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APPENDIX B1 

LABORATORY TESTING 


B1.1 General 

The laboratory testing program performed for this investigation by GDC included 
determination of Moisture Content, Dry Unit Weight, Atterberg Limits, 
Consolidation, Pocket Penetrometer, Laboratory Vane Shear, Direct Shear, 
Expansion Index, Corrosivity, Compaction, and Grain Size/Percent Passing No. 200 
Sieve. Descriptions of these tests are given below. 

B1.2 Moisture Content and Dry Unit Weight 

The natural moisture content and dry unit weight of California ring samples were 
determined in general accordance with ASTM D 2216 and ASTM D2937.  Results of 
these tests are presented on the boring logs in Appendix A1. 

B1.3 Atterberg Limits 

Soil plasticity was evaluated by measuring the Atterberg limits. This test includes 
Liquid Limit (LL) and Plastic Limit (PL) tests to determine the Plasticity Index (PI) in 
accordance with ASTM D4318. Results of these tests are illustrated in the plasticity 
charts shown in Figures B1-1a to B1-1p and are presented on the boring logs in 
Appendix A1. 

B1.4 Grain Size Distribution and Percent Passing No. 200 Sieve: 

Representative samples were dried, weighed, soaked in water until individual soil 
particles were separated, and then washed on the No. 200 sieve.  The percentage of 
fines (soil passing No. 200 sieve) was determined for selected samples in 
accordance with ASTM D 1140.  For selected samples the washed fraction retained 
on the No. 200 sieve was then screened on a No. 4 sieve, and the fraction retained 
on No. 4 was weighed to determine the percentage of gravel.  For selected samples, 
the washed material retained on No. 200 sieve was shaken through a standard stack 
of sieves in accordance with ASTM D 422 to determine the grain size distribution. 
The results of grain size distribution tests are plotted in Figures B1-4a through B1-
4b of this appendix. The relative proportion (or percentage) by dry weight of fines 
(passing No. 200 sieve) are listed on the boring records in Appendix A1. 

B1.5 Consolidation 

The consolidation characteristics of the foundation soils were determined by 
performing one-dimensional consolidation in general accordance with ASTM 
D2435, using a floating ring consolidometer and dead weight system. Results of 
these tests are presented in Figures B1-2a to B1-2t. 
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B1.6 Direct Shear Test 

To determine the shear strength parameters of the on-site soils, direct shear tests 
were performed on selected undisturbed drive samples in accordance with ASTM D 
3080. After the initial weight and volume measurements were made, the sample 
was placed in a calibrated shear machine and a selected normal load was applied. 
The samples were submerged, allowed to consolidate, and then were sheared to 
failure. Shear stress and sample deformation were monitored throughout the test. 
The process was repeated under two additional normal loads.  The test results are 
graphically presented in Figures B1-3a and B1-3t. 

B1.7 Pocket Penetrometer 

Undrained shear strengths (Su) of cohesive samples were measured using a pocket 
penetrometer. The measured Su values (in ksf) are presented in the boring logs of 
Appendix A1. 

B.7 Miniature Vane Shear 

Shear strength of selected cohesive samples was estimated in the laboratory in 
general accordance with ASTM D 4648 using a GeonorTM Inspection Vane Tester 
H-60 Miniature Vane Shear device with a 16 x 32 mm vane having an area ratio of 
14%, respectively. The test consists of inserting the miniature shear vane into the 
soil sample, rotating the vane at a constant rate until the cylindrical surface 
surrounding the vane fails in shear, measuring the maximum torque exerted on the 
vane during testing, and calculating the unit shearing resistance on the cylindrical 
surface. Undrained shear strengths measured in the test are presented in the boring 
logs of Appendix A1. 

B1.8 Soil Expansion Index 

A silty sand sample of near surface soil in boring B-RW049 was collected from the 
site and tested to determine the expansion index. Testing was performed according 
to ASTM D4829. The results of these tests are presented in Table B1-1. 

B1.9 Soil Corrosivity 

Corrosivity testing included performing soil pH and resistivity (Caltrans Test Method 
643), water-soluble chlorides (ASTM D512), and water soluble sulfates (ASTM 
D516). The test results are summarized in Table B1-2. 

B1.10 Compaction 

Compaction testing was performed on 10 representative bulk sample of the fill soils 
encountered in Area A. Testing was performed according to ASTM D1557-91. The 
results of the compaction test is summarized in Table B1-3. 
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B1.12 List Tables and Figures 

The following table and figures are attached and complete this appendix: 

Table B1-1 Soil Expansion 
Table B1-2 Soil Corrosivity 
Table B1-3 Compaction 

Figures B1-1a to B1-1p Atterberg Limits Plots 
Figures B1-2a to B1-2t Consolidation Plots 
Figures B1-3a to B1-3t Direct Shear Plots 
Figures B1-4a to B1-4b Sieve Analysis Plots 

Table B1-1. Soil Expansion 

Boring Sample 
Depth, feet Expansion Index 

B-RW049 0 to 1 0 (very low) 

Table B1-2. Soil Corrosivity 

Boring Sample 
Depth, feet pH Chlorides 

ppm 
Sulfates 

(% by weight) 

Minimum 
Resistivity 
ohm-cm 

B-RW049 0 to 1 7.61 55 0.04 1441 

Table B1-3. Compaction 

Boring Sample 
Depth, feet 

Maximum Dry 
Density, 

(pcf) 

Optimum 
Moisture 
Content, 

(%) 

A-HSA016 0-1 107.5 15 

A-HSA016 8 121 12.5 

A-HSA016 17 116 13 

A-HSA017 0-1 105 15.5 

A-HSA017 6.5 119.5 13 

A-HSA017 15 119 13 

A-HSA018 0-1 110 15 

A-HSA018 18 116 15 

A-HSA066 0-1 112.5 15 

A-HSA067 0-1 109.5 16.5 
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APPENDIX B 

PREVIOUS LABORATORY TESTING 


B2.1 General 

Laboratory testing has been conducted as part of the previous geotechnical and 
environmental investigations at Ballona Creek Wetlands site. A short summary of 
the geotechnical laboratory testing programs adopted in previous investigations by 
Law Crandall, Inc. Diaz.Yourman & Associates and Weston Solutions, Inc. are 
presented below.   

B2.2 Law Crandall, Inc. Laboratory Testing 

Area A: 

Field moisture content and dry density tests were performed on undisturbed 
samples. Atterberg limit tests were also performed on selected samples.  Liquid 
limit tests were repeated on some oven-dried samples to assess the organic content.  
Direct shear tests were performed on selected undisturbed samples to determine the 
strength of the soils. The direct shear tests were performed at field and increased 
moisture content and at various different surcharge pressures on in-situ samples 
and some remolded samples.  Confined consolidation tests were performed on 23 
undisturbed samples to determine the compressibility of the soils.  The samples 
were tested at field moisture content. Particle size analyses were performed using 
mechanical sieve analysis and hydrometer analysis testing methods on six samples. 
Compaction tests in accordance with the ASTM Designation D1557-70 were also 
performed on samples from two borings. Permeability tests were performed on ten 
undisturbed samples to determine the coefficient of permeability of the soils, under 
confining pressures of 200 and 1,000 psf. Soil corrosivity tests were also performed 
on eleven samples. 

Area B 

Field moisture content and dry density tests were performed on undisturbed 
samples. Atterberg limit tests were also performed on 4 samples. Direct shear tests 
were performed on selected undisturbed samples to determine the strength of the 
soils. The tests were performed at field and increased moisture content and at 
various different surcharge pressures.  Tests were also performed on some 
remolded samples. Confined consolidation tests were performed on 10 undisturbed 
samples and 2 remolded samples to determine the compressibility of the soils. 
Most samples were tested at field moisture content, while three of the samples were 
tested at increased moisture content.  Compaction tests in accordance with the 
ASTM Designation D1557-78 were performed on samples from two borings. 
Expansion Index tests were performed on two samples in accordance with Uniform 
Building Code No. 29-2 method.  Permeability tests were performed on eight 
undisturbed samples to determine the coefficient of permeability of the soils, under 
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confining pressure of 200 psf. Particle size analyses were performed on 
representative samples to aid in classification of the soils.   

Area C 

Field moisture content and dry density tests were performed on undisturbed 
samples. Atterberg limit tests were also performed on three samples.  Direct shear 
tests were performed on selected undisturbed samples to determine the strength of 
the soils. The tests were performed at field and near saturation moisture content, 
and at field overburden and increased surcharge pressures.  Direct shear tests were 
also performed on some remolded samples. Confined consolidation tests were 
performed on 5 undisturbed samples to determine the compressibility of the soils. 
Four samples were tested at field moisture content, while one of the samples was 
tested at increased moisture content.  Particle size analyses were performed using 
mechanical sieve analysis on two samples. Also, Expansion Index test was 
performed on one sample in accordance with Uniform Building Code No. 29-2 
method. 

B2.3 Diaz.Yourman & Associates Laboratory Testing 

Laboratory testing by Diaz.Yourman & Associates was limited to Areas B and C, and 
included field moisture content test and particle size analysis testing (including full 
sieve, percent passing #200 sieves, and hydrometer testing) on most samples, as 
well as Atterberg limits tests on selected samples.  Furthermore, compaction tests 
were performed on three selected samples. 

B2.4 Weston Solutions, Inc. Laboratory Testing 

In addition to environmental testing, geotechnical sampling and testing was 
included as part of Weston’s testing program in Area A. Geotechnical tests 
including in-situ moisture content, grain-size distribution tests (including mechanical 
sieve analyses and hydrometer testing), and Atterberg limits tests were performed on 
selected geotechnical samples. 
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Table C2 - GEOTECHNICAL LABORATORY TEST SUMMARY  

BORING 
NUMBER 

DEPTH 
(feet) 

SOIL 
TYPE 

INSITU 
MOISTURE 
CONTENT 
(percent) 

PERCENTAGE 
PASSING SIEVE 

NO. 200 
LIQUID 
LIMIT 

PLASTICITY 
INDEX 

B-1 

3 ML 39 98 41 7 
6 ML 32 52 -- --
9 MH 43 98 55 22 

12 MH 60 93 -- --
15 MH 91 93 -- --

B-2 

3 CH 39 97 50 31 
6 ML 37 53 -- --
9 CL 40 98 -- --

10 CL 38 51 -- --
12 CH 83 95 -- --
15 MH 107 96 64 17 

B-3 

0 ML 19 66 -- --
6 CL 45 99 46 21 
9 CL 37 91 -- --

12 MH 42 98 -- --
15 CH 62 90 73 45 
18 CH 87 96 -- --

B-4 

0 ML 20 94 -- --
3 CL 34 91 -- --
6 ML 34 98 NP NP 
9 ML 36 66 -- --

12 ML 42 99 40 2 
15 ML 100 93 -- --

B-5 

0 CL 23 83 -- --
6 CL 34 82 -- --
9 MH 49 98 62 29 

12 CH 59 90 -- --
15 CH 95 95 62 38 

B-6 
0 CH 54 98 -- --

2.5 MH 46 99 70 35 
4.5 CH 43 92 -- --

B-7 

3 CH 58 98 -- --
6 ML 26 95 33 7 
9 MH 40 96 59 25 

12 CH 60 92 -- --
15 SC 34 39 -- --

B-8 

0 CH 41 99 67 45 
3 CH 36 80 -- --
6 CH 71 97 -- --
9 CH 58 98 53 24 

12 SC 40 36 -- --
15 SC 26 16 -- --

B-9 

1 CH 43 99 64 37 
3 CH 52 99 58 29 
6 MH 58 97 -- --
9 MH 81 97 -- --

12 SC 37 35 -- --
15 SC 25 14 -- --

B-10 

0 ML 29 76 -- --
3 CH 54 93 -- --
6 ML 31 94 NP NP 
9 CL 59 100 -- --

12 ML 48 100 46 15 
15 CL 48 52 -- --
18 SM 29 12 -- --

C-2 
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Table C2 - GEOTECHNICAL LABORATORY TEST SUMMARY  

BORING 
NUMBER 

DEPTH 
(feet) 

SOIL 
TYPE 

INSITU MOISTURE 
CONTENT 
(percent) 

PERCENTAGE 
PASSING SIEVE 

NO. 200 
LIQUID 
LIMIT 

PLASTICITY 
INDEX 

B-11 

0 CL 37 90 -- --
3 MH 72 96 80 40 
6 MH 58 91 -- --
9 MH 60 97 61 28 

12 MH 71 90 -- --
15 SC 54 45 -- --

B-12 

0 CL 49 98 -- --
3 MH 45 97 -- --
6 MH 69 96 -- --
9 MH 84 95 52 13 

12 MH 59 90 -- --
15 CH 56 56 -- --

B-13 

0 SC 17 21 -- --
3 CH 65 97 -- --
6 CH 56 96 60 29 
9 CH 93 95 -- --

12 CH 65 99 -- --
15 SC 43 47 -- --

C-1 

0 SC 15 37 -- --
6 CL 34 96 40 20 
7 CL 34 90 -- --
9 CL 22 59 -- --

12 CH 46 92 25 47 
15 CH 27 83 -- --
18 CL 33 95 -- --
21 SC 13 28 -- --
24 SP-SC 12 7 -- --
30 CH 34 99 -- --

C-2 

0 SC 12 42 -- --
6 CH 45 98 57 36 
9 CH 48 96 -- --

12 SC 18 23 -- --
15 CL 20 52 -- --
18 CL 19 52 -- --
24 SP-SC 19 7 -- --
27 SP-SC 14 7 -- --

C-4 

0 SP 4 5 -- --
3 SP 8 11 -- --
4 SP 18 60 -- --
6 SC 23 44 -- --
9 CH 20 57 -- --

12 MH 38 95 54 23 
15 CH 23 60 -- --
18 CH 22 68 -- --
21 ML 23 61 -- --
24 ML 24 79 NP NP 

C-5 

0 CL 21 65 -- --
3 SM 16 25 -- --
6 SC 25 38 -- --

12 CL 19 57 -- --
15 SM 15 21 -- --
24 ML 43 99 47 19 

C-3 
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Table C2 - GEOTECHNICAL LABORATORY TEST SUMMARY  

BORING 
NUMBER 

DEPTH 
(feet) 

SOIL 
TYPE 

INSITU MOISTURE 
CONTENT 
(percent) 

PERCENTAGE 
PASSING SIEVE 

NO. 200 
LIQUID 
LIMIT 

PLASTICITY 
INDEX 

C-6 

0 SP 4 3 -- --
3 SP-SM 4 5 -- --
6 SP 2 2 -- --
9 CL 30 91 -- --

12 CH 43 98 57 36 
15 CH 39 100 -- --
18 CL 29 70 42 23 
21 CL 22 62 -- --
24 CH 22 55 -- --
27 SC 23 21 -- --

C-7 

0 SM 7 15 -- --
3 SM 8 15 -- --
6 CH 30 75 -- --
9 ML 31 92 49 12 

12 CH 42 88 -- --
18 ML 51 71 -- --
21 CH 27 74 51 33 

C-4 
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APPENDIX B3 
LABORATORY TESTING INTERPRETATIONS 

B3.1 General 

The following interpretation plots were generated based on the results of our 
laboratory data in Areas A, B, and C: 

Plate B3-1 Area A – Undrained Shear Strength 
Plate B3-2 Variation of Moisture Content with Depth – Area A 
Plate B3-3 Variation of Dry Density with Depth – Area A 
Plate B3-4 Variation of Liquid Limit with Depth – Area A 
Plate B3-5 Variation of Plastic Limit with Depth – Area A 
Plate B3-6 Variation of Fines Content with Depth – Area A 
Plate B3-7 Plot of Moisture Content vs. Dry Density – Area A 
Plate B3-8 Variation of Moisture Content with Elevation – Area A Fill Soils 
Plate B3-9 Variation of Dry Density with Elevation – Area A Fill Soils 
Plate B3-10 Variation of Liquid Limit with Elevation – Area A Fill Soils 
Plate B3-11 Variation of Plastic Limit with Elevation – Area A Fill Soils 
Plate B3-12 Variation of Fines Content with Elevation – Area A Fill Soils 
Plate B3-13 Plot of Moisture Content vs. Dry Density – Area A Fill Soils 
Plate B3-14 Area B – Undrained Shear Strength 
Plate B3-15 Variation of Moisture Content with Depth – Area B 
Plate B3-16 Variation of Dry Density with Depth – Area B 
Plate B3-17 Variation of Liquid Limit with Depth – Area B 
Plate B3-18 Variation of Plastic Limit with Depth – Area B 
Plate B3-19 Variation of Fines Content with Depth – Area B 
Plate B3-20 Plot of Moisture Content vs. Dry Density – Area B 
Plate B3-21 Variation of Moisture Content with Depth – Area C 
Plate B3-22 Variation of Dry Density with Depth – Area C 
Plate B3-23 Variation of Liquid Limit with Depth – Area C 
Plate B3-24 Variation of Plastic Limit with Depth – Area C 
Plate B3-25 Variation of Fines Content with Depth – Area C 
Plate B3-26 Plot of Moisture Content vs. Dry Density – Area C 
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APPENDIX B4 
LABORATORY TESTING INTERPRETATIONS 

B4.1 General 

The following interpretation plots were generated based on the results of laboratory 
testing data by other investigators, in Areas A, B, and C: 

Plate B4-1 Variation of Moisture Content with Depth – Area A 
Plate B4-2 Variation of Dry Density with Depth – Area A 
Plate B4-3 Variation of Liquid Limit with Depth – Area A 
Plate B4-4 Variation of Plastic Limit with Depth – Area A 
Plate B4-5 Variation of Fines Content with Depth – Area A 
Plate B4-6 Plot of Moisture Content vs. Dry Density – Area A 
Plate B4-7 Variation of Moisture Content with Depth – Area B 
Plate B4-8 Variation of Dry Density with Depth – Area B 
Plate B4-9 Variation of Liquid Limit with Depth – Area B 
Plate B4-10 Variation of Plastic Limit with Depth – Area B 
Plate B4-11 Variation of Fines Content with Depth – Area B 
Plate B4-12 Plot of Moisture Content vs. Dry Density – Area B 
Plate B4-13 Variation of Moisture Content with Depth – Area C 
Plate B4-14 Variation of Dry Density with Depth – Area C 
Plate B4-15 Variation of Liquid Limit with Depth – Area C 
Plate B4-16 Variation of Plastic Limit with Depth – Area C 
Plate B4-17 Variation of Fines Content with Depth – Area C 
Plate B4-18 Plot of Moisture Content vs. Dry Density – Area C 
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APPENDIX C 
GEOLOGIC MAP/AERIAL PHOTOS 

C.1 Contents 

This appendix includes a geologic map, aerial photos of Ballona Wetlands selected 
from the UCLA Library Spence Collection of Aerial Photos (from years 1924 to 
1938), and Topographic Maps from USGS prior and after the construction of the 
existing levees. 

A list of the plates presented in this appendix follows: 

Plate C-1 Geologic Map 
Plate C-2 through C-9 UCLA Library Spence Aerial Photos (circa 1924-1938) 
Plate C-10 and C-11 USGS Topographic Maps (1924 and 1942) 
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APPENDIX D 
SEISMIC HAZARD MAPS / SEISMIC DESIGN CRITERIA 

D.1 Contents 

This appendix includes the seismic hazard maps and seismic design criteria adopted 
for the Ballona Wetlands Restoration Project. 

A list of the plates presented in this appendix follows: 

Plate D-1 CALTRANS Fault Map 
Plate D-2 Mapped Location of Charnock Fault 
Plate D-3 Estimation of Epicenter and Local Magnitude at or in 

the Vicinity of the Site (Past 10 years) 
Plate D-4 through D-13 USGS Deaggregation Results at Ballona Wetlands for 

Return Period of 224 years (Vs = 202 m/s) 
Plate D-14 through D-17 Shear Wave Velocity Profiles (Area A, B, West B, and C) 
Plate D-18 CGS Historically Highest Ground Water Contour Map 
Plate D-19 CGS Liquefaction Hazard Zone Map 
Plate D-20 CGS Landslide Hazard Zone Map 
Plate D-21 Navigate LA – Fault Rupture Study Zones and Landslide 
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APPENDIX E 
LIQUEFACTION SETTLEMENT AND LATERAL SPREADING 

E.1 Contents 

This appendix includes the results estimates of post liquefaction settlements within 
the site and lateral spreading displacements of the new levees. 

Post liquefaction settlements were performed using the Youd et al. (2001) method 
for estimation of post liquefaction settlements using the results of the CPTs within 
the area. The analyses assume design earthquake parameters for a 224 year return 
period, and a design groundwater at El. +10 feet NAVD. 

Lateral spreading displacements were estimated using Youd et al. (2002) method 
based on distances of about 300 and 1000 feet from the meander channel, as 
would be applicable for the new levees. 

A list of the plates presented in this appendix follows: 

Plate E-1 through E-29 Post-liquefaction Settlements based on CPTs 
Plate E-30 and E-32 Range of Lateral Spreading Displacements for New Levees 
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APPENDIX F 
SEEPAGE 

F.1 Contents 

This appendix includes the results calculations of permeability using our field 
permeability data, as well as the results of the seepage analyses. using the 
RocScience Program, Slide v.5. 

Seepage analyses included estimation of hydraulic gradients for two conservative 
conditions as follows: 

x Steady State Condition at Existing North Area A Levee after Excavation of the 
New Meander Channel and Prior to Breach 

x Steady State Condition at West Area B Existing Levee During a High Water 
Event 

The seepage analyses also show the results of the transient seepage analysis during 
a week of typical tidal changes, as well as the transient seepage analysis following a 
10-day high water flood condition. 

A list of the plates presented in this appendix follows: 

Plate F-1 and F-2 Permeability Calculations 
Plate F-3 Hydraulic Gradient – Steady State Condition at Existing North 

Area A Levee after Excavation and Prior to Breach 
Plate F-4 Hydraulic Gradient – Steady State Condition at West Area B 

Levee 
Plate F-5 Transient Water Level for Tidal Changes over a period of a 

week 
Plate F-6 Typical Tidal Changes in Water Level in Santa Monica Bay 

Over One Week – Used in Seepage Analyses 
Plate F-7 thru F-16 Discharge Flow Analysis for Tidal Changes over a Week 
Plate F-17 Transient Water Level for a 10-day Flood Condition 
Plate F-17 thru F-29 Discharge Flow Analysis During and After a 10-day Flood 
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APPENDIX G 

SLOPE STABILITY 


G.1 Summary of Contents 

This appendix includes the following: 

x Generalized soil profiles adopted for slope stability analyses of the levees. 
x Soil strength parameters criteria, and adopted values for slope stability 

analyses. 
x Strength gain calculations under the West Area B levees using SHANSEP 

method 
x	 Summary of static analyses for end of construction (short term low water), 

short term high water, long term high water (steady state) for selected sections, 
seismic post liquefaction analysis, and analyses for determination of yield 
acceleration and seismic displacements using Bray and Rathje (1998) method, 
and potential mitigation measures for reducing seismic displacements for two 
sections of the existing levees.  

x Comparison of FLAC SLOPE results with RocScience Slide v.5 Results 
x Analysis results showing the effect of water level fluctuation of seismic 

deformations of existing levees 

G.2 Generalized Soil Profile Tables 

Generalized soils profiles shown in Tables G-1 thru G-12 were adopted based on the 
estimates of soil strength parameters using our boring and CPT and laboratory 
testing results for the conservative boring/CPT layering within each area. 

G.3 Soil Strength Parameters 

Soil strength parameter selection criteria are shown graphically in Plates G-7 
through G-15. The undrained shear strengths within Areas A and B were selected 
based on vane shear test results corrected for plasticity index (using Bjerrum, 1972 
chart), as well as CPT tip resistances in each area. 

Plates G-10 and G-11 show the results of direct shear tests performed on Fill soils in 
Areas A and B, and also include the conservatively adopted shear strength 
parameters for Fills soils in all areas.  The soil strength for the embankments 
(levees) was selected to have just slightly higher cohesion than the soil strength 
parameters for Fill soils, since the soils used for embankments will be primary 
comprised of Fill soils, but will be well compacted to 90% relative compaction; 
hence the higher cohesion. 

Plates G-12 through G-15 show the profiles of CPTs within different areas, with 
potentially liquefiable layers/depths highlighted in green, on the CPTs. The adopted 
extents (depths) of potentially liquefiable layers are also shown within different areas. 
The post liquefaction residual shear strength values were determined based on 
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average (N1)60cs of representative liquefiable layers using Seed and Harder (1990) 
graph, as shown on the Plates. 

G.4 Soil Strength Gain (SHANSEP) 

The shallow clayey soils underlying portions of West Area B are naturally very soft 
with undrained shear strengths on the order of 300 psf, under current conditions. 
However, after placement of the fill these soils will consolidate and gain strength. 
The strength gain for clayey soils can be determined using the SHANSEP method, 
as presented in plates G-16 through G-22. 

The SHANSEP strength gain analysis for these clayey soils assumed that the soils at 
a depth of 15 feet and beyond are normally consolidated, and the overconsolidation 
ratio (OCR) decreases linearly from 2 to 1 from a depth of 5 to 15 feet.  The upper 5 
feet of the profile were assumed to be Fill soils of different nature and strength 
parameters. 

Assuming normally consolidated clayey soils with a strength of about 300 psf exist 
at a depth of 15 feet, the shear strength ratio, (Su/Vv’)NC for normally consolidated 
was found to be 0.27. After calculating the increase in vertical effective stresses at 
different locations along the levee cross section as a result of construction of the 
levee, the final vertical effective stresses were calculated (Plate G-16).  The increased 
shear strength for normally consolidated soils were then determined by multiplying 
the shear strength ratio, (Su/Vv’)NC by the final vertical effective stresses, at each 
location along the levee section (Plate G-17). 

A simplified strength layering was then used in levee slope stability analyses for West 
Area B levees, based on the results of the SHANSEP method. 

G.5 Slope Stability Analyses 

Static and seismic levee slope stability analyses were performed for different loading 
conditions at 12 distinct cross sections of both new and portions of the existing 
levees that remain as part of the project.  Additionally, the static stability of portions 
of the existing north levee that will be breached after/during construction of the new 
meander channels was analyzed. The analyses were performed in FLAC/Slope V.7. 
The output plot and the input geometry and layering of each of the analyses are 
included in this appendix, as shown in Plates G-23 through G-144. 

For the portions of the existing levees that will tie in to the new levees and remain as 
part of the project, the seismic displacements were found to be higher than 
generally acceptable. Analyses showing possible mitigation measures using ground 
improvement by Deep Soil Mixing (DSM) are also shown for two of the sections 
(Sections D-D’ and E-E’). Rapid drawdown is not a likely condition, and a viable 
mode of failure for the Ballona Wetlands levees, and was not included in the levee 
stability analyses. 

E-741



 

 

 

 

 

 

 

 

 

 

 

 

 

LA-962A  Page. G-3 

G.6 Examples of Comparison of FLAC SLOPE FOS with RocScience Slide 

The FOS results from FLAC SLOPE were compared with the results of the 
RocScience Slide v.5 Slope Stability Program, for a number of Sections and Load 
Cases. As can be seen from the results shown on Plates G-145 thru G-147, the 
estimated FOS values from Slide v.5 are agreement with the estimated FOS values 
from FLAC Slope with variations on the order of 3%, or less.  This validates the 
results of our slope stability analyses. 

G.7 Analysis Results Showing the Effect of Water Level Fluctuation of 
Seismic Deformations of Existing Levees 

The effect of changes in water level in the channel on the seismic displacements 
predicted for the existing levees was investigated for the existing levee located 
immediately downstream of Lincoln Boulevard (Section E-E’) for the following four 
water levels: 

x Case 1 – The water in the channel and in the area outside the channel coincide 
with the ground surface elevation of +7 feet.  This is the design groundwater 
condition adopted for the previously presented seismic stability analyses of 
existing levees (Results presented in Plates G-69 and G-70). 

x Case 2 – The water in the channel and in the area outside the channel is at 
Elevation +3 feet. This condition approximately corresponds to the average 
tidal condition (Plates G-148 and G-149). 

x Case 3 – A water level in the channel at Elevation +0 feet (corresponding to 
low tide) and a groundwater level outside the channel at Elevation +7 feet 
(Plates G-150 and G-151). 

x Case 4 – A water level in the channel of +0 feet and a groundwater level 
outside the channel at Elevation +3 feet (Plates G-152 and G-153). 

The yield accelerations change slightly depending on the variation in water levels; 
however, estimated seismic displacement for each case is unacceptable.  Therefore, 
mitigations are recommended as described in the text. 
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A list of the plates presented in this appendix follows: 

Plate G-1 and G-6  Soil Profile Tables for Slope Stability 
Plate G-7 and G-9  Undrained Shear Strength of Fine Grained Soils 
Plate G-10 and G-11  Soil Strength Parameters for Fill Soils 
Plate G-12 thru G-15 Liquefied Layers and Residual Strength Values for 

Difference Areas 
Plate G-16 thru G-22 Strength Gain under West Area B Levees using 

SHANSEP Method 
Plates G-23 thru G-33 Static and Seismic/Deformation Analyses – Section A-A’  
Plates G-34 thru G-43 Static and Seismic/Deformation Analyses – Section B-B’ 
Plates G-44 thru G-51 Static and Seismic/Deformation Analyses – Section C-C’ 
Plates G-52 thru G-62 Static and Seismic/Deformation Analyses and Potential 

Mitigation Measures – Section D-D’ 
Plates G-63 thru G-73 Static and Seismic/Deformation Analyses and Potential 

Mitigation Measures – Section E-E’ 
Plates G-74 thru G-82 Static and Seismic/Deformation Analyses – Section F-F’  
Plates G-83 thru G-93 Static and Seismic/Deformation Analyses - Section G-G’ 
Plates G-94 thru G-102 Static and Seismic/Deformation Analyses - Section H-H’ 
Plates G-103 thru G-113 Static and Seismic/Deformation Analyses – Section I-I’ 
Plates G-114 thru G-122 Static and Seismic/Deformation Analyses – Section J-J’ 
Plates G-123 thru G-131 Static and Seismic/Deformation Analyses – Section K-K’ 
Plates G-132 thru G-140 Static and Seismic/Deformation Analyses – Section L-L’ 
Plates G-141 thru G-144 Static Analyses of Existing North Levee during Meander 

Channel Excavation 
Plates G-145 thru G-147 Comparison of FLAC Slope FOS values with 

RocScience Slide for a few sections and load cases 
Plates G-148 thru G-153 Effect of Water Level Fluctuations on Seismic 

Deformation of Existing Levees (Section E-E’) 
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Table G-1: East Area A Static Profile 

Total Unit 
Weight Elevation (feet) 

Friction 
Angle Cohesion 

Layer (pcf) From To (Degrees) (psf) 
Embankment 115 20 10 28 300 

Fill 115 10 0 28 250 
Soft Clay 115 0 -20 0 500 1 

Stiff Clay 115 -20 -35 0 1200 
Dense Sand 120 -35 -55 35 0 

Notes: 1) For drained condition, I� �����c = 200 psf 

Table G-2: East Area A Seismic Profile 

Total Unit 
Weight Elevation (feet) 

Friction 
Angle Cohesion 

Post-Liquefaction 
Strength 

Layer (pcf) From To (Degrees) (psf) (psf) 
Embankment 115 20 10 28 300 N/A 
Liquefied Fill 115 10 0 N/A N/A 300 

Soft Clay 115 0 -15 0 500 1 N/A 
Liq Sand 115 -15 -30 N/A N/A 400 
Stiff Clay 115 -30 -35 0 1200 N/A 

Dense Sand 120 -35 -55 35 0 N/A 
Notes: 1) For drained condition, I� �����c = 200 psf 

PLATE G-1
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Table G-3: West Area A Static Profile 

Total Unit 
Weight Elevation (feet) 

Friction 
Angle Cohesion 

Layer (pcf) From To (Degrees) (psf) 
Embankment 115 20 10 28 300 

Fill 115 10 0 28 250 
Soft Clay 115 0 -25 0 500 1 

Stiff Clay 115 -25 -52 0 1000 
Dense Sand 120 -52 -55 35 0 

Notes: 1) For drained condition, I� �����c = 200 psf 

Table G-4: West Area A Seismic Profile 

Total Unit 
Weight Elevation (feet) 

Friction 
Angle Cohesion 

Post-Liquefaction 
Strength 

Layer (pcf) From To (Degrees) (psf) (psf) 
Embankment 115 20 10 28 300 N/A 
Liquefied Fill 115 10 0 N/A N/A 300 

Soft Clay 115 0 -20 0 500 1 N/A 
Liq Sand 115 -20 -25 N/A N/A 400 
Stiff Clay 115 -25 -33 0 1000 N/A 

Liq Sand 2 115 -33 -45 N/A N/A 500 
Stiff Clay 115 -45 -52 0 1000 N/A 

Dense Sand 120 -35 -55 35 0 N/A 
Notes: 1) For drained condition, I� �����c = 200 psf 

PLATE G-2
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Table G-5: East Ballona Creek Static Profile 

Total Unit 
Weight Elevation (feet) 

Friction 
Angle Cohesion 

Layer (pcf) From To (Degrees) (psf) 
Embankment 115 20 7 28 300 

Soft Clay 115 7 -10 0 500 1 

Stiff Clay 115 -10 -25 0 1000 1 

Med. Sand 115 -25 -35 33 0 
Stiff Clay 115 -35 -45 0 1000 1 

Dense Sand 120 -45 -55 35 0 
Notes: 1) For drained condition, I� �����c = 0 psf 

Table G-6: East Ballona Creek Seismic Profile 

Total Unit 
Weight Elevation (feet) 

Friction 
Angle Cohesion 

Post-Liquefaction 
Strength 

Layer (pcf) From To (Degrees) (psf) (psf) 
Embankment 115 20 7 28 300 N/A 

Liquefied Sand 115 7 -3 N/A N/A 300 
Soft Clay 115 -3 -10 0 500 1 N/A 
Stiff Clay 115 -10 -20 0 1000 1 N/A 

Liq Sand 2 115 -20 -35 N/A N/A 550 
Stiff Clay 115 -35 -45 0 1000 1 N/A 

Dense Sand 120 -45 -55 35 0 N/A 
Notes: 1) For drained condition, I� �����c = 0 psf 

PLATE G-3
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Table G-7: East Area B Static Profile 

Total Unit 
Weight Elevation (feet) 

Friction 
Angle Cohesion 

Layer (pcf) From To (Degrees) (psf) 
Embankment 115 20 9 28 300 

Fill 115 9 2 28 250 
Soft Clay 115 2 -10 0 500 1 

Med. Sand 115 -10 -15 33 0 
Med. Stiff Clay 115 -15 -48 0 600 1 

Dense Sand 120 -48 -55 35 0 
Notes: 1) For drained condition, I� �����c = 0 psf 

Table G-8: East Area B Seismic Profile 

Total Unit 
Weight Elevation (feet) 

Friction 
Angle Cohesion 

Post-Liquefaction 
Strength 

Layer (pcf) From To (Degrees) (psf) (psf) 
Embankment 115 20 9 28 300 N/A 
Liquefied Fill 115 9 2 N/A N/A 300 

Soft Clay 115 2 -10 0 500 1 N/A 
Liq Sand 115 -10 -13 N/A N/A 300 

Med Stiff Clay 115 -13 -20 0 600 1 N/A 
Liq Sand 115 -20 -42 N/A N/A 300 

Med Stiff Clay 115 -42 -48 0 600 1 N/A 
Dense Sand 120 -48 -55 35 0 N/A 

Notes: 1) For drained condition, I� �����c = 0 psf 

PLATE G-4
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Table G-9: West Area B Static Profile 

Total Unit 
Weight Elevation (feet) 

Friction 
Angle Cohesion 

Layer (pcf) From To (Degrees) (psf) 
Embankment 115 20 7 28 300 

Fill 115 7 2 28 250 
Soft Clay 115 2 -12 0 300 1,2 

Med. Sand 115 -12 -34 33 0 
Stiff Clay 115 -34 -43 0 1000 1 

Med. Sand 115 -43 -48 33 0 
Dense Sand 120 -48 -55 35 0 

Notes:	 1) For drained condition, I� �����c = 0 psf 
2) Undrained shear strength underneath the levee is higher due levee surcharge 

Table G-10: West Area B Seismic Profile 

Total Unit 
Weight Elevation (feet) 

Friction 
Angle Cohesion 

Post-Liquefaction 
Strength 

Layer (pcf) From To (Degrees) (psf) (psf) 
Embankment 115 20 7 28 300 N/A 
Liquefied Fill 115 7 2 N/A N/A 300 

Soft Clay 115 2 -12 0 300 1,2 N/A 
Liq Sand 115 -12 -34 N/A N/A 300 
Stiff Clay 115 -34 -43 0 1000 1 N/A 

Liq Sand 2 115 -43 -48 N/A N/A 500 
Dense Sand 120 -48 -55 35 0 N/A 

Notes: 1) For drained condition, I� �����c = 0 psf 
2) Undrained shear strength underneath the levee is higher due levee surcharge 
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Table G-11: Area C Static Profile 

Total Unit 
Weight Elevation (feet) 

Friction 
Angle Cohesion 

Layer (pcf) From To (Degrees) (psf) 
Fill 115 20 5 28 250 

Soft Clay 115 5 -3 0 500 1 

Med. Sand 115 -3 -13 33 0 
Stiff Clay 115 -13 -33 0 1200 

Dense Sand 120 -33 -55 35 0 
Notes: 1) For drained condition, I� �����c = 200 psf 

Table G-12: Area C Seismic Profile 

Total Unit 
Weight Elevation (feet) 

Friction 
Angle Cohesion 

Post-Liquefaction 
Strength 

Layer (pcf) From To (Degrees) (psf) (psf) 
Fill 115 20 5 28 250 N/A 

Soft Clay 115 5 -3 0 500 1 N/A 
Med. Sand 115 -3 -8 33 0 N/A 
Liq Sand 115 -8 -13 N/A N/A 400 
Stiff Clay 115 -13 -20 0 1200 N/A 

Liq Sand 2 115 -20 -27 N/A N/A 500 
Stiff Clay 115 -27 -33 0 1200 N/A 

Dense Sand 120 -33 -55 35 0 N/A 
Notes: 1) For drained condition, I� �����c = 200 psf 

PLATE G-6
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Area�A�Ͳ�Undrained�Shear�Strength� 
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Note:��1)�The�points�shown�on�the�graph�are�Vane�Shear�Strength�Values�adjusted�based�on�Plasticity�Index�using�Bjerrum�(1972)�Curve. 
�����������2)�The�adopted�values�consider�the�results�of�Lab�Vane�Shear,�as�well�as�estimates�of�undrained�shear�strength�from�CPT�data. 
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Area�B�Ͳ�Undrained�Shear�Strength� 
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Note:�1)�The�points�shown�on�the�graph�are�Vane�Shear�Strength�Values�adjusted�based�on�Plasticity�Index�using�Bjerrum�(1972)�Curve. 
������������2)�The�adopted�values�consider�the�results�of�Lab�Vane�Shear,�as�well�as�estimates�of�undrained�shear�strength�from�CPT�data. 
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East�Ballona�Creek�Ͳ�Undrained�Shear�Strength� 
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Note:�1)�The�points�shown�on�the�graph�are�Vane�Shear�Strength�Values�adjusted�based�on�Plasticity�Index�using�Bjerrum�(1972)�Curve. 
������������2)�The�adopted�values�consider�the�results�of�Lab�Vane�Shear,�as�well�as�estimates�of�undrained�shear�strength�from�CPT�data. 
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1500 

Soil�Strength�Parameters�for�Fill�Soils�(Unsaturated) 
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Phi�=�25,�C�=�500�psf�(See�Plate�B1Ͳ3d) 

Phi�=�28,�C�=�400�psf�(See�Plate�B1Ͳ3f) 

Phi�=�34,�C�=�200�psf�(See�Plate�B1Ͳ3b) 

Phi�=�17,�C�=�800�psf�(See�Plate�B1Ͳ3g) 

Phi�=�31,�C�=�300�psf�(See�Plate�B1Ͳ3p) 

Adopted�Parameters,�Phi�=�28�and�C�=�250�psf 

Adopted� 
Strength� 
Profile 

Note:��1)�The�lines�shown�are�strength�profiles�versus�depth�using�Parameters�found�from�Direct 
����������������Shear�Tests�on�Near�Surface�Fill�Soils. 
�����������2)�The�adopted�profile�is�generally�conservative,�based�on�a�Phi�=�28�degrees,�and�C�=�250�psf. 
�����������3)�The�adopted�soil�parameters�for�Embankment�Soils�are�Phi�=�28�degrees,�and�C�=�300�psf, 
����������������assuming�proper�compaction. 
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Soil�Strength�Parameters�for�Fill�Soils�(Saturated) 
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Phi�=�25,�C�=�500�psf�(See�Plate�B1Ͳ3d) 

Phi�=�28,�C�=�400�psf�(See�Plate�B1Ͳ3f) 

Phi�=�34,�C�=�200�psf�(See�Plate�B1Ͳ3b) 

Phi�=�17,�C�=�800�psf�(See�Plate�B1Ͳ3g) 

Phi�=�31,�C�=�300�psf�(See�Plate�B1Ͳ3p) 

Adopted�Parameters,�Phi�=�28�and�C�=�250�psf 

Adopted� 
Strength� 
Profile 

Note:��1)�The�lines�shown�are�strength�profiles�versus�depth�using�Parameters�found�from�Direct 
����������������Shear�Tests�on�Near�Surface�Fill�Soils,�and�assuming�a�groundwater�depth�of�5�feet. 
�����������2)�The�adopted�profile�is�generally�conservative,�based�on�a�Phi�=�28�degrees,�and�C�=�250�psf. 
�����������3)�The�adopted�soil�parameters�for�Embankment�Soils�are�Phi�=�28�degrees,�and�C�=�300�psf, 
����������������assuming�proper�compaction. 
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Center of Embankment 
Elev. Depth Vv' init. OCR V�p 'V Vv' final Su (psf) 

7  0  0  Fil  
6 1 120 Fil 
5 2 240 Fil 
4 3 360 Fil 
3 4 480 Fil 
2 5 538 2.0 1075 1,553 2,090 564 
1 6 595 1.9 1131 1,548 2,144 579 
0 7 653 1.8 1175 1,543 2,195 593 

-1 8 710 1.7 1208 1,536 2,246 606 
-2 9 768 1.6 1229 1,528 2,296 620 
-3 10 826 1.5 1238 1,518 2,344 633 
-4 11 883 1.4 1236 1,508 2,392 646 
-5 12 941 1.3 1223 1,498 2,439 658 
-6 13 998 1.2 1198 1,486 2,485 671 
-7 14 1056 1.1 1162 1,474 2,530 683 
-8 15 1114 1.0 1114 1,462 2,575 695 
-9 16 1171 1.0 1171 1,449 2,620 707 

-10 17 1229 1.0 1229 1,436 2,664 719 
-11 18 1286 1.0 1286 1,422 2,709 731 
-12 19 1344 1.0 1344 1,408 2,752 743 

Dry Side Edge of Crest 
Elev. Depth Vv' init. OCR V�p 'V Vv' final Su (psf) 

7  0  0  Fil  
6 1 120 Fil 
5 2 240 Fil 
4 3 360 Fil 
3 4 480 Fil 
2 5 538 2.0 1075 1,496 2,034 549 
1 6 595 1.9 1131 1,483 2,078 561 
0 7 653 1.8 1175 1,470 2,123 573 

-1 8 710 1.7 1208 1,457 2,167 585 
-2 9 768 1.6 1229 1,443 2,211 597 
-3 10 826 1.5 1238 1,430 2,256 609 
-4 11 883 1.4 1236 1,417 2,300 621 
-5 12 941 1.3 1223 1,403 2,344 633 
-6 13 998 1.2 1198 1,390 2,388 645 
-7 14 1056 1.1 1162 1,376 2,432 657 
-8 15 1114 1.0 1114 1,363 2,476 669 
-9 16 1171 1.0 1171 1,349 2,520 680 

-10 17 1229 1.0 1229 1,335 2,564 692 
-11 18 1286 1.0 1286 1,322 2,608 704 
-12 19 1344 1.0 1344 1,308 2,652 716 

Undrained Shear Strength Gain Due to Surcharging Under West Area B Levees using SHANSEP 
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Water Side Edge of Crest 
Elev. Depth Vv' init. OCR V�p 'V Vv' final Su (psf) 

7  0  0  Fil  
6 1 120 Fil 
5 2 240 Fil 
4 3 360 Fil 
3 4 480 Fil 
2 5 538 2.0 1075 1,521 2,058 556 
1 6 595 1.9 1131 1,512 2,108 569 
0 7 653 1.8 1175 1,504 2,157 582 

-1 8 710 1.7 1208 1,495 2,205 595 
-2 9 768 1.6 1229 1,486 2,254 608 
-3 10 826 1.5 1238 1,476 2,302 621 
-4 11 883 1.4 1236 1,466 2,350 634 
-5 12 941 1.3 1223 1,456 2,397 647 
-6 13 998 1.2 1198 1,446 2,444 660 
-7 14 1056 1.1 1162 1,435 2,491 673 
-8 15 1114 1.0 1114 1,424 2,538 685 
-9 16 1171 1.0 1171 1,413 2,584 698 

-10 17 1229 1.0 1229 1,402 2,630 710 
-11 18 1286 1.0 1286 1,390 2,676 723 
-12 19 1344 1.0 1344 1,378 2,722 735 

10 foot Dry Side of Crest 
Elev. Depth Vv' init. OCR V�p 'V Vv' final Su (psf) 

7  0  0  Fil  
6 1 120 Fil 
5 2 240 Fil 
4 3 360 Fil 
3 4 480 Fil 
2 5 538 2.0 1075 1,156 1,693 457 
1 6 595 1.9 1131 1,153 1,748 472 
0 7 653 1.8 1175 1,149 1,802 487 

-1 8 710 1.7 1208 1,145 1,856 501 
-2 9 768 1.6 1229 1,140 1,908 515 
-3 10 826 1.5 1238 1,135 1,961 529 
-4 11 883 1.4 1236 1,129 2,012 543 
-5 12 941 1.3 1223 1,123 2,063 557 
-6 13 998 1.2 1198 1,116 2,114 571 
-7 14 1056 1.1 1162 1,109 2,165 585 
-8 15 1114 1.0 1114 1,101 2,215 598 
-9 16 1171 1.0 1171 1,094 2,265 612 

-10 17 1229 1.0 1229 1,086 2,315 625 
-11 18 1286 1.0 1286 1,078 2,365 638 
-12 19 1344 1.0 1344 1,070 2,414 652 

Undrained Shear Strength Gain Due to Surcharging Under West Area B Levees using SHANSEP 
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20 foot Dry Side of Crest 
Elev. Depth Vv' init. OCR V�p 'V Vv' final Su (psf) 

7  0  0  Fil  
6 1 120 Fil 
5 2 240 Fil 
4 3 360 Fil 
3 4 480 Fil 
2 5 538 2.0 1075 760 1,298 350 
1 6 595 1.9 1131 760 1,355 366 
0 7 653 1.8 1175 760 1,413 381 

-1 8 710 1.7 1208 760 1,470 397 
-2 9 768 1.6 1229 760 1,528 412 
-3 10 826 1.5 1238 760 1,585 428 
-4 11 883 1.4 1236 759 1,643 443 
-5 12 941 1.3 1223 759 1,700 459 
-6 13 998 1.2 1198 759 1,757 474 
-7 14 1056 1.1 1162 758 1,814 490 
-8 15 1114 1.0 1114 758 1,872 505 
-9 16 1171 1.0 1171 757 1,929 521 

-10 17 1229 1.0 1229 757 1,986 536 
-11 18 1286 1.0 1286 756 2,043 551 
-12 19 1344 1.0 1344 755 2,099 567 

30 foot Dry Side of Crest 
Elev. Depth Vv' init. OCR V�p 'V Vv' final Su (psf) 

7  0  0  Fil  
6 1 120 Fil 
5 2 240 Fil 
4 3 360 Fil 
3 4 480 Fil 
2 5 538 2.0 1075 365 902 244 
1 6 595 1.9 1131 368 963 260 
0 7 653 1.8 1175 372 1,024 277 

-1 8 710 1.7 1208 376 1,086 293 
-2 9 768 1.6 1229 381 1,149 310 
-3 10 826 1.5 1238 386 1,212 327 
-4 11 883 1.4 1236 392 1,275 344 
-5 12 941 1.3 1223 398 1,339 361 
-6 13 998 1.2 1198 404 1,402 379 
-7 14 1056 1.1 1162 410 1,466 396 
-8 15 1114 1.0 1114 416 1,530 413 
-9 16 1171 1.0 1171 423 1,594 430 

-10 17 1229 1.0 1229 429 1,658 448 
-11 18 1286 1.0 1286 435 1,722 465 
-12 19 1344 1.0 1344 441 1,785 482 

Note: 	 Bold Su values imply that soils are still overconsolidated. 
Strength gain is more than what's shown for overconsolidated depths 

Undrained Shear Strength Gain Due to Surcharging Under West Area B Levees using SHANSEP 

PLATE G-20 
E-763



Elev. Depth Vv' init. OCR V�p 'V Vv' final Su (psf) 
7  0  0  Fil
6 1 120 Fil 
5 2 240 Fil 
4 3 360 Fil 
3 4 480 Fil 
2 5 538 2.0 1075 1,079       1,617         437 
1 6 595 1.9 1131 1,079       1,674         452 
0 7 653 1.8 1175 1,078       1,731         467 

-1 8 710 1.7 1208 1,077       1,787         483 
-2 9 768 1.6 1229 1,075       1,843         498 
-3 10 826 1.5 1238 1,074       1,899         513 
-4 11 883 1.4 1236 1,072       1,955         528 
-5 12 941 1.3 1223 1,070       2,011         543 
-6 13 998 1.2 1198 1,067       2,066         558 
-7 14 1056 1.1 1162 1,065       2,121         573 
-8 15 1114 1.0 1114 1,062       2,175         587 
-9 16 1171 1.0 1171 1,058       2,230         602 

-10 17 1229 1.0 1229 1,055       2,284         617 
-11 18 1286 1.0 1286 1,051       2,338         631 
-12 19 1344 1.0 1344 1,047       2,391         646 

                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 

20 foot Water Side of Crest 

 

40 foot Water Side of Crest 
Elev. Depth Vv' init. OCR V�p 'V Vv' final Su (psf) 

7  0  0  Fil  
6 1 120 Fil 
5 2 240 Fil 
4 3 360 Fil 
3 4 480 Fil 
2 5 538 2.0 1075 600 1,138 307 
1 6 595 1.9 1131 600 1,196 323 
0 7 653 1.8 1175 601 1,253 338 

-1 8 710 1.7 1208 601 1,311 354 
-2 9 768 1.6 1229 601 1,369 370 
-3 10 826 1.5 1238 601 1,427 385 
-4 11 883 1.4 1236 602 1,485 401 
-5 12 941 1.3 1223 602 1,543 417 
-6 13 998 1.2 1198 603 1,601 432 
-7 14 1056 1.1 1162 603 1,659 448 
-8 15 1114 1.0 1114 604 1,718 464 
-9 16 1171 1.0 1171 605 1,776 479 

-10 17 1229 1.0 1229 605 1,834 495 
-11 18 1286 1.0 1286 606 1,892 511 
-12 19 1344 1.0 1344 607 1,951 527 

Undrained Shear Strength Gain Due to Surcharging Under West Area B Levees using SHANSEP 

PLATE G-21 
E-764



                   
                   
                   
                   
                   
                   
                
                
                
                 
                 
                 
                 
                 
                 

60 foot Water Side of Crest 
Elev. Depth Vv' init. OCR V�p 'V Vv' final Su (psf) 

7  0  0  Fil  
6 1 120 Fil 
5 2 240 Fil 
4 3 360 Fil 
3 4 480 Fil 
2 5 538 2.0 1075 128 666 180 
1 6 595 1.9 1131 132 727 196 
0 7 653 1.8 1175 137 790 213 

-1 8 710 1.7 1208 142 852 230 
-2 9 768 1.6 1229 147 915 247 
-3 10 826 1.5 1238 153 979 264 
-4 11 883 1.4 1236 159 1,042 281 
-5 12 941 1.3 1223 165 1,106 299 
-6 13 998 1.2 1198 171 1,169 316 
-7 14 1056 1.1 1162 177 1,233 333 
-8 15 1114 1.0 1114 183 1,297 350 
-9 16 1171 1.0 1171 190 1,361 367 

-10 17 1229 1.0 1229 196 1,425 385 
-11 18 1286 1.0 1286 202 1,488 402 
-12 19 1344 1.0 1344 208 1,552 419 

Note: Bold Su values imply that soils are still overconsolidated.
 
Strength gain is more than what's shown for overconsolidated depths
 

Undrained Shear Strength Gain Due to Surcharging Under West Area B Levees using SHANSEP 

PLATE G-22 
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APPENDIX H 

SETTLEMENT 


H.1 Summary of Contents 

This appendix includes the following: 

x Cc / (1+eo) data in Areas A, B, and C, and OCR data within Areas A and B 
x Settlements at different locations along different sections of levees 
x Settlement bowl beyond dry side toe of levees/embankments 
x Examples showing stresses below different portions of levees 
x Settlements along different locations below Section I-I’ of West Area B levees 
x Spreadsheets showing maximum settlement for different Sections of levees 
x Consolidation Curves showing PP and OCR Determination 
x Examples of Settlement Monitoring Results at the Adjacent Playa Vista 

H.2 Determination of Cc / (1+eo) and OCR for Settlement Analysis 

Plots included in Plates H-1 to H-5 show the values determined from consolidation 
data for Cc / (1+eo) in Areas A, B, and C, and OCR in Areas A, and B plotted versus 
depth. Cc / (1+eo) is particularly important for settlement analyses at this site, since 
the clayey soils deeper than about 10 feet are essentially normally consolidated.  For 
this reason, the Cc / (1+eo) values are companioned with values inferred from 
correlations with soil moisture content developed from our experience at Playa Vista, 
as well as a well-known correlation based on the Terzaghi and Peck (1967) 
relationship. Adopted values for Cc / (1+eo) and OCR at different depths are also 
shown for different areas. The adopted OCR values for Area A were also used for 
Area C. Consolidation test results showing PP and OCR determination are included 
in Plates H-26 to H-45. 

H.3 Settlements at Different Locations along Sections of Levee 

Settlements were determined for different levees sections by estimating the increase 
in vertical stresses under the embankment at different locations along sections of 
the levee. Examples of calculation of stresses at different locations below the 
embankment are included in Plates H-8 and H-9.  The stresses were then used to 
estimate settlement at different locations under the embankments.  Estimated 
settlements at different locations under embankment for section I-I’ are exemplified 
in Plates H-10 through H-18. Maximum estimated settlements are shown for the 
sections that were analyzed on H-19 through H-25.  A summary of settlements at 
different locations along different sections of the levees that were analyzed is 
presented on Plate H-6. 

H.4 Settlement away from Protected Side Toe of Levees or Embankments 

To minimize the settlement impact to utility lines and adjacent structures, the 
levees/embankments should be offset a minimum distance from roads, utilities, and 
other essential facilities. Therefore, estimations of settlements were made for 
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different sections along the levees/embankments at distances of 0, 10, 30, and 50 
feet away from the protected side toe, for the sections that were analyzed. The 
settlement bowl away from the protected side toe is presented graphically on Plate 
H-7. Impact of settlements to utilities perpendicular to the levee alignment are 
minimal where the slope of change in settlement over length becomes less than 
1/480. This slope is also shown on Plate H-7. 

H.5 Rate of Settlement at the Adjacent Playa Vista Development 

Examples of settlement monitoring results from our experience at the adjacent Playa 
Vista Development are included in this appendix. The normalized results (Plate H-
47) suggest that 90% consolidation at Lots 1-6 of Area D2 within Playa Vista 
(located just south of Jefferson Blvd. and about 3,000 feet east of Lincoln Blvd.) 
occurred within about 100 to 150 days after placement of the full surcharge. Similar 
time rates of settlements are anticipated at the Ballona Wetlands Restoration 
Project. 

A list of the plates presented in this appendix follows: 

Plate H-1 and H-5 Cc / (1+eo) and OCR Plots showing Consolidation Data, 
Correlations, and Adopted Values 

Plate H-6 Settlements at Different Locations along Different 
Sections of Levees and Embankments 

Plate H-7 Settlement away from Protected Side Toe of Levees or 
Embankments 

Plate H-8 and H-9 Examples of Stresses under the Embankments 
Plate H-10 thru H-18 Settlement Spreadsheet Showing Settlement along 

Different Locations along Section I-I’ 
Plates H-19 thru H-25 Maximum Levee/Embankment Settlements 
Plates H-26 thru H-45 Consolidation Results showing PP and OCR Estimations 
Plates H-46 and H-47 Example of Settlement Monitoring Results at Playa Vista 
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Variation�of�Cc�/�(1+eo)�with�Depth�in�Area�B 
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Settlement (inches) 

Area Section 

Approximate 
Embankment 

Height 
(feet) 

Wet 
Side 
Toe 

1/3 
Height of 
Wet Side 

Slope 

2/3 
Height of 
Wet Side 

Slope 

Wet Side 
Edge of 

Crest Center 

Dry Side 
Edge of 

Crest 

2/3 
Height of 
Dry Side 

Slope 

1/3 
Height of 
Dry Side 

Slope 

Dry 
Side 
Toe 

Max 
Settlement 

per foot of Fill 
(inches) 

Area A Section A-A' 10 2.1 7.8 14.3 19 19.1 18.4 13.9 8.2 3.1 1.9 

Area B 

Section B-B' 10 2.1 7.9 14.6 19.9 21.4 19 14.2 8.3 3.2 2.1 

Section C-C' 5 1 4.2 7.5 9.9 9.9 9.5 7.4 4.6 2.4 2.0 

Section F-F' 14 2.2 11.7 23.1 32 33.4 29 22 13 5.8 2.4 

Section H-H' 14 2.2 11.7 23.1 31.9 32.9 28.9 22 13 5.8 2.4 

Section I-I' 15 2.1 12.3 24.5 32.5 32.1 30.4 23.3 13.6 5.8 2.2 

Surcharge Area B 25 2.2 20.9 38.5 50.7 51.8 50.7 38.5 20.9 2.2 2.1 

Area C Surcharge Area C 30 1.5 13.8 24 30.8 31.6 30.8 24 13.8 1.5 1.1 

PLATE H-6
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20�����       
45�����       

NA
150��     

   
           

Osterberg, 1957 Chart Stresses Under An Embankemnt 
Location: Center of Levee Section I-I' 

H: Surcharge Height: 15 feet 
qo: Surcharge 1,800 psf 
L: Levee Crest Width: 20 feet 
M: Dry Side Slope HorizontalDist: 45 feet 
N: Distance to Levee Toe: NA feet 
O: Creek Side Horizontal Slope Dist: 150 feet 

B1= 10 feet B1= 10 feet B1= 0 feet 
B2= 150 feet B2= 45 feet B2= 0 feet 

Z D2 D� V Z D2 D� V Z D2 D� V  'V  % Surcharge 

2.5 1.33 0.23 899.81 2.5 1.33 0.20 899 2.5 0.00 0.00 0 1799 99.94 
7.5 0.93 0.60 895.95 7.5 0.93 0.51 887 7.5 0.00 0.00 0 1783 99.05 

12.5 0.67 0.82 886.58 12.5 0.67 0.67 858 12.5 0.00 0.00 0 1744 96.90 
17.5 0.52 0.94 873.59 17.5 0.52 0.74 818 17.5 0.00 0.00 0 1692 93.98 
22.5 0.42 1.01 858.64 22.5 0.42 0.76 775 22.5 0.00 0.00 0 1633 90.75 
27.5 0.35 1.05 842.65 27.5 0.35 0.76 731 27.5 0.00 0.00 0 1574 87.42 
32.5 0.30 1.07 826.12 32.5 0.30 0.74 688 32.5 0.00 0.00 0 1514 84.13 
37.5 0.26 1.08 809.35 37.5 0.26 0.71 648 37.5 0.00 0.00 0 1457 80.95 
42.5 0.23 1.08 792.50 42.5 0.23 0.68 610 42.5 0.00 0.00 0 1402 77.91 
47.5 0.21 1.07 775.70 47.5 0.21 0.65 575 47.5 0.00 0.00 0 1350 75.02 
52.5 0.19 1.07 759.04 52.5 0.19 0.62 542 52.5 0.00 0.00 0 1301 72.30 
57.5 0.17 1.05 742.57 57.5 0.17 0.59 513 57.5 0.00 0.00 0 1255 69.73 

70 0.14 1.02 702.53 70 0.14 0.52 448 70 0.00 0.00 0 1151 63.93 

Schematics from Das 

LARGE TRAPEZOID ADDITIVE TRAPEZOID SUBTRACTIVE TRAPEZOID 

N M L 
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####
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Osterberg, 1957 Chart Stresses Under An Embankemnt 
Location: 1/3 of Height - Dry Side Section I-I' 

H: Surcharge Height: 15 feet 
qo: Surcharge 1,800 psf 
L: Levee Crest Width: 20 feet 
M: Dry Side Slope HorizontalDist: 45 feet 
N: Distance to Levee Toe: NA feet 
O: Creek Side Horizontal Slope Dist: 150 feet 

B1= 50 feet B1= 0 feet B1= 0 feet 
B2= 150 feet B2= 15 feet B2= 30 feet 

Z D2 D� V Z D2 D� V Z D2 D� V  'V  % Surcharge 

2.5 1.52 0.04 899.99 2.5 0.00 1.41 268 2.5 0.00 1.49 568 600 33.34 
7.5 1.42 0.11 899.80 7.5 0.00 1.11 211 7.5 0.00 1.33 506 605 33.60 

12.5 1.33 0.18 899.10 12.5 0.00 0.88 167 12.5 0.00 1.18 449 617 34.29 
17.5 1.23 0.25 897.62 17.5 0.00 0.71 135 17.5 0.00 1.04 398 635 35.26 
22.5 1.15 0.31 895.18 22.5 0.00 0.59 112 22.5 0.00 0.93 354 653 36.29 
27.5 1.07 0.37 891.65 27.5 0.00 0.50 95 27.5 0.00 0.83 317 670 37.25 
32.5 0.99 0.42 887.01 32.5 0.00 0.43 83 32.5 0.00 0.75 285 685 38.05 
37.5 0.93 0.46 881.30 37.5 0.00 0.38 73 37.5 0.00 0.67 258 696 38.68 
42.5 0.87 0.50 874.59 42.5 0.00 0.34 65 42.5 0.00 0.61 235 705 39.14 
47.5 0.81 0.53 866.97 47.5 0.00 0.31 58 47.5 0.00 0.56 215 710 39.46 
52.5 0.76 0.55 858.55 52.5 0.00 0.28 53 52.5 0.00 0.52 198 713 39.63 
57.5 0.72 0.58 849.44 57.5 0.00 0.26 49 57.5 0.00 0.48 184 714 39.69 

70 0.62 0.61 824.34 70 0.00 0.21 40 70 0.00 0.40 155 710 39.44 

Schematics from Das 

LARGE TRAPEZOID ADDITIVE TRAPEZOID SUBTRACTIVE TRAPEZOID 

N M L 

PLATE H-9
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PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: Wet�Side�Toe 

Loaded
 Load, Q
 1,680
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 2.14 inches 0.15 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 3.5 1,050 10 C 0.025 0.2 1 0.000348 0.02 0.01 
Clay 5 10 7.5 5 57.6 744 2 1,488 29 C 0.025 0.2 1 0.000411 0.02 0.02 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 48 C 0.025 0.2 1 0.000489 0.03 0.03 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 66 C 0.025 0.2 1 0.000532 0.03 0.03 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 85 C 0.025 0.25 3 0.005575 0.33 0.33 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 103 C 0.025 0.25 3 0.005732 0.34 0.34 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 120 C 0.025 0.25 3 0.005828 0.35 0.35 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 138 C 0.025 0.15 3 0.003529 0.21 0.21 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 154 C 0.025 0.15 3 0.003542 0.21 0.21 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 170 C 0.025 0.15 3 0.003541 0.21 0.21 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 186 C 0.025 0.12 3 0.002822 0.17 0.17 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 200 C 0.025 0.12 3 0.002804 0.17 0.17 
Sand 60 80 70 20 57.6 4,344 1 4,344 234 E 1200 0.025 0.1 N/A 0.000195 0.05 0.05 

TOTAL= 2.14 inches 

PLATE H-10
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PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: 1/3�of�Height�Ͳ�Wet�Side Ͳ�Slope�IͲI'�of�Area�B 

Loaded
 Load, Q
 1,800
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 12.26 inches 0.82 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 3.5 1,050 599 C 0.025 0.2 1 0.011915 0.71 0.50 
Clay 5 10 7.5 5 57.6 744 2 1,488 597 C 0.025 0.2 1 0.006396 0.38 0.27 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 595 C 0.025 0.2 2 0.025711 1.54 1.54 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 595 C 0.025 0.2 2 0.018445 1.11 1.11 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 594 C 0.025 0.25 3 0.034155 2.05 2.05 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 595 C 0.025 0.25 3 0.029633 1.78 1.78 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 596 C 0.025 0.25 3 0.026202 1.57 1.57 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 598 C 0.025 0.15 3 0.014106 0.85 0.85 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 599 C 0.025 0.15 3 0.012803 0.77 0.77 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 601 C 0.025 0.15 3 0.011728 0.70 0.70 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 603 C 0.025 0.12 3 0.008658 0.52 0.52 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 604 C 0.025 0.12 3 0.008039 0.48 0.48 
Sand 60 80 70 20 57.6 4,344 1 4,344 606 E 1200 0.025 0.1 N/A 0.000505 0.12 0.12 

TOTAL= 12.26 inches 

PLATE H-11
 E-910



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: 2/3�of�Height�Ͳ�Wet�Side Ͳ�Slope�IͲI'�of�Area�B 

Loaded
 Load, Q
 1,800
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 24.49 inches 1.63 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 3.5 1,050 1200 C 0.025 0.2 2 0.044581 2.67 1.87 
Clay 5 10 7.5 5 57.6 744 2 1,488 1200 C 0.025 0.2 2 0.030727 1.84 1.29 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 1198 C 0.025 0.2 2 0.053078 3.18 3.18 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 1195 C 0.025 0.2 2 0.042148 2.53 2.53 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 1191 C 0.025 0.25 3 0.06016 3.61 3.61 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 1183 C 0.025 0.25 3 0.052659 3.16 3.16 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 1174 C 0.025 0.25 3 0.046713 2.80 2.80 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 1163 C 0.025 0.15 3 0.025112 1.51 1.51 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 1149 C 0.025 0.15 3 0.022674 1.36 1.36 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 1134 C 0.025 0.15 3 0.020598 1.24 1.24 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 1116 C 0.025 0.12 3 0.015045 0.90 0.90 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 1098 C 0.025 0.12 3 0.013792 0.83 0.83 
Sand 60 80 70 20 57.6 4,344 1 4,344 1048 E 1200 0.025 0.1 N/A 0.000873 0.21 0.21 

TOTAL= 24.49 inches 

PLATE H-12
 E-911



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: Wet�Side�Edge�of�Crest Ͳ�Slope�IͲI'�of�Area�B 

Loaded
 Load, Q
 1,800
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 32.45 inches 2.16 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 3.5 1,050 1790 C 0.025 0.2 2 0.073396 4.40 3.08 
Clay 5 10 7.5 5 57.6 744 2 1,488 1768 C 0.025 0.2 2 0.052995 3.18 2.23 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 1737 C 0.025 0.2 2 0.071882 4.31 4.31 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 1699 C 0.025 0.2 2 0.057996 3.48 3.48 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 1654 C 0.025 0.25 3 0.076794 4.61 4.61 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 1605 C 0.025 0.25 3 0.06658 3.99 3.99 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 1554 C 0.025 0.25 3 0.058333 3.50 3.50 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 1502 C 0.025 0.15 3 0.030923 1.86 1.86 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 1451 C 0.025 0.15 3 0.027514 1.65 1.65 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 1401 C 0.025 0.15 3 0.02463 1.48 1.48 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 1352 C 0.025 0.12 3 0.017733 1.06 1.06 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 1306 C 0.025 0.12 3 0.016035 0.96 0.96 
Sand 60 80 70 20 57.6 4,344 1 4,344 1198 E 1200 0.025 0.1 N/A 0.000999 0.24 0.24 

TOTAL= 32.45 inches 

PLATE H-13
 E-912



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: Center�of�Levee Ͳ�Slope�IͲI'�of�Area�B 

Loaded
 Load, Q
 1,800
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 32.11 inches 2.14 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 3.5 1,050 1799 C 0.025 0.2 2 0.073763 4.43 3.10 
Clay 5 10 7.5 5 57.6 744 2 1,488 1783 C 0.025 0.2 2 0.053522 3.21 2.25 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 1744 C 0.025 0.2 2 0.072095 4.33 4.33 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 1692 C 0.025 0.2 2 0.057792 3.47 3.47 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 1633 C 0.025 0.25 3 0.076113 4.57 4.57 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 1574 C 0.025 0.25 3 0.065608 3.94 3.94 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 1514 C 0.025 0.25 3 0.057189 3.43 3.43 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 1457 C 0.025 0.15 3 0.030186 1.81 1.81 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 1402 C 0.025 0.15 3 0.026764 1.61 1.61 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 1350 C 0.025 0.15 3 0.023892 1.43 1.43 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 1301 C 0.025 0.12 3 0.017165 1.03 1.03 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 1255 C 0.025 0.12 3 0.015498 0.93 0.93 
Sand 60 80 70 20 57.6 4,344 1 4,344 1151 E 1200 0.025 0.1 N/A 0.000959 0.23 0.23 

TOTAL= 32.11 inches 

PLATE H-14
 E-913



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: Dry�Side�Edge�of�Crest Ͳ�Slope�IͲI'�of�Area�B 

Loaded
 Load, Q
 1,800
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 30.40 inches 2.03 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 3.5 1,050 1768 C 0.025 0.2 2 0.072471 4.35 3.04 
Clay 5 10 7.5 5 57.6 744 2 1,488 1704 C 0.025 0.2 2 0.05077 3.05 2.13 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 1640 C 0.025 0.2 2 0.068766 4.13 4.13 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 1576 C 0.025 0.2 2 0.054381 3.26 3.26 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 1513 C 0.025 0.25 3 0.072015 4.32 4.32 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 1454 C 0.025 0.25 3 0.061786 3.71 3.71 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 1397 C 0.025 0.25 3 0.053682 3.22 3.22 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 1344 C 0.025 0.15 3 0.028276 1.70 1.70 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 1294 C 0.025 0.15 3 0.025041 1.50 1.50 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 1247 C 0.025 0.15 3 0.022344 1.34 1.34 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 1204 C 0.025 0.12 3 0.016056 0.96 0.96 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 1163 C 0.025 0.12 3 0.014506 0.87 0.87 
Sand 60 80 70 20 57.6 4,344 1 4,344 1072 E 1200 0.025 0.1 N/A 0.000894 0.21 0.21 

TOTAL= 30.40 inches 

PLATE H-15
 E-914



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: 2/3�of�Height�Ͳ�Dry�Side Ͳ�Slope�IͲI'�of�Area�B 

Loaded
 Load, Q
 1,800
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 23.29 inches 1.55 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 3.5 1,050 1200 C 0.025 0.2 2 0.044569 2.67 1.87 
Clay 5 10 7.5 5 57.6 744 2 1,488 1195 C 0.025 0.2 2 0.030501 1.83 1.28 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 1180 C 0.025 0.2 2 0.052367 3.14 3.14 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 1158 C 0.025 0.2 2 0.040859 2.45 2.45 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 1133 C 0.025 0.25 3 0.057896 3.47 3.47 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 1106 C 0.025 0.25 3 0.049892 2.99 2.99 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 1079 C 0.025 0.25 3 0.043601 2.62 2.62 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 1053 C 0.025 0.15 3 0.023123 1.39 1.39 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 1028 C 0.025 0.15 3 0.02063 1.24 1.24 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 1004 C 0.025 0.15 3 0.018552 1.11 1.11 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 981 C 0.025 0.12 3 0.013436 0.81 0.81 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 959 C 0.025 0.12 3 0.012234 0.73 0.73 
Sand 60 80 70 20 57.6 4,344 1 4,344 907 E 1200 0.025 0.1 N/A 0.000756 0.18 0.18 

TOTAL= 23.29 inches 

PLATE H-16
 E-915



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: 1/3�of�Height�Ͳ�Dry�Side Ͳ�Slope�IͲI'�of�Area�B 

Loaded
 Load, Q
 1,800
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 13.56 inches 0.90 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 3.5 1,050 600 C 0.025 0.2 1 0.011931 0.72 0.50 
Clay 5 10 7.5 5 57.6 744 2 1,488 605 C 0.025 0.2 1 0.00646 0.39 0.27 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 617 C 0.025 0.2 2 0.026863 1.61 1.61 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 635 C 0.025 0.2 2 0.020243 1.21 1.21 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 653 C 0.025 0.25 3 0.037017 2.22 2.22 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 670 C 0.025 0.25 3 0.032872 1.97 1.97 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 685 C 0.025 0.25 3 0.029615 1.78 1.78 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 696 C 0.025 0.15 3 0.016166 0.97 0.97 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 705 C 0.025 0.15 3 0.014812 0.89 0.89 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 710 C 0.025 0.15 3 0.013645 0.82 0.82 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 713 C 0.025 0.12 3 0.0101 0.61 0.61 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 714 C 0.025 0.12 3 0.009378 0.56 0.56 
Sand 60 80 70 20 57.6 4,344 1 4,344 710 E 1200 0.025 0.1 N/A 0.000592 0.14 0.14 

TOTAL= 13.56 inches 

PLATE H-17
 E-916



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: Dry�Side�Toe Ͳ�Slope�IͲI'�of�Area�B 

Loaded
 Load, Q
 1,800
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 5.78 inches 0.39 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 3.5 1,050 32 C 0.025 0.2 1 0.001101 0.07 0.05 
Clay 5 10 7.5 5 57.6 744 2 1,488 95 C 0.025 0.2 1 0.001299 0.08 0.05 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 155 C 0.025 0.2 1 0.001517 0.09 0.09 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 211 C 0.025 0.2 1 0.001611 0.10 0.10 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 263 C 0.025 0.25 3 0.016434 0.99 0.99 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 309 C 0.025 0.25 3 0.016403 0.98 0.98 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 350 C 0.025 0.25 3 0.016151 0.97 0.97 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 386 C 0.025 0.15 3 0.009456 0.57 0.57 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 417 C 0.025 0.15 3 0.009169 0.55 0.55 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 444 C 0.025 0.15 3 0.008852 0.53 0.53 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 466 C 0.025 0.12 3 0.006814 0.41 0.41 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 485 C 0.025 0.12 3 0.006543 0.39 0.39 
Sand 60 80 70 20 57.6 4,344 1 4,344 518 E 1200 0.025 0.1 N/A 0.000432 0.10 0.10 

TOTAL= 5.78 inches 

PLATE H-18
 E-917



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: �Center�of�Levee Ͳ�Slope�AͲA'�of�Area�A 

Loaded
 Load, Q
 1,200
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 19.12 inches 1.91 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 4 1,200 1199 C 0.025 0.15 2 0.029558 1.77 1.24 
Clay 5 10 7.5 5 57.6 744 2.5 1,860 1189 C 0.025 0.15 2 0.012467 0.75 0.52 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 1165 C 0.025 0.15 2 0.039323 2.36 2.36 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 1132 C 0.025 0.15 2 0.030435 1.83 1.83 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 1094 C 0.025 0.22 3 0.049588 2.98 2.98 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 1055 C 0.025 0.22 3 0.042259 2.54 2.54 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 1015 C 0.025 0.22 3 0.036473 2.19 2.19 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 976 C 0.025 0.22 3 0.0318 1.91 1.91 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 938 C 0.025 0.15 3 0.019065 1.14 1.14 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 902 C 0.025 0.15 3 0.016886 1.01 1.01 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 867 C 0.025 0.11 3 0.011036 0.66 0.66 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 834 C 0.025 0.11 3 0.009891 0.59 0.59 
sand 60 80 70 20 57.6 4,344 1 4,344 757 E 1200 0.025 0.11 N/A 0.000631 0.15 0.15 

TOTAL= 19.12 inches 

PLATE H-19
 E-918



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: �Center�of�Levee Ͳ�Slope�BͲB'�of�Area�A 

Loaded
 Load, Q
 1,200
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 21.43 inches 2.14 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 4 1,200 1200 C 0.025 0.15 2 0.029571 1.77 1.24 
Clay 5 10 7.5 5 57.6 744 2.5 1,860 1200 C 0.025 0.15 2 0.012818 0.77 0.54 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 1199 C 0.025 0.15 2 0.040338 2.42 2.42 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 1199 C 0.025 0.15 2 0.032191 1.93 1.93 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 1197 C 0.025 0.22 3 0.053168 3.19 3.19 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 1195 C 0.025 0.22 3 0.046697 2.80 2.80 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 1192 C 0.025 0.22 3 0.041612 2.50 2.50 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 1188 C 0.025 0.22 3 0.037496 2.25 2.25 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 1183 C 0.025 0.15 3 0.02324 1.39 1.39 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 1177 C 0.025 0.15 3 0.021275 1.28 1.28 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 1170 C 0.025 0.11 3 0.014366 0.86 0.86 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 1163 C 0.025 0.11 3 0.013292 0.80 0.80 
Sand 60 80 70 20 57.6 4,344 1 4,344 1139 E 1200 0.025 0.11 N/A 0.000949 0.23 0.23 

TOTAL= 21.43 inches 

PLATE H-20
 E-919



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: �Center�of�Levee Ͳ�Slope�CͲC'�of�Area�A 

Loaded
 Load, Q
 600
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 9.93 inches 1.99 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 4 1,200 600 C 0.025 0.15 1 0.011924 0.72 0.50 
Clay 5 10 7.5 5 57.6 744 2.5 1,860 595 C 0.025 0.15 1 0.006377 0.38 0.27 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 582 C 0.025 0.15 2 0.019255 1.16 1.16 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 566 C 0.025 0.15 2 0.013341 0.80 0.80 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 547 C 0.025 0.22 3 0.027976 1.68 1.68 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 527 C 0.025 0.22 3 0.023447 1.41 1.41 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 508 C 0.025 0.22 3 0.019966 1.20 1.20 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 488 C 0.025 0.22 3 0.017217 1.03 1.03 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 469 C 0.025 0.15 3 0.010228 0.61 0.61 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 451 C 0.025 0.15 3 0.008988 0.54 0.54 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 433 C 0.025 0.11 3 0.005836 0.35 0.35 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 417 C 0.025 0.11 3 0.005201 0.31 0.31 
Sand 60 80 70 20 57.6 4,344 1 4,344 379 E 1200 0.025 0.11 N/A 0.000316 0.08 0.08 

TOTAL= 9.93 inches 

PLATE H-21
 E-920



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: Center�of�Levee Ͳ�Slope�FͲF' 

Loaded
 Load, Q
 1,680
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 33.44 inches 2.39 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 3.5 1,050 1679 C 0.025 0.2 2 0.068659 4.12 2.88 
Clay 5 10 7.5 5 57.6 744 2 1,488 1680 C 0.025 0.2 2 0.049899 2.99 2.10 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 1679 C 0.025 0.2 2 0.070048 4.20 4.20 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 1679 C 0.025 0.2 2 0.057421 3.45 3.45 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 1678 C 0.025 0.25 3 0.077591 4.66 4.66 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 1676 C 0.025 0.25 3 0.068777 4.13 4.13 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 1674 C 0.025 0.25 3 0.061778 3.71 3.71 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 1671 C 0.025 0.15 3 0.03364 2.02 2.02 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 1667 C 0.025 0.15 3 0.030783 1.85 1.85 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 1663 C 0.025 0.15 3 0.028359 1.70 1.70 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 1657 C 0.025 0.12 3 0.021017 1.26 1.26 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 1651 C 0.025 0.12 3 0.01956 1.17 1.17 
Sand 60 80 70 20 57.6 4,344 1 4,344 1631 E 1200 0.025 0.1 N/A 0.001359 0.33 0.33 

TOTAL= 33.44 inches 

PLATE H-22
 E-921



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: Center�of�Levee Ͳ�Slope�HͲH'�of�Area�B 

Loaded
 Load, Q
 1,680
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 32.91 inches 2.35 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 3.5 1,050 1680 C 0.025 0.2 2 0.068675 4.12 2.88 
Clay 5 10 7.5 5 57.6 744 2 1,488 1679 C 0.025 0.2 2 0.049881 2.99 2.10 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 1677 C 0.025 0.2 2 0.069962 4.20 4.20 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 1672 C 0.025 0.2 2 0.057213 3.43 3.43 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 1663 C 0.025 0.25 3 0.077112 4.63 4.63 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 1652 C 0.025 0.25 3 0.068023 4.08 4.08 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 1636 C 0.025 0.25 3 0.06071 3.64 3.64 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 1618 C 0.025 0.15 3 0.032797 1.97 1.97 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 1596 C 0.025 0.15 3 0.029733 1.78 1.78 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 1573 C 0.025 0.15 3 0.027104 1.63 1.63 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 1547 C 0.025 0.12 3 0.019856 1.19 1.19 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 1520 C 0.025 0.12 3 0.018254 1.10 1.10 
Sand 60 80 70 20 57.6 4,344 1 4,344 1449 E 1200 0.025 0.1 N/A 0.001207 0.29 0.29 

TOTAL= 32.91 inches 

PLATE H-23
 E-922



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: Center�of�Surchage�Area�B 

Loaded
 Load, Q
 3,000
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 51.83 inches 2.07 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 3.5 1,050 2999 C 0.025 0.2 2 0.113051 6.78 4.75 
Clay 5 10 7.5 5 57.6 744 2 1,488 3000 C 0.025 0.2 2 0.087667 5.26 3.68 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 3000 C 0.025 0.2 2 0.104505 6.27 6.27 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 2999 C 0.025 0.2 2 0.089113 5.35 5.35 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 2999 C 0.025 0.25 3 0.114279 6.86 6.86 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 2998 C 0.025 0.25 3 0.102956 6.18 6.18 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 2997 C 0.025 0.25 3 0.093784 5.63 5.63 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 2995 C 0.025 0.15 3 0.051706 3.10 3.10 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 2993 C 0.025 0.15 3 0.047846 2.87 2.87 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 2990 C 0.025 0.15 3 0.044534 2.67 2.67 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 2987 C 0.025 0.12 3 0.033323 2.00 2.00 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 2983 C 0.025 0.12 3 0.031299 1.88 1.88 
Sand 60 80 70 20 57.6 4,344 1 4,344 2971 E 1200 0.025 0.1 N/A 0.002476 0.59 0.59 

TOTAL= 51.83 inches 

PLATE H-24
 E-923



PROJECT NAME: Ballona�Wetlands�Restoration�Project PROJECT NUMBER: LAͲ962A 

PROBLEM DESCRIPTION: �Center�of�Levee Ͳ�Area�C�Surcharge 

Loaded
 Load, Q
 3,600
 psf
 
�Area
 Depth, D
 0
 ft
 must be at a layer boundary
 

(C)
 
(D)	 TOTAL= 31.63 inches 1.05 inch�per�foot 

(1)	 (2) (3) (4) (5) (6) (7) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
Compress 

Layer Stress . Adjusted 
Soil Depth (feet) Height J V'v Distribution Type E  Cr  Cc OCR Strain Layer Layer
 

Layer top bottom center (feet) (pcf) (psf) OCR V'p (psf) 'V�(psf) E or C (ksf) 1+e0 1+e0 Case H�(in/in) Settle (in) Settle (in)
 
Clay 0 5 2.5 5 120 300 4 1,200 3599 C 0.025 0.075 2 0.053437 3.21 2.24 
Clay 5 10 7.5 5 57.6 744 2.5 1,860 3600 C 0.025 0.075 2 0.037575 2.25 1.58 
Clay 10 15 12.5 5 57.6 1,032 1.2 1,238 3600 C 0.025 0.075 2 0.044945 2.70 2.70 
Clay 15 20 17.5 5 57.6 1,320 1.2 1,584 3599 C 0.025 0.075 2 0.03889 2.33 2.33 
Clay 20 25 22.5 5 57.6 1,608 1 1,608 3599 C 0.025 0.125 3 0.063784 3.83 3.83 
Clay 25 30 27.5 5 57.6 1,896 1 1,896 3598 C 0.025 0.125 3 0.057752 3.47 3.47 
Clay 30 35 32.5 5 57.6 2,184 1 2,184 3596 C 0.025 0.125 3 0.052835 3.17 3.17 
Clay 35 40 37.5 5 57.6 2,472 1 2,472 3594 C 0.025 0.125 3 0.048732 2.92 2.92 
Clay 40 45 42.5 5 57.6 2,760 1 2,760 3591 C 0.025 0.11 3 0.039816 2.39 2.39 
Clay 45 50 47.5 5 57.6 3,048 1 3,048 3588 C 0.025 0.11 3 0.03717 2.23 2.23 
Clay 50 55 52.5 5 57.6 3,336 1 3,336 3584 C 0.025 0.11 3 0.034859 2.09 2.09 
Clay 55 60 57.5 5 57.6 3,624 1 3,624 3580 C 0.025 0.11 3 0.032821 1.97 1.97 
sand 60 80 70 20 57.6 4,344 1 4,344 3565 E 1200 0.025 0.11 N/A 0.002971 0.71 0.71 

TOTAL= 31.63 inches 

PLATE H-25
 E-924



E-925



E-926



E-927



E-928



E-929



E-930



E-931



E-932



E-933



E-934



E-935



E-936



E-937



E-938



E-939



E-940



E-941



E-942



E-943



E-944



Playa Vista Area D2 Surcharge Settlement Lots 1-6 

0 

2 

4 

6 

8 

10 

12 

14 

0 50 100 150 200 250 300 350 

Days of Surcharge 

S
et

tl
em

en
t 

(in
ch

es
) 

SM-38 

SM-37 

SM-36 

SM-35 

12/07/04 10/03/05 

Group Delta Consultants, Inc. 

PLATE H-46
 E-945



Percent Consolidation vs Time 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

0.00 50.00 100.00 150.00 200.00 250.00 300.00 

Days After Placement of the Full Surcharge 

P
er

ce
nt

 C
on

so
lid

at
io

n
U

, %
 

SM-38 

SM-37 

SM-36 

SM-35 

12/07/04 10/03/05 

t90 = 100 to 150 days 

Time to 90% consolidation for these 
surcharge monitoring tests is approximately 

100 to 150 days 

Group Delta Consultants, Inc. 

PLATE H-47
 E-946



 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

APPENDIX I 
EXTENTS OF REMOVAL AND RECOMPACTION 

UNDER LEVEES 

E-947



         
         
         
         

 

 

 

 

LA-962A  Page. I-1 

APPENDIX I 
EXTENTS OF REMOVAL AND RECOMPACTION UNDER LEVEES 

I.1 Contents 

Prior to placement of compacted fill for the new levees, the subgrade soils along the 
levee alignments should be excavated and recompacted. Under the levee “core” the 
removals should extend to a minimum depth of 4 feet below the existing grade, 
while beyond the core, the removals should extend to a minimum depth of 1 feet. 
The actual limits for removals should be determined by the project geotechnical 
engineer during construction. The extents of removal and recompaction are shown 
graphically in this appendix for a number of cross sections. 

A list of the plates presented in this appendix follows: 

Plate I-1 Ballona Creek Levee Cross Sections Exhibit for Removals 
Plate I-2 Extents of Removal and Recompaction (Section B-B) 
Plate I-3 Extents of Removal and Recompaction (Sections C-C and D-D) 
Plate I-4 Extents of Removal and Recompaction (Sections H-H, I-I and G-G) 
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APPENDIX J 

AXIAL AND LATERAL CAPACITY OF PILES 


FOR THE PEDESTRIAN BRIDGE 


J.1 Contents 

A pedestrian bridge is planned to be constructed to the west of the Culver Blvd. as 
part of the public access plan for the project. Due to large bridge loads, and 
presence of soft, and liquefiable soils, the bridge should be supported on piles. Pile 
axial capacity graphs are presented in this appendix for 14-inch square driven piles 
and 14-inch round Auger Cast Displacement (ACD) Piles. It should be noted that 
only recommended values presented in the body of the report should be used for 
the design of the pedestrian bridge. The axial capacity graphs included herein, are 
solely presented for reference. 

Graphs showing deflections, bending moments, and shear force for the piles under 
lateral loading are presented for driven and ACD piles for both fixed head and free 
head conditions. 

A list of the plates presented in this appendix follows: 

Plate J-1 Axial Capacity of 14-inch Square Driven Piles 
Plate J-2 Axial Capacity of 14-inch Round ACD Piles 
Plate J-3 thru J-5 Lateral Deflection/Bending Moment/Shear Force graphs 

for Driven Piles (Fixed Head) 
Plate J-6 thru J-8 Lateral Deflection/Bending Moment/Shear Force graphs 

for ACD Piles (Free Head) 
Plate J-9 thru J-11 Lateral Deflection/Bending Moment/Shear Force graphs 

for Driven Piles (Fixed Head) 
Plate J-12 thru J-14 Lateral Deflection/Bending Moment/Shear Force graphs 

for ACD Piles (Free Head) 
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Allowable Axial Compressive Pile Capacity (Kips) 
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