D.2.1.1 - London Canal
Steepened Slope (1V:1H)
FOS =14



Elevation

London Canal
Sta. 18+00 to 37+00, West Bank
1 on 1 Cut Slope

Clay
Unit Weight = 114 pcf
¢ =500 psf
0.720 Clay
® Clay Unit Weight = 98 pcf
Unit Weight = 117 pcf ¢ = 400 psf

Clay
Unit Weight = 122 pcf
phi = 30 degrees

> NAVD ¢ = 600 psf
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Elevation

London Canal
Sta. 18+00 to 37+00, West Bank
1 on 3.5 Cut Slope

Clay
Unit Weight = 114 pcf
¢ =500 psf
1.451 Clay Clay
® 0.5 NAVD Unit Weight = 117 pcf Unit Weight = 98 pcf
¢ = 600 psf ¢ = 400 psf Clay

Unit Weight = 122 pcf
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D.2.2 Seepage



D.3 Canal Excavation Alternatives



BLACK & VEATCH
Building a world of difference:

MEMORANDUM

USACE - HPO B&V Project 41919
90-Day Study Task 2.5C
Canal Deepening — Seepage Analysis December 29, 2008
Drawdown

SEEPAGE EVALUATION

A. CANAL WITH MODIFIED SOIL SLOPES

The intent of this analysis was to evaluate the potential for drawdown of the groundwater on the
land side of the canal due to the canal deepening. The side slopes of the canal are to be
modified with jet grouting to reduce permeability and deep soil mixing to increase strength. The
groundwater is assumed to be at elevation -1 feet and the constant head source is 1200 feet from
the edge of the canal.

Hydraulic conductivities for the soil were provided in the IPET report, Appendix V-8, page 3, (See
Below). Soil layering is a general profile and is not related to any specific canal system.

relevant materials are the sand at the base of the section, the overlying marsh {peat) laver, and
the clayey levee fill. The permeability of the sand. based on field pumping tests, was

1.5 % 10~ cov/sec. The permeability of the marsh layer was estimated as 1x10~ cm/sec, and the
permeability of the levee fill and the Bay Sound clay was estimated as 1x10° cm/sec. Thorough

The hydraulic conductivity of the soil modification is assumed between 1 x 10° and 1 x 10"
cm/sec. The following sentence is from FHWA-RD-99-138, “An Introduction to Deep Soil Mixing
Methods as Used in Geotechnical Applications”. For the analysis, the hydraulic conductivity was
varied to evaluate the difference in drawdown adjacent to the canal.

Either soil/cement walls (LICS of 0.1 to 2 MPa and a permeability of 10* to 10 m/s)) soil-
bentonite, or soil-clay-bentonite walls (permeability of 10 to 107" m/s) can be formed (the latter

as low-strength cut-offs at sites with low differential heads).

SUMMARY —

The results of the steady-state seepage analysis indicate that modified soil with hydraulic
conductivity of 1 x 10° cm/sec will have a drawdown of 1 foot at a distance of 280 feet from the
edge of the canal. The modified soil with hydraulic conductivity of 1 x 107 cm/sec will have a
drawdown of less than 1 foot at a distance of 50 feet from the edge of the canal.



BLACK & VEATCH

MEMORANDUM Page 2
USACE - HPO B&V Project 41919
90-Day Study Task 2.5C
Canal Deepening — 17" Street Canal December 29, 2008

Slope Stability and Deep Soil Mixing

B. CANAL WITH NO FLOW SIDE BOUNDARY AND PRESSURE RELIEF BASE

The intent of this analysis is to evaluate the canal model presented in the 2006 report. The
analysis assumes the canal side slope is an impermeable vertical barrier below elevation -10 feet.
The base of the canal is assumed to have pressure relief at the base.

SUMMARY —

For the condition with a no flow boundary at the side and seepage relief at the base, the
drawdown ranged from 1 foot at a distance of approximately 300 feet with approximately 5 feet of
drawdown at 100 feet from the canal.



Elevation (ft)

S0 —
40 —

30— MARSH: K-Saturation: 3.04e-007 ft/sec = 1x10(-5) cm/sec

LACUSTRINE CLAY: K-Saturation: 3.28e-008 ft/sec = 1x10(-6) cm/sec
BEACH SAND: K-Saturation: 0.000492 ft/sec = .015 cm/sec
BAY SOUND CLAY: K-Saturation: 3.28e-008 ft/sec = 1x10(-6) cm/sec
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Elevation (ft)

S0 —
40 —

30— MARSH: K-Saturation: 3.04e-007 ft/sec = 1x10(-5) cm/sec

ol LACUSTRINE CLAY: K-Saturation: 3.28e-008 ft/sec = 1x10(-6) cm/sec
BEACH SAND: K-Saturation: 0.000492 ft/sec = .015 cm/sec

0 BAY SOUND CLAY: K-Saturation: 3.28e-008 ft/sec = 1x10(-6) cm/sec

= — TOTAL HEAD = ELEVAITON -2 AT 290 FEET FROM CREST
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Elevation (ft)

DEEP SOIL MIX COLUMNS FOR CANAL LINER

50— MARSH: K-Saturation: 3.04e-007 ft/sec = 1x10(-5) cm/sec

0l LACUSTRINE CLAY: K-Saturation: 3.28e-008 ft/sec = 1x10(-6) cm/sec
BEACH SAND: K-Saturation: 0.000492 ft/sec = .015 cm/sec

30l BAY SOUND CLAY: K-Saturation: 3.28e-008 ft/sec = 1x10(-6) cm/sec

DEEP SOIL MIX: K-Saturation: 3.28e-008 ft/sec =1x10(-6)cm/sec
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Elevation (ft)

DEEP SOIL MIX COLUMNS FOR CANAL LINER

50— MARSH: K-Saturation: 3.04e-007 ft/sec = 1x10(-5) cm/sec
LACUSTRINE CLAY: K-Saturation: 3.28e-008 ft/sec = 1x10(-6) cm/sec
i BEACH SAND: K-Saturation: 0.000492 ft/sec = .015 cm/sec
20l BAY SOUND CLAY: K-Saturation: 3.28e-008 ft/sec = 1x10(-6) cm/sec
DEEP SOIL MIX: K-Saturation: 3.28e-008 ft/sec =1x10(-6)cm/sec
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Elevation (ft)

DEEP SOIL MIX COLUMNS FOR CANAL LINER

50— MARSH: K-Saturation: 3.04e-007 ft/sec = 1x10(-5) cm/sec

0l LACUSTRINE CLAY: K-Saturation: 3.28e-008 ft/sec = 1x10(-6) cm/sec
BEACH SAND: K-Saturation: 0.000492 ft/sec = .015 cm/sec

30l BAY SOUND CLAY: K-Saturation: 3.28e-008 ft/sec = 1x10(-6) cm/sec

DEEP SOIL MIX: K-Saturation: 3.28e-009 ft/sec =1x10(-7)cm/sec
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Elevation (ft)

DEEP SOIL MIX COLUMNS FOR CANAL LINER

50— MARSH: K-Saturation: 3.04e-007 ft/sec = 1x10(-5) cm/sec
LACUSTRINE CLAY: K-Saturation: 3.28e-008 ft/sec = 1x10(-6) cm/sec

40— BEACH SAND: K-Saturation: 0.000492 ft/sec = .015 cm/sec

30l BAY SOUND CLAY: K-Saturation: 3.28e-008 ft/sec = 1x10(-6) cm/sec

DEEP SOIL MIX: K-Saturation: 3.28e-009 ft/sec =1x10(-7)cm/sec
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D.3.1 17" St. Canal



Elevation

Name: Fill

0= 17th Street Canal Deepening o Model: Mohr-Coulomb
1H:1V SLOPE ° ° Unit Weight: 110 pcf
30 |— WITH DSM COLUMNS . ° ° Cohesion: 900 psf
Phi: 0°
L]
20— Name: Swamp / Marsh
. Model: Mohr-Coulomb
10 — Unit Weight: 80 pcf
° Cohesion: 300 psf
0l ° . Phi: 0°
L] .
Name: Lacustrine
-10 — Model: Spatial Mohr-Coulomb
Unit Weight: 80 pcf
Phi: 0°
-20 — -
23NAVD e. Cohesion Fn: Lacustrine Strength Under Embankment
30 — Name: Beach Sand
-36.5 NAVD Model: Mohr-Coulomb
-40 — Unit Weight: 120 pcf
Cohesion: 0 psf
~ Phi: 30 °
-50 — \\\\%
S Name: Soil Mixing
-60 — Model: Mohr-Coulomb
Unit Weight: 110 pcf
70 — Cohesion: 2000 psf
Phi: 0°
.80 [ [ [ [ [ [ [ [ [ [ [ [ [ \ |
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Elevation
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17th Street Canal Deepening
1H:1V SLOPE (without DSM) .
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Name: Fill

Model: Mohr-Coulomb
Unit Weight: 110 pcf
Cohesion: 900 psf
Phi: 0 ®

Name: Swamp / Marsh
Model: Mohr-Coulomb
Unit Weight: 80 pcf
Cohesion: 300 psf
Phi: 0 °

Name: Lacustrine

Model: Spatial Mohr-Coulomb

Unit Weight: 80 pcf

Phi: 0 °

Cohesion Fn: Lacustrine Strength Under Embankment

Name: Beach Sand
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion: 0 psf

Phi: 30 ®

290



D.3.2 Orleans Canal



Elevation

40 —

30 —

20 —

10 —

Orleans Canal Deepening
1H:1V SLOPE
WITH DSM COLUMNS

-20.5 NAVD

-18 NAVD

Name: Fill

Model: Mohr-Coulomb
Unit Weight: 110 pcf
Cohesion: 900 psf
Phi: 0°

Name: Swamp / Marsh
Model: Mohr-Coulomb
Unit Weight: 80 pcf
Cohesion: 300 psf
Phi: 0°

Name: Lacustrine

Model: Spatial Mohr-Coulomb
Unit Weight: 80 pcf

Phi: 0 °

Cohesion Fn: Lacustrine Strength Under Embankment

Name: Beach Sand
Model: Mohr-Coulomb
Unit Weight: 120 pcf

Cohesion: 0 psf
Phi: 30 °

Name: Soil Mixing
Model: Mohr-Coulomb
Unit Weight: 110 pcf
Cohesion: 2000 psf
Phi: 0 °

\ \ \ \ \ \ \ \ \ |

0 10 20 30 40 50

200 210 220 230 240 250 260 270 280 290



Elevation
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10 —

L]
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L )
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L )
Orleans Canal Deepening .
1H:1V SLOPE (without DSM) o
L]
L]
-20.5 NAVD
L]

-18 NAVD

lonl

5 NAVD

EL-11

H

Name: Fill

Model: Mohr-Coulomb
Unit Weight: 110 pcf
Cohesion: 900 psf
Phi: 0°

Name: Swamp / Marsh
Model: Mohr-Coulomb
Unit Weight: 80 pcf
Cohesion: 300 psf
Phi: 0 °

Name: Lacustrine

Model: Spatial Mohr-Coulomb
Unit Weight: 80 pcf

Phi: 0°

Cohesion Fn: Lacustrine Strength Under Embankment

Name: Beach Sand
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion: 0 psf

Phi: 30 °
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D.3.3 London Canal



Elevation
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London Canal Deepening ° .Zﬂ
1H:1V SLOPE ° °
WITH DSM COLUMNS ° °

2.5 NAVD

-18 NAVD

-26 NAVD
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Distance

230

240

250

260

270

280

Name: Fill

Model: Mohr-Coulomb
Unit Weight: 110 pcf
Cohesion: 900 psf
Phi: 0°

Name: Swamp / Marsh
Model: Mohr-Coulomb
Unit Weight: 80 pcf
Cohesion: 300 psf
Phi: 0 °

Name: Lacustrine

Model: Spatial Mohr-Coulomb

Unit Weight: 80 pcf

Phi: 0 °

Cohesion Fn: Lacustrine Strength Under Embankment

Name: Beach Sand
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion: 0 psf

Phi: 30 °

Name: Soil Mixing
Model: Mohr-Coulomb
Unit Weight: 110 pcf
Cohesion: 2000 psf
Phi: 0 °

290



Elevation

40 —

30 —

20 —

10 —

-50 —

-60 —

-70 —

London Canal Deepening
1H:1V SLOPE (without DSM)

-18 NAVD

0.636
. L] ._
L )
° ° Name: Fill
° °® Model: Mohr-Coulomb
° M 2.5 NAVD Unit Weight: 110 pcf

Cohesion: 900 psf
Phi: 0°

Name: Swamp / Marsh
Model: Mohr-Coulomb
Unit Weight: 80 pcf
Cohesion: 300 psf

-26 NAVD

Phi: 0 °

Name: Lacustrine

Model: Spatial Mohr-Coulomb

Unit Weight: 80 pcf

Phi: 0 °

Cohesion Fn: Lacustrine Strength Under Embankment

Name: Beach Sand
Model: Mohr-Coulomb
Unit Weight: 120 pcf

El-61 I

Cohesion: 0 psf
Phi: 30 °

80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290
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APPENDIX E

Mechanical/Electrical

Final Report
March 13, 2009



Option 1A & B

Pump Sizes

Number of 1000

Number of 1000

Required Capcity cfs engine driven cfs electric Number of 500 | Number of 250 | Number of 150
Pump Station & Condition (cfs) Provided Capacity (cfs) pumps pumps cfs pumps cfs pumps cfs pumps
17th St. (Initial) 10,500 10500 3 6 2 2 0
17th St. (Future) 12,500 12500 4 7 2 2 0
Orleans (Initial) 2690 2750 2 0 1 1 0
Orleans (Future) 3390 3400 2 0 2 1 1
London (Initial) 7980 8000 3 4 1 2 0
London (Future) 8980 9000 4 4 1 2 0

Option 1C

Number of 1000

Number of 1000

Required Capcity cfs engine driven cfs electric Number of 500 | Number of 250 | Number of 150
Pump Station & Condition (cfs) Provided Capacity (cfs) pumps pumps cfs pumps cfs pumps cfs pumps
17th St. (Initial) 10,500 10500 0 9 2 2 0
Orleans (Initial) 2690 2750 0 2 1 1 0
London (Initial) 7980 8000 0 7 1 2 0

Option 2

(Includes Florida Diversion)

Number of 1000

Number of 1000

Required Capcity cfs engine driven cfs electric Number of 500 | Number of 250 | Number of 150
Pump Station & Condition (cfs) Provided Capacity (cfs) pumps pumps cfs pumps cfs pumps cfs pumps
17th St. (Initial) 10,500 10500 3 6 2 2 0
17th St. (Future) 12,500 12500 4 7 2 2 0
Orleans (Initial) 2690 2750 2 0 1 1 0
Orleans (Future) 3390 3400 2 0 2 1 1
London (Initial) 6880 7000 2 4 1 2 0
London (Future) 7880 8000 3 4 1 2 0

Option 2A

(Includes Florida Diversion and Hoey's Diversion)

Number of 1000

Number of 1000

Required Capcity cfs engine driven cfs electric Number of 500 | Number of 250 | Number of 150
Pump Station & Condition (cfs) Provided Capacity (cfs) pumps pumps cfs pumps cfs pumps cfs pumps
17th St. (Initial) 8,900 9000 3 5 1 2 0
17th St. (Future) 10,900 11000 3 7 1 2 0
Orleans (Initial) 2690 2750 2 0 1 1 0
Orleans (Future) 3390 3400 2 0 2 1 1
London (Initial) 6880 7000 2 4 1 2 0
London (Future) 7880 8000 3 4 1 2 0

Option 2M

(Includes Florida Diversion)

Number of 1000

Number of 1000

Required Capcity cfs engine driven cfs electric Number of 500 | Number of 250 | Number of 150
Pump Station & Condition (cfs) Provided Capacity (cfs) pumps pumps cfs pumps cfs pumps cfs pumps
17th St. (Initial) 10,500 10500 3 6 2 2 0
17th St. (Future) 12,500 12500 4 7 2 2 0
Orleans (Initial) 2690 2750 2 0 1 1 0
Orleans (Future) 3390 3400 2 0 2 1 1
London (Initial) 6880 7000 2 4 1 2 0
London (Future) 7880 8000 3 4 1 2 0

Option 3A

Number of 1000

Number of 1000

Required Capcity cfs engine driven cfs electric Number of 500 | Number of 250 | Number of 150
Pump Station & Condition (cfs) Provided Capacity (cfs) pumps pumps cfs pumps cfs pumps cfs pumps
17th St. (Initial) 8,900 9000 3 5 1 2 0
17th St. (Future) 10,900 11000 3 7 1 2 0
Orleans (Initial) 2690 2750 2 0 1 1 0
Orleans (Future) 3390 3400 2 0 2 1 1
London (Initial) 6880 7000 2 4 1 2 0
London (Future) 7880 8000 3 4 1 2 0

Option 2

Number of 1000

Number of 1000

Required Capcity cfs engine driven cfs electric Number of 500 | Number of 250 | Number of 150
Pump Station & Condition (cfs) Provided Capacity (cfs) pumps pumps cfs pumps cfs pumps cfs pumps
17th St. (Initial) 10,500 10500 3 6 2 2 0
17th St. (Future) 12,500 12500 4 7 2 2 0
Orleans (Initial) 2690 2750 2 0 1 1 0
Orleans (Future) 3390 3400 2 0 2 1 1
London (Initial) 7890 8000 3 4 1 2 0
London (Future) 8890 9000 4 4 1 2 0




Approximate Pump Building Lengths

Option 1A & B Refer to 2006 CDR

Option 1c Quantity Length (ft) Extension (ft) Study Qty
17th Street Canal
1000 cfs motors 9 @ 26 234
500 cfs motors 2 @ 16 32
250 cfs motors 2 @ 10 20
Total 286 290
Orleans Canal
1000 cfs motors 2 @ 26 52
500 cfs motors 1 @ 16 16
250 cfs motors 1 @ 10 10
Total 78 80
London Canal
1000 cfs motors 7 @ 26 182
500 cfs motors 1 @ 16 16
250 cfs motors 2 @ 10 20
Total 218 220
Option 2 & 2M** Quantity Length (ft) Extension (ft) Study Qty
17th Street Canal
1000 cfs engine 4 @ 36 144
1000 cfs motors 7 @ 26 182
500 cfs motors 2 @ 16 32
250 cfs motors 2 @ 10 20
Total 378 380
Orleans Canal
1000 cfs engine 2 @ 36 72
1000 cfs motors 0 @ 26 0
500 cfs motors 2 @ 16 32
250 cfs motors* 2 @ 10 20
Total 124 130
London Canal
1000 cfs engine 3 @ 36 108
1000 cfs motors 4 @ 26 104
500 cfs motors 1 @ 16 16
250 cfs motors 2 @ 10 20
Total 248 250
* includes one 150 cfs pump
** future bays included
Option 2A & 2AM** Quantity Length (ft) Extension (ft) Study Qty
17th Street Canal
1000 cfs engine 3 @ 36 108
1000 cfs motors 7 @ 26 182
500 cfs motors 1 @ 16 16
250 cfs motors 2 @ 10 20
Total 326 330
Orleans Canal
1000 cfs engine 2 @ 36 72
1000 cfs motors 0 @ 26 0
500 cfs motors 2 @ 16 32
250 cfs motors* 2 @ 10 20
Total 124 130
London Canal
1000 cfs engine 3 @ 36 108
1000 cfs motors 4 @ 26 104
500 cfs motors 1 @ 16 16
250 cfs motors 2 @ 10 20
Total 248 250

* includes one 150 cfs pump
** future bays included
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