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Soil Parameters for Slope Stability Analyses – HSC Bayou Reach 

Section Profile  
(Soil Conditions) 

Soil 
Description 

Elevation, Feet Total 
Unit 

Weight 

(), pcf 

Short Term Long Term 

Top Bottom 
Undrained Shear 

Strength, psf 
Cohesio

n, psf 

Friction Angle 

(’), degrees

Sta. 702+00 
Green Side 

(Boring ECP-403D) 

Lean Clay 0 -22.5 110 660 20 24 

Lean Clay -22.5 -35.5 130 2,100 340 30 

Lean Clay -35.5 -42.5 130 3,120 340 30 

Sand -42.5 -60 120 0 0 36 

Sta. 720+00 
Red Side 

(Boring ECP-405D) 

Sand -5 -13.8 110 0 0 26 

Fat Clay  -13.8 -23.8 110 140 20 21 

Lean Clay -23.8 -31.8 110 500 20 24 

Lean Clay -31.8 -60 120 2,800 340 30 

Sta. 742+00  
Red Side 

(Boring ECP-407D) 

Lean Clay 0 -17.9 120 550 40 24 

Fat Clay -17.9 -25.9 110 320 20 21 

Lean Clay -25.9 -35.9 120 540 40 24 

Sand -35.9 -41.9 110 0 0 30 

Lean Clay -41.9 -51.9 130 1,640 340 30 

Sand -51.9 -60 120 0 0 32 

Sta. 760+00 
Red Side 

(Boring ECP-409D) 

Fat Clay -6 -29 130 2,420 340 27 

Sand -29 -41 120 0 0 36 

Lean Clay -41 -51 130 3,120 340 30 

Sand -51 -60 120 0 0 35 

Sta. 800+00 
Red Side 

(Boring ECP-413D) 

Lean Clay -2 -25.7 100 6 psf/ft 50 psf  - 150 psf 20 24 

Lean Clay -25.7 -29.7 110 340 20 24 

Fat Clay -29.7 -33.7 110 340 20 21 

Lean Clay -33.7 -51.7 130 2,800 340 30 

Fat Clay -51.7 -57.7 130 3,000 340 27 

Lean Clay -57.7 -60 125 2,420 340 30 

        



Soil Parameters for Slope Stability Analyses – HSC Bayou Reach 

Section Profile  
(Soil Conditions) 

Soil 
Description 

Elevation, Feet Total 
Unit 

Weight 

(), pcf 

Short Term Long Term 

Top Bottom 
Undrained Shear 

Strength, psf 
Cohesio

n, psf 

Friction Angle 

(’), degrees

Sta. 800+00 
Red Side 

(Boring ECP-413D) 

Lean Clay 8 -2 100 500 20 24 

Lean Clay -2 -25.7 100 6 psf/ft (50 psf  - 150 psf) 20 24 

Lean Clay -25.7 -29.7 110 340 20 24 

Fat Clay -29.7 -33.7 110 340 20 21 

Lean Clay -33.7 -51.7 130 2,800 340 30 

Fat Clay -51.7 -57.7 130 3,000 340 27 

Lean Clay -57.7 -60 125 2,420 340 30 

Sta. 808+00 
Green Side 

(Boring ECP-414D) 

Fat Clay -4 -26.5 100 50 20 21 

Lean Clay -26.5 -28.5 100 200 20 24 

Fat Clay -28.5 -36.5 130 3,000 340 27 

Lean Clay -36.5 -40.5 130 3,000 340 30 

Silt -40.5 -50.5 120 0 0 32 

Sand -50.5 -56.5 120 0 0 37 

Fat Clay -56.5 -60.5 130 3,000 340 27 

Sta. 830+00 
Green Side 

(Boring ECP-416D) 

Fat Clay -25 -42.5 100 6 psf/ft (50 psf  - 150 psf) 20 21 

Lean Clay -42.5 -60 125 2,100 340 30 

Sta. 876+00 
Green Side 

(Boring ECP-421D) 

Fat Clay -2 -42.1 100 100 20 21 

Fat Clay -42.1 -54.1 125 3,000 340 27 

Lean Clay -54.1 -58.1 125 3,000 340 30 

Fat Clay -58.1 -60 125 3,000 340 27 

Sta. 918+00 
Green Side 

(Boring ECP-425D) 

Sand 0 -43.7 120 0 0 32 

Fat Clay -43.7 -60 125 2,200 340 27 

 



 
 
 
 
 
 
 
 
 
 
 
 
 

HSC SLOPE STABILITY RESULTS – 
3H:1V TEMPLATE 
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 702+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
(psf)

Lean Clay 1 (Undrained) 110 660

Lean Clay 2 (Undrained) 130 2,100

Lean Clay 3 (Undrained) 130 3,120

Sand 120 0 36

Lean Clay 1

Lean Clay 2

Sand

ECP-403D
El. -16.5'
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 702+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Lean Clay 1 110 20 24

Lean Clay 2 130 340 30

Lean Clay 3 130 340 30

Sand 120 0 36

Lean Clay 1

Lean Clay 2

Sand

ECP-403D
El. -16.5'
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 720+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
(psf)

Fat Clay 1 (Undrained) 110 140

Lean Clay 1 (Undrained) 110 500

Lean Clay 2 (Undrained) 120 2,800

Sand 110 0 26

Fat Clay 1

Lean Clay 1

Lean Clay 2

Sand

3H:1V

ECP-405D
El. -9.84' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 720+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Fat Clay 1 110 20 21

Lean Clay 1 110 20 24

Lean Clay 2 120 340 30

Sand 110 0 26

Fat Clay 1

Lean Clay 1

Lean Clay 2

Sand

3H:1V

ECP-405D
El. -9.84' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 742+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
(psf)

Fat Clay 1 (Undrained) 110 320

Lean Clay 1 (Undrained) 130 550

Lean Clay 2 (Undrained) 120 540

Lean Clay 3 (Undrained) 130 1,640

Sand 1 110 0 30

Sand 2 120 0 32

Fat Clay 1

Lean Clay 2

Lean Clay 3

Sand 2

Sand 1

ECP-407D
El. -17.86' MLLW
(Approx. Location)

Lean Clay 1

3H:1V
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 742+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Fat Clay 1 110 20 21

Lean Clay 1 120 40 24

Lean Clay 2 120 40 24

Lean Clay 3 130 340 30

Sand 1 110 0 30

Sand 2 120 0 32

Fat Clay 1

Lean Clay 2

Lean Clay 3

Sand 2

Sand 1

ECP-407D
El. -17.86' MLLW
(Approx. Location)

Lean Clay 1

3H:1V
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 760+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
(psf)

Fat Clay 1 
(Undrained)

130 2,420

Lean Clay 1 
(Undrained)

130 3,120

Sand 1 120 0 36

Sand 2 120 0 35

Fat Clay 1

Sand 2

Sand 1

Lean Clay 1

3H:1V

ECP-409D
El. -13.06' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 760+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Fat Clay 1 130 340 27

Lean Clay 1 130 340 30

Sand 1 120 0 36

Sand 2 120 0 35

Fat Clay 1

Sand 2

Sand 1

Lean Clay 1

3H:1V

ECP-409D
El. -13.06' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 800+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Fat Clay 1 (Undrained) 110 340

Fat Clay 2 (Undrained) 130 3,000

Lean Clay 1 (Undrained) 100 50 6 150

Lean Clay 2 (Undrained) 110 340

Lean Clay 3 (Undrained) 130 2,800

Lean Clay 4 (Undrained) 125 2,420

Fat Clay 1

Lean Clay 1

ECP-413D
El. -15.72' MLLW
(Approx. Location)
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Lean Clay 4

Fat Clay 2
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 800+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Fat Clay 1 110 20 21

Fat Clay 2 130 340 27

Lean Clay 1 100 20 24

Lean Clay 2 110 20 24

Lean Clay 3 130 340 30

Lean Clay 4 125 340 30

Fat Clay 1

Lean Clay 1

ECP-413D
El. -15.72' MLLW
(Approx. Location)

Lean Clay 2

Lean Clay 3

Lean Clay 4

Fat Clay 2

3H:1V
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 803+26 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Fat Clay 1 (Undrained) 110 340

Fat Clay 2 (Undrained) 130 3,000

Fat Clay 3 (U) 120 1,500

Lean Clay 1 (Undrained) 110 340

Lean Clay 2 (Undrained) 100 50 6 150

Lean Clay 3 (Undrained) 120 1,000

Lean Clay 4 (Undrained) 130 2,800

Lean Clay 5 (Undrained) 125 2,420

Sand 1 110 0 26

Sand 2 120 0 32

Fat Clay 1
Lean Clay 1

ECP-413D
El. -15.72' MLLW
(Approx. Location)
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Lean Clay 5

Fat Clay 2
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 803+26 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Fat Clay 1 110 20 21

Fat Clay 2 130 340 27

Fat Clay 3 120 340 27

Lean Clay 1 110 20 24

Lean Clay 2 100 20 24

Lean Clay 3 120 340 30

Lean Clay 4 130 340 30

Lean Clay 5 125 340 30

Sand 1 110 0 26

Sand 2 120 0 32

Fat Clay 1
Lean Clay 1

ECP-413D
El. -15.72' MLLW
(Approx. Location)
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Fat Clay 2
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 808+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
(psf)

Fat Clay 1 (Undrained) 100 50

Fat Clay 2 (Undrained) 130 3,000

Fat Clay 3 (Undrained) 130 3,000

Lean Clay 1 (Undrained) 100 200

Lean Clay 2 (Undrained) 130 3,000

Sand 120 0 37

Silt 120 0 32

Fat Clay 1

Fat Clay 2

Fat Clay 3

Lean Clay 1

Lean Clay 2

Silt
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(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 808+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Fat Clay 1 100 20 21

Fat Clay 2 130 340 27

Fat Clay 3 130 340 27

Lean Clay 1 100 20 24

Lean Clay 2 130 340 30

Sand 120 0 37

Silt 120 0 32

Fat Clay 1

Fat Clay 2

Fat Clay 3

Lean Clay 1

Lean Clay 2

Silt

Sand
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 830+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion
(psf)

C-Top of
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Fat Clay 1 (Undrained) 100 50 6 150

Lean Clay 1 (Undrained) 125 2,100

Fat Clay 1

Lean Clay 1

3H:1V

ECP-416D
El. -34.5' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 830+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Fat Clay 1 100 20 21

Lean Clay 1 125 340 30

Fat Clay 1

Lean Clay 1

3H:1V

ECP-416D
El. -34.5' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 876+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion
(psf)

Fat Clay 1 (Undrained) 100 100

Fat Clay 2 (Undrained) 125 3,000

Fat Clay 3 (Undrained) 125 3,000

Lean Clay 1 (Undrained) 125 3,000

Fat Clay 1

Fat Clay 2

Fat Clay 3
Lean Clay 1

3H:1V

ECP-421D
El. -24.1' MLLW
(Approx. Location)



   
2.

11
   

   
2.

21
   

  
 2

.3
1 

  

   
2.

51
  

 

   
2.

31
   

   
3.

11
   

   
3.

21
   

   
3.

31
   

2.01

Distance, Feet

-400 -350 -300 -250 -200 -150 -100 -50 0

E
le

va
ti

o
n

, F
ee

t 
(M

L
L

W
)

-60

-55

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

E
le

va
ti

o
n

, F
ee

t 
(M

L
L

W
)

-60

-55

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 876+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Fat Clay 1 100 20 21

Fat Clay 2 125 340 27

Fat Clay 3 125 340 27

Lean Clay 1 125 340 30

Fat Clay 1

Fat Clay 2

Fat Clay 3
Lean Clay 1

3H:1V

ECP-421D
El. -24.1' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 918+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Cohesion
(psf)

Fat Clay 1 
(Undrained)

125 2,200

Sand 120 0 32

Fat Clay 1

3H:1V

ECP-425D
El. -25.7' MLLW
(Approx. Location)

Sand
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 918+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Fat Clay 1 125 340 27

Sand 120 0 32

Fat Clay 1

3H:1V

ECP-425D
El. -25.7' MLLW
(Approx. Location)

Sand



 
 
 
 
 
 
 
 
 
 
 
 
 

HSC SLOPE STABILITY RESULTS –  
2.5H:1V TEMPLATE 
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 702+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
(psf)

Lean Clay 1 (Undrained) 110 660

Lean Clay 2 (Undrained) 130 2,100

Lean Clay 3 (Undrained) 130 3,120

Sand 120 0 36

Lean Clay 1

Lean Clay 2

Sand

ECP-403D
El. -16.5'
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 702+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Lean Clay 1 110 20 24

Lean Clay 2 130 340 30

Lean Clay 3 130 340 30

Sand 120 0 36

Lean Clay 1

Lean Clay 2

Sand

ECP-403D
El. -16.5'
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 720+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
(psf)

Fat Clay 1 (Undrained) 110 140

Lean Clay 1 (Undrained) 110 500

Lean Clay 2 (Undrained) 120 2,800

Sand 110 0 26

Fat Clay 1

Lean Clay 1

Lean Clay 2

Sand

2.5H:1V

ECP-405D
El. -9.84' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 720+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Fat Clay 1 110 20 21

Lean Clay 1 110 20 24

Lean Clay 2 120 340 30

Sand 110 0 26

Fat Clay 1

Lean Clay 1

Lean Clay 2

Sand

2.5H:1V

ECP-405D
El. -9.84' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 742+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
(psf)

Fat Clay 1 (Undrained) 110 320

Lean Clay 1 (Undrained) 130 550

Lean Clay 2 (Undrained) 120 540

Lean Clay 3 (Undrained) 130 1,640

Sand 1 110 0 30

Sand 2 120 0 32

Fat Clay 1

Lean Clay 2

Lean Clay 3

Sand 2

Sand 1

ECP-407D
El. -17.86' MLLW
(Approx. Location)

Lean Clay 1

2.5H:1V
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 742+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Fat Clay 1 110 20 21

Lean Clay 1 120 40 24

Lean Clay 2 120 40 24

Lean Clay 3 130 340 30

Sand 1 110 0 30

Sand 2 120 0 32

Fat Clay 1

Lean Clay 2

Lean Clay 3

Sand 2

Sand 1

ECP-407D
El. -17.86' MLLW
(Approx. Location)

Lean Clay 1

2.5H:1V
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 760+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
(psf)

Fat Clay 1 
(Undrained)

130 2,420

Lean Clay 1 
(Undrained)

130 3,120

Sand 1 120 0 36

Sand 2 120 0 35

Fat Clay 1

Sand 2

Sand 1

Lean Clay 1

2.5H:1V

ECP-409D
El. -13.06' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 760+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Fat Clay 1 130 340 27

Lean Clay 1 130 340 30

Sand 1 120 0 36

Sand 2 120 0 35

Fat Clay 1

Sand 2

Sand 1

Lean Clay 1

2.5H:1V

ECP-409D
El. -13.06' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 800+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Fat Clay 1 (Undrained) 110 340

Fat Clay 2 (Undrained) 130 3,000

Lean Clay 1 (Undrained) 100 50 6 150

Lean Clay 2 (Undrained) 110 340

Lean Clay 3 (Undrained) 130 2,800

Lean Clay 4 (Undrained) 125 2,420

Fat Clay 1

Lean Clay 1

ECP-413D
El. -15.72' MLLW
(Approx. Location)
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Lean Clay 4

Fat Clay 2
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 800+00 - Red Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Fat Clay 1 110 20 21

Fat Clay 2 130 340 27

Lean Clay 1 100 20 24

Lean Clay 2 110 20 24

Lean Clay 3 130 340 30

Lean Clay 4 125 340 30

Fat Clay 1

Lean Clay 1

ECP-413D
El. -15.72' MLLW
(Approx. Location)
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Fat Clay 2

2.5H:1V
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 808+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
(psf)

Fat Clay 1 (Undrained) 100 50

Fat Clay 2 (Undrained) 130 3,000

Fat Clay 3 (Undrained) 130 3,000

Lean Clay 1 (Undrained) 100 200
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Sand 120 0 37

Silt 120 0 32
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 808+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Fat Clay 1 100 20 21

Fat Clay 2 130 340 27

Fat Clay 3 130 340 27

Lean Clay 1 100 20 24

Lean Clay 2 130 340 30

Sand 120 0 37

Silt 120 0 32
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Fat Clay 2
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Lean Clay 1

Lean Clay 2

Silt
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 830+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion
(psf)

C-Top of
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Fat Clay 1 (Undrained) 100 50 6 150

Lean Clay 1 (Undrained) 125 2,100

Fat Clay 1

Lean Clay 1
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ECP-416D
El. -34.5' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 830+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Fat Clay 1 100 20 21

Lean Clay 1 125 340 30

Fat Clay 1

Lean Clay 1

2.5H:1V

ECP-416D
El. -34.5' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 876+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion
(psf)

Fat Clay 1 (Undrained) 100 100

Fat Clay 2 (Undrained) 125 3,000

Fat Clay 3 (Undrained) 125 3,000

Lean Clay 1 (Undrained) 125 3,000

Fat Clay 1

Fat Clay 2

Fat Clay 3
Lean Clay 1

2.5H:1V

ECP-421D
El. -24.1' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 876+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Fat Clay 1 100 20 21

Fat Clay 2 125 340 27

Fat Clay 3 125 340 27

Lean Clay 1 125 340 30

Fat Clay 1

Fat Clay 2

Fat Clay 3
Lean Clay 1

2.5H:1V

ECP-421D
El. -24.1' MLLW
(Approx. Location)
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 918+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Cohesion
(psf)

Fat Clay 1 
(Undrained)

125 2,200

Sand 120 0 32

Fat Clay 1

2.5H:1V

ECP-425D
El. -25.7' MLLW
(Approx. Location)

Sand
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Houston Ship Channel - Bayou Reach (Segment 4)
HSC CL Sta. 918+00 - Green Side
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular

El. +0' MLLW (Assumed)

Color Name Unit 
Weight 
(pcf)

Cohesion'
(psf)

Phi' 
(°)

Fat Clay 1 125 340 27

Sand 120 0 32

Fat Clay 1

2.5H:1V

ECP-425D
El. -25.7' MLLW
(Approx. Location)

Sand



 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 

SLOPE STABILITY ANALYSIS: BAYPORT SHIP 
CHANNEL 
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Soil Parameters for Slope Stability Analysis – Bayport Ship Channel 

Section 
(Boring) 

Soil 
Description 

Elevation, Feet Total Unit 
Weight 

(), pcf 

Undrained 
Shear 

Strength, psf  

Long Term 

Top Bottom 
Cohesion, 

psf 

Friction Angle 

(’), degrees

Sta. 213+00 Red Side 
(Boring ECP-201)  

Lean Clay -17.7 -27.7 120 500 200 23 

Fat Clay -27.7 -39.7 125 2,000 200 17 

Lean Clay -39.7 -45.7 125 1,000 200 23 

Fat Clay -45.7 -60 120 1,560 200 17 

Sta. 141+00 Red Side 
(Boring ECP-203A) 

Sand -17.2 -23.2 100 0 0 26 

Fat Clay -23.2 -47.2 115 1,120 200 17 

Lean Clay -47.2 -51.2 120 2,600 200 23 

Sand -51.2 -60 110 0 0 32 

Sta. 37+00 and Sta. 40+00  
(ECP-207, 

B-18  
& ECP-206A) 

Fat Clay +5 -10.8 120 1,160 360 22 

Silty Clay -10.8 -17.8 120 1,000 200 26 

Fat Clay -17.8 -32.8 120 2,600 360 22 

Lean Clay -32.8 -37.8 120 2,000 200 26 

Sand -37.8 -82.8 120 0 0 31 

Silt -82.8 -92.8 120 0 0 33 

Fat Clay -92.8 -97.8 130 2,900 360 22 

Sta. 42+20/Section C 
(ECP-208,  
12-59 &  

ECP-205A) 

Lean Clay +11 -11 120 1,460 200 26 

Sand -11 -21 120 0 0 32 

Fat Clay -21 -27 120 1,000 360 22 

Lean Clay -27 -32 120 660 200 26 

Fat Clay -32 -42 125 1,900 360 22 

Sand -42 -61 120 0 0 33 

Silt -61 -72 120 0 0 33 

Lean Clay -72 -99 130 2,200 200 26 
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Project Name: Houston Ship Channel Expansion Channel Improvement Project 
Location: Bayport Ship Channel - SJC Site
Approximate BSC CL Sta. 42+20 - Section C
HVJ Project Number: HG1910092.2.1
Loading Condition: Short Term
Slip Surface: Circular

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
(psf)

Fat Clay 1 (Undrained) 120 1,000

Fat Clay 2 (Undrained) 125 1,900

Lean Clay 1 (Undrained) 120 1,460

Lean Clay 2 (Undrained) 120 660

Lean Clay 3 (Undrained) 125 2,200

Sand 1 120 0 32

Sand 2 120 0 33

Silt 120 0 33

Lean Clay 1

Lean Clay 2

Lean Clay 3

Fat Clay 1

Fat Clay 2

Sand 1

Sand 2

Silt

ECP-208
El. +11.05'

12-59
El. -7.6'

ECP-205A
El. -41.04'

3H:1V
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Project Name: Houston Ship Channel Expansion Channel Improvement Project 
Location: Bayport Ship Channel - SJC Site
Approximate BSC CL Sta. 42+20 - Section C
HVJ Project Number: HG1910092.2.1
Loading Condition: Long Term
Slip Surface: Circular

El. +2'

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Fat Clay 1 120 360 22

Fat Clay 2 125 360 22

Lean Clay 1 120 200 26

Lean Clay 2 120 200 26

Lean Clay 3 125 200 26

Sand 1 120 0 32

Sand 2 120 0 33

Silt 120 0 33

Lean Clay 1

Lean Clay 2

Lean Clay 3

Fat Clay 1

Fat Clay 2

Sand 1

Sand 2

Silt

ECP-208
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 Project Name: Houston Ship Channel Expansion Channel Improvement Project 
Location: Bayport Ship Channel - SJC Site
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HVJ Project Number: HG1910092.2.1

Loading Condition: Short Term
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 Project Name: Houston Ship Channel Expansion Channel Improvement Project 
Location: Bayport Ship Channel - SJC Site
BSC CL Sta. 37+00
HVJ Project Number: HG1910092.2.1

Loading Condition: Long Term
Slip Surface: Circular
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2.05Project Name: Houston Ship Channel Expansion Channel Improvement Project 
Location: Bayport Ship Channel - SJC Site
BSC CL Sta. 37+00
HVJ Project Number: HG1910092.2.1

Loading Condition: Rapid Drawdown 
Slip Surface: Circular

El. -3.69'

El. 12.49'
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(°)
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Line After 
Drawdown

Fat Clay 1 120 340 18 341 14 1

Fat Clay 2 120 340 18 341 14 1
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Lean Clay 120 200 26 270 24 1
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Silt 120 0 33 0.1 32.9 1

Silty Clay 120 200 26 270 24 1
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SLOPE STABILITY ANALYSIS: BARBOURS CUT SHIP
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Soil Parameters for Slope Stability Analyses – Barbours Cut Channel, Spilmans Island 

Station & 
Boring 

Numbers 
Soil Description 

Elevation, Feet 
Total Unit 

Weight  

(), pcf 

Short Term  Long Term Rapid Drawdown 

Top Bottom 
Cohesion, 

psf 

Friction 

Angle (’), 
degrees

Cohesion, 
psf 

Friction 

Angle (’), 
degrees

Cohesion, 
psf 

Friction 

Angle (’), 
degrees

Sta. 34+00 
 

S-04, 
L-08, 
L-04, 

ECP-C1, 
ECP-312 

Dike 45 30 125 400 0 100 25 150 22 

Dredge Fill 42 30 90 Not Applicable 16 15 50 0 

Fat Clay 1 36 30 125 1200 0 300 22 500 15 

Clayey Sand 30 24 110 0 30 0 30 0 30 

Soft Fat Clay 24 14 115 280 0 100 15 150 10 

Loose Clayey Sand 14 5 120 0 28 0 28 0 28 

Fill 30 20 110 10 psf/ft (50 psf – 150 psf) 100 20 

Fat Clay 1 5 -21.3 125 1200 0 300 22 500 15 

Fat Clay 2 -21.3 -42.8 125 2200 0 300 22 500 15 

Clayey Sand -42.8 -85.3 110 0 30 0 30 0 30 

Fat Clay 2 -85.3 -120 125 2200 0 300 22 500 15 

Sta. 44+00 
 

S-03, 
L-07, 
L-03,  

ECP-C3, 
ECP-311 

Fat Clay 3 35 26 125 600 0 300 22 500 15 

Fill 26 0.7 110 300 0 100 20 150 15 

Fat Clay 1 0.7 -31.3 125 1000 0 300 22 500 15 

Fat Clay 2 -31.3 -41.3 125 2200 0 300 22 500 15 

Clayey Sand -41.3 -66.4 120 0 30 0 30 0 30 

Fat Clay 2 -66.4 -120 125 2200 0 300 22 500 15 

Sta. 56+00 
 

S-02, 
L-06, 
L-02, 

ECP-C2, 
ECP-312 

Lean Clay 2 34.5 15 125 700 0 100 25 150 20 

Lean Clay 1 15 0 125 500 0 100 25 150 20 

Lean Clay 2 0 -16.1 125 700 0 100 25 150 20 

Fat Clay 1  -16.1 -31.3 125 1000 0 300 22 500 15 

Fat Clay 2  -31.3 -49.5 125 2200 0 300 22 500 15 

Clayey Sand -49.5 -77 120 0 30 0 30 0 30 

Fat Clay 2  -77 -120 125 2200 0 300 22 500 15 



Soil Parameters for Slope Stability Analyses – Barbours Cut Channel, Spilmans Island 

Station & 
Boring 

Numbers 
Soil Description 

Elevation, Feet 
Total Unit 

Weight  

(), pcf 

Short Term  Long Term Rapid Drawdown 

Top Bottom 
Cohesion, 

psf 

Friction 

Angle (’), 
degrees

Cohesion, 
psf 

Friction 

Angle (’), 
degrees

Cohesion, 
psf 

Friction 

Angle (’), 
degrees

Sta. 64+00 
 

S-01, 
L-05, 
L-01, 

ECP-309 

Fat Clay 3 33.7 26 125 800 0 300 22 500 15 

Clayey Sand 26 22 120 0 30 0 30 0 30 

Lean Clay 26 -6 125 500 0 100 25 150 20 

Fat Clay 1 -6 -26.5 125 1000 0 400 18 500 14 

Fat Clay 2 -26.5 -49.6 125 2200 0 300 22 500 15 

Clayey Sand -49.6 -69.6 120 0 30 0 30 0 30 

Fat Clay 2  -69.6 -120 125 2200 0 300 22 500 15 

 



Soil Parameters for Pipeline Protection Wall Design  - Barbours Cut Channel, Spilmans Island 

Location & 
Boring Numbers 

Soil 
Description 

Elevation, Feet Total Unit 
Weight  

(), pcf 

Undrained Shear 
Strength, psf 

Drained Parameters 

Top 
Botto

m 
Cohesion, psf 

Friction Angle (’), 
degrees 

Pipeline Protection 
Wall  

ECP-316 

Clay 0 -26.5 125 1,000 400 18 

Clay -26.5 -54 125 2,800 300 22 

Clay -54 -59 125 1,000 100 25 

Sand -59 -64 120 0 0 30 

Clay -64 -90 125 2,800 300 22 

Clay -90 -110 125 2,000 100 25 

Clay -110 -134 125 1,200 100 25 

Soil Parameters for Cutoff Wall Design  - Barbours Cut Channel, Spilmans Island 

Cutoff Wall at East 
End 

ECP-312 

Clay 32 20 125 340 100 25 

Clay 24 20 125 340 100 15 

Sand 20 16 120 0 0 28 

Clay 16 -12 115 280 100 25 

Clay -12 -20 125 1200 300 22 

Clay -20 -33 125 2800 300 22 

Clay -33 -63 125 2800 100 25 

Sand -63 -85 120 0 0 34 

Cutoff Wall at West 
End 

ECP-313 

Clay 25 14 120 300 300 22 

Clay 14 -4 125 800 100 25 

Clay -4 -9 125 800 300 22 

Clay -9 -14 125 800 100 25 

Clay -14 -19 125 800 300 22 

Clay -19 -53 125 1800 300 22 

Clay -53 -64 125 1000 100 25 

Sand -64 -78 120 0 0 31 
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Loading Condition: Short Term - Exterior
Slip Surface: Circular

S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

El. +1'

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay
(U)

115 280
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay
(U)

115 280

Loading Condition: Short Term - Exterior
Slip Surface: Circular

El. +1'
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

Loading Condition: Short Term - Dike Interior
Slip Surface: Circular

El. +1'

3H:1V

+36' MLLW

3H:1V

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay
(U)

115 280
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

Loading Condition: Short Term - Dike Interior
Slip Surface: Block

El. +1'

3H:1V

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay
(U)

115 280
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24

Loading Condition: Long Term
Slip Surface: Circular

Fat Clay 1

Fat Clay 1

Dredge Fill

El. +1'
Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Future Dike @ +45'

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike 125 100 25

Dredge Fill 90 16 15

Fat Clay 1 125 300 22

Fat Clay 2 125 300 22

Fill 110 50 10 150

Loose 
Clayey Sand

110 0 28

Soft Fat 
Clay 

115 100 15
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24

El. -3.64'

Loading Condition: Rapid Drawdown
Slip Surface: Circular

El. +12.54'

Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Dredge Fill

Future Dike @ +45'

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
R (psf)

Phi 
R 
(°)

Bulkhead 150

Clayey Sand 120 0 30 0 30

Dike 125 100 25 150 22

Dredge Fill 90 16 15 50 0

Fat Clay 1 125 300 22 500 15

Fat Clay 2 125 300 22 500 15

Fill (RDD) 110 50 25 100 20

Loose 
Clayey Sand

110 0 28 0 28

Soft Fat 
Clay 

115 100 15 150 10
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S-03
El. -8.86'

L-07
El. 8.84'

L-03
El. 33.64'

Loading Condition: Short Term - Exterior
Slip Surface: Circular

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

El. +1'

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Relocated Berm
@ +39' MLLW

Top El. +32'

3H:1V

3H:1V
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S-03
El. -8.86'

L-07
El. 8.84'

L-03
El. 33.64'

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Relocated Berm
@ +39' MLLW

Top El. +32'

3H:1V

3H:1V

Loading Condition: Short Term - Exterior Local
Slip Surface: Circular

El. +1'
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S-03
El. -8.86'

L-07
El. 8.84'

L-03
El. 33.64'

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Loading Condition: Short Term - Interior
Slip Surface: Circular

El. +1'

Relocated Berm
@ +39' MLLW

Top El. +32'

3H:1V

3H:1V

 9
0 

ft
 

 100 ft 
 20 ft 

 40 ft 



2.33

Distance, Feet

0 100 200 300 400 500 600 700 800 900

E
le

va
ti

o
n

, F
ee

t 
(M

L
L

W
)

-120

-108

-96

-84

-72

-60

-48

-36

-24

-12

0

12

24

36

48

E
le

va
ti

o
n

, F
ee

t 
(M

L
L

W
)

-120

-108

-96

-84

-72

-60

-48

-36

-24

-12

0

12

24

36

48

S-03
El. -8.86'

L-07
El. 8.84'

L-03
El. 33.64'

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'

Relocated Berm
@ +39' MLLW

Top El. +32'

3H:1V

3H:1V
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S-03
El. -8.86'

L-07
El. 8.84'

L-03
El. 33.64'

Loading Condition: Long Term
Slip Surface: Circular

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Dredge Fill

Clayey Sand

El. +1'

Future Dike @ +45'

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike 125 100 25

Dredge Fill 90 16 15

Fat Clay (3) 125 300 22

Fat Clay 1 125 300 22

Fat Clay 2 125 300 22

Fill 110 100 20

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Relocated Berm
@ +39' MLLW

Top El. +32'

3H:1V

3H:1V
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S-03
El. -8.86'

L-07
El. 8.84'

L-03
El. 33.64'

Loading Condition: Rapid Drawdown
Slip Surface: Circular

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

El. -3.64'

El.+12.54'

Future Dike @ +45'

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
R (psf)

Phi 
R 
(°)

Bulkhead 150

Clayey Sand 120 0 30 0 30

Dike 125 100 25 150 22

Dredge Fill 90 16 15 50 0

Fat Clay (3) 125 300 22 500 15

Fat Clay 1 125 300 22 500 15

Fat Clay 2 125 300 22 500 15

Fill 110 100 20 150 15

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Relocated Berm
@ +39' MLLW

Top El. +32'

3H:1V

3H:1V
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Loading Condition: Short Term - Exterior
Slip Surface: Circular

Fat Clay 1

Fat Clay 2

Lean Clay 1

Fat Clay 1

El. +1'

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 56+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

ECP-C2
El. 34.7' ECP-312

EL. 30.23'Lean Clay 2

Lean Clay 2

Realigned Berm
@ +39'

Top El. +32'
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Fat Clay 1

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 56+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

ECP-C2
El. 34.7' ECP-312

EL. 30.23'Lean Clay 2

Lean Clay 2

Realigned Berm
@ +39'

Top El. +32'

Loading Condition: Short Term - Exterior Local
Slip Surface: Circular

El. +1'
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Fat Clay 1

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 56+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

ECP-C2
El. 34.7' ECP-312

EL. 30.23'Lean Clay 2

Loading Condition: Short Term - Dike Interior
Slip Surface: Circular

El. +1'

Lean Clay 2

Realigned Berm
@ +39'

Top El. +32'
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Distance, Feet
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Fat Clay 1

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 56+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

ECP-C2
El. 34.7' ECP-312

EL. 30.23'Lean Clay 2

Loading Condition: Short Term - Dike Interior
Slip Surface: Block

El. +1'

Lean Clay 2

Realigned Berm
@ +39'

Top El. +32'
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Loading Condition: Long Term
Slip Surface: Circular

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Dredge Fill

Fat Clay 1

El. +1'

Existing Dike Future Dike @ +45'

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike 125 100 25

Dredge Fill 90 16 15

Fat Clay 1 125 300 22

Fat Clay 2 125 300 22

Lean Clay 1 125 100 25

Lean Clay 2 125 100 25

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 56+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

ECP-C2
El. 34.7' ECP-312

EL. 30.23'Lean Clay 2

Lean Clay 2

Realigned Berm
@ +39'

Top El. +32'
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Loading Condition: Rapid Drawdown
Slip Surface: Circular

Dredge Fill

El. +12.54'

El. -3.64'

Fat Clay 1

Existing Dike Future Dike @ +45'

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
R (psf)

Phi 
R 
(°)

Bulkhead 150

Clayey Sand 120 0 30 0 30

Dike 125 100 25 150 22

Dredge Fill 90 16 15 50 0

Fat Clay 1 125 300 22 500 15

Fat Clay 2 125 300 22 500 15

Lean Clay 1 125 100 25 150 20

Lean Clay 2 125 100 25 150 20

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 56+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

ECP-C2
El. 34.7' ECP-312

EL. 30.23'Lean Clay 2

Lean Clay 2

Realigned Berm
@ +39'

Top El. +32'
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 64+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Loading Condition: Short Term - Exterior
Slip Surface: Circular

Clayey Sand

El. +1'

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'

Fat Clay 3
Clayey Sand

Relocated Berm
Bulkhead
Top El. +32'

Pipe Protection
Wall
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 64+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Clayey Sand

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'

Fat Clay 3
Clayey Sand

Relocated Berm
Bulkhead
Top El. +32'

Pipe Protection
Wall

Loading Condition: Short Term - Exterior Local
Slip Surface: Circular

El. +1'
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 64+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Clayey Sand

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'

Fat Clay 3
Clayey Sand

Relocated Berm

Loading Condition: Short Term - Interior
Slip Surface: Circular

El. +1'

Bulkhead
Top El. +32'

Pipe Protection
Wall
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 64+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Clayey Sand

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'

Fat Clay 3
Clayey Sand

Relocated Berm

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'

Bulkhead
Top El. +32'

Pipe Protection
Wall
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 64+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Loading Condition: Long Term
Slip Surface: Circular

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Dredge Fill

Clayey Sand

El. +1'

Existing Dike Future Dike @ +45'

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike 125 100 25

Dredge Fill 90 16 15

Fat Clay 1 125 400 18

Fat Clay 2 125 300 22

Fat Clay 3 125 300 22

Lean Clay 125 100 25

ECP-309
El. 31.54'

Fat Clay 3
Clayey Sand

Relocated Berm
Bulkhead
Top El. +32'

Pipe Protection
Wall
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 64+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Clayey Sand

Loading Condition: Rapid Drawdown
Slip Surface: Circular

Dredge Fill

El. 12.54'

El. -3.64'

Existing Dike
Future Dike @ +45'

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
R (psf)

Phi 
R 
(°)

Bulkhead 150

Clayey Sand 120 0 30 0 30

Dike 125 100 25 150 22

Dredge Fill 90 16 15 50 0

Fat Clay 1 125 400 18 500 14

Fat Clay 2 125 300 22 500 15

Fat Clay 3 125 300 22 500 15

Lean Clay 125 100 25 150 20

ECP-309
El. 31.54'

Fat Clay 3
Clayey Sand

Relocated Berm
Bulkhead
Top El. +32'

Pipe Protection
Wall
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SLOPE STABILITY ANALYSIS: 
REALIGNED BERM AT EL. +39 FEET MLLW 
RECOMMENDED SLOPE AT STATION 34+00 
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Loading Condition: Short Term - Exterior
Slip Surface: Circular

S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

El. +1'

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay
(U)

115 280
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay
(U)

115 280

Loading Condition: Short Term - Exterior
Slip Surface: Circular

El. +1'
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

Loading Condition: Short Term - Dike Interior
Slip Surface: Circular

El. +1'

3H:1V

+33' MLLW

5H:1V

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay
(U)

115 280
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

Loading Condition: Short Term - Dike Interior
Slip Surface: Block

El. +1'

3H:1V

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay
(U)

115 280
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24

Loading Condition: Long Term
Slip Surface: Circular

Fat Clay 1

Fat Clay 1

Dredge Fill

El. +1'
Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Future Dike @ +45'

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike 125 100 25

Dredge Fill 90 16 15

Fat Clay 1 125 300 22

Fat Clay 2 125 300 22

Fill 110 50 10 150

Loose 
Clayey Sand

110 0 28

Soft Fat 
Clay 

115 100 15
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24

El. -3.64'

Loading Condition: Rapid Drawdown
Slip Surface: Circular

El. +12.54'

Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Dredge Fill

Future Dike @ +45'

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
R (psf)

Phi 
R 
(°)

Bulkhead 150

Clayey Sand 120 0 30 0 30

Dike 125 100 25 150 22

Dredge Fill 90 16 15 50 0

Fat Clay 1 125 300 22 500 15

Fat Clay 2 125 300 22 500 15

Fill (RDD) 110 50 25 100 20

Loose 
Clayey Sand

110 0 28 0 28

Soft Fat 
Clay 

115 100 15 150 10
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SLOPE STABILITY ANALYSIS: 
REALIGNED BERM AT EL. +45 FEET MLLW 
RECOMMENDED SLOPE CONFIGURATION 
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Loading Condition: Short Term - Exterior
Slip Surface: Circular

S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

El. +1'

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay
(U)

115 280

4.5H:1V 3H:1V
5H:1V

5H:1V

+40'

+33'
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay
(U)

115 280

4.5H:1V 3H:1V
5H:1V

5H:1V

+40'

+33'

Loading Condition: Short Term - Exterior
Slip Surface: Block
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay
(U)

115 280

Loading Condition: Short Term - Dike Interior
Slip Surface: Circular

El. +1'

4.5H:1V 3H:1V
5H:1V

5H:1V

+40'

+33'
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay
(U)

115 280

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'

4.5H:1V 3H:1V
5H:1V

5H:1V

+40'

+33'
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24

Loading Condition: Long Term
Slip Surface: Circular

Fat Clay 1

Fat Clay 1

Dredge Fill

El. +1'
Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike 125 100 25

Dredge Fill 90 16 15

Fat Clay 1 125 300 22

Fat Clay 2 125 300 22

Fill 110 50 10 150

Loose 
Clayey Sand

110 0 28

Soft Fat 
Clay 

115 100 15

4.5H:1V 3H:1V
5H:1V

5H:1V
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24

El. -3.64'

Loading Condition: Rapid Drawdown
Slip Surface: Circular

El. +12.54'

Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Dredge Fill

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Bulkhead at 250' from Toe

ECP-C1
El. 36.5

ECP-312
El. 30.23

3H:1V

Top El. +32'

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
R (psf)

Phi 
R 
(°)

Bulkhead 150

Clayey Sand 120 0 30 0 30

Dike 125 100 25 150 22

Dredge Fill 90 16 15 50 0

Fat Clay 1 125 300 22 500 15

Fat Clay 2 125 300 22 500 15

Fill (RDD) 110 50 25 100 20

Loose 
Clayey Sand

110 0 28 0 28

Soft Fat 
Clay 

115 100 15 150 10
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5H:1V

5H:1V
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S-03
El. -8.86'

L-07
El. 8.84' L-03

El. 33.64'

Loading Condition: Short Term - Exterior
Slip Surface: Circular

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

El. +1'

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Top El. +32'

3H:1V

3H:1V

5H:1V

4.5H:1V

5H:1V
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1.34
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S-03
El. -8.86'

L-07
El. 8.84' L-03

El. 33.64'

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Top El. +32'

3H:1V

3H:1V

5H:1V

4.5H:1V

5H:1V

Loading Condition: Short Term - Dike Exterior
Slip Surface: Circular

El. +1'
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S-03
El. -8.86'

L-07
El. 8.84' L-03

El. 33.64'

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Loading Condition: Short Term - Dike Interior
Slip Surface: Circular

El. +1'

Top El. +32'

3H:1V

3H:1V

5H:1V

4.5H:1V

5H:1V
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1.73
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S-03
El. -8.86'

L-07
El. 8.84' L-03

El. 33.64'

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'

Top El. +32'

3H:1V

3H:1V

5H:1V

4.5H:1V

5H:1V
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S-03
El. -8.86'

L-07
El. 8.84' L-03

El. 33.64'

Loading Condition: Long Term
Slip Surface: Circular

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Dredge Fill

Clayey Sand

El. +1'

Future Dike @ +45'

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike 125 100 25

Dredge Fill 90 16 15

Fat Clay (3) 125 300 22

Fat Clay 1 125 300 22

Fat Clay 2 125 300 22

Fill 110 100 20

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Top El. +32'

3H:1V

3H:1V

5H:1V

4.5H:1V

5H:1V
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S-03
El. -8.86'

L-07
El. 8.84' L-03

El. 33.64'

Loading Condition: Rapid Drawdown
Slip Surface: Circular

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

El. -3.64'

El.+12.54'

Future Dike @ +45'

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
R (psf)

Phi 
R 
(°)

Bulkhead 150

Clayey Sand 120 0 30 0 30

Dike 125 100 25 150 22

Dredge Fill 90 16 15 50 0

Fat Clay (3) 125 300 22 500 15

Fat Clay 1 125 300 22 500 15

Fat Clay 2 125 300 22 500 15

Fill 110 100 20 150 15

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Top El. +32'

3H:1V

3H:1V

5H:1V

4.5H:1V

5H:1V
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Loading Condition: Short Term - Exterior
Slip Surface: Circular

Fat Clay 1

Fat Clay 2

Lean Clay 1

Fat Clay 1

El. +1'

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 56+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

ECP-C2
El. 34.7'

ECP-312
EL. 30.23'

Lean Clay 2

Lean Clay 2

Top El. +32'
4.5H:1V 3H:1V

5H:1V
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Fat Clay 1

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 56+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

ECP-C2
El. 34.7'

ECP-312
EL. 30.23'

Lean Clay 2

Lean Clay 2

Top El. +32'
4.5H:1V 3H:1V

5H:1V

Loading Condition: Short Term - Exterior
Slip Surface: Block

El. +1'
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Distance, Feet
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Fat Clay 1

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 56+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

ECP-C2
El. 34.7'

ECP-312
EL. 30.23'

Lean Clay 2

Loading Condition: Short Term - Dike Interior
Slip Surface: Circular

El. +1'

Lean Clay 2

Top El. +32'
4.5H:1V 3H:1V

5H:1V
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Fat Clay 1

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 56+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

ECP-C2
El. 34.7'

ECP-312
EL. 30.23'

Lean Clay 2

Loading Condition: Short Term - Dike Interior
Slip Surface: Block

El. +1'

Lean Clay 2

Top El. +32'
4.5H:1V 3H:1V

5H:1V
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Loading Condition: Long Term
Slip Surface: Circular

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Dredge Fill

Fat Clay 1

El. +1'

Existing Dike Future Dike @ +45'

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike 125 100 25

Dredge Fill 90 16 15

Fat Clay 1 125 300 22

Fat Clay 2 125 300 22

Lean Clay 1 125 100 25

Lean Clay 2 125 100 25

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 56+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

ECP-C2
El. 34.7'

ECP-312
EL. 30.23'

Lean Clay 2

Lean Clay 2

Top El. +32'
4.5H:1V 3H:1V

5H:1V
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Loading Condition: Rapid Drawdown
Slip Surface: Circular

Dredge Fill

El. +12.54'

El. -3.64'

Fat Clay 1

Existing Dike Future Dike @ +45'

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
R (psf)

Phi 
R 
(°)

Bulkhead 150

Clayey Sand 120 0 30 0 30

Dike 125 100 25 150 22

Dredge Fill 90 16 15 50 0

Fat Clay 1 125 300 22 500 15

Fat Clay 2 125 300 22 500 15

Lean Clay 1 125 100 25 150 20

Lean Clay 2 125 100 25 150 20

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 56+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

ECP-C2
El. 34.7'

ECP-312
EL. 30.23'

Lean Clay 2

Lean Clay 2

Top El. +32'
4.5H:1V 3H:1V

5H:1V
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 64+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Loading Condition: Short Term - Exterior
Slip Surface: Circular

Clayey Sand

El. +1'

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'

Fat Clay 3
Clayey Sand

Bulkhead
Top El. +32'

Pipe Protection
Wall

4.5H:1V 3H:1V
5H:1V
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 64+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Clayey Sand

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'

Fat Clay 3
Clayey Sand

Bulkhead
Top El. +32'

Pipe Protection
Wall

4.5H:1V 3H:1V
5H:1V

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 64+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Clayey Sand

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'

Fat Clay 3
Clayey Sand

Loading Condition: Short Term - Interior
Slip Surface: Circular

El. +1'

Bulkhead
Top El. +32'

Pipe Protection
Wall

4.5H:1V 3H:1V
5H:1V
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 64+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Clayey Sand

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'

Fat Clay 3
Clayey Sand

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'

Bulkhead
Top El. +32'

Pipe Protection
Wall

4.5H:1V 3H:1V
5H:1V
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 64+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Loading Condition: Long Term
Slip Surface: Circular

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Dredge Fill

Clayey Sand

El. +1'

Existing Dike Future Dike @ +45'

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Bulkhead 150

Clayey Sand 120 0 30

Dike 125 100 25

Dredge Fill 90 16 15

Fat Clay 1 125 400 18

Fat Clay 2 125 300 22

Fat Clay 3 125 300 22

Lean Clay 125 100 25

ECP-309
El. 31.54'

Fat Clay 3
Clayey Sand

Bulkhead
Top El. +32'

Pipe Protection
Wall

4.5H:1V 3H:1V
5H:1V
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 64+00
HVJ Project Number: HG1910092.2.1
Bulkhead at 250' from Toe

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Clayey Sand

Loading Condition: Rapid Drawdown
Slip Surface: Circular

Dredge Fill

El. 12.54'

El. -3.64'

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi'
(°)

Cohesion
R (psf)

Phi 
R 
(°)

Bulkhead 150

Clayey Sand 120 0 30 0 30

Dike 125 100 25 150 22

Dredge Fill 90 16 15 50 0

Fat Clay 1 125 400 18 500 14

Fat Clay 2 125 300 22 500 15

Fat Clay 3 125 300 22 500 15

Lean Clay 125 100 25 150 20

ECP-309
El. 31.54'

Fat Clay 3
Clayey Sand

Bulkhead
Top El. +32'

Pipe Protection
Wall

4.5H:1V 3H:1V
5H:1V
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SLOPE STABILITY ANALYSIS: 
CUTOFF WALL AND PIPELINE PROTECTION WALL 

CONSTRUCTION 



















KWUNDT
Length Measurement
25'-8"



KWUNDT
Rectangle

KWUNDT
Rectangle

KWUNDT
Callout
MAXED OUT @ R60'FOR 170kip LOAD (& NO WIND LOAD)

KWUNDT
Callout
RECOMMENDED MAX HEAVY LIFTPER DESIGN



Manitowoc 2250 Lattice Boom Crawler Crane

Item QTY Weight

Upperworks module 1 85,020 85,020

Carbody+rotating module+lower boom butt 1 64,350 64,350

Crawlers 2 53,820 107,640

Upper center counterweight 1 37,000 37,000

Counterweight tray 1 39,115 39,115

Side Counterweight Series 1,2,3 6 15,500 93,000

Side Counterweight Series 2,3 6 20,000 120,000

Carbody center Cweight series 2,3 2 30,000 60,000

Carbody side Counterweight Series 3 4 15,000 60,000

No. 44 Upper boom butt 40' 1 11,450 11,450

No. 44 boom top 30' 1 12,475 12,475

No. 44 Boom insert 40' 2 3,805 7,610

No. 44 Boom insert 20' 1 6,500 6,500

Hook block 28mm 1 9,410 9,410

Weight ball 1 1,310 1,310

Crane Subtotal 714,880 lbs

Full Load - 85' PAZ48 + Pileco 180-32 168,385 lbs

TOTAL LOAD 883,265 lbs

Crane Track Dimensions

Total Standard Track Width (2x4') 8 ft

Total Track Length* 30.75 ft

Est. Effective Track Length 25.67 ft

sq ft effective track outline 205.33 sq ft

Weight distribution, unloaded 3482 psf

Average Weight distribution, fully loaded** 4302 psf

Proposed Crane Pad Dimensions

Qty (12) 4'x18'x12" =28'x36' 1008 sq ft

Average Weight distribution, unloaded 709 psf

Average Weight distribution, fully loaded** 876 psf

Estimated weight on loadside track, fully loaded** 705 kips

Estimated weight on offside track, fully loaded 178 kips

Average distributed pressure on loadside mats*** 1400 psf

* Radii do not make ground contact

** Fully loaded with PAZ48 along west wall

*** Bearing on Qty (6) 4' wide x 18' long mats on load side, assumed evenly distributed, 1.0 factor of safety



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

SLOPE STABILITY ANALYSIS:
1,400 PSF CONSTRUCTION SURCHARGE
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Loading Condition: Short Term
Slip Surface: Circular

S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

El. +1'

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Cutoff Wall Installation from Above

ECP-C1
El. 36.5

ECP-312
El. 30.23

+33'

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay 
(U)

115 280

1400 PSF

5H:1V

 20 ft  40 ft 

 100 ft 
 9

0 
ft
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Cutoff Wall Installation from Above

ECP-C1
El. 36.5

ECP-312
El. 30.23

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Fat Clay 1(U) 125 1,200

Fat Clay 2 (U) 125 2,200

Fill 110 50 10 150

Loose Clayey Sand 110 0 28

Soft Fat Clay (U) 115 280

1400 PSF

Loading Condition: Short Term - Interior
Slip Surface: Circular

El. +1'

 9
0 

ft
 



1.40

Distance, Feet

0 100 200 300 400 500 600 700 800 900

E
le

va
ti

o
n

, F
ee

t 
(M

L
L

W
)

-120

-108

-96

-84

-72

-60

-48

-36

-24

-12

0

12

24

36

48

E
le

va
ti

o
n

, F
ee

t 
(M

L
L

W
)

-120

-108

-96

-84

-72

-60

-48

-36

-24

-12

0

12

24

36

48

S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Cutoff Wall Installation from Above

ECP-C1
El. 36.5

ECP-312
El. 30.23

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Fat Clay 1(U) 125 1,200

Fat Clay 2 (U) 125 2,200

Fill 110 50 10 150

Loose Clayey Sand 110 0 28

Soft Fat Clay (U) 115 280

1400 PSF

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'
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S-03
El. -8.86'

L-07
El. 8.84'

L-03
El. 33.64'

Loading Condition: Short Term
Slip Surface: Circular

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

El. +1'

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Relocated Berm
@ +39' MLLW

Top El. +32'

5H:1V

1400 PSF
+33'
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S-03
El. -8.86'

L-07
El. 8.84'

L-03
El. 33.64'

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Top El. +32' 1400 PSF

Loading Condition: Short Term - Interior
Slip Surface: Circular

El. +1'
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S-03
El. -8.86'

L-07
El. 8.84'

L-03
El. 33.64'

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Top El. +32' 1400 PSF

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Loading Condition: Short Term
Slip Surface: Circular

Fat Clay 1

Fat Clay 2

Lean Clay 1El. +1'

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 55+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above

ECP-C2
El. 34.7'

ECP-312
EL. 30.23'Lean Clay 2

Lean Clay 2

Realigned Berm
@ +39'1400 PSFTop El. +25'
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 55+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above

ECP-C2
El. 34.7'

ECP-312
EL. 30.23'Lean Clay 2

Lean Clay 2

1400 PSFTop El. +25'

Loading Condition: Short Term - Interior
Slip Surface: Circular

El. +1'
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 55+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above

ECP-C2
El. 34.7'

ECP-312
EL. 30.23'Lean Clay 2

Lean Clay 2

1400 PSFTop El. +25'

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 62+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above
Pipeline Protection Wall Installation from Barge

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Loading Condition: Short Term
Slip Surface: Circular

Clayey Sand

El. +1'

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'Fat Clay 3

Clayey Sand

Relocated Berm

Bulkhead
Top El. +25'

Pipe Protection
Wall

1400 PSF
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 62+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above
Pipeline Protection Wall Installation from Barge

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Clayey Sand

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'Fat Clay 3

Clayey Sand

Bulkhead
Top El. +25'

Pipe Protection
Wall

1400 PSF

Loading Condition: Short Term - Interior
Slip Surface: Circular

El. +1'
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 62+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above
Pipeline Protection Wall Installation from Barge

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Clayey Sand

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'Fat Clay 3

Clayey Sand

Bulkhead
Top El. +25'

Pipe Protection
Wall

1400 PSF

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'
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Loading Condition: Short Term
Slip Surface: Circular

S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

El. +1'

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Cutoff Wall Installation from Below

ECP-C1
El. 36.5

ECP-312
El. 30.23

+33'

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay 
(U)

115 280

1400 PSF
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S-03
El. -8.86'

L-07
El. 8.84'

L-03
El. 33.64'

Loading Condition: Short Term
Slip Surface: Circular

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

El. +1'

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Below

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Relocated Berm
@ +39' MLLW

Top El. +32'

5H:1V
1400 PSF

+33'
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Loading Condition: Short Term
Slip Surface: Circular

Fat Clay 1

Fat Clay 2

Lean Clay 1El. +1'

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 55+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Below

ECP-C2
El. 34.7'

ECP-312
EL. 30.23'Lean Clay 2

Lean Clay 2

Realigned Berm
@ +39'

1400 PSF

+33'

Top El. + 25'
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 62+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Below
Pipeline Protection Wall Installation from Barge

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Loading Condition: Short Term
Slip Surface: Circular

Clayey Sand

El. +1'

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'Fat Clay 3

Clayey Sand

Relocated Berm
Bulkhead
Top El. +32'

Pipe Protection
Wall

1400 PSF

+33'

 1
05

 f
t 

 8
3 

ft
 



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

SLOPE STABILITY ANALYSIS:
ALLOWABLE CONSTRUCTION SURCHARGE
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Loading Condition: Short Term
Slip Surface: Circular

S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

El. +1'

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Cutoff Wall Installation from Above

ECP-C1
El. 36.5

ECP-312
El. 30.23

+33'

Relocated Berm @ +39' MLLW

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,200

Fat Clay 2 
(U)

125 2,200

Fill 110 50 10 150

Loose Clayey
Sand

110 0 28

Soft Fat Clay 
(U)

115 280

1400 PSF

5H:1V

 20 ft  40 ft 

 100 ft 
 9

0 
ft

 



   
2.

08
   

1.58

Distance, Feet

0 100 200 300 400 500 600 700 800 900

E
le

va
ti

o
n

, F
ee

t 
(M

L
L

W
)

-120

-108

-96

-84

-72

-60

-48

-36

-24

-12

0

12

24

36

48

E
le

va
ti

o
n

, F
ee

t 
(M

L
L

W
)

-120

-108

-96

-84

-72

-60

-48

-36

-24

-12

0

12

24

36

48

S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Cutoff Wall Installation from Above

ECP-C1
El. 36.5

ECP-312
El. 30.23

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Fat Clay 1(U) 125 1,200

Fat Clay 2 (U) 125 2,200

Fill 110 50 10 150

Loose Clayey Sand 110 0 28

Soft Fat Clay (U) 115 280

1400 PSF

Loading Condition: Short Term - Interior
Slip Surface: Circular

El. +1'
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S-04
El. -15.44

L-08
El. 14.74

L-04
El. 35.24 Fat Clay 1

Fat Clay 1

Clayey Sand

Soft Fat Clay
Loose Clayey Sand

Fill

Fat Clay 2

Fat Clay 2

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
HVJ Project Number: HG1910092.2.1
BCC CL Sta. 34+00
Cutoff Wall Installation from Above

ECP-C1
El. 36.5

ECP-312
El. 30.23

Top El. +32'

Color Name Unit 
Weight
(pcf)

C-Top
of 
Layer 
(psf)

C-Rate of 
Change 
((lbf/ft²)/ft)

C-Maximum
(psf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Fat Clay 1(U) 125 1,200

Fat Clay 2 (U) 125 2,200

Fill 110 50 10 150

Loose Clayey Sand 110 0 28

Soft Fat Clay (U) 115 280

1400 PSF

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'
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S-03
El. -8.86'

L-07
El. 8.84'

L-03
El. 33.64'

Loading Condition: Short Term
Slip Surface: Circular

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

El. +1'

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Effective 
Cohesion
(psf)

Effective
Friction 
Angle 
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Relocated Berm
@ +39' MLLW

Top El. +32'

5H:1V

1200 PSF
+33'
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S-03
El. -8.86'

L-07
El. 8.84'

L-03
El. 33.64'

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Effective 
Cohesion
(psf)

Effective
Friction 
Angle 
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Top El. +32' 1200 PSF

Loading Condition: Short Term - Interior
Slip Surface: Circular

El. +1'
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S-03
El. -8.86'

L-07
El. 8.84'

L-03
El. 33.64'

Fat Clay 2

Fat Clay 2

Fat Clay 1

Fill

Clayey Sand

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 44+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Effective 
Cohesion
(psf)

Effective
Friction 
Angle 
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1 (U) 125 1,000

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 600

Fill (U) 110 300

ECP-C3
El. 35.85'

ECP-311
El. 31.28'

Top El. +32' 1200 PSF

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Loading Condition: Short Term
Slip Surface: Circular

Fat Clay 1

Fat Clay 2

Lean Clay 1El. +1'

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Effective 
Cohesion
(psf)

Effective
Friction 
Angle 
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 55+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above

ECP-C2
El. 34.7'

ECP-312
EL. 30.23'Lean Clay 2

Lean Clay 2

Realigned Berm
@ +39'700 PSFTop El. +25'
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Effective 
Cohesion
(psf)

Effective
Friction 
Angle 
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 55+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above

ECP-C2
El. 34.7'

ECP-312
EL. 30.23'Lean Clay 2

Lean Clay 2

700 PSFTop El. +25'

Loading Condition: Short Term - Interior
Slip Surface: Circular

El. +1'
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S-02
El. -28.86'

L-06
El. 8.34'

L-02
El. 32.44'

Clayey Sand

Fat Clay 1

Fat Clay 2

Lean Clay 1

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Effective 
Cohesion
(psf)

Effective
Friction 
Angle 
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Fat Clay 1(U) 125 1,000

Fat Clay 2(U) 125 2,200

Lean Clay 1 (U) 125 500

Lean Clay 2 (U) 125 700

Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 55+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above

ECP-C2
El. 34.7'

ECP-312
EL. 30.23'Lean Clay 2

Lean Clay 2

700 PSFTop El. +25'

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 62+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above
Pipeline Protection Wall Installation from Barge

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Loading Condition: Short Term
Slip Surface: Circular

Clayey Sand

El. +1'

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Effective
Cohesion
(psf)

Effective
Friction 
Angle 
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'Fat Clay 3

Clayey Sand

Relocated Berm

Bulkhead
Top El. +25'

Pipe Protection
Wall

500 PSF
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 62+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above
Pipeline Protection Wall Installation from Barge

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Clayey Sand

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Effective
Cohesion
(psf)

Effective
Friction 
Angle 
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'Fat Clay 3

Clayey Sand

Bulkhead
Top El. +25'

Pipe Protection
Wall

500 PSF

Loading Condition: Short Term - Interior
Slip Surface: Circular

El. +1'
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 62+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Above
Pipeline Protection Wall Installation from Barge

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Clayey Sand

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Effective
Cohesion
(psf)

Effective
Friction 
Angle 
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'Fat Clay 3

Clayey Sand

Bulkhead
Top El. +25'

Pipe Protection
Wall

500 PSF

Loading Condition: Short Term - Interior
Slip Surface: Block

El. +1'
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Project Name: Houston Ship Channel Expansion Channel Improvement Project
Location: Barbours Cut Ship Channel
Station Analyzed: 62+00
HVJ Project Number: HG1910092.2.1
Cutoff Wall Installation from Below
Pipeline Protection Wall Installation from Barge

S-01
El. -24.16'

L-05
El. 8.44'

L-01
El. 33.24'

Fat Clay 1

Fat Clay 2

Fat Clay 2

Lean Clay

Loading Condition: Short Term
Slip Surface: Circular

Clayey Sand

El. +1'

Existing Dike

Color Name Unit 
Weight
(pcf)

Cohesion
(psf)

Cohesion'
(psf)

Phi'
(°)

Clayey Sand 120 0 30

Dike (U) 125 400

Dredge Fill (U) 90 50

Fat Clay 2 (U) 125 2,200

Fat Clay 3 (U) 125 800

Fat Clay1 (U) 125 1,000

Lean Clay (U) 125 500

ECP-309
El. 31.54'Fat Clay 3

Clayey Sand

Relocated Berm
Bulkhead
Top El. +32'

Pipe Protection
Wall

1400 PSF

+33'

900 PSF

2H:1V
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BARBOURS CUT SHIP CHANNEL – SITE 1 
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Soil Parameters for Slope Stability Analyses – Barbours Cut Channel, Site 1 

Boring 
Numbers 

Soil 
Description 

Elevation, Feet 
Total Unit 

Weight 

(), pcf 

Short Term Long Term Rapid Drawdown 

Top Bottom 
Undrained 

Shear 
Strength, psf  

Cohesion, 
psf 

Friction Angle 

(’), degrees
Cohesion, psf 

Friction Angle 

(’), degrees

ECP-317 &  
ECP-307A 

Lean Clay 4.5 -7.5 115  180 26 310 16 

Sand  -7.5 -11.5 110 0 0 32 0 32 

Sand  -11.5 -18.5 110 0 0 26 0 26 

Fat Clay -18.5 -35.5 130 950 160 22 160 22 

Lean Clay -35.5 -43.5 130 2,300 180 26 310 16 

Lean Clay -43.5 -53.5 130 1,500 180 26 310 16 

Lean Clay -53.5 -95.5 130 3,700 180 26 310 16 

Fat Clay -95.5 -115.5 120 1,400 160 22 160 22 

Silt -115.5 -120.5 120 0 0 30 0 30 

Lean Clay -120.5 -133.5 115 2,100 180 26 310 16 

ECP-318&  
ECP-307A 

Fill: Sand +10 -7 110 0 0 30 0 30 

Lean Clay  -7 -11 110 340 180 26 310 16 

Sand  -11 -23 110 0 0 27 0 27 

Fat Clay -23 -33 120 1,700 160 22 160 22 

Silty Clay -33 -38 120 450 180 26 310 16 

Lean Clay -38 -53 120 1,100 180 26 310 16 

Sand -53 -58 120 0 0 34 0 34 

Lean Clay -58 -88 125 3,600 180 26 310 16 

Fat Clay -88 -95 125 3,000 160 22 160 22 

Lean Clay -95 -105 125 2,400 180 26 310 16 

Fat Clay -105 -115 125 1,600 160 22 160 22 

Silt -115 -120 120 0 0 30 0 30 

Lean Clay -120 -135 110 2,000 180 26 310 16 

Fat Clay -135 -145 125 2,600 160 22 160 22 


