N-1.

Intermediate Bench Diversion Berm (Side Benches)

The intermediate benches are 1.5 ft deep and have a flowline of one-half percent (0.5%). They
have a triangular cross-section with side slopes of 10H:1V and 3H:1V. When full, they have a
cross-sectional area of 14.625 sq. ft., a wetted perimeter of 19.8 ft and a hydraulic radius of 0.74
ft. The coefiicient of roughness is 0.025.

Q = (1.49/0.025)(14.625)(0.74)**(0.005)* = 50.4 cfs > 11.67 cfs

This capacity exceeds the flow anticipated at each individual letdown structure shown on Tabile
N-1.

L.etdown Structure

The letdowns are 1.5 ft deep and have a maximum flowline slope of 33% (3:1). They have a
trapezoidal cross-section with and 8 ft bottorn and 3:1 side slopes. When full, they have a cross-
sectional area of 18.8 sq. ft., a wetted perimeter of 17.5 ft and a hydraulic radius of 1.1 ft. The
typical coefficient of roughness equal to 0.035 was used.

Q = (1.49/0.035)(18.8)(1.1)*%(0.33)"% = 492 cfs > 11.67 cfs

Table N-1 and Figure N-1 (see atitached) show the estimated areas served and the estimated
flows from each berm and letdown structure.

Perimeter Ditch

Because the perimeter ditch is long and flat and it is expected to flow at a “subcritical’ level.
Therefore, Manning’s equation used alone does not mode! its capacity well. A combination of
Manning’s equation and Bernoulli's equation were used to describe the flow in the perimeter
ditch. Bernoull's equation is

H=PI5 + v¥/2g +Z

Where: H is the energy measured as depth of water {ft.)
P is the pressure on the water, taken as zero for open systems
3 is gamma, the unit weight of water (Ib/ft*)
v is the velocity of water (fps)
g is the gravity constant (32 fps®)
Z is the elevation of the fluid element (ft.)

Bernoulli's equations were used to estimate the energy at each letdown structure leading to a
specific stormwater pond. Manning's equation was used to estimate the slope of the energy iine
between the letdown structures. The perimeter ditch was broken into sections between letdowns
(see Figure N-1). The depth of flow at the structure was adjusted to estimate the slope of the
energy line necessary to match the distances between letdown structures or a letdown structure
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and the center of the entrance into a stormwater pond. The combination of these equations is
used to evaluate the length of the perimeter ditch and the assumption of non-uniform flow.

The flow for the landfill, calculated using the rational method as described zbove, was
proportionally divided between each section and is shown as a cumulative value approaching
each pond.

An energy balance was applied to each section to determine the head loss and rise in depth.
Bernoulli’'s and Manning's equations were used to calculate the depth of flow and elevation of the
water level in the perimeter ditch. The attached tables summarize these caiculations and show
the estimated water elevations in each section (see Tables N-2 to N-7). Since these ponds are
built at different times during the life of the iandfill, consideration was given to the stormwater
volumes to those ponds as each cell is constructed. The ponds generally serve the following
cells:

e [Pond 1 Cells 1and 2 Tables N-2 and N-3
e« Pond?2 Cells 3and 4 Tabies N-4 and N-5
e Pond3 Cells 3and 4 Tables N-6 and N-7

Ponds are placed around the Ameren Labadie Energy Center utility waste landfill where space
allowed and to minimize the length of flow in the perimeter ditch. The diteh is modeled with a flat
bottom width of G feet. At a 3:1 slope, two feet (2 ft.} of cover requires 6 feet of the perimeter
ditch space. The difference is the placement of soil cover on the initial phases allows for
subsequent development of cells without having the amount of infiltration on the caps. The
maximum water elevation in the perimeter ditch for all modeled conditions is 485 fi., which is less
than the perimeter herm top elevation of 488 ft.

Stormwater Inlet Crests

Runoff flow enters the ponds over stormwater inlet crests constructed in the top of the perimeter
berm. These inlets were modeled as broad-crested weirs. Vennard suggests estimating the flow
over a broad-crested weir by calculating the flow over the unit length of the weir using the
following equation:

Where: q is the flow per unit width of a broad-crested weir (cfs/ft.)
g is the gravity constant (32 fps2)
E is the height of the energy line calculated for the entrance to the pond (ft.)

Since the constraints are dependent with not only the flow rate going into the stormwater ponds,
but also the weir length of the pond, both elements must be considered. The stormwater
collection ponds have the following minimum weir lengths at elevation 483 feet:

Pond 1: 217 .
Pond 2: 65 fi.
Pond 3: 300 fi.

The lowest estimated energy grade line coming into any single pond is 0.511 {t. at the influent to
Pond 1. Pond 1 has a weir iength of 217 ft (see Table N-3). Pond 1 also has the largest design
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flow at a combined, estimated 69.77 cfs (see Pond 1, Table N-1). Using the equation above, the
capacity of the influent structure to Pond 1 is calculated as:

Q = (2/3)"432)"%(0.646)*? = 1.59 cfs/it.
1.59 cfsfft * 217 ft = 345 cfs > 69.77 cfs

Therefore, the influent structure to Pond 1 has sufficient capacity for the anticipated design flow.

Pond 2 has the shortest weir length, with a weir length of 65 ft. Pond 2 has an estimated energy
grade line of 1,064 ft. (see Pond 2, Table N-5). The combined, estimated design flow into Pond 2
is estimated at 50.37 cfs.

Q = (2/3"4(32)"%(0.836)"% = 2.35 cfs/ft.
2.35 cfsfft * 65 ft = 152.75 cfs > 50.37 cfs

Therefore, the influent structure to Pond 2 has sufficient capacity for the anticipated design flow.

it is concluded that the influent structures for the stormwater collection ponds have adequate flow
capacity based on their respective weir length and the estimated height of energy grade line
entering the ponds.

Stormwater Ponds

Three stormwater ponds will be placed around the landfill for stormwater runoff storage and
management. They are identified as Pond 1, collecting runoff from Cells 1 and 2; Pond 2,
collecting runcff from Cells 3 and 4; and Pond 3, collecting runoff from Cells 3 and 4. Tables N-8
through N-10 provide siage-storage data for Ponds 1 through 3, respectively. Run-off volumes
were calcufated using Rational Method theery {i.e., run-off Volume=CIA, where | = rainfall in total
inches). A runcff coefficient of C= 0.4 is considered representative of low to moderate
permeability soils with emergent ground cover on steep slopes.

A runoff coefficient of C= 1 is used for the stormwater ponds to reflect that any direct rainfalt to
the pond surface will accumulate completely to the pond’s stored volume.

The following table compiles the estimated, maximum runoff volumes to each pond during the 25-
year, 24-hour design storm event of 5.6 inches. These pond volumes were checked to see if this
volume is available at each respective pond to contain the design storm:;

Pond 1 5.7 acres 56in.=0.47 ft. c=1 2.7 acre-feet
Cells 1and 2 66.6 acres 5.6 in.=0.47 ft. c=0.4 12.4 acre-feet
Total= 15.1 acre-feet

Pond 2 4.4 acres 5.6 in.=0.47 fi. c=1 2.1 acre-feet
Cells 3 and 4 47.8 acres 5.6 in.=0.47 ft. c=0.4 9.0 acre-feet
Total= 11.1 acre-feet

Pond 3 3.4 acres 5.6 in.=0.47 ft. c=1 1.6 acre-feet
Celis 3and 4 52.1 acres 56 in.=0.47 ft. c=0.4 9.8 acre-feet
Total= 11.4 acre-feet
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The ponds have been designed with an inlet spillway elevation of 483 feet, and are to be
maintained at a minimum 3 foot depth (water surface elevation of approximately 471 feet} to
inhibit aquatic vegetation. Based on the stage-storage data found in Tables N-8, N-9 and N-10,
the following initial maximum water surface elevations have been determined for each pond that
represents the 25-year, 24-hour storm runoff volume. All maximum water elevations are well
below a water surface elevation of 483 feet, which is the elevation of the bottom of the perimeter
ditch. Therefore, if properly managed, the ponds have excess capacity for the anticipated 25-
year, 24-hour storm runoff volume.

Respective Pond Min Elevation (ft.) | Max Elevation (ft.) C""‘i‘_sa%‘l’:di"g
Pond 1 471 478 N-8
Pond 2 471 480 N9
Pond 3 471 477 N-10

Temporary Perimeter Ditch Crossings

As phased consiruction proceeds, the UWL operator may elect to retain interior berms and their
top-of-berm roads during subsequent UWL phases. If interior berms are retained, it will be
necessary to provide culverts through the intermediate berms at their intersection with the
perimeter diiches. Preliminary culvert sizes have been estimates based on the arrangement of
letdown ditches and ponds described by the previous discussion. For the purposes of these
preliminary size estimates, we have assumed inlet control and one foot of headwater at the
culvert inlets. These culvert sizes were estimated using standard hydraulic charts and equations,
and the 25-year, 1-hour design storm event (2.63 in/hr).

. Recommended
Culvert System Letdown(s) I\:I\;:uFTouvlva;::‘;z) Culvert
' Diameter {in.)
East Culvert-Cells 1 and
2 45867 22.01 30
West Culvert-Cells 1
and 2 7,8,8,10 26.22 36
East Culvert-Cells 3 and
4 17 6.69 15
West Culvert-Cells 3
and 4 25,26 14.62 24
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TABLES



Ameren Labadie Energy Center Utility Waste Landfill
Area and Flow At Each Letdown Structure
25-yr, 1-hr Event
Table N-1
Location Distance Side Slope Top Area | Total Area| Total Area Cumulative Flow
Area Area
in letdown, accumulative,
(ft) (ac) {ac) (sf) {ac) (ac) (cfs) cis)
LETDOWNS 1-11 (Cells 1 & 2)
Flow to Pond 1
Rotating Clockwise from East Side of Outlet Pond 1
Letdown 2 500 217 1.88 176796 4.06 4.06
Leidown 3 940 2.75 5.42 356250 8.18 12.24
Leldown 4 1450 2.1 3.14 228750 5.25 17.49
Letdown 5 1850 2.73 1.40 180000 4.13 21.62
lLetdown & 2500 2.51 1.91 192500 4.42 26.04
Letdown 7 3000 2.53 4.42 302813 6.95 32.89
Flow to Pond 1
Rotating Counter Clockwise from East Side of Outlet Pond 1
Leldown 1 220 4.19 2.48 290400 6.67 5.67
}Leldown 11 1020 4.19 4.15 363281 8.34 15.01
Leldown 180 1550 2.48 4.82 317813 7.30 22.30
Letdown & 1950 3.80 2.97 295000 6.77 29.07
Letdown 8 2920 2.59 1 161250 3.70 32.78
LETDOWNS 12-28 {Cells 3 & 4)
Flow to Pond 3
Rotating Clockwise from East side of Pond 3
Letdown 14 0 3.24 2.85 265200 6.09 6.08
Leidown 15 500 2.51 2.81 244400 5.61 11.70
Leldown 16 950 2.81 3.04 234800 5.85 17.56
Flow to Pond 2
Rotating Counter-Clockwise from West side of Qutiet Pond 2
Letdown 18 860 4.82 2.18 305000 7.00 7.00
Letdown 17 1360 2.81 3.50 274860 6.31 13.31
Flow to Pond 2
Rotating Clockwise from East side of Outlet Pond 2
Letdown 19 600 4.53 1.42 269200 5.95 5.95
PLeldown 20 1100 2.87 4.89 342300 7.86 13.81
Leldown 21 1600 2.87 1.03 170000 3.80 17.71
Leldown 22 2100 2.87 1.26 180000 4.13 21.84
Letdown 23 2600 3.46 0.09 184800 3.56 25.40
Letdown 24 3040 5.17 0.53 248000 5.69 31.09
Letdown 25 3790 2.70 3.47 268500 6.17 33.82
Flow to Pond 3
Rotating Counter-Clockwise from East-Side of Outlet Pond 3
Letdown 13 320 1.32 0.22 67200 1.54 1.54
Letdown 12 960 3.40 1.32 205900 473 6,27
Leldown 29 1780 2.70 1.29 170000 3.90 1017
Letdown 28 2240 2.53 2.53 220000 5.05 15.22
Letdown 27 2640 2.41 2.41 210000 4,82 20.04
lLetdown 26 3120 1.89 5.72 331600 7.61 27.66
lLetdown 25 3330 2.70 3.47] 268800 5.17 33.82
Inputs 28-yr,_1-ht storm
[Intensity ] 2.63]in ]
{€ Factor ] 0.4 unilless |
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Ameren Labadie Energy Center Utility Waste Landfill
Perimeter Ditch Water Profile: 25-yr, 1-hr event
Elevation for Stated Flow
Clockwise from Pond 1

Table N-2
Sun® 3 Sengn= 3 Bas(‘f’t;"i'dth ¢ Mannings N = 0.02 So{it)= 0 Runoff Factor for 2.63 in/ r rainfall= 0.017
Channel Stope of . . . .
. Adjusted | Adjusted . 2 - Hydraulic . Total True . Distance
Elevation | Depth Bulm.m Water Base Height Area Velacity v%i2g | Specific Energy Radius Slope 5-50 Distance Distance Distance Location from Cubvert Q
Elevation Surface
“Spetfic Energy |
(ft) (ft) {ft} [Ftt) (ft) ) (s} [1i3) (i) (fti1) i) () {f5) (ft) (it} {cfs)
483,59 0.5¢ 483 6.35 1.898 0.0580 0.646 0 0 Pond 1 0 1206
0.83 0.0011528 LR QOB AR N T S 1.24E-03 | 1.24E-03 528 528
484 22 1.22 483 .00 1.2200 15.45 2.266 0.0797 1.300 500 Letdown 2 500 35.00
0.31 0.0007271 RS - T B etV or o, SRRt 6.19E-04 | 6.19E-04 426 955
484 53 1.53 483 9.00 1.5300 20.79 1.476 0.0338 1.564 940 Letdown 3 940 30.89
0.13 0.00926086 i R QR B 0 I 1 2.21E-04 | 2.21E-04 499 1453
484 868 186 483 §.00 1.6600 23.21 0.849 0.0140 1.674 1450 Letdown 4 1450 22.02
0.04 0.0001138 OB STy O3B g 9.48E-05 | 9.48E-05 351 1805
484.70 1.70 483 8.00 1.7080 23.97 0.886 0.0073 1.707 1880 Letdown & 1850 16,45
0.04 5.238E-05 L A SE0365 4.78E-05 | 4.76E-05 764 2568
484.74 174 483 ¢.00 1.7400 2474 0487 0.0037 1.744 2500 Letdown & 2500 12.06
0.01 2.724E-05 S8R 0,008 2.09e-05 | 2.09E-05 367 2836
484.75 175 483 8.00 1.7500 24.94 0.296 0.0014 1.751 3000 Letdown 7 3000 7.37
Noles: )
1. Rainfall event used Is 25-yr, 1-hr storm which produses 2.63 inches of rain. 48800 e
2. Longitudinal slope of channel assumed to be as stated for So. 48750
3. Flows are split generally at half the distance between the entrances to the pond along the perimeter ditch. ABT L0 o
4. Flows coming to & letdown structure and from below the bench served by the letdown structure are combined as the flow at the letdown structure 456,50 - Water
for madeling purposes. ’ profile in
5. Model is adapted from lilustrative problem on page 380 in "Elementary Fluid Mechanics” by John Vennard, Wiley ang Sons, 1961. ABEOG - oo e ditch
F:3: o303 J———————
48500 - e
ABA5E e o
L ABAOD s s
©ag350 ®
483,00 -
o 1000 2000 3000 4000
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Ameren Labadie Energy Center UHtility Waste Landfill
Perimeter Ditch Water Profile: 25-yr, 1-hr event
Elevation for Stated Flow

Counter Clockwise from Pond 1

Table N-3
S.n= 3 Serigm = 3 Ba’i‘!’t;"‘:d"‘ 9 Mannings N = 0.02 So (ft}= 0 Runoff Factor for 2.63 in/ hr rainfafl= 0017
Channel Slope of . . . .
. Adjusted Adjusted . 2 et Hydraulic : - Total Frue - Distance
Elevation | Depth Bouo}m Water Base Haight Area Velacity vii2g Specific Energy Radius Siope S-S50 Distance Distance Distance Location fram Culvert Q
Elevation Surface
Change in Speckis’ /| -Average -
-Energy
{ft) (ft) {ft) (i) (f) (ft) [sf} [ft) {f) (ft) i) {fufL} (ft} {ft) (ft) (ft) {cfs)
48359 0.58 483 5.35 1.868 0 0860 0.646 £.489 0 g Pong 1 g 12.06
0.37 0.0018655 24737 S O ABR 0.628 2.06E-03 | 2.06E-03 222 vy
483.86 0.96 483 $.00 0.8600 11.40 3.048 0.1443 1.104 0.757 220 Letdown 1 220 3477
0.78 0.00085613 2.083: PR 11 ROttt IR AN 1 by 8.04E-04 | 8.04E-04 791 1013
484.72 1.72 483 .00 1.7200 24.36 1.137 0.0201 1.740 1.225 1020 Letdown 11 1020 27.70
0.07 0.0001422 0:.9387 0,058 1.246 1.18E-04 | 1.18E-04 492 1508
484.79 1.78 483 .00 1.7900 2572 0.733 0.0083 1.788 1.266 1550 Letdown 10 1650 18.85
0.03 5.652E-05 0.578 LO19 1273 4.40E-05 | 4 40E-05 442 1647
484.82 1.82 483 39.00 18150 26.22 0.424 0.0028 1.818 1.280 1950 Letdown & 1950 11.11%
0.02 1.269F-05 R VRO 1285 1.06E-06 | 1.06E-05 1182 3120
484.83 1.83 483 9.00 1.8300 268.52 0.148 .0003 1.830 1.289 2920 Letdown 8 2920 3.93
Notes: a85.0
1. Rainfall event used is 25.yr, 1-hr storm which produces 2.63 inches of rain. 48?'5
2. Longiudinat slope of channe! assumed (o be a3 staled for So. 487'0 "
3. Flows are split generally al half the distance between the entrances to the pend along Lhe perimeler dilch. -486‘5 Water
4. Flows coming to 8 letdewn struclure and from below the bench served by the letdown structure are cembined as the flow al the ietdown structure 4aa‘o . profile in
for medeling purposes. 485'5 N ditch
5. Model is adapted from Ilustrative problem on page 380 in “Elementary Fluig Mechanics” by John Vennard, Wiley and Sons, 1981, 485'0 . . _— He
1 7. R—————— *
4840 & -
‘435 ®
483.0
4825 -
482.0 -
Y 1000 2000 3000 4000
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Ameren Labadie Energy Center Utility Waste Landfill
Perimeter Ditch Water Profile: 25-yr, 1-hr event
Eievation for Stated Flow
Clockwise from Pond 2

Table N-4
Base
Sapen= 3 Sergne = 3 . Width 9 Mannings N = 0.02 So (ff}= 0 Runoff Factor for 2.63 inf hr rainfali= 0.017
)=
Channel | Slope of . . . Distance
Efevation | Depth Bottom Water Adjusted Ad;t{smd Area | Velocity | v¥2g | Specific Energy Hydr;?ulsc Slope S-S0 Distance .Tota| ‘True Location from Q
N Base Height Radius Distance Distance
Elevation | Surface Culvert
{ft) (£) {ft) (Er/EE)} (ft} (ft) (s} tft) (f1/1t) (fL/eey [414] (Ft) (ft) () {cfs)
483.80 0.80 483 9.12 0.2453 0 0 Pond 2 0 36.3
1.03 0.001709 : : 1.35E-03 | 1.35E-03 603 603 600
484.83 1.83 483 9.00 1.8300 | 26.52 0.0290 lLetdown 18 600 36.3
0.19 0.000208 S 1.83E-04 | 1.83E-04 481 1083 1100
484.93 1.93 483 9.00 1.9300 | 28.54 0.0171 Letdown 20 1100 29.9
0.06 0.000411 : 9.44E-D5 | 9.44E-05 541 1624 1600
484.09 1.99 483 9.00 1.9800 | 29.79 0.0082 Letdown 21 1600 21.6
0.03 5.5E-05 i ; Y 4.94E-05 | 4.94E-05 545 2170 2100
485.02 2.02 483 9.00 2.0200 13042 0.0051 Letdown 22 2100 17.5
2,01 3.76E-05 i : 2.90E-05 | 2,90E-05 266 24386 2600
485.03 2.03 483 9.00 2.0300 | 30.63 0.0028 Leldows 23 2600 13.71
0.02 1.68E-05 i) : S 1.52E-05 1 1.52E-05 891 3327 3040
486.056 2.05 483 9.00 2.0450 | 30.85 0.0014 |eldown 24 3040 9.3
0.00 5 91E-06 By SR 2.59E-06 { 2.59E-06 423 3749 3760
485.06 2.05 483 9.00 2.0475 | 31.00 0.0000 Leldown 25 3790 3.3
MNotes; e
1. Rainfall event used is 25-yr, 1-hr storm which produces 2.62 inches of rain. S
2. Longftudinal slope of channe! assumed fo be as stated for So. ABLE o e e e
3. Flows are spiit generally at half \he distance between the entrances to the pand along the perimeter ditch. 4870 e Water
4. Flows coming to a letdown structure and from below the banch served by the letdown struclure are combined as {he flow at the letdown struclure A486.5 profile in
for medeling purposes. 486.0 ditch
5. Model is adapted from lllusirative problem on page 380 in "Elementary Fluid Mechanics” by John Vennard, Wiley and Sons, 1961. BBE.G o e ot s s .
485.0 & ol G %
ABAS ... ¢ o e
484»[} ...........
4835 -
ABID
’ 4] 1000 2000 3000 4000
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Ameren Labadie Energy Center Utility Waste Landfill

Perimeter Ditch Water Profile: 25-yr, 1-hr event
Elevation for Stated Flow

Counter Clockwise from Pond 2

Table N-5
Base
Seren= 3 Sogn =3 Width 9 Mannings N = 0.02 So{fy=9 Runoff Factor for 2,63 inf hr rainfall= 0.017
(fo=
Channet Slope of R . . Distance
Elevation | Bepth Bottom water | Adlusted Adjh,lsmd Area | Velocity | v¥2g | Specific Energy Hydrz?ullt: Stope $-50 Distance Total ~True Location from Q
f Base Height Radius Distance | Distance
Elevation | Surface Culvert
_._é TAverage |
7| Hydraulic.
| Radios
{ft} (ft) {ft) {{t/t) {ft} {ft) {sf) (ft} [ft) [AHiiY] [FL/EL) (1t} {FLy 3] {ft) [cis)
483.80 0.80 483 9,12 0.0363 0,836 0.649 0 o] Pond 2 0 14
0.36 0.000431 ISR 0:338 Q76705 4.05E-04  4.05E-04 836 836 860
484.16 1.16 483 8.00 1.1600 14.48 0.0148 1175 0888 Letdown 18 260 14
008 0.000128 G 048 EUTOMR06E| 1.03E-04 | 1.03E-04 468 1304 1360
484.22 122 483 9.00 1.2200 1545 0.0029 1.223 0.924 Letdown 17 1360 7
Notes: 455.0
1. Rainfall event used is 25-yr. 1-hr storm which produces 2.63 inches of rain T
2. Longitudinal slope of channel assumed to be as stated for So. 4875
3 Flows are split generally at half the distance between the enlrances lo Lhe pond along the perimeter ditch, 487.0 Wat
4. Flows coming to a leldown structure and from below the bench served by the leldown structure are combined as the flow at the letdown structure 486.5 a ?r i
for modeling purposes. A8E0 e profile in
5. Model is adapted from lllustrative problem on page 380 in "Elementary Fluid Mechanics” by Jobn Vennard, Wiley and Sons, 1961 : ditch
ABEE ce s e
4850 -
A8AS et e e e e
484.0 - * ® .
4835 -
4830
¢ 500 100G 1500
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Ameren Labadie Energy Center Utility Waste Landfill
Perimeter Ditch Water Profile: 25-yr, 1-hr event
Elevation for Stated Flow
Clockwise from Pond 3

Table N-6
Base
Sgpen® 3 Serign = 3 Width 9 Mannings N = 0,02 Saift)=0 Runeff Factor for 2,63 inf hr rainfall= 0.017
(ft}=
Channel Slope of . . . Distance
Elevation | Depth Baottom Water Adjusted Ad]".’smd Area | Velocity | v'f2g | Specific Energy Hydra'ullc Slope $-5¢ Distance .Total 'Tme Location from Q
R Base Height Radius Distance Distance
Elevation Surface Culvert
Velocity:. - Bpeciic.Energy
{ft) {ft) (fty (Ft/et) {ft) [$13] {sf) {fps) {ft) (it} {ftift) {itift) {ft) (ft) (§t} (ft) {cfs)
483.72 0.72 483 8.04 1,742 C.0471 0.767 O 0 Ford 3 0 14
¢.00 ¢ HE 2,028 R A 1] R 1.50E-03 [ 1.50E-03 24 24 0
483.72 072 483 2.00 0.7200 804 2,317 0.0833 0.803 Letdown 14 0 19
0.41 0.000848 LETBO2 T AR T 7.00E-04 | 7.00E-04 483 508 500
48413 1.13 483 9.00 1.1300 14.00 0.868 8.0117 i.142 Letdown 15 500 12
Naotes: 4880
1. Rainfall event used is 25-yr, 1-hr storm which produces 2.63 inches of rain. D
2. Longitudinal slope of channel assumed 1o be as stated for So. 487.5 -
3. Flows are split generaliy 2l haif the distance between the entrances to the pond along the perimeter ditch. 487 0 Water
4 Fiows coming to 2 letdown structure and from befow the bench served by he letdown structure are combined as the flow a! the letdown struclure ABBS - file i
for modeling purposes. 486.0 pro e in
5. Model is adapted from Hustraiive problem on page 380 in "Elementary Fluid Mechanics” by John Vennard, Wiley and Sons, 1961, 4855 ditch
485.0
B 2T S ————————
484.0 - *
4835
"483,0
o 200 400 600
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