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GEOTECHNICAL INVESTIGATION REPORT 
BALLONA WETLANDS RESTORATION PROJECT 

MARINA DEL REY AREA 
LOS ANGELES COUNTY, CALIFORNIA 

 
 

EXECUTIVE SUMMARY 
 
This report presents the results of our geotechnical investigation performed in 
support of the restoration of the Ballona Wetland under the conditions of a United 
States Army Corps of Engineers (USACE) 408 permit. The proposed restoration 
would restore estuarine wetland and upland habitats that are connected to a 
realigned Ballona Creek.  The project area is shown in Figures 1 and 2 (Areas A, B 
and C).    
 
The project site encompasses about 600 acres between Marina Del Rey to the north 
and Playa Del Rey to the south.  Key elements of the restoration are described in the 
Preliminary Design Report (PDR; ESA PWA, 2013a) for the project, and include: 
 
Ballona Creek Channel Restoration 

 Removal of the existing north and south levees in four locations, and the 
realignment of the channel for the creation of a natural meandering channel. 
This requires backfilling a portion of  the existing channel 

 Armoring against current induced erosion at locations of potential high creek 
flow velocities. 
 

Area A 
 Mass excavation to reclaim wetlands lost when the area was hydraulically 

filled during the development of Marina Del Rey.  The excavation will slope 
down to the south from Fiji Way at a gradient of about 10 horizontal to 1 
vertical or flatter, to a maximum depth of about 20 to 25 feet in the area of 
the existing channel.  The excavation will remove primarily hydraulic fill soils. 

 Construction of flood protection levees along the west, north and east 
perimeter of Area A.  The levees will generally extend about 5 to 10 feet 
above the existing grade. 

 
Area B 

 Construction of flood protection levees along the north side of Culver 
Boulevard and east of the dunes in West Area B.  The levees will generally 
extend up to a maximum of about 15 feet above existing grade. 

 Full restoration of wetlands between the new levees and the realigned Ballona 
Channel and managed restoration of the wetlands area located south of the 
new levees. 
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 The area between Culver and Jefferson Boulevards will be used as a balance 
site, where excess cut material will be placed and compacted, resulting in 
uplands habitat. 

 
Area C 

 North Area C, located north of Culver Boulevard, will also be used as a 
balance site where excess cut material will be placed and compacted with 
primarily uplands habitat created. 

 South Area C will be graded with uplands and will be the site for the 
construction of a planned complimentary service facility to the Wetlands 
Restoration Project. 

 
Other Elements 

 Construction of a pedestrian/bicycle bridge spanning the Ballona Channel 
near the existing Culver Boulevard Bridge, and an at-grade bicycle path along 
the new levee in Area B. 

 Construction of buried culverts in Area B, extending under Culver Boulevard. 
 
Group Delta Consultants (GDC) conducted a geotechnical subsurface investigation 
for the project during September/October 2012.  The investigation included a total 
of 25 rotary wash borings, 31 cone penetration tests (CPT), 8 hollow stem auger 
borings and 1 hand auger boring.  In addition, 10 borings were performed for 
obtaining samples for chemical, environmental and erosion testing.  Explorations 
were advanced to a maximum depth of 71.5 feet.  Shear Wave Velocity 
measurements were performed in 7 of the CPTs.  Four field permeability tests were 
performed to evaluate the permeability of the soils in the area where the Ballona 
Channel will be breached.  The findings from the GDC investigation were 
supplemented by data from previous geotechnical and environmental investigations 
conducted within the project areas to characterize the soil properties (Law Crandall, 
1988, 1991; Diaz Yourman & Associates, 2010; and Weston Solutions, 2009). 
 
Based on our findings and analyses, it is our opinion that the project is feasible from 
a geotechnical standpoint and can be successfully accomplished as planned, 
following the recommendations addressed in this report.  The major geotechnical 
factors affecting the project are briefly discussed below.   
 
The stability analyses performed indicate that the new levees planned will be stable 
and meet or exceed the minimum factor of safety required under static, seismic and 
rapid drawdown conditions.  Where a new levee ties into an existing levee, the 
existing levee will experience additional loading and settlement that can cause 
cracking of the existing levee.  Therefore, it is recommended that mitigation 
measures, such as deep soil mixing, be performed at and adjacent to tie-in locations 
to improve the stability of the existing levees that will remain in Areas A and B. In 
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Area C, the restoration project will not alter or impose any new loads on the existing 
levees.   It is recommended that any surcharge loads planned in Area C should be 
setback a minimum of 70 feet away from the top of the channel slope. 
 
The soils that will be excavated in Area A were found to be loose/soft and have high 
moisture contents, generally ranging about 5% to 35% above the optimum.  
Therefore, the use of heavy scrapers and dozers is expected to be limited.  The 
excavation must be carefully planned and conducted to avoid overstressing the soils 
and/or bogging down equipment.  The need for excavators, support mats, moving 
haul roads, low ground pressure equipment and dredging should be considered in 
planning how to accomplish the excavation.  The need to control the ground water 
should also be anticipated during excavation.  Because of the high moisture content 
in the excavated soils, it will be necessary to dry the excavated soils prior to 
placement, which will require spreading and turning/disking.   
 
The soils excavated from Area A will also undergo significant volume reduction when 
compacted for the levee construction.  This loss of volume is estimated to range up 
to 20 to 30 percent.  Additional soil “loss” will also occur as the soft soils below the 
new levees settle under the embankment load. 
 
Prior to placement of compacted fill for the new levees, the subgrade soils along the 
levee alignments should be excavated and recompacted to a minimum depth 4 feet 
under the levee “core.”  The levee “core” is defined as the zone of the levee within 3 
to 1 slopes extending down from the edges of the levee crest.    Beyond the core, 
the removal should extend to a depth of 2 feet for a minimum equipment width, as 
shown in Appendix I (Plates I-2 through I-4).  Outside the removal zones, vegetation 
should be stripped. 
 
The actual limits for removals should be determined by the project geotechnical 
engineer during construction, based on the conditions exposed.  Deeper removals 
under the levee core will be needed if unsuitable soils are present.  In particular, 
deeper removals should be planned where the levee crosses the existing drainage 
channels in West Area B.   Deeper excavation should also be planned to remove 
buried organics in the area of a celery dump known to have been present in 
northeast Area A. The location and limits of the celery dump will be determined 
during grading operations. 

 
If permeable sand layers are exposed that could provide a path for seepage under 
the new levee core.  It will be necessary to overexcavate and replace such layers to 
the limits determined by the project geotechnical engineer during grading. In 
particular, shallow sand layers may extend below the alignment of the levee planned 
in West Area B, because of the proximity of the natural dunes. 
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If wet and/or soft soils are exposed in the excavation made for removals, the 
excavation will need to be performed using an excavator or low ground pressure 
equipment.  In addition, geogrid (Tensar BX 1200 or equivalent) may be needed to 
stabilize the exposed bottom and provide a firm working surface before the new fill 
can be placed. 
 
In general, the hydraulic fill in Area A is a fine-grained silty to clayey loose/soft soil 
with a high moisture content, and the near surface native soils and fill in area B are 
moderately soft to soft with a high moisture content and a shallow ground water 
table.  Temporary excavations should be planned at a maximum inclination of 1-1/2 
(horizontal) to 1 (vertical). 
 
The subgrade conditions along the new levees generally consist of moderately soft 
to soft fine-grained silts and clays that are weak and compressible.   Therefore, the 
selection and operation of equipment and the placement of compacted fill for levees 
should be planned and controlled to avoid overstressing these soils.  The fill should 
be advanced uniformly without creating unbalanced loads.  The rate of fill 
placement should also be controlled to allow the soft soils to consolidate and gain 
strength.  Increasing the height of the fill slowly, at about 5 feet per month, will also 
provide time for settlement to occur and mitigate the potential for differential 
settlement to create cracks in the embankment.  Recommendations for monitoring 
the fill settlement are discussed in Section 15.8. 
 
The new levee in West Area B will cross two existing drainage channels (Refer to 
Figure 4A).  Both of these channels range from 5 to 8 feet in depth and are 
expected to contain soft sediment.  The easternmost of these channels crosses 
perpendicular to the levee alignment.  The westernmost channel extends under the 
length of the planned levee at the west end of Area B.  It should be anticipated that 
there is the possibility that other old channels may also be present in the area, and 
may have been filled in.  All soft and sandy material should be removed and 
replaced with compacted fill.  The excavation for these removals will extend below 
ground water and, dewatering will be required to accomplish the removals and 
backfilling.   Shoring or cofferdams are anticipated to be needed.   The exposed 
bottom should be stabilized with geogrid before placing backfill. 
 
The new levees will range from about 5 to 10 feet high in Area A to a maximum of 
15 feet high in Area B.  The levee fill will cause compression of the underlying native 
silts and clays and any remaining hydraulic fill, resulting in settlement on the order 
of 1 to 2 inches for every foot of fill placed. Therefore, the maximum settlement is 
expected to range from about 10 inches to on the order of 2.5 feet.  It is anticipated 
that 90 percent of the consolidation settlement will essentially be complete within 
three to six months of fill placement.  Settlement plates should be installed to 
monitor the rate of settlement to confirm when primary compression is complete, as 



Geotechnical Investigation Report       July 1, 2013 
Ballona Wetlands Restoration Project    Page 5  
Los Angeles County, California   
 

  

well as to control the rate of fill loading. Capping of the levee core should be 
planned as the last step of grading, after settlements are complete. 
 
New culverts should not be installed until 90% of the primary consolidation is 
completed.  Culvert locations could be surcharged in advance of placement of the 
levee embankment to avoid a delay in their installation. A temporary culvert pipe can 
be installed before placing the fill.  Once the settlement is completed, the temporary 
pipe can be excavated, removed and the permanent culvert installed and backfilled.   
 
The proposed pedestrian and bicycle bridge can be supported on piles installed into 
the dense sand and gravel bearing layer that underlies the site at a depth of about 
50 to 60 feet. 
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1.0 INTRODUCTION 
 
This report presents the results of our geotechnical investigation conducted in 
support for the restoration of the Ballona Wetland under the conditions of a United 
States Army Corps of Engineers (USACE) 408 permit.  The proposed restoration 
would restore estuarine wetland and upland habitats that are connected to a 
realigned Ballona Creek.   
 
The project site is shown on the Vicinity Map in Figure 1 and is comprised of 
approximately 600 acres, between Marina Del Rey (to the north) and Playa Del Rey 
(to the south), and from about 2,000 feet east of the Pacific Ocean to about 10,500 
feet farther upstream along Ballona Creek.   The project is divided into three primary 
Areas: Areas A, B and C.   Area A is located north of Ballona Creek and west of 
Lincoln Boulevard.  Area B is located south of Ballona Creek, and Area C is located 
north of Ballona Creek and east of Lincoln Boulevard.   
 
The Ballona Wetlands Restoration Project (Project) involves the expansion and 
enhancement of wetlands adjacent to lower Ballona Creek, and associated site 
modifications necessary to avoid adverse effects to the surrounding property and 
interests. The Project includes removing the existing flood control levees, 
constructing new flood protection levees around the perimeter of Area A and along 
the north side of Culver Boulevard in Area B, upland of the restored wetlands;  
constructing a new creek meander channel; mass excavating of soil from Area A to 
remove previously placed dredged fill;  full restoration of wetlands between the new 
levees and the realigned Ballona Channel; and placement of excess cut material as 
compacted fill in North Area C and in Area B between Culver and Jefferson 
Boulevards. The project also includes the construction of a pedestrian and bicycle 
bridge spanning Ballona Creek near the Culver Boulevard Bridge; an at-grade 
bicycle path along the new Area B levee; and, the construction of culverts to provide 
drainage of south Area B (ESA PWA, 2013a). 
 
2.0 PURPOSES AND SCOPE OF WORK 
 
The purposes of this investigation were to investigate the subsurface conditions 
within the project site by performing field explorations; characterize the soil 
conditions; identify the geotechnical factors impacting the project; geotechnical 
analyses to evaluate the feasibility of the project from a geotechnical standpoint, and 
development of recommendations for design and construction, including earthwork, 
construction of levees, the pedestrian bridge and culverts.   
 
Our scope of work for the Project includes the following: 

 Performing a site reconnaissance and developing a Geotechnical Work Plan for 
the planning and executing the field investigation, depicting the proposed 
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exploratory boring locations and access routes for review and approval by the 
appropriate agencies. The Geotechnical Work Plan was also used to obtain 
permits from the California Department of Fish and Wildlife, USACE and the 
California Coastal Commission. 

 Review of available published geotechnical and geologic maps and reports 
pertaining to the project area, including previous geotechnical and 
environmental reports for the property. 

 Conducting a field investigation including drilling 25 rotary wash borings, 8 
hollow stem borings, and 31 Cone Penetrations tests (CPT), performing shear 
wave velocity measurements at seven locations using specially equipped CPTs, 
and conducting four field permeability tests.  In addition, 10 borings were 
performed to obtain representative samples for chemical, biological and erosion 
testing, performed and analyzed by others. 

 Performing geotechnical laboratory testing on selected representative samples to 
evaluate their physical properties and engineering characteristics. Collected 
samples for chemical testing, and sediment analysis were sent to outside 
laboratories for testing, as directed by the project environmental consultant. 

 Performing engineering analyses of the field and laboratory data to develop 
geotechnical recommendations for the design and development of the wetland 
restoration project.  This included performing stability analyses of the proposed 
levees under static, seismic and rapid drawdown conditions and development of 
recommendations concerning excavation; levee design and construction;  
stripping/clearing, excavation; dewatering; removals; placement of fill; 
anticipated settlements; foundation support of the pedestrian bridge and culverts 
and recommendations to address constructing options, phasing, monitoring  
and logistics. 

 Attending and participating in project meetings, telephone calls, and reviews, as 
requested. 

 Preparation of this Geotechnical Investigation Report. 
 
3.0 HISTORICAL BACKGROUND 
 
3.1 Historical Land Use 

The following information was taken from a report by the U.S. Environmental 
Protection Agency (USEPA), titled “Ballona Creek Wetlands, Total Maximum Loads 
for Sedimentation and Invasive Exotic Vegetation” (USEPA, 2012). Table 1 
summarizes some of the anthropogenic activities perform at Ballona Wetlands since 
the early 1900s until 1960s. 
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During the late 1800's the Ballona Wetlands were used by several hunting lodges 
and resorts for recreation.  Rail lines were constructed through the marsh in the 
1880's and roadways were built between 1900 and 1910.  Oil and gas exploration 
and production began in the 1930's and in 1934 Ballona Creek was channelized to 
the ocean. The channelization of Ballona Creek (See aerial photos in Appendix C) 
caused flow to the wetlands and lagoons to be limited, and caused them to dry 
(USEPA, 2012). 
 
Between the 1930’s and 1950’s, oil derricks were built throughout the wetland areas 
including the construction of dikes, which caused the wetlands to be drained or 
artificial ponds to develop.  The Marina Del Rey development in the late 1950’s 
removed a large portion of the remaining wetlands, when hydraulic fill was placed in 
Area A.  As a result, the wetlands shrank to less than 200 acres, about 10 percent of 
the original area (USEPA, 2012). 
 
The precise limits of Ballona Creek Wetlands are complex.  Until about 2004, only 
the undeveloped Area B (south of Ballona Creek and north of Culver Boulevard) was 
identified as the Ballona Creek Wetlands.  The construction of tide gates between 
the late 1990s to early 2000s restored some tidal flushing to the central portion of 
Area B.  In 2001, the State of California retained Area C (north of Ballona Creek and 
east of Lincoln Boulevard) as part of a tax settlement. The Freshwater Marsh was 
completed in 2008 (south of Jefferson Boulevard and west of Lincoln Boulevard), 
where storm water runoff from the Playa Vista development and Jefferson Drain is 
discharged (USEPA, 2012).   
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Table 1: Anthropogenic Activities at Ballona Wetlands since the 1880’s 
Time period  Anthropogenic Activity  Impact  
1880’s to  
Early 1900s  

Pacific Electric railroad tracks built on 
artificial fill earthen berms altered tidal flows 
in areas A, B and C  

Sediment deposition; 
habitat alteration; reduced 
tidal flushing 

1918  Lincoln and Jefferson Blvds. were 
constructed. Surface  flows from eastern 
portions of wetlands were routed into 
culverts under Culver Blvd. in area B  

Sediment movement; 
habitat 
alteration; reduced and/or 
restricted freshwater flows 

1920s  Artificial fill was dumped in several places 
to construct oil and gas drilling platforms 
and protect them from extreme tides, and 
to build on artificial fill berms for access 
roads for the platforms; The Gas Company 
Rd. in Area B especially restricts flows from 
the east, and platforms and access roads in 
Area A created depressions where water 
continues to pond sporadically  

Sediment deposition; 
habitat alteration; reduced 
tidal flushing and/or 
restricted freshwater flows 

1930-1958  Farming of lima beans and barley in Areas 
B (east of The Gas Company Rd.) and C 
resulted in filling of many natural tidal 
channels  

Sediment deposition and 
transport; habitat burial 

1930s  Ballona Creek was straightened and 
channelized in concrete levees by the 
USACE; culverts with flap gates allowed 
drainage from Area B but prevented tidal 
inflows (except when gates malfunctioned)  

Sediment deposition; 
habitat alteration; reduced 
and/or restricted 
freshwater flows and tidal 
flushing 

1950s-60s  Centinela Ditch was excavated through 
Area B before 1950.  The ditch directed 
freshwater flows from east of Lincoln Blvd. 
along the south border of the wetlands 
area. In 1962, Centinela Creek was fully 
channelized in concrete and diverted to 
Ballona Creek channel at Centinela Ave, at 
the then-eastward extent of the remaining 
wetlands.  

Sediment deposition and 
removal; reduced and/or 
restricted freshwater flows 

1960s  The southwest portion of the extant 
wetlands in 1960 was dredged to create 
Marina Del Rey marina. The dredged mud 
was deposited on what is now Area A, and 
raised the land surface 12 – 15 feet above 
previous mean sea level.  

Sediment deposition; 
reduced tidal flushing 

Excerpt from, U. S. Environmental Protection Agency, 2012, Ballona Creek Wetlands, 
Total Maximum Loads for Sedimentation and Invasive Exotic Vegetation 
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3.2 Historical Aerial Photos 

Historical aerial photos from the UCLA Spence oblique aerial photo collection and 
other photos available on line at HistoricAerials.com (http://www.historicaerials.com) 
were reviewed to identify changes that occurred a within the project site from 1924 
to 2005.   
 
The Spence oblique aerial collection includes photographs taken from 1924 to 
1938, which span the period before and after the construction of the Ballona Creek 
levees. Copies of some of these photographs are included in Appendix C. In the 
1924 and 1928 photos, parcels to the east of the wetlands were being farmed.  
Ballona Creek had meandering channels throughout its central portion and 
Centinela Creek was flowing along the north edge of the El Segundo Sand Hills.  At 
that time, water from both creeks was blocked by the coastal sand dunes and flowed 
to the north through the sand dune complex, then west to the coastal waters near 
the El Segundo Sand Hills. 
 
The1933 Spence aerial photos show widespread farming parcels located through 
the Ballona Gap, with a moderate density of oil wells along the coast.  Ballona Creek 
flowed west to the sand dune hills along the coast while the Centinela Creek flowed 
north along the toe area of the Westchester Cliffs to the west.  In 1937, the photos 
show the Ballona Creek channel has concrete levee slopes east of Lincoln Boulevard 
with rip rap levees to the west.  They show that when the channel was excavated, 
most of the excavated soils was placed on the north side and lesser amounts placed 
on the south side of the channel, as hydraulic fill for the levee.  Construction of the 
levee system core was built up using the excavated soils.  The 1938 photos indicate 
an increase of oil well density along the coast and inland to the east, with farm 
parcels increasing to the north. 
 
The HistoricalAerials.com collection included aerial photos from the years 1952, 
1972, 1980 and 2003 – 2005.  The 1952 photo shows that the Marina Del Rey 
Harbor channel was not yet dredged and farm parcels were scattered within the 
Ballona Wetland area, and were more abundant to the north.  The 1972 and 1980 
photos show the Marina Del Rey Harbor channel as dredged with the dredged 
hydraulic fill placed across Area A and part of Area C.  The old Howard Hughes 
Airport is visible east of Lincoln Boulevard and south of Jefferson Boulevard.  The 
1972 and 1980 photos show that to the north, the majority of the farming was gone 
and was replaced with residential and commercial buildings.  By this time most of 
the farmland had been developed to the north.  The 2003 – 2005 aerial photos 
show the airport as abandoned and the Playa Vista development under construction. 
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4.0 SITE DESCRIPTION 
 
The Ballona Wetlands Restoration Project area consists of over 600 acres and is 
located in the northwest corner of the Los Angeles Basin, just south of Marina Del 
Rey. The project is divided into three primary Areas:  Areas A, B and C, as shown in 
Figure 2.   Area A is located north of Ballona Creek and west of Lincoln Boulevard.  
Area B is located south of Ballona Creek, and Area C is located north of Ballona 
Creek and east of Lincoln Boulevard.  A brief description of each of the areas is 
provided in the USEPA (2012) report, as is summarized below.   
 
4.1 Area A 

Area A is approximately 139 acres in size and lies north of Ballona Creek, west of 
Lincoln Boulevard and south of Fiji Way (Figure 2). Elevations range between 
approximately 12 and 20 feet NAVD, with the higher ground located near Fiji Way.  
The original grade generally ranged from Elevation +2 to +10 feet NAVD.  Fill was 
placed in Area A during the excavation of Ballona Creek in the early 1930’s and in 
the 1960’s when dredged soils from the development of Marina Del Rey were placed 
on the site. Area A is generally undeveloped, with the exception of a parking area 
along the western boundary and an unlined drainage channel located along Fiji Way 
located along the northern boundary in the eastern portion of the area (Fiji ditch). 
The Gas Company also currently maintains five monitoring well pad sites in the 
western end of this area (USEPA, 2012). 
 

4.2 Area B 

Area B is approximately 338 acres in size and lies south of Ballona Creek and west 
of Lincoln Boulevard. Area B extends south to Cabora Drive, a utility access road 
located near the base of the Playa Del Rey Bluffs (Figure 2). To the west, Area B 
extends into the natural sand dunes that border homes along Vista Del Mar. 
Elevations across Area B typically range between approximately +5 and +8 feet 
NAVD in the lower flat portions, and slopes up to about 50 feet NAVD below the Del 
Rey Bluffs, south of Culver Boulevard. Area B contains the largest area of remnant 
unfilled wetlands with abandoned agricultural lands to the southwest and the 
existing Freshwater Marsh to the northeast. The Gas Company has easements in 
Area B for 12 well sites (1 injection/withdrawal well and 11 monitoring wells) and a 
system of access roads (USEPA, 2012). 
 
4.3 Area C 

Area C is located north of Ballona Creek and east of Lincoln Boulevard (Figure 2). 
The Marina Freeway forms the northeastern border of Area C.  The area is 
approximately 64 acres in size and is traversed in an east-west direction by Culver 
Boulevard. North Area C lies north of Culver and south Area C lies to the south.  
Area C contains fill from the construction of the Ballona Creek channel, and fill 
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generated from developments such as Marina Del Rey, the Pacific Electric Railroad, 
the raising of Culver Boulevard and the Marina Freeway.  Elevations within Area C 
range from approximately +7 to +28 feet NAVD. Area C is mostly undeveloped with 
the exception of 4 baseball fields and supporting minor structures, located in the 
west portion of south Area C.  The Gas Company has no facilities in Area C (USEPA, 
2012). 
 
5.0 DESCRIPTION OF PROJECT 
 
The proposed restoration would restore estuarine wetland and upland habitats that 
are connected to a realigned Ballona Creek. The construction will be performed in 
phases.  
 

1) Phase 1 involves excavation in Area A and construction of new levees around 
the enhanced wetland areas in Areas A and B. 

2) Phase 2 involves excavation of a new meander channel for Ballona Creek; 
breaching and removing the existing Ballona Creek levees and filling in 
Ballona Creek between breach points; and, increasing muted tidal action in 
South Area B by constructing new culverts. 

3) Phase 3 involves restoring tidal action to West Area B by lowering and 
breaching the intermediate Ballona Creek levee placed during phase1 in the 
eastern portion of West Area B. 

 
Key Elements of the Restoration: 
 
Key elements of the restoration project are described in the PDR (ESA PWA, 2013a), 
and include: 
 
Ballona Creek Channel Restoration 

 Removal of the existing levees downstream of the Culver Boulevard Bridge 
for a length of about 4,000 feet along the existing north levee and about 
6,000 feet along the existing south levee, and the lowering and realignment 
of the channel for the creation of a natural meandering channel. 

 
Area A 

 Mass excavation to reclaim wetlands lost when the area was hydraulically 
filled during the development of Marian Del Rey.  The excavation will slope 
down to the south from Fiji Way at a gradient of about 10 horizontal to 1 
vertical to approximate elevation of 11 feet, and then at flatter gradients of 
about 100H:1V (horizontal to vertical) to a maximum depth of about 20 to 25 
feet below the existing grade near the existing channel.  The excavation will 
remove primarily hydraulic fill soils. 
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 Construction of flood protection levees along the west, north and east 
perimeter of Area A.  The levees will generally extend about 5 to 10 feet 
above the existing grade in Area A. 

 
Area B 

 Construction of flood protection levees along the north side of Culver 
Boulevard in north and west Area B and east of the dunes in West Area B.  
The levees will generally extent up to a maximum of about 15 feet above 
existing grade. 

 Full restoration of wetlands between the new levees and the realigned Ballona 
Channel and managed restoration of the wetlands area located south of the 
new levees. 

 The area between Culver and Jefferson Boulevards will be used as a balance 
site, where excess cut material will be placed and compacted. 

 
Area C 

 North Area C, located north of Culver Boulevard, will also be used as a 
balance site where excess cut material will be placed and compacted. 

 South Area C may be graded and developed by others as a complimentary 
service facility to the Wetlands Restoration Project. 

 
Other Elements 

 Construction of a pedestrian and bicycle bridge spanning the Ballona 
Channel near the Culver Boulevard Bridge, and an at-grade bicycle path 
along the new levee in Area B. 

 Construction of buried culverts. 
 
5.1 New Perimeter Levees 

New engineered flood control levees will be built along the north, west and east 
perimeter of Area A and in Area B, north of Culver Boulevard and east of the dunes 
in West Area B.  The proposed levees will be designed to meet or exceed the current 
flood control standards.  The hydraulic analysis has been performed for hydraulic 
modeling for a number of flood events, including the project 100-year design flow, 
and future sea level rise (SLR), as included in the Preliminary Hydrology and 
Hydraulics Report of the project (ESA PWA, 2013b).  The SLR is considered to be 
approximately 4.9 feet by 2100.  The locations of the new levees are shown on 
Figure 4A. 
 
At the preliminary design level, the perimeter levees have been designed with a 
constant levee crest of El. 20.5 feet NAVD.  With this design elevation, the minimum 
freeboard considering SLR along the new levees will be about 4 feet (i.e. 3.81 feet).  
In general, all levees will include a compacted low permeability core with 3H:1V side 
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slopes. However, the actual levee slopes are significantly flatter with creek side 
slopes as flat as 10H:1V. 
 
5.1.1 Area A Levee 

The proposed levee is planned to follow the perimeter of Area A with a minimum of 
about 30 feet offset from Fiji Way and Lincoln Boulevard. and placed just south of 
Fiji Channel (Figure 4A).  The proposed levee will be offset to maintain the existing 
parking lots along Fiji Way and to avoid existing natural gas monitoring well, Del Rey 
17.  The levee will tie into the existing Ballona Creek levee at Culver Boulevard, at 
the upstream limit of the marsh restoration area. 
 
The levee incorporates an idealized 6H:1V protected side slope and a 10H:1V 
channel side slope from El. 20.5 feet at the crest down to El. 11.0 feet.  This levee is 
generally located 800 to 1,200 feet from the realigned Ballona Creek Channel.  
 
5.1.2 Culver Levee in Area B 

The Culver levee in Area B includes three distinct design sections. 
 

1) The first section includes a wide plateau at the upstream limit between Culver 
Boulevard and the old railroad alignment.  This wide section is intended to 
vary the widening of the restored Ballona Creek floodplain to help even out 
the hydraulic drop of flood levels as flood flows enter the Wetland Restoration 
Project Site. 

2) A narrow section (20 feet top width) along Culver Boulevard, extending to the 
intersection with Jefferson Boulevard. 

3) A wide section (100 feet top width) along Culver Boulevard, from Jefferson 
Boulevard, to West Area B. 

 
The culver levee sections are planned with a minimum 30 foot offset from Culver 
Boulevard, and will be built with 3H:1V protected outside side slopes, and 10H:1V 
interior slopes down to El. +6.5 feet NAVD, with a flatter transitional slope to the 
adjacent tidal marsh plain. 
 
5.1.3 West Area B Levee 

The proposed West Area B Levee (Figure 4A) will be located about 300 feet east of 
the toe of the natural dunes that border the west end of West Area B.  The levee will 
have a top width of 20 feet, a 3H:1V slope toward the existing dunes to the west and 
a 10H:1V slope down to the existing managed marsh to the east. 
 



Geotechnical Investigation Report       July 1, 2013 
Ballona Wetlands Restoration Project    Page 15  
Los Angeles County, California   
 

  

5.1.4 Temporary Area B Levee 

The project will be phased will full restoration of West Area B delayed for a number 
of years until the restoration in Area A and North Area B demonstrates success.  
During this interim period, a temporary levee will connect the Culver Levee to the 
existing Ballona Creek South Levee just north of the existing natural gas monitoring 
well cluster in West Area B.  The location of this levee is shown in Figure 4A.The 
temporary levee will be constructed with 5H:1V side slopes on the channel side, and 
a 3H:1V slope on the protected side. 
 
5.2 Excavation and Channel Realignment 

The reintroduction and revival of critical wetland habitat, involves mass grading, soil 
excavation and hauling of previously placed dredged materials to lower the grades in 
Area A to create tidal wetlands, salt pans, transitional habitat, upland habitat and 
seasonal wetlands.  
 
Realignment of Ballona Creek will entail construction of new meander channel 
segments and filling of the existing channel segment that will be abandoned.  A 
fully-connected Ballona Creek channel and wetland system will be restored across 
the site, beginning west of the Culver Bridge and extending through the site to the 
southwest (downstream) project boundary. The channel banks would be graded to 
slopes of approximately 5H:1V.   
 
5.3 Stockpiles in Area B and Area C 

The intent of the project is to balance earthwork on site.  Excess excavated soils will 
be placed as stockpile fill in portions of Areas B and North Area C.  The fill mounds 
in East Area B will be located in the area south of Culver Boulevard and North of 
Jefferson Boulevard Fill mounds will be offset from the streets to avoid significant 
settlements in roadways or utility lines, and will be sloped at a gradient of 10H:1V.  
The height of the fill mounds will be depend on the amount of excess soils. 
 
5.4 Hydraulic Structures (Culverts) 

Two new water control structures will be installed in Area B at the locations shown 
on Plate I-1.  Both culverts will extend under the new Culver Levee and under Culver 
Boulevard. 

 
5.5 Public Access Plan 

A public access plan is being developed to maintain existing uses and provide 
additional access opportunities.  Anticipated elements include a pedestrian bridge 
west of the Culver Boulevard Bridge, and parking and access at the southwest 
corner of Area B, where existing parking and trails are heavily used. 
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It should be noted that the Annenberg Foundation currently has plans for 
development in portions of Area C.  Additional public access to other areas within 
the Wetlands may be created as part of these planned developments. 
 
 
6.0 SUMMARY OF PREVIOUS INVESTIGATIONS 
 
Several geotechnical investigations have previously been performed at the Project 
Site by Law Crandall Inc., Diaz Yourman & Associates, and Weston Solutions (Law 
Crandall, 1988, 1991; Diaz Yourman & Associates, 2010; and Weston Solutions, 
2009). The previous investigations by Law Crandall, Inc. and Diaz Yourman & 
Associates were performed primarily for geotechnical purposes.  Law Crandall, Inc. 
performed preliminary geotechnical investigations in each of the Areas within the 
project (Areas A, B and C) and presented the results of investigations in separate 
reports.  Diaz Yourman & Associates performed a preliminary geotechnical 
investigation for Areas B and C.  The investigations by Weston Solutions, Inc. were 
performed primarily for the chemistry and environmental testing of the soils present.   
 
Data from these previous investigations was reviewed and used to supplement the 
information developed during the current investigation.  However, in general, the 
previous investigations were performed to primarily characterize the physical 
properties, and limited data is provided regarding the engineering properties of the 
soils encountered. A summary of each of the previous investigations is provided 
below.  The locations of the field explorations performed during these previous 
investigations are shown in Figure 3. Boring logs and CPT interpretations of 
previous investigations are included in Appendix A2.  Selected results of the previous 
laboratory testing are presented in Appendix B2 
 
GDC also has long-term experience with similar soils present within the Playa Vista 
Development, located east of Lincoln Boulevard.  The experience at the Playa Vista 
Development was used in characterizing the engineering properties of the soils at 
this site.   
 
6.1 Area A 

 
Law Crandall, Inc. - 1991 Area A –Playa Vista Marina 
 
This report presents the results of a preliminary geotechnical investigation of Area A 
for a then-proposed Playa Vista Marina, which included excavation to about  
Elevation -15 feet.  Law Crandall, Inc. had done an earlier study to determine the 
location of an existing natural gas storage reservoir and the effect of the reservoir on 
the marina construction.  In this study they investigated the physical characteristics 
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of the soils to provide recommendations for perimeter wall lateral earth pressures, 
and foundation support.   
 
The field investigation included 20 borings (14 Rotary Wash and 6 Bucket-type 
borings) and 5 cone penetration tests (CPT) that were performed in December 1988 
and January 1989. 
 
According to this report, fill soils were encountered to 9 to 17 feet below ground 
surface, and consisted primarily of silts, clays and silty sands.  The majority of the fill 
was placed hydraulically during dredging of the Marina Del Rey Harbor although 
some dump fill was also apparent to be present.  Beneath the fill, the site is 
underlain by Holocene Alluvium extending to an estimated depth of 100 feet below 
ground surface.  The alluvial deposits are predominantly cohesive soils to depths of 
about 50 to 70 feet and are underlain by dense sand and gravel.  The upper 
cohesive soils consist of soft to medium stiff silts and clays with some layers of loose 
to dense silty sand and sand and occasional minor layers of peat. The alluvial 
deposits are of estuarine origin and contain decomposing organic materials, which 
generate the organic odor (hydrogen sulfide).  The dense sands and gravel deposits 
were encountered at depths between 48 and 67 feet.  These coarser sediments were 
described by Poland (1959) as the “50-foot-Gravel” a ground water aquifer. 
 
Early Pleistocene San Pedro Formation sediments underlie the Holocene deposits.  
The sediments consist primarily of sand with some gravel, with some interbeds of 
silt.  This layer extends to a depth of about 200 feet below ground surface. Below 
the Pleistocene soils underlies 5,800 feet of Tertiary age sedimentary rocks, which 
rest on metamorphic basement rocks of the Mesozoic Catalina Schist. 
 
Groundwater was encountered in the borings at depths about 7 to 15 feet below 
ground surface corresponding to elevations of about +0 to +10 NAVD.  The site 
was identified as potentially liquefiable.  Liquefaction settlements on the order of 1 
to 4 inches were indicated to be anticipated in looser interbedded sandy layers.   
 
According to the report some peat deposits were encountered, but the peat deposits 
were below the ground water level and thus not subject to oxidation and drying.  
Collapsible soils were not encountered.   
 
Law Crandall, Inc. - 1991 Area A – Playa Vista Marina – Supplemental Report 
 
This report provides supplementary information for the 1991 Marina Report.  
According to this report a review of Los Angeles County Waste Management records 
revealed the presence of a former dump site, known as the Celery Dump, in the 
northeast portion of Area A that could affect ground water quality.  The celery dump 
was apparently operated between 1945 and 1953.  Two borings were drilled to 
depths of 17 and 22 feet to collect ground water samples for laboratory analyses 
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and to explore for organic materials that might be present from the former celery 
dump.  Two additional shallow borings were also drilled to further explore the 
organic materials.  Ground water was encountered at a depth of 14 to 17 feet. 
 
The results of the environmental testing showed higher lead concentrations that 
were deemed acceptable for disposing of the ground water into the ocean.  
According to the report settlement due to placement of the fill in the area was 
estimated to be about 2 inches per foot of fill placed.   
 
Weston Solutions, 2009 – Area A – Preliminary Geotechnical Investigation and 
Beneficial Use Assessment – for Port of Los Angeles 
 
A total of five alternatives were assessed for the Restoration Project in Area A.  The 
objectives of this preliminary Area A study were to identify the geotechnical, 
chemical, and physical characteristics of the soil and existing dredged material, 
determine the potential used of the dredged material and assess the cost associated 
with excavation and transporting the material.  Chemical and geotechnical testing 
were performed on the samples collected from 20 direct push borings drilled to a 
maximum depth of about 24 feet.  The geotechnical testing on the samples was 
limited to physical properties of the soils.    
 
6.2 Area B 

 
Law Crandall, Inc. - 1991 Area B – Proposed Wetland Restoration and Development 
north of Jefferson Boulevard 
 
The investigation for the Wetland Restoration Project included 32 initial borings 
including 7 borings in the existing levee, and 5 additional borings to study a 
proposed embankment near Culver Boulevard in January and February of 1991.  
Additionally 21 borings were drilled in December of 1986 and April of 1987.  
Monitoring wells were installed in 12 of the borings to measure the fluctuations in 
the ground water levels beneath the site.  Most of the borings were drilled using 5-
inch-diameter rotary wash drilling equipment to a depth of approximately 20 to 60 
feet.  Six (6) borings were performed using 8-inch-diameter hollow-stem auger 
equipment to a depth of approximately 30 feet.  Additionally, six 8-inch-diameter 
hand auger borings were drilled to a depth of 5 to 9 feet below the existing grade. 
 
The report identified the artificial fill at the roads as dark reddish-brown sand, silty 
sand, and sandy silt.  According to this report the surface soils near the western 
boundary are composed of Holocene dune sands.  The sand dunes were 
characterized as poorly cemented, highly susceptible to erosion and at least 30 feet 
deep.   
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According to this report settlement due to placement of the fill in the area was 
estimated to be about 1.5 inches per foot of fill placed.  Liquefaction and seismic 
settlement were anticipated to be limited.  The ground water level ranged from 
about 0.1 to 4.5 feet below the ground surface, corresponding to elevations of +4 
to +7.5 feet NAVD.   
 
6.3 Areas B and C 

 
Diaz Yourman & Associates, 2010 Areas B & C – Proposed improvement and 
restoration of Ballona Creek wetlands 
The purpose of this study was to provide subsurface sediment sampling and 
laboratory testing on the sediment samples to determine the physical and chemical 
characteristics of sediments located in Areas B & C.  Field investigation was 
performed using hollow-stem auger drilling equipment in February of 2009 and 
included drilling 13 borings in Area B and 7 boings in Area C to depths ranging from 
16 to 32 feet below the existing grade, as well as collecting grab samples at three 
locations in Area B.  Samples were collected for chemistry testing down to elevation 
-5 feet MLLW and for geotechnical testing down to elevation -10 feet MLLW. 
 
Ground water was encountered in the borings at depths ranging from 2 to 11 feet 
bgs corresponding to elevations +8 and 2 feet NAVD in Area B, and at depths 
ranging from 17 to 23 feet bgs corresponding to Elevation +6 and +2 feet NAVD in 
Area C. 
 
6.4 Area C 

 
Law Crandall, Inc. - 1988 Area C – Report of Contamination Assessment 
 
A study was performed to determine if soil or ground water contamination is present 
on the subject property.  Up to 15 feet of fill were identified in the borings.  The “50-
foot-Gravel” layer was identified to be present at a depth of 60 feet.  This 
investigation included 16 borings and 5 monitoring wells.  The findings of this 
investigation indicated that no significant soil or ground water contamination is 
present beneath the site.   
 
Law Crandall, Inc. - 1991 Area C – Proposed Development in Area C 
 
The site conditions were explored by drilling 5 borings to depths of 60 to 75 feet 
using 5-inch-diameter rotary wash drilling equipment.  Fill soils from 4 to 15 feet 
were encountered in the borings.  At depths of about 41 to 57 feet below the 
existing grade the dense sandy and gravelly layer “50-foot Gravel” was identified.  
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The report used information from an earlier contamination assessment study at the 
site, which included 16 borings and 5 monitoring wells.  According to the report 
settlement due to placement of the fill in the area was estimated to be about 1 inch 
per foot of fill placed.  Water was measured in the borings at depths of 12 to 22 feet 
below the existing grade, corresponding to elevations between +0 to +6 feet NAVD.  
 
7.0 SUBSURFACE EXPLORATION BY GDC 
 
GDC conducted a geotechnical subsurface investigation for the project site from 
September 11, 2012 to October 22, 2012. Prior to the subsurface investigation, a 
geotechnical investigation work plan (GDC, 2012) was prepared, which outlined and 
defined the procedures for obtaining the necessary access and work permits, 
developing access routes and a plan to avoid special status plants, minimize impact 
to natural habitat, and/or archaeological sites within the project area.  This work plan 
also describes the drilling equipment, soil sampling (including geotechnical, 
chemistry, and agronomy sampling), post-investigation site cleanup, and the 
laboratory testing program (geotechnical, chemical, and agronomy).  The 
geotechnical investigation work plan and procedures were followed prior to, during, 
and subsequent to the field exploration, to obtain necessary site information for the 
project while minimizing environmental impact to the project. 
 
The investigation consisted of rotary-wash and hollow-stem auger soil borings, one 
hand auger boring, and cone penetration tests.  Exploration locations were planned 
approximately every 700 feet along the length of the levees.  Typically, two 
explorations were performed at the crest and the toe of the levee.  The exploration 
locations are shown in Figure 3.  Geotechnical drive samples and bulk samples of 
the encountered materials were obtained from the borings, and tested in the 
laboratory to evaluate the physical and engineering characteristics of the subsurface 
materials encountered.  In addition to geotechnical sampling, samples for chemical 
testing, and sediment analysis, were also collected in 10 borings, as directed by the 
project environmental consultants.  Boring logs and CPT interpretations are 
included in Appendix A1.  Geotechnical laboratory test results are included in 
Appendix B1. 
 
7.1 Soil Borings 

Twenty five (25) rotary wash borings were advanced to a maximum depth of 71.5 
feet in Areas A and B.  The rotary wash borings were located along the proposed 
levees as well as along the existing Ballona Creek levees. Eight (8) hollow stem 
auger borings were drilled to a maximum depth of 31.5 feet in planned excavation 
areas within Area A, and surcharge areas within Areas B and C.  One hand auger 
boring was drilled to a depth of 5 feet in West Area B, where access was limited, due 
the presence of protected habitat plant.  All borings were drilled from approximate 
elevations ranging from +5 to +21.1 feet NAVD.  Subsurface materials were visually 
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logged and classified by a GDC field engineer in accordance with the Unified Soil 
Classification System (USCS). 
 
Drive samples and bulk samples of the encountered materials were obtained from 
the borings and recorded on the boring logs.  Drive samples were obtained with a 
California Sampler lined with 1-inch high metal sample rings and a Standard 
Penetration Test (SPT) sampler. Standard penetration tests (SPT) were conducted in 
accordance with ASTM D 1586 and samples were collected. Six-inch-long Shelby 
tubes were also used for sampling relatively undisturbed soil samples in the rotary 
wash borings.  
 
In addition, representative bulk samples were taken within the upper 5 feet, as well 
as at depths as deep as 20 feet for compaction testing, expansion potential and 
corrosion testing, as well as chemistry and agronomy testing.   
 
The boring logs are presented in Appendix A1. 
 
7.2 Cone Penetration Tests (CPT) 

Thirty one (31) Cone Penetration Test (CPT) probes were conducted at the site on 
from September 13, 2012 to October 15, 2012.  The CPTs were generally advanced 
to depths ranging from 48 to 71.5 feet below existing grade. The CPT soundings 
were performed in general accordance with ASTM D3441, using a truck-mounted 
electric piezocone penetrometer.  The locations of the soundings are shown in 
Figure 3. 
 
As the CPT probe was advanced, electronic instruments recorded a continuous 
profile of both the tip and frictional resistances, which were then analyzed using 
established correlations, to classify the soils and evaluate insitu properties, including 
density, strength and compressibility. Additional details concerning the field 
exploration program, including copies of all the boring and CPT logs, are included in 
Appendix A. 
 
The CPT logs and interpretations are presented in Appendix A1. 
 
7.3 Shear Wave Velocity Measurement using CPTs 

Shear Wave Velocity measurements were performed in seven (7) of the CPTs  
(A-CPT001, A-CPT004, A-CPT022, B-CPT031, B-CPT041, B-CPT048, and  
C-CPT060) to a depth of 70 feet, using a Seismic CPT.  For the test large amplitude 
shear waves were generated by striking a seismic beam at the ground surface, and 
recording shear waves at various depths using a seismometer in the cone 
penetrometer.  The seismic CPT test is typically performed at 5-foot intervals.  The 
results of the seismic shear wave velocity measurements are presented in Appendix 
A1. 
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The average shear wave velocity in the upper 30 meters (Vs30) was estimated to be 
202 m/s (662 feet/s).  The shear wave velocity is used in seismic hazard analyses for 
the project. 

Shear Wave Velocity Profiles are included in Appendix D. 
 
7.4 Field Permeability Testing 

As part of our field exploration program, four field permeability tests were performed 
at depths of 5 and 10 feet, at two exploration locations (i.e., A-HSA064 and A-
HSA066) near the existing north levee to evaluate the permeability of the near 
surface soils.  The tests were performed by filling hollow stemmed borings with 
water and estimating permeability of near surface soils using the falling head 
method, by measuring the drop in water elevation in the hole, over time. The results 
of the field permeability testing are presented in Appendix E. 

7.5 Laboratory Testing Program 

The following geotechnical laboratory testing was performed to evaluate the physical 
properties and engineering characteristics of representative subsurface materials at 
the site.  The tests include: 
 
 Natural moisture content & dry unit weight 
 Atterberg Limit Tests 
 Percent passing No. 200 sieve 
 Grain Size Distribution 
 Consolidation 
 Direct shear 
 Lab Vane shear 
 Pocket penetrometer 
 Expansion index 
 Compaction 
 Corrosivity (pH, sulfate, chloride, electrical resistivity) 
 
A detailed description of the GDC geotechnical laboratory testing program and test 
results are presented in Appendix B1.  
 
8.0 GEOLOGY AND SOIL CONDITIONS 
 
8.1 Regional Geology and Faulting 

Regionally, the Ballona Wetlands are located near the western edge of the southwest 
block of the Los Angeles Basin, within the Peninsular Range Geomorphic Province.  
To the north, the Peninsular Range Geomorphic Province merges with the Santa 
Monica Mountains, which is within the Transverse Range Geomorphic Province of 
California. 
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The project site is located within the seismically active area of southern California, 
and has the potential to experience strong ground shaking from local and regional 
faults. Table 2 provides a summary of the active faults in the site area, which have 
the potential to general strong ground shaking, within 30 kilometers of the Project 
Site.  A Fault Map showing the major faults in the vicinity of the site is included in 
Appendix D (Plate D-1).   
 
The closest mapped fault near the site is the Charnock Fault, mapped as being 
present about 1 mile east of the site. The Charnock Fault has been speculated to be 
a ground water barrier, a fault or both (Poland, 1959; Geo-Consultants, Inc, 1999). 
Various investigators concluded that the Charnock Fault was a deep fault and did 
not break the Pleistocene “50”-foot gravel layer, giving evidence that it is not active. 
During one of the latest investigations by Davis and Namson Consulting Geologists 
(2000), and Thomas Wright (1991), using seismic reflection and oil well data, it was 
concluded that the Charnock Fault was not detected within the depth of the 
geophysical acquisition and oil well data. Namson and Davis (2000) further 
suggested that if the Charnock Fault exists below the extent of the seismic reflection 
acquisition, the fault would likely be 1 to 2 million years old. The mapped location of 
the Charnock fault is also included in Appendix D (Plate D-2). 
 

Table 2: Major Faults in the Vicinity of the Site    

Fault  
Name 

Type of  
Faulting 

Maximum  
Magnitude 

(Mw) 

Distance 
from Site 

(km) 
Slip Rate  
(mm/yr) 

Newport-Inglewood Strike Slip 7.5 7.3 1.0 

Santa Monica Strike Slip 7.3 7.8 2.6 

Palos Verdes Strike Slip 7.7 8.9 3.0 

Malibu Coast Strike Slip 6.7 10.2 0.3 

Puente Hills Thrust 7.0 11.7 0.7 

Hollywood Strike Slip 6.7 12.8 1.0 

Elysian Park (Upper) Reverse 6.7 20.4 1.3 

Anacapa-Dume Reverse 7.2 23.7 3.0 

Raymond Strike Slip 6.8 25.9 1.5 

Verdugo Reverse 6.9 28.0 0.5 
Note: USGS Fault Database (2008) 
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8.2 Historical Earthquakes 

Historically, several major earthquakes with a Magnitude of 5.9 to 6.7 have occurred 
not too far from the Project Site.   A brief description of the most recent of these 
historical earthquakes follows. 
 
8.2.1 Long Beach Earthquake of 1933 

The 6.4 magnitude Long Beach earthquake took place on March 10, 1933, causing 
widespread damage to buildings throughout Southern California. The epicenter was 
offshore, southeast of Long Beach on the Newport-Inglewood Fault, and 
approximately 35 miles south east of the site. The estimated ground motion caused 
at the site was less than 0.1g.   
 
Although only moderate in terms of magnitude, this earthquake caused serious 
damage to weak masonry structures on land fill from Los Angeles south to Laguna 
Beach. Property damage was estimated at $40 million, and 115 people were killed.  
The earthquake was felt almost everywhere in the 10 southern counties of California. 
Damage to school buildings, which were among the structures most commonly and 
severely damaged by this earthquake, led to the State Legislature passing the Field 
Act, which now regulates building-construction practices in California 
(earthquake.usgs.gov). 
 
8.2.2 San Fernando Earthquake of 1971 

The 6.6 magnitude San Fernando earthquake occurred on February 9, 1971, in a 
sparsely populated area of the San Gabriel Mountains, near the city of San 
Fernando. It lasted about 60 seconds, and, in that brief span of time, took 65 lives, 
injured more than 2,000, and caused property damage estimated at $505 million. 
The epicenter was located about 30 miles north of the site.  The Modified Mercalli 
Intensity (MMI) felt at the site  ranged from V to VI (i.e. Moderate to Strong), 
corresponding to PGA values in the range of 0.04g to 0.18g and Peak Ground 
Velocity (PGV) of about 3 to 16 cm/sec (www.cisn.org). 
 
8.2.3 Whittier Narrows Earthquake of 1987 

The 5.9 magnitude Whittier Narrows earthquake occurred in the southern San 
Gabriel Valley and surrounding communities of Southern California on October 1, 
1987. The epicenter was in the town of Rosemead, about 22 miles east of the site.  
The earthquake was caused by slip on a blind throughst fault near the northern end 
of the Whittier Fault, which is part of the Elsinore Fault Zone, on a previously 
unknown fault structure. There was no surface rupture. The Modified Mercalli 
Intensity (MMI) felt at the site was V (i.e. Moderate) corresponding to PGA values in 
the range of 0.04g to 0.09g and Peak Ground Velocity (PGV) of about 3 to 8 cm/sec 
(www.cisn.org). 



Geotechnical Investigation Report       July 1, 2013 
Ballona Wetlands Restoration Project    Page 25  
Los Angeles County, California   
 

  

8.2.4 Northridge Earthquake of 1994 

The Northridge Earthquake occurred on January 17, 1994 in Northridge, California, 
approximately 20 miles northeast of the site.  It was a magnitude 6.7 earthquake 
and ended up being the most costly earthquake in United States history.   
 
The shaking heavily damaged communities throughout the San Fernando Valley 
and Simi Valley, and within the surrounding mountains north and west of Los 
Angeles, causing 20 billion dollars of loss.  
 
Sixty people were killed, more than 7,000 were injured, and more than 40,000 
buildings suffered damaged. This earthquake was occurred about 18 miles north of 
the site.  The Modified Mercalli Intensity (MMI) felt at the site ranged from VI to VII 
(i.e. Strong to Very Strong) corresponding to PGA values in the range of 0.20g to 
0.30g and Peak Ground Velocity (PGV) of about 30 cm/sec (www.cisn.org; and 
earthquake.usgs.gov). 
 
8.3 Local Geology 
 
The Ballona Wetlands are located in the Ballona Gap, which is bounded by the El 
Segundo Sand Hills to the south and the Ocean Park Plain to the north.  The 
Ballona Gap was formed by erosion, repeated sea level fluctuations, and river 
channel migration.  During the Holocene period, the Los Angeles River channel 
flowed though the Ballona Gap, while today the Los Angeles River flows through the 
Dominguez Gap and the Ballona Creek flows though the Ballona Gap.    
 
The geologic map of the site is included in Appendix C (Plate C-1). In the Ballona 
Creek region, marine and non-marine sediments are around 6,000 feet thick and 
unconformably overlay the crystalline basement rock of the Mesozoic aged Catalina 
Schist.   
 
During recent historic times, fill has been placed over the natural deposits, locally. 
The upper 50 feet of sediments consists of Holocene aged fluvial silts, clay and sand 
deposits from the flooding of creeks and streams, tidal marshes and sand dunes 
and other windblown deposits that filled the Ballona Valley.  These Holocene 
sediments overlay on top of the “50 foot” gravel in isolated areas and the San Pedro 
and Pico Formations.  Below the San Pedro and Pico Formations, the lower Tertiary 
formations were found to be rich in petroleum.   
 
8.3.1 Local Site Micro-Seismicity 
 
From 1994 to 2012, 10 micro-earthquakes were recorded near the site area with 
magnitudes in the range of 2.3 ML to 3.5 ML (Local Magnitude) and with epicenters 
at a depth of 9 to 16 kilometers.  These micro-events occurred within a 3-kilometer 
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radius from the approximate center point of the restoration area located at 33.974N 
and 118.438W.  Table 3 summarizes the epicenter data for these 10 events 
(http://earthquake.usgs.gov/earthquakes/eqarchives/epic/).  A map showing the 
location of the epicenters is included in Appendix D (Plate D-2).   
 
Table 3: Mapped Epicenter for Recent Micro-Earthquakes within 3 km of Site 

 
Notes:  1) LAT = latitude; LON = Longitude; DEP = Depth; MAG = Magnitude; MT = Magnirude Type; SC = Source 
 2) ml = Richter Local Magnitude 
 3) pde = Preliminary Determination of Epicenters. 
 

It should be noted that none of the reported micro-earthquakes are shallow 
(minimum depth is 9.9 km) and that the depth and magnitude estimates were 
generated using seismometers located at relatively large distances from the source. 
Thus the accuracy of this data, including their location, is approximate.  In our 
opinion, this micro-seismicity does not reveal the presence of shallow (near surface) 
active faults in the subject area.  
 
8.4 Surface Conditions  

8.4.1 Area A 

Surface conditions in Area A consist of a somewhat level brushy soil surface.   
The surface elevation typically ranges from about +12 feet to +20 feet NAVD.  The 
brush found to be low to medium in height with isolated patches of exposed to 
thinly vegetated soil.  Area A is currently fenced off and is undeveloped with the 
exception of a parking area along the western boundary and a drainage channel 
along the northern boundary. The existing Ballona Creek levees are located along 
the southern edge of Area A.  An excavated, unlined drainage channel known as the 
“Fiji Ditch” runs parallel to Fiji Way along the northern boundary in the eastern 
portion of the area, and drains to the ocean through an existing culvert 
perpendicular to Fiji Way.  The elevations within Fiji Ditch are as low as about El. +4 
feet NAVD.  In addition, the Gas Company operates five gas monitoring well sites in 
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the western end of the area.  In general, the surface soils are dry and loose.  Some 
areas have abundant rodent activity and are difficult to walk over.  
 
8.4.2 Area B 

Area B which lies south of Ballona Creek, is undeveloped, and contains the largest 
area of the existing wetlands with elevations at about +5 feet NAVD.  Though some 
fill is present in this area, most of the fills are limited to Culver Boulevard and 
Jefferson Boulevard Roads.  Area B is divided into four sections: north, south, west 
and east.  The existing Ballona Creek levees are located along the northern edge of 
Area B (north and west).  The Gas Company maintains a gas storage facility beneath 
the site in the oil field between north Area B and west Area B.  South Area B is 
located south of Jefferson Blvd and East Area B is located south of Culvert Blvd. 
and west of Lincoln Blvd.   
 
8.4.3 Area C 

Area C is located north of Ballona Creek and east of Lincoln Boulevard. The Marina 
Freeway forms the northeastern border of Area C. The area is approximately 64 
acres in size and is divided into a north and south portion by Culver Boulevard.  
 
North Area C is undeveloped and contains low mounds, low to medium-high brush 
and isolated patches of exposed to thinly vegetated soil.  The surface elevation 
typically ranges from about +14 feet to +17 feet NAVD. The Fiji Ditch runs 
southeast to northwest through the center of the site.   In south Area C, the western 
portion contains baseball diamonds and associated minor structures, with some 
trees and grass.  The eastern portion is undeveloped.  The elevation is typically 
about +20 to +24 feet NAVD, There is a low area adjacent to the on/off ramps 
which has an elevation of +9 feet NAVD.  The elevation of the levee along the 
channel ranges from about +19 feet to +22 feet NAVD. 
 
8.5 Subsurface Conditions 
 
Generalized subsurface profiles developed from the borings and CPTs performed in 
each area of the site are presented in Figures 5A, 5C, and 5D for Area A, Figures 5B 
and 5C for Area B and in Figures 5E and 5F for Area C.   The soil conditions in each 
area are described below.   
 
8.5.1 Area A 

Surface elevations at exploration locations generally range approximately between 
+12 to +21 feet NAVD.  Three distinct layers were identified in our exploration 
locations.   
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Plots of moisture content, dry density, and consistency of Area A soils from our 
investigation and previous investigations are shown in Appendix B3 and B4, 
respectively (Plates B3-1 through B3-4 and B4-1 through B4-4). 

8.5.1.1 Layer No. 1: Artificial (Hydraulic) Fill 

Artificial fill primarily from dredging of Marina Del Rey and Ballona Creek Channel 
cover the surface of Area A.  The thickness of the Fill layer varies from 8 to 20 feet, 
with bottom of the layer at elevations ranging from El -3 feet NAVD near the channel 
to El +9 feet NAVD near Fiji Way. 
 
The fill materials encountered in our explorations were consistent with the findings 
of previous investigation and are comprised predominantly of soft to medium stiff 
sandy silts and clays (ML, and CL), and loose to medium dense silty sands (SM).  To 
a lesser extent, other soil types encountered in the borings include poorly graded 
sands and gravels (SP, GP) as well as small layers of elastic silts (MH). 
 
Moisture contents in the fill soils ranges from 6 to 57 percent, and dry densities 
range from 64 to 117 pcf.  Liquid Limit ranges from 28 to 69, and Plasticity Index 
ranges from 13 to 37.  

8.5.1.2 Layer No. 2: Fine Grained Soils with Interbedded Sands Layers 

Below the Fill layer, lies a predominantly fine grained layer with interbedded sand 
and silt layers.  This layer is approximately 35 to 50 feet thick, and predominantly 
includes very soft to medium stiff clays and silts (CL, CH, ML, and MH), and loose to 
medium dense sands (SM, SC, and SP).  Some denser/stiffer soils are also present 
within this layer, but individual layers are not found to be laterally continuous.   
 
Moisture contents in this layer ranges from 15 to 91 percent, and dry densities range 
from 44 to 115pcf.  Liquid Limit ranges from 29 to 92, and Plasticity Index ranges 
from 8 to 40.  Undrained Shear Strengths in the layer generally varies in the range of 
250 psf and 2,000 psf, with typical values between 500 and 1,500 psf.  Plots of 
undrained shear strength results from laboratory vane shear within Area A soils are 
included on Plate B3-1. 

8.5.1.3 Layer No. 3: Dense to Very Dense Sands and Gravels 

Dense to very dense sands are present at depth of about 55 to 70 feet NAVD (El -32 
to El -52) with SPT blow counts greater than 30 blows per foot.  The CPT tip 
resistance is generally greater than 100tsf, which depicts that the materials are 
generally very dense. 
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8.5.2 Area B 

Surface elevations at exploration locations in Area B generally range approximately 
between +5 to +8 feet NAVD, and as high as El +21 feet at existing levees and 
eastern portions of Culver Blvd.  Three distinct layers were identified in our 
exploration locations.   
 
Plots of moisture content, dry density and consistency of Area B soils from our 
investigation and previous investigations are shown in Appendix B3 and B4, 
respectively (Plates B3-15 through B3-18, and B4-7 through B4-10). 

8.5.2.1 Layer No. 1: Artificial Fill 

A Fill layer is also present in non-wetland areas within Area B.  The thickness of the 
Fill layer varies from 0 to about 15 feet, with bottom of the layer at elevations 
ranging from El 0 to El +6 NAVD. 
 
The Fill materials predominantly include loose to medium dense silty sands (SM) 
and soft to stiff sandy silts and clays (ML).  Other soil types encountered in the 
borings include poorly graded silty sands and gravels (SP-SM, GP). 
 
Moisture contents in the Fill soils ranges from 21 to 31 percent, and dry densities 
range from 76 to 94pcf.  Materials in this layer were either non-plastic or had low 
plasticity. 

8.5.2.2 Layer No. 2: InterbeddedFine Grained and Coarse Grained Soils 

Below the Fill layer, lies interbedded fine grained and coarse grained soils.  
Immediately below the fill very soft to medium stiff fine grained soils are present to 
about El -5 to -10 feet NAVD.  These soils predominately consist of fat clays (CH) 
with lesser amounts of elastic silts (MH), low to medium plasticity clays and silts (CL, 
ML).  Interbedded loose to very dense sands and fine grained soils extend below El 
-10 feet to about El -45. The interbedded sand layers are generally thicker on the 
west side of the Area B, with a thickness of about 35 feet near the sand dunes.    
Moisture contents in this layer ranges from 14 to 81 percent, and dry densities range 
from 51 to 118pcf.  Liquid Limit ranges from 27 to 84, and Plasticity Index ranges 
from 3 to 50.  Undrained Shear Strengths in the layer generally varies in the range of 
250 psf and 2,000 psf, with typical values between 300 and 1,500 psf. Plots of 
undrained shear strength results from laboratory vane shear within Area B soils are 
included on Plate B3-14. 

8.5.2.3 Layer No. 3: Dense to Very Dense Sands 

Dense to very dense sands are present at depth of about 60 to 70 feet NAVD (El -45 
to El -58) with SPT blow counts generally greater than 40 blows per foot.  The CPT 
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tip resistance is generally greater than 100 tsf, which depicts that the materials are 
generally very dense. 
 
8.5.3 Area C 

Surface elevations at exploration locations in Area C generally range approximately 
between +13 to +24 feet NAVD.  Three distinct layers were identified in our 
exploration locations. 
 
Plots of moisture content, dry density and consistency of Area B soils from our 
investigation and previous investigations are shown in Appendix B3 and B4, 
respectively (Plates B3-21 through B3-24, and B4-13 through B4-16). 

8.5.3.1 Layer No. 1: Artificial Fill 

Artificial Fill is present in the upper 8 to 15 feet of Area C.    The thickness of the Fill 
layer varies from 8 to 15 feet, with bottom of the layer at elevations ranging from El 
+7 to El +15 NAVD. 
 
The Fill materials are a mixture of fine grained and coarse grained soils, and 
predominantly include loose to medium dense silty sands (SM) and soft to stiff 
sandy silts and clays (ML, and CL).  Other soil types encountered in the borings 
include poorly graded sands and clayey sand (SP, SC) as well as high plasticity silts 
and clays (MH, CH). 
 
Moisture contents in the Fill soils ranges from 2 to 53 percent, and dry densities 
range from 69 to 119pcf.  Liquid Limit ranges from 40 to 71, and Plasticity Index 
ranges from 13 to 36. 

8.5.3.2 Layer No. 2: InterbeddedFine Grained and Coarse Grained Soils 

Below the Fill layer, interbedded layers of fine grained and coarse grainedsoils are 
present.  This layer is approximately 40 to 50 feet thick, and predominantly includes 
soft to stiff clays and silts (CL, CH, ML, and MH), and loose to dense sands (SM, SC, 
and SP). 
 
Moisture contents in this layer ranges from 8 to 53 percent, and dry densities range 
from 68 to 134pcf.  Liquid Limit ranges from 24 to 75, and Plasticity Index ranges 
from 12 to 47.  Undrained Shear Strengths in the layer generally varies in the range 
of 500 psf and 2,500 psf.  

8.5.3.3 Layer No. 3: Dense to Very Dense Sands 

Dense to very dense sands are present at depth of about 50 to 60 feet (El -30 to El -
33 NAVD).  The CPT tip resistance is generally greater than 200 tsf, which depicts 
that the materials are generally very dense. 
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8.6 Generalized Subsurface Cross sections 
 
Based on the subsurface explorations performed, generalized subsurface cross 
sections along the length of the new levees planned in Area A and Area B are shown 
on Figures 5A and 5B, and a generalized subsurface profile along the existing 
Ballona Creek levees is shown on Figure 5C.  These profiles include borings and 
CPTs located within about 100 feet of the levee alignment. 
 
A generalized subsurface cross section within the interior of Area A showing the soils 
that will be excavated is presented on Figure 5D. Two generalized subsurface 
profiles were developed for Area C.  An East-West cross section in Area C south, as 
shown on Figure 5E, and a North-South cross section extending through both north 
and south Area C is shown on Figure 5F. 
 
In addition, for the analysis of levee stability, generalized subsurface cross-sections, 
were developed at critical locations that were selected for analyses based on the 
subsurface and topographical conditions encountered. The locations of these 
critical sections are shown on Figure 4 (4A and 4B).  The cross-sections are labeled 
A-A’ through L-L’ and are shown in Figure 6 (6A through 6L). These cross-sections 
were chosen conservatively at locations where either softer and/or thicker fine-
grained soils were present or where the topography was steepest, for static analyses, 
and where the thickness of the liquefied soils was thickest, for seismic analyses.  The 
cross-sections are discussed in greater detail in the Slope Stability Section of this 
report. 
 
9.0 SEISMICITY 
 
9.1  Seismic Hazard Analysis 

A probabilistic seismic hazard analysis (PSHA) is the preferred approach for seismic 
evaluation of levees. The PSHA incorporates an earthquake’s frequency of 
occurrence for different magnitude events occurring on various seismic sources, the 
uncertainty of an earthquake’s location, and a ground motion prediction, including 
its uncertainty of occurrence.  A ground motion return period for seismic evaluation 
was selected based on the levee’s category and the agency that coordinates the 
evaluation policy, and is often about the same level as the flood return period.  
 
For levees in urban areas, such as the levees in this project, the Department of 
Water Resource (DWR, 2012) requires a 200-year return period for seismic 
evaluations, which is consistent with the targeted 200-year flood protection level.  A 
return period of 224 years, defined as having a 20% probability of exceedence in 50 
years, was adopted for seismic evaluation of the levees for the Project. 
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A PSHA was performed using the 2008 Interactive Deaggregation Tool Developed 
by USGS (USGS, 2008), for a return period of 224 years, and using a Vs,30 of 202 
m/s (based on our seismic CPT measurements which are presented in Appendix D 
(Plates D-14 through D-17).  The 2008 Interactive Deaggregation Tool is available 
on the web, and utilizes the 2008 Next Generation Attenuation (NGA) ground 
motion prediction equations (GMPEs). 
 
The acceleration response spectrum based on USGS Deaggregations (2008) and a 
return period of 224 years is presented in Table4.  The Deaggregation Results are 
shown in Appendix D. 
 
 

Table 4: Acceleration Response Spectrum 
Period 
(Sec) Sa (g) 
0.0 0.32 
0.1 0.53 
0.2 0.69 
0.3 0.71 
0.5 0.63 
1.0 0.43 
2.0 0.23 
3.0 0.15 
4.0 0.11 
5.0 0.08 

 
9.2 Design Earthquake 

The design earthquake was selected based on the deaggregation of the seismic 
hazards for a return period of 224 years, at peak ground acceleration (PGA).  
Therefore, the design earthquake for this project was selected as an earthquake with 
a PGA of 0.32g, with a Magnitude of 6.7 that occurs at a distance of 13 kilometers 
from the site.  
 
9.3 Seismic Hazards 

The site is not within the Alquist-Priolo Earthquake Fault Zone, or a Fault Rupture 
Study Area. The closest Alquist-Priolo Earthquake Fault Zone is associated with the 
Newport-Inglewood fault, and is located approximately 3.5 miles east of the site. 
Based on the available geologic data, active or potentially active faults with the 
potential for surface fault rupture are not known to be located directly beneath or 
projecting toward the site. Therefore, the potential for surface rupture due to fault 
plane displacement propagating to the surface at the site is considered remote. 
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All low-lying areas along California's coast are subject to potentially dangerous 
tsunamis. Tsunamis are long-period waves generated primarily from distant and 
local offshore earthquakes, landslides, or volcanic eruptions. The magnitude of the 
potential hazard is a function of the coastline configuration, sea floor topography, 
individual wave characteristics, and distance and direction from the source. Two 
tsunamis, due to the 1960 Chile Earthquake, caused damage in the Los Angeles 
and Long Beach Harbors. In 1960, waves up to 5 feet in height occurred in Cerritos 
Channel, and currents up to 12 knots were reported.  A 5-foot run-up for a 100-year 
tsunami, and an 8-foot run-up for a 500-year tsunami are predicted near the Marina 
Del Rey area (Ziony, Editor, 1985). If a 100-year and 500-year tsunamis coincide 
with high tide, the maximum water elevation near the site may reach El. +11 and 
+14 feet NAVD, respectively. Although the damage potential from a tsunami is 
expected to be low, it cannot be ruled out. 
 
The possibility of seiches (wave oscillations in a body of water due to earthquake 
shaking) within the Ballona Creek is considered remote. 
 
The hills to the south of the site in Playa Del Rey are mapped in the City of Los 
Angeles Landslide Map, according to the website, NavigateLA.lacity.org.  However, 
these hillsides are relatively far from any Project Improvements and there does not 
appear to pose a threat to project improvement. 
 
Seismic slope stability is discussed under Slope Stability Analysis. Seismic Hazard 
Maps for the Project Site are also included in Appendix D (Plates D-18 through  
D-21). 
 
10.0 GROUNDWATER CONDITIONS 
 
10.1 Groundwater in Current and Previous Investigations 

Groundwater was measured in GDC’s investigation at some of the hollow stem 
boring locations in Area A, and Area C and in one hand auger boring in Area B.  A 
summary of groundwater measurements in our investigation is shown in Table 5. 
 
Depth to groundwater was also measured in selected borings in the previous 
geotechnical investigations, as shown in Table 5.  The elevations were presented in 
mean sea level (MSL) datum.  Since the datum adopted for the Project is the North 
American Vertical Datum (NAVD), we have converted the MSL elevations to NAVD 
datum.  The highest measured groundwater elevation was 10 feet NAVD in Area A. 
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Table 5: Groundwater Measured in Current and Previous Investigations 

Area Report 
Depths   
(feet) 

Approximate 
Elevations  

(NAVD) 

A 

Current Investigation by GDC 
7 to 17 

 
 -6 to 5 

Law Crandall, 1991 
7 to 15 

 
0 to 10 

Law Crandall, 1991  
(Supplementary Report) 14 to 17 

 
N/A 

B 

Current Investigation by GDC 2 
 
3 

Law Crandall, 1991 
0.1 to 4.5 

 
4 to 7 

Diaz Yourman & Associates 
2 to 11 

 
2 to 8 

C 

Current Investigation by GDC 
18 

 
-2 

Law Crandall, 1991 
12 to 22 

 
0 to 6 

Diaz Yourman & Associates 
17 to 23 

 
2 to 6 

Note: N/A = Not Available 
 
 
10.2 Historically Highest Groundwater 

The CGS Open File Report 98-36 Venice Quadrangle (CGS, 1998) includes 
Historically Highest Groundwater Contours and Borehole Log Data Locations for the 
Venice Quadrangle, which includes the project site. Historical highest groundwater 
map is shown in Appendix D (Plate D-19).  Historically highest groundwater is at a 
depth of less than 5 feet in Area B (El. +0 to +5 feet), and at depths of 5 to 10 feet 
in Areas A, and C, (corresponding to approximate elevations of about El. +5 to +15 
feet NAVD). 
 
10.3 Design Groundwater 

According to the in-progress USACE Technical Letter, dated September 1, 2012 
(USACE, 2012) titled, “Guidelines for Seismic Evaluation of Levees”, a typical 
“coincident water level” should be considered for the liquefaction triggering analysis 
and seismic slope stability analysis for design of levees.”  According to this 
Technical Letter, the water level should be assumed to be the highest of the 
following three conditions: 
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1) Median Annual Water Level (in Ballona Creek or groundwater):  This water 

level corresponds to mean sea level (MSL), which corresponds to Elevation 
+2.6 feet NAVD. 

 
2) Typical Seasonal Water Level:  This water level could be conservatively 

assumed to be the flood water level in the creek during a relatively typical 
water level fluctuation, e.g., during a typical winter rainstorm.  For this 
condition we used a water level for a two-year flood conservatively assumed 
to be around +9 feet NAVD. 

 
3) Mean High Tide Elevation (including Sea Level Rise):  The Mean Higher High 

Water (MHHW) elevation corresponds to an elevation of+5.2 feet NAVD.  
Assuming a Sea Level Rise of 4.6 feet, by 2100, this water level can be 
estimated to be at about +9.8 feet NAVD. 

 
Based on the above, a coincident water level of +10 feet NAVD was adopted for the 
liquefaction triggering and seismic slope stability analyses. It is noted that a design 
groundwater level of +10 feet is also consistent with measurements taken during 
previous and current geotechnical investigations, and with the historically highest 
groundwater level for the site area. 
 
It should be noted that other groundwater levels are used for non-seismic load 
cases, depending on the loading conditions, as applicable. 
 
11.0 LIQUEFACTION 
 
Liquefaction involves the sudden loss in strength of a saturated, cohesionless soil 
(predominantly sand or non-plastic silt/clay) caused by the build-up of pore water 
pressure during cyclic loading, such as that produced by an earthquake.  This 
increase in pore water pressure can temporarily transform the soil into a fluid mass, 
resulting in vertical settlement and can also cause lateral ground deformations.  
Typically, liquefaction occurs in areas where there are loose sands and the depth to 
groundwater is less than 50 feet from the surface. Seismic shaking can also cause 
soil compaction and ground settlement without liquefaction occurring, including 
settlement of dry sands above the water table. 
 
The site is located within a State of California Liquefaction Hazard Zone mapped by 
California Geologic Survey (CGS reference), as indicated in Appendix D (Plate D-19).   
 
The site is underlain by relatively young and loose/soft interbedded deposits of fine-
grained silt/clay with relatively thin discontinuous layers of sandy or non-plastic silt.  
Based on our analyses localized liquefaction is predicted to occur in the sand and 
non-plastic silt lenses and layers during the design earthquake.  The results of the 
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liquefaction analysis are presented in Appendix E. The post-liquefaction settlement 
was estimated at CPT locations using the NCEER Method (Youd et al., 2001) based 
on the design earthquake and the design groundwater for the project.  Post-
Liquefaction Settlement on the order of 0 to 3 inches is anticipated for the design 
earthquake. 
 
The site is relatively flat, and the proposed levees are located approximately 300 to 
1,200 feet away from the meandering channel.  Therefore, it is anticipated that the 
layers in which liquefaction occurs are essentially laterally confined and that the 
main effect from liquefaction will be post-liquefaction settlement. This was partly 
confirmed by an estimation of free field lateral spreading was performed using the 
Youd et al. (2002) method (Plates E-30 and E-31). Free field lateral spreading 
displacement was estimated to be on the order of 3 to 6 inches at the location of the 
new levees, at a distance of about 300 to 1000 feet from the meander channel. The 
results of the analyses are also presented in Appendix E (Plates E-30 through E-32). 
 
Liquefaction causes a temporary loss of strength during and immediately after an 
earthquake. The strength of soils that liquefy is typically very small and is typically 
known as the post-liquefaction undrained shear strength. To take into account the 
temporary loss of strength due to liquefaction we performed stability and 
deformation analyses using post-liquefaction undrained shear strength. These 
analyses are presented in the slope stability section provide estimates of lateral 
deformations of levees and embankments. 
 
12.0 SEEPAGE ANALYSES 
 
As discussed earlier, four field permeability tests were performed at depths of 5 and 
10 feet, at two exploration locations (A-HSA064 and A-HSA066) near the existing 
north Ballona Creek levee, to evaluate the permeability of the soils near the base of 
the levee section.  Based on the field tests, the average permeability of the soils was 
estimated to be in the range of 3.2 x 10-4 cm/s to 1.5 x 10-3 cm/s.  The upper bound 
permeability value of 1.5 x 10-3 cm/s was used in numerical Finite Element seepage 
models using the RocScience computer program, Slide (version 5), for evaluation of 
the hydraulic gradients and discharge values expected along critical levee sections.  
The discharge values were also evaluated for the lower bound estimated 
permeability value, in order to obtain a rough range of the anticipated seepage 
discharge values expected through the levees.  Figures depicting our seepage 
analyses are presented in Appendix F. 
 
12.1 Factor of Safety Against Piping 

12.1.1   Introduction 

To evaluate the Factor of Safety (FOS) against piping during construction, the 
hydraulic gradient was estimated for the following conditions: 
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1) Existing north levee during excavation of Area A and the new channel 
2) Existing south Area B levee at downstream end of the project 

 
12.1.2   Existing Levees During Excavation of Area A 

The hydraulic gradient was evaluated assuming a steady state seepage condition 
with channel water level of El +18 at the location of existing north levee, after 
completion of the excavation of the new north meander channel (under dry 
condition), and prior to the breach of the levee.  This analysis assumes the unlikely 
condition of a having a long-term high water level of El +18 (i.e. steady state), while 
the excavations of the meander channel is being completed.  It should be noted that 
El +18 assumed for this analyses is higher than the design flood elevation (El +17).  
The exit hydraulic gradient for this conservative and highly improbable scenario was 
estimated to be approximately 0.2 (Plate F-3).  Thus, the FOS for piping was 
calculated to be at least FOS = 5.0 (FOSmin = 1.0).  This implies that piping 
potential is remote for lower, for more likely high water conditions. 
 
12.1.3   Existing Levees During 100 Year Flood in West Area B 

Second, the hydraulic gradient was evaluated assuming a steady state seepage 
condition with channel water level of El +13 (i.e. corresponding to the high water 
elevation during a 100-year flood event, including bed aggradation and also sea 
level rise) at the downstream of West Area B, where the existing levees are expected 
to remain.  The existing levee crest elevation at its lowest point in Area B (i.e. El. 
+14) was used in this analysis.  The exit hydraulic gradient for this very conservative 
scenario (steady state) was estimated to be approximately 0.27 (Plate F-4).  
Therefore, the FOS for piping was calculated to be at least FOS = 3.7  
(FOSmin = 1.0).   
 
12.1.4   New Levees During 100 Year Floods 

The above results indicate that an internal erosion failure is not likely to occur for the 
existing levees, which are very steep compared to the new levees. The flatness of the 
new levees implies a longer flow path and thus much lower hydraulic gradients. 
Therefore, our seepage analyses in Appendix F indicate that the likelihood of piping 
for the new levees is remote. 
 
12.2 Seepage Discharge Values 

12.2.1   General 

The discharge flow that is anticipated to seep into the excavation in Area A was 
evaluated using the range of permeabilities obtained from our field permeability 
tests, at the location of existing north levee, after completion of the excavation of the 
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new north meander channel (under dry condition), and prior to the breach of the 
levee.  The following two conditions were considered. 
 

1) A typical transient condition of tidal changes over a period of a week. 
2) After a storm event that would raise the water level in the channel to El +18 

for a period of 10 days. 

12.2.2   Discharge Due to Typical Tidal Changes 

For this transient seepage analysis, it was first assumed that a steady state condition 
was reached with a water level at El +3 corresponding to an average tide level in the 
channel.  Then, water levels corresponding to typical tidal changes at Santa Monica 
Bay over a period of one week were applied along the channel location as transient 
water levels.  The discharge in the excavation zone was evaluated at different steps 
during the analysis.  Very minor fluctuations of the discharge values were computed 
as a result of tidal fluctuations in the channel (Plates F-7 to F-16).   

The typical discharge values due to tidal changes in the channel were estimated to 
be in the range of about 0.04 to 0.19 ft3/hour/ft, or approximately 0.3 to 1.43 
gallons/hour/ft.  Assuming a total excavation length of 1,500 feet in Zone A, 
complete dewatering would require a pumping capacity in the range of 60 to 285 
ft3/hour (Plates F-7 to F-16).  Our seepage analyses are presented in Appendix F. 

12.2.3   Discharge Due to a Major Storm 

The seepage discharge rates after a 10-day storm event were estimated using a 
transient seepage analysis.  For this analysis, a steady state condition was reached 
with water level in the channel at El +3 corresponding to an average tide level.  
Subsequently the water level in the channel was raised to El +18 for a period of 10 
days to simulate a 10-day storm.  The water level was then lowered to El +3 after 
the 10-day period.   

The discharge rates were calculated to be in the range 0.045 to 0.21ft3/hour/ft, or 
approximately 0.33 to 1.57 gallons/hour/ft (Plates F-18 to F-29). The discharge 
values in the excavation zone showed an increase of approximately ten percent 
following the storm relative to the typical discharge rates.  This implies that 
discharge from a major storm that lasts for a fairly long period of time is only 
marginally more that the discharge into the excavation during normal tidal 
fluctuations.   

Our estimates do not include drainage run-off.  Our seepage analyses are included 
in Appendix F. 

12.3 Rapid Drawdown 

Past performance of the existing levees along the Ballona Channel indicate that 
rapid drawdown is not an issue.  This is likely due to the relatively low permeability 
and strength of the existing materials.  Furthermore, as can be seen from the results 
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of seepage analyses, the tidal fluctuations affect only a small volume of soil, located 
near the surface of the levees.  This is also evident from observing the results of the 
seepage analyses during and after a 10-day storm. 

Rapid drawdown is a condition that can affect levees when the water in the channel 
drops quickly following a long period of high water. Under such conditions, the soils 
within the embankment are usually fully saturated during the high water period.  
Shortly after drawdown the stabilizing external water pressure on the slope is 
removed, while the internal pore pressures within the saturated soils have not 
dissipated. The levees at Ballona Creek are geographically not prone to long period 
high water in the channel, where a large volume of levee soils become saturated.  
Therefore, a steady state high water condition will likely not develop at Ballona Creek 
levees.  As a result, the likelihood of deep-seated failure during rapid drawdown 
failure is remote. 

While shallow saturation of surface soils is possible on the slopes, due to the flatness 
of the protected slope of the new levees, the possibility of a surficial rapid drawdown 
failure also appears to be very low due to the strength of the materials.  For 
example, assuming rapid drawdown creating a 5-foot-thick zone of saturation on a 
5H:1V slope, the normal stress and shear stress at the base of the zone of saturation 
are on the order of 600 and 120 psf, respectively.  Therefore, in order for the infinite 
slope to be stable, the base of the saturated zone should have either minimum 
undrained shear strength, Su = 120 psf.  At a depth of 5-feet out investigation 
typically showed undrained shear strengths of 300 psf, or higher.  Therefore, further 
rapid drawdown analyses were not considered necessary for the levees.      

 
13.0 SLOPE STABILITY OF LEVEES 
 
13.1 Introduction 

The static and seismic slope stability of the new (proposed) levees and the portions 
of the existing levees that will remain were evaluated for  a 100-year flood event, and 
an earthquake with a hazard return period of 224 years.  It was also found that the 
results of the analyses are not sensitive to higher water elevations in the channel 
(i.e.,  a less frequent, higher return period, flood event.)   
 
Additionally, static slope stability of the existing north levee was evaluated for the 
temporary condition which involves the construction of the new meander channels.  
It should be noted that the existing north levee will be breached after the Area A 
excavation and the construction of the meander channel; however the construction 
will likely take several years, and thus the levee static stability was considered for a 
long term and not a short term condition. 
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The cross sections used for the slope stability analyses are shown in Figures 6 (6A 
through 6L).  Slope stability analyses were performed at 12 locations along the new 
and the existing levees in areas (Sections A-A’ through L-L’).   
 
Cross sections were made at locations were the levee cross section changes, as well 
as in areas where there was a significant change in subsurface soil conditions.  Six 
conservatively selected idealized soil profiles were used for stability analyses. 
 
13.2 Soil Strength Parameters 

Soil strength parameters were assigned to each layer using field and laboratory data 
from our investigations as well as selected information from previous investigations 
(Tables G-1 through G-12 in Appendix G). The basis for adopted static soil strength 
parameters follow. 
 
 Undrained shear strength in fine-grained clayey and silty soils were primarily 

selected on the basis of the results of a Geonor H-60 laboratory vane shear 
testing of Shelby Tube samples collected, as well as using correlations of 
undrained shear strength with CPT tip resistance (Plates G-7 through G-9).  A 
number of direct shear tests were also performed on the clayey/silty soils to 
select the drained strength parameters of the fine-grained soils for use in the 
steady state long-term analyses (B1-3h and B1-3q).   

 
 Shear strength soils parameters for fill soils, were conservatively selected based 

on the results of a number of direct shear tests performed on fill soils (Plates 
G-10 and G-11).  Existing levee materials were slightly stronger than the fill 
soils based on direct shear test results.  Therefore, a slightly higher cohesion 
value was adopted for levee embankment soils.  New levee material strengths 
were taken to be the same as those of existing levees.  This is conservative as 
the new levees will be compacted to modern standards that yield higher 
strengths. 

 
 Shear strength parameters in coarser-grained sandy soils were conservatively 

selected based on the results of the direct shear parameters.  
 
Liquefaction analyses indicated there are layers and lenses that will likely liquefy 
during a major seismic event.  Therefore, stability analyses using the residual (post-
liquefaction) shear strength were performed for seismic stability analyses. 
 

 For seismic analyses, post-liquefaction residual strength of the liquefied 
layers were estimated using Seed and Harder (1990) correlations with 
blow counts, using representative SPT blow counts, corrected for the 
effects of overburden, energy, and fines content of the liquefied materials. 
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Plates showing shear strength ranges and adopted values for fill soils and undrained 
shear strength of fine-grained soils are included in Appendix G (Plates G-7 through  
G-11).  Plates showing the depths and residual strength parameters are the liquefied 
soils are also included in Appendix G (Plates G-12 through G-15). 
 
13.3 Idealized Soil Profiles 

Six conservative idealized soil profiles were adopted along the alignment of the new 
and the existing levees based on distinct variations in the subsurface profile.  Each of 
the levee cross sections analyzed was assumed to be underlain by one of the 
following idealized soil profiles. 
 

 East Area A Profile (Levee Sections A-A’ and B-B’ and Existing North 
Levee; Table G-1 and G-2) 

 West Area A Profile (Levee Sections C-C’ and D-D’; Table G-3 and G-4) 
 Eastern Ballona Creek Profile (Levee Sections E-E’ and F-F’; Table G-5 

and G-6) 
 East Area B Profile (Levee Section G-G’; Table G-7 and G-8) 
 West Area B Profile (Levee Sections H-H’, I-I’, J-J’ and K-K’; Table G-9 

and G-10) 
 Area C Profile (Levee Section L-L’; Table G-11 and G-12) 

 
13.4 Levee Cross Section Locations 

Selected levee cross sections used for slope stability analyses are briefly discussed 
below. 
 

 Section A-A’ and Section B-B’ were included to evaluate the stability of 
the new Area A perimeter levees in eastern portion of Area A. 

 
 Section C-C’ was included to evaluate the stability of the new Area A 

perimeters levees in western portion of Area A. 
 

 Section D-D’ was included to evaluate the stability of the existing 
portion of the north levee located at the downstream end of the new 
Area A levees.  This is the downstream location were the existing north 
levees will tie in to the new levees and will remain as part of the 
improvements of the project. 

 
 Section E-E’ was included to evaluate the stability of the existing south 

levees just downstream of Lincoln Boulevard after placement of the 
Area B fill mounds to the south between Culver Boulevard and Jefferson 
Boulevard  These existing levees will remain as part of the improved 
project and will tie into the new Culver Boulevard Levees. 
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 Section F-F’ was included to evaluate the stability of the upstream end 
of the Culver Boulevard Area B levees.  This is the widest section of the 
Culver Blvd Area B levees, and includes the old railroad fill area. 

 
 Section G-G’ was included to evaluate the stability of the Culver 

Boulevard Area B levees in East Area B. 
 
 Section H-H’ was included to evaluate the stability of the wide portion of 

Area B levees and using a West Area B subsurface soil profile. 
 
 Section I-I’ was included to evaluate the stability of the West Area B 

levees.  The section in this area is planned with a varying wet side slope 
of ranging from 5H:1V to 10H:1V.  The section analyzed was 
conservatively selected to have a 5H:1V wet side slope. 

 
 Section J-J’ was included to evaluate the stability of the temporary 

levees that will be built as part of the interim project.  These levees will 
likely remain for many years after the first phase of construction, and 
thus, are analyzed as permanent levees. 

 
 Section K-K’ was included to evaluate the stability of the existing levees 

that remain a part of the improvement project, and tie-in to the new 
West Area B levees at the downstream end of Area B.  Please note that 
this portion of the existing levees may be raised for flood management.   

 
 Section L-L’ was included to evaluate the stability of the existing north 

Area C levees located upstream of Lincoln Blvd. along the south side of 
South Area C.  These levees will remain as part of the project, but are 
not affected by the improvements in the project.    

 
13.5 Levee Cross Section Locations 

The following loading conditions were considered in our levee slope stability 
analyses:  
 
i) End of construction condition: This loading condition assumes that grading is 

being performed during the dry season and that the channel water elevation is 
affected primarily by tides. For stability, the critical stage of this loading 
condition is when excavations have reached the lowest level and surcharges 
are the highest, i.e., at the end of construction. 

 
ii) High water short term condition: This conservative loading condition assumes 

that a near full channel water elevation is present due to large rainstorms, As 
previously discussed the duration of such event is not long enough for steady 
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state conditions to develop and the corresponding soils to become fully 
saturated.  Nevertheless, our analysis conservatively assumes the pore 
pressures of a fully developed steady state phreatic surface in coarse-grained 
materials, while undrained shear strength is used for fine-grained soils.  This 
loading condition is more stringent than typically adopted conditions, and thus 
generally not considered by USACE for slope stability analysis of levees.  This 
loading condition is most analogous to a long term steady state stability 
analysis in terms of water level, except for its conservatism in the strength 
assumptions.  As can be seen in Table 6, the high water short term condition 
consistently yields lower FOS values, than the high water long term (steady 
state) stability condition. 

 
iii) Long term steady state stability:  This loading condition also assumes that a 

near full channel water elevation has been present for a long time due to large 
rainstorms.  This loading condition is similar to the previous one, except that 
steady state pore pressures are assumed for all soils.  Therefore, drained soil 
strength parameters are applicable for both the coarse-grained and fine-
grained soils.  This loading condition was analyzed for only a few levee cross 
sections, to verify that the Factor of Safety (FOS) values for this condition are 
higher than the high water short term condition.  It should be noted that the 
minimum FOS slope stability requirement for the long-term steady state 
condition was conservatively adopted for both the short-term and long-term 
high water conditions. 

 
iv) Seismic slope stability during the design earthquake:  The site contains low 

density materials that are prone to liquefaction during a major earthquake.  
This seismic loading condition considers where appropriate post-earthquake 
strength parameters, to evaluate the potential of slide failures during the 
design earthquake (i.e., if FOS < 1.0). 

 
v) Deformation analysis for seismic condition:  To estimate permanent seismic 

displacements, a seismic slope stability is first performed to calculate the yield 
acceleration, i.e., the acceleration that results in FOS=1.0.  Then 
displacements of the levee are estimated for the design event earthquake using 
simplified methods such as Bray and Rathje (1998) method.  The performance 
of levees is considered acceptable, if the permanent seismic displacements are 
estimated to be below 6 inches (15 cm). 

 
13.6 Factor of Safety Criteria and Design Considerations 

i) Short-term condition: A minimum FOS> 1.3 is adopted for sudden and 
short term loading conditions, e.g., immediately after the end of construction 
of the new and remaining levees. Undrained soil strengths parameters are 
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used to evaluate the resisting forces. A water level at Elevation +5 feet NAVD 
was assumed in the channel.   

 
ii) High water short-term and long-term conditions: A minimum FOS > 1.5 is 

adopted for both short term and long term steady state conditions with water 
level conservatively selected at El +17 feet NAVD in the channel for the new 
levees and the existing levees, with the exception of the existing levee 
downstream of Area B (Section K-K’), where the water level was selected to 
be at El +13 NAVD, corresponding to the estimated high water for the 100-
year flood at this location. It should be noted that short-term stability is 
essentially not very sensitive to a change in the water level in the channel.  

 
iii) FOS > 1.0 is required for post-liquefaction condition, using undrained 

strength parameters and post-liquefaction residual shear strength for 
liquefiable soils.  The water level in the analyses was assumed to be at El +10 
NAVD for levee sections in Areas A and C, and assuming a groundwater at 
existing ground surface (i.e. ground surface elevation outside of the levee 
embankment cross section) for Area B, since generally ground surface 
elevations are lower than El +10 NAVD.   

 
iv) A FOS greater than 1.0 under the previous loading condition (iii) does not 

guarantee acceptable performance.  Hence, a deformation analysis was 
performed to evaluate the seismic displacements under design earthquake 
conditions. Seismic displacements on the order of 15 cm are generally 
considered acceptable for levees.  The yield acceleration used in the 
deformation analysis is the horizontal acceleration that produces a FOS 
equal to 1.0.  The yield acceleration was calculated for each levee section 
using conventional slope stability methods and the Bray and Rathje (1998) 
method was used to estimate seismic displacements.  

A summary of the analyses results is presented in Table 6.  The results of the slope 
stability analyses are included in Appendix G. 
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Table 6: Summary of Slope Stability Analyses 

Section Analyzed 

Static Factor of Safety Seismic Stability 

End of 
Construction 
Short term 

Stability 

High Water  
Short Term 

Stability 

High Water  
Long Term 

Stability  
(Steady State) 

Post-liquefaction 
(Seismic) Yield  

Acceleration 
Deformations  

(cm) 

FOSmin > 1.3 FOSmin > 1.5 FOSmin > 1.5 FOSmin > 1.0 

Section A-A' 3.39 3.35 5.21 2.38 0.09 4 

Section B-B' 3.51 4.32 N/C 2.38 0.08 4 

Section C-C' 3.45 5.28 N/C 2.42 0.10 4 

Section D-D' 1.49 1 2.28 N/C 1.29 0.05 47 

Section E-E' 1.57 2.07 N/C 1.33 0.08 40 

Section F-F' 2.19 2.19 N/C 1.59 0.10 3 

Section G-G' 2.55 2.73 3.42 1.79 0.05 9 

Section H-H' 1.94 1.87 N/C 1.24 0.04 8 

Section I-I' 1.68 1.61 2.29 1.17 0.04 11 

Section J-J' 2.09 2.48 N/C 1.47 0.05 6 

Section K-K' 1.58 2.13 N/C 1.26 0.04 15 

Section L-L' 1.60 2.26 N/C 1.40 0.08 30 

Note: N/C = not calculated 
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13.7 Discussion on the Slope Stability Results of New and Remaining Levees 

The stability of the new and existing levees was analyzed at the end of construction, 
during high water (short term and long term), and seismic conditions.  A discussion 
follows. 

 End of Construction Condition:  The FOS for the end of construction 
short-term condition with channel water levels at elevation +5 feet NAVD was 
found to be satisfactory for the new and existing levee sections that were 
analyzed (FOSmin> 1.3).   

 
 High Water Short Term Condition:  The FOS for the high water condition 

assuming short term loading is satisfactory for the new and existing levee 
sections that were analyzed (FOSmin> 1.5). 

 
 Post-liquefaction Condition: During the design earthquake it is anticipated 

that some soil layers will liquefy, and thus lose significant resistance. The 
FOS calculated using post-liquefaction residual shear strength was found to 
be greater than 1.0 for a water level at El +10 NAVD, or at ground surface 
(for Area B).  As a result the likelihood of a catastrophic flow slide failure is 
remote. 

 
 Yield Acceleration and Deformation Analysis: A deformation analysis using 

the Bray and Rathje (1998) method calculated displacements on the order of 
4 to 11 centimeters (approximately 1.5 to 4.5 inches) for the new levees, and 
displacements on the order of 15 to 47 centimeters (approximately 6 to 19 
inches) for the existing levees under the design earthquake.  Generally 
displacements less than 15 cm (about 6 inches) are considered acceptable 
for non-inhabited structures.  Therefore, in our opinion, the calculated 
displacements for the new levees are deemed acceptable.  However, the 
displacements in the existing levees are large, and do not meet current 
seismic criteria.  Where the new levees will tie into an existing levee, excessive 
deformation and cracking of the existing levee is a concern not only during 
seismic conditions, but also due to the additional loading and settlement that 
will be caused by construction of the new levee.  Therefore, mitigation 
measures are recommended for all the existing levees where new levees will 
tie-in. 

 
13.8 Post Excavation Stability of the Existing North Levee in Area A 

During the excavations within Area A and the new meander channel north of the 
existing levee, the Existing North Levee along the existing channel provides flood 
protection, and therefore should remain functional.  Post Excavation stability of the 
existing north levee was evaluated assuming the excavation in Area A will take at 
least several months to be completed.  Additionally it was assumed that the 
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excavation will be performed in dry condition using dewatering, because this is the 
critical assumption for slope stability.  However, the excavation may also be 
performed in the wet. 
 
For this condition, the water level in the existing Ballona Creek channel was 
assumed to be about El +7 NAVD corresponding to approximately a 2-year flood 
condition.  The water level in the protected side of the levee was assumed to be 1 to 
2 feet below the elevation of the invert, at about El -6.  Since the loading would be 
sudden, undrained soil strength parameters were used. Because the excavations in 
Area A will likely take at least several months, a minimum FOS of 1.5 was adopted,  
 
Pursuant to our discussions with the civil designer, we assumed that the excavation 
in the protected side of the existing north levee will be sloped at 2.5H:1V to the top 
of the meander channel (approximately El +5 NAVD), and the meander channel will 
be sloped at 5H:1V to an invert elevation of El -5 NAVD.  The distance between the 
bottom of the excavation on the protected side of the levee and the top of the 
meander channel forms a “stability berm”.  The analysis was performed with varying 
distance from the toe of the excavation. The results of the analyses show that a 
minimum distance of 70 feet from the protected edge of crest is needed to satisfy a 
FOS of 1.5. 
 
Thus, to maintain the existing levee functional, the excavation in Area A should be 
performed in two distinct stages: 
 
 First Stage:  If the excavation is performed under “dry” conditions (i.e., with 

dewatering), excavation of Area A, should be initially performed at least 70 feet 
away from the existing levee protected side edge of crest.  This stage will result in 
the creation of a “stability berm”. If the excavation is not dewatered and the 
excavation is performed under wet conditions, a berm is not required for stability. 

 
 Second Stage: Local excavation of the “stability berm” and existing levee should 

be performed immediately prior to breaching of the levee.  Please note that 
locally lowering the top of the levee, prior to breaching, in areas where the levee 
will be breached, will also temporarily increase the static FOS. 

 
13.9 Effect of Water Level in the Channel on Seismic Stability 

13.9.1   Introduction 

As discussed in the slope stability section, post liquefaction seismic stability analyses 
and seismic deformations analyses were performed assuming a design groundwater 
at Elevation +10 feet NAVD for levee sections in Areas A and C.  For Area B the 
groundwater was assumed to be at the existing ground surface outside of the levee 
embankment, since the ground surface elevations are generally lower than  
Elevation +10 feet NAVD.   
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In all areas, for the seismic analysis the assumed water level in the channel is lower 
than the water level that occurs during an extreme high flow condition.  Due to the 
low probability of the design earthquake coinciding with the period of high water, it 
is common practice to perform seismic slope stability and deformation analyses 
using  water levels that are usually present in the channel, instead of extreme event 
water levels.  
 
However, an evaluation was also made of the effect of changes in water level in the 
channel on the predicted seismic displacements for new and existing levees that will 
remain.  A discussion of the findings of this evaluation is provided below. 
 
13.9.2   New Levees 

Our analyses show that the new levees are stable under post liquefaction conditions, 
and the predicted seismic displacements are within the acceptable range, based on 
a design water level Elevation of +10 feet NAVD in Areas A and C, and assuming a 
water level at the ground surface in Area B. 
 
The new levees will be constructed a minimum distance of about 400 feet from the 
meander channel.  As a result, the seismic stability of new levees will generally not 
be impacted by water level fluctuations in the meander channel (either tidal or 
seasonal).  At the locations of the new levees, the water level is generally equal to the 
groundwater level, which is affected primarily by precipitation.  Therefore, the effect 
of the water level in the channel on seismic displacements is negligible, for the new 
levees.  
   
13.9.3   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 levee located immediately 
downstream of Lincoln Boulevard (Section E-E’).  The following four water levels 
were considered: 

Case 1 – The water in the channel and in the area outside the channel coincide 
with the ground surface elevation of +7 feet NAVD.  This is the design 
groundwater condition adopted for the previously presented seismic stability 
analyses of existing levees. 

Case 2 – The water in the channel and in the area outside the channel is at 
Elevation +3 feet NAVD.  This condition approximately corresponds to the 
average tidal condition. 

Case 3 – A water level in the channel at Elevation +0 feet NAVD (corresponding to 
low tide) and a groundwater level outside the channel at Elevation +7 feet 
NAVD. 
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Case 4 – A water level in the channel of +0 feet NAVD and a groundwater level 
outside the channel at Elevation +3 feet NAVD. 

The results of the seismic deformation slope stability analyses are included in 
Appendix G (Plates G-69 and G-70, and G-148 through G-153).  A summary of the 
cases analyzed, including the estimated yield acceleration (ky) and calculated 
seismic displacements is presented in Table 7.   

Table 7: Effect of Water Level on Seismic Displacement of Existing Levees 

Case 

Water Conditions Yield 
Acceleration 

(ky)  
in units of g 

Seismic  
Displacement  

(cm) 

Groundwater  
Elevation 

(feet; NAVD) 

Channel Water  
Elevation  

(feet; NAVD) 

1 7 7 0.08 40 

2 3 3 0.08 40 

3 7 0 0.06 64 

4 3 0 0.07 50 

As indicated in Table 7, the maximum predicted deformation occurs when the water 
level in the channel corresponds with the low tide.  However, the estimated seismic 
displacement for all cases is at least 40 cm (16 inches), which is unacceptable.  On 
this basis, the variation in the water level in the channel has no effect on the 
acceptability of the performance of the existing levees, which for each Case are 
deficient under seismic conditions.  

 

13.10  Mitigation Measures for the Remaining Existing Levees 

As noted earlier, the Ballona Creek channel and levees were constructed in the 
1930s, at a time when there was little geotechnical field quality control (including 
compaction testing) and virtually no geotechnical earthquake engineering.  Portions 
of the existing levees in Areas A and B will act as abutments to the new levees, and 
consequently, will receive significant loading. If unimproved, we anticipate that in 
these “abutment areas” the existing levees will experience significant static 
settlement, and additional lateral displacements under seismic conditions.  As 
discussed above, our analyses indicate that the original levees do not meet current 
USACE seismic requirements, and calculated displacements under the design 
earthquake are excessive even without additional loading.   

Where a new levee ties into an existing levee, the existing levee will experience 
additional load and settlement that can cause cracking of the existing levee.  
Therefore, it is recommended that mitigation measures, such as deep soil mixing, 
be performed at and adjacent to tie-in locations to improve the stability of the 
existing levees that will remain in Areas A and B.  
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Ground Improvement is recommended at all locations where the new levees tie-in to 
an existing levee.  These locations are   delineated in Figure 7 and include: 

 The existing south levee along the Ballona Creek channel between 
Lincoln Blvd. and Culver Blvd.  Ground improvement should extend from 
the tie-in location for a minimum length of 80 feet from the centerline of 
the new levee crest (Figure 7). 

 
 the existing north levees located along the Ballona Creek channel 

downstream of the new Area A levees. Ground improvement should 
extend from the tie-in location of the new and the existing levees for a 
minimum length of 80 feet from the centerline of the new levee crest 
(Figure 7). 

 
 The existing south levee located along the Ballona Creek channel 

downstream of the new West Area B levee.  Ground Improvement should  
extend from the tie-in point  to the downstream property line (Figure 7).  
We understand that the crest elevation along this existing levee may be 
raised for additional flood protection.  If ground improvement 
recommendations are followed, the levee can be raised without negatively 
impacting the integrity of the existing levee.  The ground improvement 
should be done along the crest of the levee, and completed before the 
final grade is raised. 

The Deep Soil Mixing (DSM) ground improvement zone for existing levees is 
anticipated to be on the order of 20 feet wide. The ground improvement zone 
should have a minimum average strength of 1,500 psf.  The columns should extend 
to El -13 feet along south Ballona Creek channel between Lincoln Blvd. and Culver 
Blvd. down to El -25 feet downstream of the new Area A levees, and down to  
El -35 downstream of the West Area B new levees.  

Please note that the alternative of replacing the deficient portions of the existing 
levees with new levee with flatter slope is significantly more costly.  Rebuilding 
portions of the existing levees properly would require excavating to El. 0 NAVD to 
remove potentially liquefiable soils.  This means that excavations should be 
extended below tide level and below groundwater using cofferdams and dewatering.  
Furthermore, surcharging a portion of any levee will also apply lateral loads on piles 
of Lincoln Boulevard and Culver Boulevard Bridges. 

In Area C, where the existing levee will also remain, the restoration project will not 
alter or impose new loads to the existing levees, since stockpile soils will be placed a 
minimum of about 400 feet away from the edge of the channel.  It is recommended 
that any surcharge or structure proposed near the unimproved existing levees be 
setback a minimum of 70 feet away from the top of the channel slope. 

Please note that grading and development is currently planned in Area C, but will be 
kept at a minimum distance of 70 feet away from the top of the channel slope. 
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14.0 SETTLEMENT ANALYSES 
 
14.1 Anticipated Settlements and Time Rate 

A total of 20 consolidation tests were performed on representative soil samples 
collected during our field investigation.  Settlement of the proposed levee 
embankments and surcharge areas was estimated using the consolidation test data, 
which was supplemented using correlations with liquid limit, and moisture content.  
In addition, we supplemented our settlement analyses with the extensive experience 
gained from surcharging similar nearby soils over the past 10 years, as the 
geotechnical engineer for the Playa Vista development, located immediately east of 
Lincoln Boulevard.    
 
The consolidation test results showed that the soils are essentially normally 
consolidated below a depth of about 10 to 20 feet and slightly to moderately over-
consolidated at shallower depths.  The interpretation plots of consolidation 
parameters are provided in Appendix H.   
 
The settlements under and extending out from the toe of new levees and 
embankments were evaluated for different surcharge heights and geometries.  The 
results are provided in Table H-1 included in Appendix H. 
 
The results indicate the anticipated settlement under new fill load is estimated to 
range from about 1 to 2 inches for every foot of embankment fill placed (i.e., a 10-
foot high levee or embankment is anticipated to settle between 10 and 20 inches).  
More specifically, we anticipate that in Area A and B, settlements per foot of fill 
surcharge are likely to be about 1.5 to 2 inches, whereas 1.0 to 1.5 inches are 
anticipated in Area C. 
 
Our analyses show that surcharges will cause a settlement bowl that may extend on 
the order of 30 to 50+ feet beyond the toe of the embankments, depending on the 
height of embankment. A summary of the estimated settlements, anticipated under 
levees of various heights is included in Table 8 for eight selected embankment 
locations and embankment heights ranging from about 5 to 15 feet. 
 
Group Delta has significant experience with monitoring settlements in similar 
compressible soils during the development of the Playa Vista Development, located 
immediately east of Lincoln Boulevard, north and south of Jefferson Boulevard.  
Over the past 10 years, data has been collected from surcharge monitoring 
programs on numerous building sites.  Representative data from these programs are 
graphically summarized on Plate H-47 (Appendix H), indicates 90 percent of primary 
consolidation occurred within about 100 to 150 days, generally considered to fall in 
a range of 3 to 6 months. 
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Based on the laboratory data and the empirical data from Playa Vista, within the 
Ballona wetlands primary consolidation during placement of the levees is expected 
to be 90 percent complete within three to six months of application of the last load 
increment. 
 
Therefore, capping of the levee core should be planned as the last step of grading at 
least three to six months after completion of the levees, to raise the crest grade to 
the desired design elevation for flood control, after at least 90 percent of the primary 
consolidation has completed. Capping of the slopes is not required beyond the levee 
core.   
 
Due to the soft nature of the subgrade soils and the large anticipated settlements, 
construction techniques typically used in soft ground, e.g., swamps have been 
considered. We recommended constructing levees slowly and using thin lifts to 
reduce post-construction long-term differential settlements and reduce the potential 
transverse cracking.  For this purpose, the rate of fill placement should proceed at 
about 5 feet of fill per month or slower.  The rate of settlement of the fill will be 
monitored during construction, and should be used to control the actual rate of fill 
placement.  
 
14.2 Recommended Setback of New Embankments 

Because of the soft nature of the existing ground, a settlement “bowl” will develop 
beyond the toe of new levees and surcharge areas and the resulting differential 
settlement could impact existing utility lines, pavement and other nearby 
improvements.  A profile showing the shape and magnitude of the settlement bowl 
is presented on Plate H-7 (Appendix H).   
 
The risk of damaging structures and utilities is generally considered minimal when 
the slope of the differential settlement,  / L, (where  is the differential settlement 
over a distance L) is less than about 1/480 (i.e., 1-inch in 40-feet).  Based on the 
height of the fill planned, analyses indicate this controlling differential settlement 
slope generally occurs at a distance on the order of 25 to 30 feet beyond the toe of 
the embankment, and roughly coincides with the location where the total settlement 
is about 1-inch.  However, it should be noted that the settlement bowl shown on 
Plate H-7 occurs perpendicular to the toe of the fill, and the existing improvements 
are oriented parallel to the fill toe.  Therefore, the differential settlement along the 
improvements will actually be much less.   
 
Using the 1/480 criteria, the following minimum setbacks between the toe of 
embankments and streets or utility lines are recommended.  However, other, more 
stringent, criteria could be necessary for specific utilities, and the final criteria should 
be reviewed with utility agency. 
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Area A 
 The toe of the new perimeter Area A levees should be setback along Fiji 

Way and from the existing parking lot pavement according to the 
following: 

o If the height of the levee is greater than 4 feet, the minimum 
setback should be 30 feet. 

o For levees that are 4 feet or less in height, the minimum setback 
should be 20 feet. 

  In Area A, where the new levee will be placed near the Fiji Ditch, the toe 
of the levee should be setback behind a 3 to 1 slope extending up from 
the bottom of the Fiji Ditch. 

 In the future, widening of Lincoln Boulevard is planned.  The new levee 
planned along the west side of Lincoln Boulevard should be setback 
behind a 3 to 1 slope extending up from the west edge of the planned 
widening. 

 
Area B 

 The toe of the Area B levee should be setback a minimum of 30 feet from 
Culver Boulevard. 

 The toe of the fill mounds placed in Area B should be setback a minimum 
of 30 feet from Culver Boulevard., Jefferson Boulevard, and Lincoln 
Boulevard. 

 
Area C 

 The toe of the fill mounds planned in North Area C should be setback a 
minimum of 25 feet from Culver Boulevard.   

 
14.3 Protecting Utilities from Settlements 

Where new culverts will extend under new the Area B levees, it should be planned to 
pre-load the area to remove most of the settlement prior to constructing of the 
culverts.  This is discussed further in Section 15.8.   If there are any existing, active 
or abandoned gas lines or other utility buried along the planned alignment of a 
levee, provisions should be made to relocate or reinstall them in a shallow trench 
that extends over the embankment fill.  This would also provide easy access for any 
future maintenance.   
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Table 8: Summary of Estimates of Settlement at Different Sections along the Embankments  

Area Section 

Approximate  
Embankment  

Height 
(feet) 

Max 
Settlement 

(inches) 

Max 
Settlement 
per foot of 

Fill  
(inches) 

Settlement 
at Dry Side 

Toe  
(inches) 

Settlement 
10 feet 

from Dry 
Side Toe  
(inches) 

Settlement 
30 feet 

from Dry 
Side Toe  
(inches) 

Settlement 
50 feet 

from Dry 
Side Toe 
(inches) 

Area A 
Section A-A' 10 15.3 1.5 3.1 1.8 0.7 0.3 

Section B-B' 10 17.1 1.7 3.2 1.9 0.8 0.3 

Section C-C' 5 7.9 1.6 2.4 1.4 0.5 0.2 

Area B 

Section F-F' 14 26.7 1.9 5.8 3.4 1.3 0.6 

Section H-H' 14 26.3 1.9 5.8 3.4 1.3 0.6 

Section I-I' 15 26.0 1.7 5.8 3.4 1.3 0.6 

Surcharge Area B 25 41.4 1.7 2.2 1.4 0.6 0.3 

Area C Surcharge Area C 30 25.3 0.9 1.5 0.9 0.4 0.2 
 



Geotechnical Investigation Report       July 1, 2013 
Ballona Wetlands Restoration Project    Page 55  
Los Angeles County, California   
 

  

15.0 GRADING 
 
15.1 General 

The primary areas of grading for the project include: 
 
 Excavation of approximately 2 million cubic yards of soil from Area A, to 

reclaim wetlands lost when the area was hydraulically filled during the 
development of Marina Del Rey.  The excavation will slope down to the south 
from Fiji Way at a gradient of about 10 horizontal to 1 vertical to approximate 
elevation of 11 feet, and at flatter gradients of about 100H:1V (horizontal to 
vertical) to a maximum depth of about 20 to 25 feet in the area of the existing 
channel.  The excavation will remove primarily hydraulic fill soils. 

 
 The soils excavated from Area A will be used to construct the new levees 

around the west, north and east perimeter of Area A, and in Area B north of 
Culver Boulevard and east of the dunes in West Area B.  The levees will 
generally extend about 5 to 10 feet above the existing grade in Area A, and up 
to a maximum of 15 feet above existing grade in Area B. 

 
 Excavation of the meander channel for Ballona Creek and the lowering and 

breaching of the existing levees, at four locations. 
 
 Any excavated soil not needed for new levee construction will be placed as 

compacted fill in north Area C and in Area B, between Culver Boulevard and 
Jefferson Boulevard. 

 
The soils that will be excavated in Area A were found to be loose/soft and have high 
moisture contents, i.e., approximately 5% to 35% above the optimum moisture 
content.  The alignments for the levees are in areas where the foundation soils are 
moderately soft to soft, and the ground water table is high.  Therefore, earthwork 
must be carefully planned and conducted to avoid disturbing the soils, and the need 
for low ground pressure equipment and excavators should be planned.  The use of 
heavy scrapers and dozers to excavate the soils in Area A is expected to be limited, 
and is discussed in Section 15.5.  
 
Because of the high moisture content in the soils that will be excavated in Area A, it 
will be necessary to dry the soils before they can be used as compacted fill. 
Spreading and turning/disking will be needed to dry the excavated soils.  In addition 
the loose soils excavated from Area A will undergo a significant compression, i.e., 
volume loss, when compacted for the levee construction.  Volume loss is discussed 
below, in Section 15.7. 
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15.2 Clearing and Stripping 

Prior to the start of earthwork, the areas planned for grading should be cleared of 
any trees and brush and stripped of any vegetation.  When removing trees and 
bushes, all roots larger than 1-inch in diameter should be removed.  All stripped 
vegetation should be removed from the site. 
 
15.3 Removals 

Prior to placement of compacted fill for the new levees, the subgrade soils along the 
levee alignments should be excavated and recompacted.  The minimum limits for 
the recompaction under levees are shown in Appendix I (Plates I-2 through I-4) and 
are described below. 
 
 Under the “core” of the levee, the removal and recompaction should extend to 

a minimum depth of 4 feet below the existing grade.  The core is defined as 
the area within 3 (horizontal) to 1 (vertical) slopes extending down from the 
edge of the levee crest. 

 
 Beyond the core, the removal should extend to a minimum depth of at least 

2 feet below the existing grade for a minimum equipment width (10+ feet). 
Beyond this equipment width (10+ feet), specific overexcavation is not 
required under the flat (10 to 1) slopes planned, but vegetation should be 
stripped before placing fill, 

 
 The actual limits for removals should be determined by the project 

geotechnical engineer during construction, based on the local conditions 
exposed during excavation.  Deeper removals will be needed where unsuitable 
soils are present.  In particular, deeper removals should be planned where the 
levees cross the existing drainage channels in West Area B. Please note that 
old buried channels may be present that require similar treatment.  Deeper 
excavation should also be planned to remove buried organics in the area of the 
celery dump known to have been present in east Area A.  

 
 In addition, if highly permeable layers are exposed in the excavation for levees, 

these layers would provide a path for seepage to occur, it will be necessary to 
overexcavate and replace these permeable layers to the limits determined by 
the project geotechnical engineer in the field.  

 
 When wet and/or soft soils are exposed in the excavation made for removals, 

the excavation will need to be carefully performed using an excavator or low 
ground pressure equipment to avoid disturbing the soils and prevent 
equipment from bogging down.  In addition, geogrid (Tensar BX 1200 or 
equivalent) may be needed to stabilize the exposed bottom and provide a firm 
working surface before new compacted fill can be placed.   
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15.4 Earthwork 

All grading should conform to the requirements of the 2010 California Building 
Code, and the general grading recommendations outlined below.   
 
1. The grading contractor is responsible for notifying the project geotechnical 

engineer of a pre-grading meeting prior to the start of earthwork operations 
and anytime that the operations are resumed after an interruption. 

 
2. Prior to the start of earthwork the project civil engineer should locate any 

existing utilities in the area.  Existing utilities should be removed, relocated or 
protected, as appropriate. 

 
3. As discussed in Section 15.3, the subgrade soils along the new levee 

alignments should be overexcavated and recompacted to a minimum depth 
of 4 feet under the levee core, and 2 feet of overexcavation for a minimum of 
an equipment width beyond the levee core (Refer to Appendix I).  Deeper 
removals will be needed where unsuitable soils are present.  All removals 
should be performed under the direction of the project geotechnical 
engineer. 

 
4. Temporary excavations in the soft, loose and wet soils should be planned at a 

maximum inclination of 1-1/2 (horizontal) to 1 (vertical). 
 
5. The bottoms of excavations should be checked and approved by the project 

geotechnical engineer before placing any fill. If the bottoms of excavations 
encounter soft or wet soils, a 1 to 2 foot layer of dry soil with low permeability 
may be required to be placed over Biaxial Geogrid (Tensar BX 1200, or 
equivalent) to provide a firm base to support construction equipment and 
compaction activities.  All fill material used under new levees should have low 
permeability to avoid providing a path for seepage, and must be approved by 
the geotechnical engineer before being placed. Dewatering of the excavation 
should also be anticipated.   

 
6. All fill placed should be compacted to at least 90 percent of the maximum 

dry density determined by the most current ASTM D 1557 standard.   
 
7. The soils encountered in Area A that will be excavated generally consist of 

fine-grained silty and clayey soils.  It is anticipated that most of these soils will 
be suitable for use in the construction of new levees.  However, as discussed 
in Section 15.5.2, much of the soils that will be excavated are very wet and 
will require spreading/disking to dry them back before they can be 
compacted in fills. Sandy soils will not be allowed to be used for the “core” of 
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the levees (per “core” definition in section 15.3, above).  All fill soils shall be 
approved by the project geotechnical engineer. 

 
8. All import soils should be free of highly expansive clay, organics, debris, 

rocks greater than 3 inches in any dimension, and other deleterious material.  
Import soils should have a maximum of about 60 percent passing the 
number 200 sieve and should have an Expansion Index of less than 60.  
Import soils should be approved by the geotechnical engineer before being 
brought to the site. 

 
9. All earthwork and grading should be performed under the observation of the 

project geotechnical engineer.  Compaction testing of the fill soils shall be 
performed at the discretion of geotechnical engineer.  A test should be 
performed for approximately every 500 cubic yards of fill placed. If specified 
compaction is not achieved, additional compactive effort, moisture 
conditioning of the fill soils, and/or removal and recompaction of the below-
minimum-compaction soils will be required. 

 
10. Asphalt concrete used for levee roads shall conform to the 2012 “Green 

Book” or the equivalent, and shall be compacted to at least 95 percent 
relative compaction. 

 
11. If, in the opinion of the geotechnical engineer, contractor, or owner, an 

unsafe condition is created or encountered during grading, all work in the 
area shall be stopped until measures can be taken to mitigate the unsafe 
condition.  An unsafe condition shall be considered any condition that 
creates a danger to workers, on-site structures, on-site construction, or any 
off-site properties or persons. 

 

15.5 Excavation 

15.5.1   Excavation Slopes 

In general, the hydraulic fill in Area A is a fine-grained silty to clayey lose/soft soil 
with a high moisture content, and the near surface native soils and fill in area B are 
and moderately soft to soft with a high moisture content and a shallow ground water 
table.  Temporary excavations should be planned at a maximum inclination of 1-1/2 
(horizontal) to 1 (vertical). 
 
Surcharge loads, such as vehicular traffic, heavy construction equipment, and 
stockpiled materials, should be kept away from the top of temporary excavations a 
horizontal distance at least equal to the depth of excavation. Surface drainage 
should be controlled and prevented from running down the slope face. Seeping of 
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water should not be allowed within the excavation. Construction equipment and foot 
traffic should be kept off excavation slopes to minimize sloughing. 
 
All excavation slopes and shoring systems should meet the minimum requirements 
of the Occupational Safety and Health (OSHA) Standards. Maintaining safe and 
stable slopes on excavations is the responsibility of the contractor and will depend 
on the nature of the soils and groundwater conditions encountered and his method 
of excavation. Excavations during construction should be carried out in such a 
manner that failure or ground movement will not occur. The contractor should 
perform any additional studies deemed necessary to supplement the information 
contained in this report for the purpose of planning and executing his excavation 
plan. 
 
15.5.2    Excavation Methods – Area A 

The soils that will be excavated in Area A were found to be loose/soft and have a 
high moisture content, ranging approximately 5% to 35% above the optimum 
moisture content.  Therefore, the use of heavy scrapers and dozers is expected to be 
limited.  The excavation must be carefully planned and conducted to avoid 
overstressing the soils and/or bogging down equipment.  The need for excavators, 
support mats, moving haul roads, low ground pressure equipment and dredging 
should be considered in planning how to accomplish the excavation.  The need to 
control the ground water perched within the hydraulic fill should also be anticipated 
during excavation. 
 
As noted previously, it will be necessary to dry the excavated soils back before they 
can be used in compacted fill.  This will require having an area where the soils can 
be spread and turned and/or disked.  In addition the loose soils excavated from 
Area A are expected to undergo a significant volume loss when compacted for the 
levee construction, which is discussed in Section 15.7. 
 
15.6 Fill Placement 

15.6.1    General 

The subgrade conditions along the new levee alignments generally consist of 
moderately soft to soft, wet, fine-grained silt and clay soils.  The excavated soils are 
also generally silty and clayey, and hence, can be used for construction of the 
embankments.  In addition, these soils are compressible and will settle on the order 
of 1 to 2 inches for every foot of fill placed.   Therefore, the placement of compacted 
fill for levees should be planned and controlled to avoid overstressing the soils.  
Based on experience with similar soft soils, the fill should be advanced uniformly 
along the entire length of each levee without creating unbalanced loads. 
Furthermore the rate of fill placement should be controlled to allow the soft soils to 
slowly consolidate and gain strength.  Increasing the height of the fill slowly will also 
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provide time for settlement to occur and thus mitigate the potential for differential 
settlement to create cracks in the embankment.  Recommendations for monitoring 
the fill settlement are discussed in Section 15.8. 
 
Following removals and before placing fill, the bottoms of excavations should be 
checked and approved by the project geotechnical engineer. If the bottom is soft or 
wet, a 1 to 2 foot layer of dry soil with low permeability may be required to be placed 
over Biaxial Geogrid (Tensar BX 1200, or equivalent) to provide a firm base to 
support construction equipment and compaction activities.  Dewatering of the 
excavation should also be anticipated.  The soil used for the backfill should have a 
low permeability to avoid creating a seepage path under the levee.  All fill must be 
approved by the geotechnical engineer before being placed. 
 
15.6.2   Special Considerations 

In West Area B the alignment of the new levee will cross two existing channels.  
These channels range from about 5 to 8 feet deep and are expected to contain soft 
sediment, and may also contain sands eroded from the dunes present in West 
Area B.  The easternmost of these channels crosses perpendicular to the levee 
alignment, about 300 feet east of the west end of Area B.  The westernmost channel 
crosses extends under the length of the planned levee at the west end of Area B 
(Refer to Figure 4A).  In addition, it should be anticipated that there is the possibility 
that other old channels may also be present, and may have been filled in. 
 
At channel crossings, all soft and sandy material should be removed and replaced 
with compacted fill.  The excavation for this removal will extend below the ground 
water.  Therefore, dewatering will be required to accomplish the removal and 
backfilling.   The exposed bottom should be stabilized with geogrid and a 1 to 2 foot 
layer of dry soil with low permeability, to provide a firm base to support construction 
equipment and compaction activities. 
  
During construction of levees, after removals and before placing any fill, the 
geotechnical engineer should check for the presence of any sand layers that may 
extend below the alignment of the levee.  This could be a particular problem in West 
Area B, because of the proximity of the natural dunes, there is the potential for 
eroded sand layers to be present throughout this area.  If found to be present, the 
sand layers should be overexcavated and replaced with low permeability fill soils, to 
protect against seepage.  The presence of any sand layers should also be looked for 
in all areas where the new levees are constructed. 
 
15.7 Volume Change 

The soils excavated from Area A will undergo significant volume reduction as they 
are compacted for the new levees.  Based on our field explorations and the results of 
lab testing of representative soils, including in-situ density tests, compaction tests 
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and consolidation tests, the gross estimated range of the anticipated volume change 
that will occur is summarized below.  
 
However, these values are based on limited data for such a large site and should be 
considered as gross ball-park estimates for gross planning purposes only.  The 
actual amount of volume change is difficult to predict and will depend on the 
materials in situ density, final in place compacted density achieved, amount of soil 
blending that occurs in the handling process, and other factors. 
 
 Volume loss of excavated soils taken from Area A that then compacted to a 

minimum density of 90% modified proctor (average of 92%) is in the range of 
15% to 25%. 

 
 Volume loss due to stripping of vegetation, where present, is estimated to 

range from about 2 to 4 inches. 
 
 Volume loss from compacting the existing subgrade soils along the alignment 

of new levees and/or in areas to receive excess fill, is estimated to range from 
15 to 25% in Area A, and from 10 to 20% in Area B and Area C. 

 
 The anticipated settlement in Areas A and B as a result of placement of fill is 

on the order of 1.5 to 2 inches per foot of fill placed. 
 
 Settlement in Areas C as a result of placement of fill is on the order of 1.0 to 

1.5 inches per foot of fill placed. 
 
 Volume loss due to “spillage” during hauling, wind, etc. may be on the order of 

1%. 
 
Recommended Volume Change Monitoring Program 
To develop a better estimate of the volume reduction that occurs during 
construction, it is recommended that a monitoring program be conducted to during 
the initial phases of the earthwork. This will require surveying to determine, the 
volume excavated in Area A and the volume of fill placed to create a new 
embankment with that volume of excavated soil.  In addition, a settlement 
monitoring program should be established the actual amount of settlement that 
occurs during filling.  The settlement monitoring program is discussed in Section 
15.8. 
 
15.8 Settlement Monitoring 

To evaluate both the magnitude and the rate of actual settlements during 
construction, it is recommended that a settlement monitoring program be 
developed and maintained. A detail of a settlement plate is provided in Figure 8.    In 
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general, settlement plates should be installed on about 400-to 500-foot spacing 
along the alignment for new levees.  The plates should be installed after removal 
and recompaction of the subgrade, and before placing the embankment fill.  
 
The settlement plates should be surveyed every week as the fill placement is being 
placed, bi-weekly for the first two months after completion of the fill placement, and 
monthly thereafter, until 90 percent of the primary consolidation is deemed 
complete.  Each time the plate is read, the elevation of the top of the fill should also 
be recorded.  Care should be taken not to damage the monuments during grading.  
If a monument is irreparably damaged or destroyed, a replacement monument 
should be immediately installed within 10 feet of the lost monument and a new 
survey baseline established for the new monument. 
 
16.0 CULVERTS 
 
16.1 General 

Two new culvert structures will be constructed to connect south Area B to the 
restored wetlands.  The locations of the culverts are shown in Figure I-1 in  
Appendix I.   Each of the culverts will extend under Culver Boulevard and the new 
Area B (Culver) levee. 
 
Settlement on the order of about 20 to 27 inches is expected to occur as a result of 
construction of the new Culver levee.  To minimize the potential for settlement of the 
culvert after construction, two options are presented.   
 
 Culverts can be constructed after 90% of the primary consolidation is 

completed, after placing the Culver levee. This will require excavation of the 
new levee, installation of the culverts and then replacement of the levee fill. 

 
 As an alternative, the culvert areas can be pre-surcharged 3 to 4 feet higher 

than the design levee height at each location along the alignment of the 
culvert.  After 90% of the primary consolidation is complete, the surcharge can 
be removed to install the culvert. 

 
A temporary culvert pipe can be installed before placing the fill. Once the settlement 
is completed, the temporary pipe can be removed and the permanent culvert can be 
installed.   
 
Generally, it is expected that 90% of the primary settlement will occur within about 
three to six months. Settlement monitoring should be performed at culvert locations 
to determine when primary consolidation is complete and installation of the culverts 
can begin.  
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16.2 Construction Considerations 

Excavations and shoring for culverts should comply with current OSHA regulations, 
and observed by the designated competent person on site.  Excavations for the 
culverts should be planned at a maximum inclination of 1-1/2 (horizontal) to 1 
(vertical).  However, since the culverts will be installed below groundwater level, 
water should be controlled by installing sheet piles and performing dewatering, in 
lieu of sloping. The shoring should be designed for a lateral soil pressure equal to an 
equivalent fluid pressure of 40 pcf, if unbraced, and if braced, for a uniform pressure 
(psf) of 30H, where H is the height of the excavation.  Both pressures assume the 
excavation is dewatered, and there are no hydrostatic pressures on the sheet piles. 
 
The civil engineer should identify the presence of existing utilites in the area.  
Provisions should be developed to protect existing utilities, by supporting the utilities 
to span between the sheet piles. Because of the high volume of daily traffic on culver 
Boulevard, a traffic plan and phasing schedule are need to maintain traffic flow 
during construction of the culverts. 
 
Very soft or wet soils are anticipated at the base of the Culverts.  The bottoms of the 
excavation should be checked and approved by the project geotechnical engineer. If 
the bottom is soft or wet, a 1 to 2 foot layer of soil with low permeability may be 
required to be placed over Biaxial Geogrid (Tensar BX 1200, or equivalent) to 
provide a firm base to support construction equipment and compaction activities.  
Dewatering of the excavation should also be anticipated, and compaction of all fill 
should be performed in the dry.  The soil used for the backfill should have a low 
permeability to avoid creating a seepage path under the levee. All fill must be 
approved by the geotechnical engineer before being placed. To minimize the 
potential of seepage around the culvert, a properly designed concrete headwall 
should be used at the entry and exit points of the culvert.   
 
The bedding zone is defined as area containing the material specified that is 
supporting, surrounding, and extending to 1 foot above the top of Culvert. The 
bedding shall satisfy the requirements of Standard Specifications for Public Works 
Construction (SSPWC) Section 306-1.2.1.  
 
Backfill shall be considered as starting 1-foot above, and 1-foot to the sides the 
Culvert. On-site excavated materials can be used as backfill. However, wet soils will 
need to be dried back.  Any material larger than 3 inches in any dimensions shall be 
removed before backfilling. All backfill shall be placed in lifts not exceeding six to 
eight inches in thickness and be compacted to at least 90 percent of relative 
compaction as determined by the ASTM D-1557. 
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16.3 Earth Pressures on Culverts 

Culverts should be designed for vertical and horizontal earth pressures according to 
pressures shown on Figure 9.   Due to presence of shallow ground water, horizontal 
earth pressures shown on Figure 9, include hydrostatic earth pressures in addition 
to at-rest earth pressures.   
 
For portions of the culverts, passing below Culver Blvd., traffic loads can be 
modeled as 2 feet of soil surcharge or 240 psf vertical pressures. For rigid wall of the 
culverts, a uniform lateral pressure of 100 psf should be added to the horizontal 
pressures, as shown on Figure 9. 
 
 
17.0 PEDESTRIAN BRIDGE 
 
As part of the public access plan, a pedestrian bridge is planned to be constructed 
west of the Culver Boulevard Bridge.  Due to anticipated large loads of the bridge, 
presence of moderately to highly compressible clays below the site, and variable 
potential for liquefaction settlements anticipated across the site, it is recommended 
to use deep foundations for support of the pedestrian bridge.  Pile foundation 
recommendations are provided below.  The bridge may also be designed to 
accommodate trucks hauling excavated soil from Area A to Area B. 
 
17.1 Pile Foundations 

Due to the presence of moderately to highly compressible clays below the site, and 
variable potential for liquefaction settlements anticipated across the site, it is 
recommended to use deep foundations for support of the pedestrian bridge. The 
piles should be installed to practical refusal, about 3 to 5 feet into the dense sands 
below about El. -45 feet. We estimate the final tip elevations for piles to be roughly 
El. -50 feet.   
 
We recommend the proposed building be supported using one of the following pile 
installation systems: 

 14-inch square 
 Driven piles (square pre-stressed concrete) 

 

14-inch diameter 

 Auger cast displacement piles (ACD) 
 
Based on our previous experience at the nearby Playa Vista, these pile types and 
diameter sizes can be successfully constructed. If driven piles are used we 
recommend that a Pile Driving Analyzer (PDA) be used during driving. 
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17.2 Pile Axial Capacity 

Based on the results of our analyses and our experience at Playa Vista, allowable pile 
loads of 220 kips for 14-inch square driven piles, and 200 kips for 14-inch diameter 
ACD piles are recommended. . 
 
Downdrag loads must be considered from ground settlement due to the potential 
liquefaction during a major seismic event. The downdrag calculations indicate that 
downdrag loads ranging from about 81 to 102 kips could develop during design 
seismic events. 
 
If the site grade is raised (e.g., for elevating the roadway), additional downdrag loads 
may be expected that depend on final elevations. We recommend that downdrag 
loads from consolidation settlement due to any new fill be evaluated.   
 
It should be noted that the maximum downdrag loads are based on the assumption 
that no settlement of the pile occurs due to the application of the downdrag load. It 
is estimated that piles could settle about 0.25 inches as the downdrag load is 
applied. This settlement will significantly reduce the downdrag load. However, for 
conservatism, we assumed the full downdrag. 
 
Table 9 summarizes the axial pile capacity for the considered pile types.  
 

Table 9: Axial Pile Capacity 

Type Pile  
Diameter 

Allowable  
Compression 

Allowable  
Uplift 

Driven 14-inch square 220 k 125 k 

ACD 14-inch round 200 k 100 k 

 
It is generally recommended that the piles be installed to at least 3 pile diameters of 
penetration or practical refusal into the dense sands. Therefore, the final tip 
elevations for most piles are expected to be about El. -50 feet. 
 
We recommend that piles be installed with a minimum 3 diameters center-to-center 
spacing. For piles with a minimum 3 diameters center-to-center spacing and two to 
three pile groups, no reduction in axial capacity is required. 
 
17.3 Pile Settlement 

It is anticipated these piles would settle about 0.25 inch under the recommended 
allowable load.  No significant differential settlement is expected under static loads.  
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The additional settlement as a result of the design seismic event is estimated to be 
0.25 inches or less. Hence, the estimated settlement including the static loads as 
well as drag loads due to potential liquefaction is anticipated to be about 0.5-inch.  
Differential settlement of similarly loaded columns may be taken as 50% of the total 
settlement.  
 
17.4 Pile Lateral Capacity 

We evaluated the lateral capacity of the recommended piles using the computer 
program LPILE 6.0 (Ensoft, 2010). The lateral capacities at 0.25 inches, 0.5 inches 
and 1.0 inch of pile head deflection, for both fixed head and free head conditions, 
and for single piles, are provided in Table 10. To utilize a fixed head condition, the 
pile and pile cap connections must be able to translate laterally without rotation, and 
be designed for the fixed head moment. 
  

Table 10: Lateral Pile Capacity 

Condition Pile Type 
Pile Head  
Deflection  

(inch) 

Max  
Shear  
(kips) 

Max  
Moment  
(kip-ft) 

Depth to  
Max.  

Moment  
(feet) 

Fixed 

14-inch  
(square) 

0.25 17 76 0 
0.5 31 146 0 
1 52 267 0 

14-inch  
(round) 

0.25 14 56 0 
0.5 25 105 0 
1 41 192 0 

Free 

14-inch  
(square) 

0.25 6 25 6.5 
0.5 12 50 6.5 
1 19 92 7 

14-inch  
(round) 

0.25 5 19 6 
0.5 9 37 6 
1 15 68 6.5 

 
Deflection, shear and moment diagrams for the piles under lateral load are provided 
in Appendix J.  We recommend the project structural engineer verify the maximum 
moment capacity of the pile. 
 
17.5 Lateral Resistance 

For lateral resistance of pile caps, we recommend an allowable passive fluid 
pressure of 300 pcf above the water table (El. +10 feet NAVD).  Friction resistance 
should not be used for pile caps due to potential seismic settlement, which may 
cause a slight separation between the pile caps and the subgrade soils. 
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18.0 CONSTRUCTION OF THE MEANDER CHANNEL 
 
To create the new meander channel for Ballona Creek will require lowering and 
breaching of the existing levees.  The construction of the meander will require 
careful planning, phasing and coordination.  In general, the existing levee is lowered 
as much as possible prior to final breaching, to minimize the risk of uncontrolled 
breaching.  Just prior to the breaching, the new meander channel is excavated.   
 
The contractor could also use strategically located sheet piles and/or coffer dams to 
safely control the breaching. The use of coffer dams will also provide protection, so 
that with dewatering, the abandoned levee channel can be backfilled in the dry.  The 
contractor’s plans for the breaching and backfilling of the abandoned channel 
should be submitted for review and approval, before proceeding.  The contractor’s 
method should provide for controlled breaching and for the abandoned channel to 
be backfilled in the dry.  Armor rock riprap is needed at the ends of the meander 
channel fill to provide protection against erosion.  Since the fill will be compacted 
and the ends will have riprap, the ends of the meander channel fill are not critical for 
slope stability.  
 
If the backfill in the abandoned creek channel is not adequately compacted, it could 
liquefy during a strong earthquake and flow laterally into the new meander channel.  
Potentially liquefiable backfill would require soil improvement along the edges to 
prevent lateral spreading into the new meander channel.  This would be undesirable 
and expensive. 
 
19.0 VEGETATION PLANTING 
 
Generally, trees and deep rooted vegetation are not recommended on levees, since 
they have long term detrimental effects by creating voids due to root growth and 
root decay, hence having a potentially negative impact on the integrity of the levee 
(piping risk).  The potential negative impact of the vegetation planting beyond the 
levee core is considered remote, because the flatness of the levee slopes results in a 
especially wide core. 
 
Hydroseeding a native mix of plants (preferable perennial shallow rooted) is 
recommended to protect the surface of the levees again erosion.   
 
Beyond the “vegetation-free zone” of the flood protection levees, larger vegetation 
and plants may be permitted.   
 
Specific guidelines for the types and locations of the vegetation allowed on the 
levees should be addressed by the USACE. 
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20.0 ENVIRONMENTAL ISSUES 
 
Evaluation of environmental issues for this project and their impact on site 
development are outside our scope of work and are the responsibility of the project 
environmental consultant. 
 
21.0 CONCLUDING REMARKS 
 
This investigation was performed in accordance with generally accepted 
Geotechnical Engineering principles and practice. The professional engineering 
work and judgments presented in this report meet the standard of care of our 
profession at this time.  No other warranty, expressed or implied, is made.  This 
report has been prepared for the Santa Monica Bay Restoration Commission, and 
their design consultants.  It may not contain sufficient information for other parties 
or other purposes, and should not be used for other projects or other purposes 
without review and approval by GDC. 
 
The recommendations for this project, to a high degree, are dependent upon proper 
quality control of site grading, fill and backfill placement.  The recommendations are 
made contingent on the opportunity for GDC to observe the earthwork operations.  
This firm should be notified of any pertinent changes in the project, or if conditions 
are encountered in the field, which differ from those described herein.  If parties 
other than GDC are engaged to provide such services, they must be notified that 
they will be required to assume complete responsibility for the geotechnical phase of 
the project, and must either concur with the recommendations in this report or 
provide alternate recommendations. 
 
22.0 STATEMENT OF RESPONSIBILITY 
 
We have reviewed the reports referenced in Appendix A2.  Except as presented in 
this report, we concur with their findings and accept responsibility for using their 
results.  However, the recommendations contained in our report supersede the 
recommendations contained in the reports in Appendix A2. 
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APPENDIX A1 
GDC FIELD EXPLORATION 

 

A1.1 INTRODUCTION 
 

GDC conducted a geotechnical subsurface investigation for the project site from 
September 11, 2012 to October 22, 2012. Prior to the geotechnical subsurface 
investigation, a geotechnical investigation work plan (GDC, 2012) was prepared. The 
work plan outlined the procedures for obtaining site access and work permits; 
defined access routes to avoid special status plants as well as plans to minimize 
impact to natural habitats and/or archaeological sites within the project area.  The 
work plan also describes the drilling equipment, soil sampling schedule 
(geotechnical, chemical, and agronomical sampling), post-investigation site 
cleanup, and laboratory testing program (geotechnical, chemical, and agronomical).  
The geotechnical investigation work plan was referenced throughout the project to 
obtain necessary site information while minimizing environmental impact to the 
project site. 

The investigation consisted of rotary wash borings, hollow-stem auger borings, hand 
auger borings, and cone penetration tests.  The exploration locations are shown in 
Figure 3 of the report.  A summary of the field investigations is provided in Table A1-
1. 

A1.2 SOIL BORINGS 

Twenty five (25) rotary wash borings were advanced to depths ranging from 56.5 to 
71.5 feet in Areas A, B and C of the project site.  The rotary wash borings were 
selected along the proposed levees as well as along the existing Ballona Creek 
levees. Eight (8) hollow stem auger borings were drilled to a depths ranging from 16 
31.5 feet in areas planned for excavation in Area A, and surcharge areas within 
Areas B and C. In addtition, direct push exploration were also conducted to obtain 
environmental samples at the location of our hollow stem borings.  Boring B-
RW028 originally planned as a rotary wash boring in Area B, was drilled using hand 
auger equipment to a depth of 5 feet, due of proximity of special species plants.  All 
borings were drilled at approximate elevations ranging from +5 to +21.1 feet 
NAVD.  Subsurface materials were visually classified and recorded by a GDC field 
engineer in accordance with the Unified Soil Classification System (USCS). 

Drive samples, bulk samples and push samples of the encountered materials were 
obtained from the borings and recorded on the boring logs.  Drive samples were 
obtained with a California Sampler ring sampler and a Standard Penetration Test 
(SPT) sampler.  The California Sampler, lined with 1-inch tall rings, has an outside 
diameter of 3-inches, and the inside diameter of 2.42-inches.  The samples were 
retained in brass rings and placed in sealed plastic canisters to prevent moisture 
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loss.  Standard penetration tests (SPT) were conducted using a standard 2-inch 
outside diameter, 1.375-inch inside diameter, split-spoon sampler in accordance 
with ASTM D 1586.  SPT samples were placed in sealable plastic bags to prevent 
loss of moisture.  The SPT and California samplers were driven into the soil at the 
using a 140-pound hammer free-falling 30 inches.  The penetration resistance (or 
“blowcounts”) were recorded in blows per six inches of driving. When soft fine 
grained soils were encountered, 6-inch-long Shelby tubes were used for sampling 
relatively undisturbed soil samples in the rotary wash borings.  

Representative bulk samples were taken within the upper 5 feet, and selectively at 
depths as deep as 20 feet for compaction testing, expansion potential, corrosion 
testing, as well as chemical and agronomical testing.  Bulk samples were placed into 
polyethylene bags.  Additional chemistry testing samples were also obtained using 
direct push sampling equipment under the supervision of a project environmental 
engineer.  Chemistry and agronomy samples were provided to the project 
environmental engineers for their use. 

Additionally, four field permeability tests were performed at depths of 5 and 10 feet, 
at boring locations A-HSA064 and A-HSA066 near the existing north levee and 
existing gas injection wells to evaluate the permeability of the near surface soils.  The 
tests were performed by filling the hollow stem auger borings with water and 
estimating permeability of near surface soils by measuring the drop in water 
elevation in the hole over time.  The results of the field permeability testing are 
presented in Appendix F. 
 
A key for soil classification and a legend for the logs of test borings are presented in 
Figures A1-1a and A1-1b.  The boring logs are attached at the end of this Appendix.  

A1.3 CONE PENETRATION TESTS (CPT) 

Thirty one (31) cone penetration test (CPT) soundings were conducted at the site on 
from September 13, 2012 to October 15, 2012.  The CPT soundings were generally 
advanced to depths ranging from 48 to 71.5 feet below existing grade. Two CPT 
locations in Area B (B-CPT029 and B-CPT042) encountered refusal at shallow depths, 
and had to be abandoned.  In addition, B-CPT046 encountered shallow refusal at at a 
depth of 6 feet after making several attempts for advancement in adjacent locations.  
The CPT soundings were performed in general accordance with ASTM D3441, using 
a truck-mounted electric piezocone penetrometer.  The locations of the soundings 
are shown in Figure 3 in the main body of the report. 

CPTs are advanced from the ground surface with a truck-mounted hydraulic ram 
that pushes a steel rod with a conical tip and a cylindrical friction-sleeve into the 
ground.  The conical tip has a 60-degree apex angle and a projected cross-sectional 
area of 1.55 square inches.   The cylindrical friction sleeve has a surface area of 
23.25 square inches.  Both the tip and the sleeve have outside diameters of 1.4 
inches. 
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As the rod is advanced, electronic instruments measure and record both the tip 
resistance and the frictional resistance on the sleeve. The tip and frictional resistance 
are then analyzed, using available correlations, to estimate soil classification, density, 
strength, and compressibility of the subsurface materials. Unlike soil borings, in 
which drive samples are typically taken at discrete intervals, the CPT provides a 
continuous record of soil properties with depth.  Hence, the CPT can define the 
subsurface soil profile with much higher resolution than a soil boring, often 
detecting thin layers that are easily missed with conventional drilling and sampling.  

Using a Seismic CPT test setup, Shear Wave Velocity measurements were 
performed in seven (7) of the CPTs to a maximum depth of 70 feet. The 
measurements were generally obtained in 5-foot intervals. The test involves 
generating large amplitude shear waves by striking a seismic beam at ground 
surface, and recording shear waves using a built-in seismometer in the cone 
penetrometer at various depths.  The results of the seismic shear wave velocity 
measurements are presented in Appendix F. 

The CPT logs and interpretations are presented at the end of this Appendix. 

A1.4 LIST OF THE ATTACHED TABLE AND FIGURES 

The following table and figures are attached and complete this appendix: 
 
Table A1-1 Field Exploration Summary 
 
Figure A1-1a Key for Soil Classification 
Figure A1-1b Legend of CPT Interpretation Input 
Figure A1-1c Boring Log Legend 
 
Figures A1-2 to A1-35  Boring Logs 
Figures A1-36 to A1-66  CPT Logs 
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TABLE A1-1 
FIELD EXPLORATION SUMMARY 

Exploration No. Date Performed 
Ground Surface 

Elevation 
(feet, NAVD) 

Total Depth 
(feet) 

Exploration Type 

A-CPT001 10/15/12 17.8 70 Cone Penetration Test 
A-RW002 10/5/12 17.8 71.5 Rotary Wash Boring 
A-RW003 9/21/12 19 71.5 Rotary Wash Boring 
A-CPT004 10/15/12 17 68 Cone Penetration Test 
A-RW005 10/9/12 17 71 Rotary Wash Boring 
A-RW006 9/13/12 15.3 71.5 Rotary Wash Boring 
A-CPT007 9/24/12 15.3 57 Cone Penetration Test 
A-RW008 9/27/12 15.7 65 Rotary Wash Boring 
A-RW009 9/27/12 17.1 61.5 Rotary Wash Boring 
A-CPT010 9/24/12 16 51 Cone Penetration Test 
A-RW011 9/28/12 13 56.5 Rotary Wash Boring 
A-CPT012 9/24/12 13.8 48 Cone Penetration Test 
A-RW013 9/26/12 13.8 56.5 Rotary Wash Boring 
A-CPT014 9/24/12 16 51 Cone Penetration Test 
A-RW015 10/2/12 17.1 61.5 Rotary Wash Boring 
A-HSA016 10/10/12 15.7 18 Hollow Stem Auger Boring 
A-HSA017 10/10/12 14.3 16.5 Hollow Stem Auger Boring 
A-HSA018 10/10/12 14.2 21.5 Hollow Stem Auger Boring 
A-CPT019 9/24/12 16.8 68 Cone Penetration Test 
A-RW020 10/3/12 15.4 71.5 Rotary Wash Boring 
A-CPT021 9/24/12 16.6 59 Cone Penetration Test 
A-CPT022 9/26/12 19 59 Cone Penetration Test 
A-RW023 10/3/12 19 65.9 Rotary Wash Boring 
A-CPT024 9/24/12 16.9 55 Cone Penetration Test 
A-CPT025 9/26/12 20 65 Cone Penetration Test 
A-HSA064 10/15/12 17.2 19 Hollow Stem Auger Boring 
A-CPT065 9/26/12 20.5 63 Cone Penetration Test 
A-HSA066 10/15/12 21.1 21.5 Hollow Stem Auger Boring 
A-HSA067 10/10/12 12.2 16.5 Hollow Stem Auger Boring 
B-CPT026 9/14/12 13 52 Cone Penetration Test 
B-RW027 9/24/12 13 71.5 Rotary Wash Boring 
B-RW028 10/22/12 5 5 Hand Auger Boring 
B-RW030 10/4/12 6.1 41.5 Rotary Wash Boring 
B-CPT031 10/10/12 6 69 Cone Penetration Test 
B-RW032 9/14/12 8.2 71.5 Rotary Wash Boring 
B-RW033 9/12/12 6.3 71.5 Rotary Wash Boring 
B-CPT034 9/13/12 6 63 Cone Penetration Test 
B-CPT035 9/13/12 7.4 67 Cone Penetration Test 
B-RW036 9/17/12 9.1 71.5 Rotary Wash Boring 
B-CPT037 9/13/12 5 70 Cone Penetration Test 
B-CPT038 9/13/12 8.4 68 Cone Penetration Test 
B-CPT039 9/17/12 8.2 71 Cone Penetration Test 
B-CPT040 10/15/12 6.9 59 Cone Penetration Test 

Continued  
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TABLE A1-1 
FIELD EXPLORATION SUMMARY (CONTINUED) 

Exploration No. Date Performed 
Ground Surface 

Elevation 
(feet, NAVD) 

Total Depth 
(feet) 

Exploration Type 

B-RW041 9/20/12 6.8 66.5 Rotary Wash Boring 
B-RW043 9/19/12 8.8 66.5 Rotary Wash Boring 
B-RW044 9/19/12 9.2 66.5 Rotary Wash Boring 
B-CPT045 9/13/12 9 60 Cone Penetration Test 
B-CPT046 10/15/12 10.6 6 Cone Penetration Test 
B-RW047 9/18/12 11.5 66.5 Rotary Wash Boring 
B-CPT048 10/15/12 11 63 Cone Penetration Test 
B-RW049 10/1/12 17.6 69 Rotary Wash Boring 
B-CPT050 9/14/12 20.2 64 Cone Penetration Test 
B-HSA051 10/16/12 6.3 21.5 Hollow Stem Auger Boring 
B-CPT052 9/14/12 12 70 Cone Penetration Test 
B-RW053 9/24/12 13.7 71.5 Rotary Wash Boring 
B-CPT054 9/14/12 15.3 70 Cone Penetration Test 
B-RW055 9/25/12 16.3 71.5 Rotary Wash Boring 
B-CPT056 9/14/12 15.4 70 Cone Penetration Test 
B-CPT057 9/14/12 14.6 70 Cone Penetration Test 
B-RW058 9/25/12 15 71.5 Rotary Wash Boring 
B-CPT059 9/14/12 18.7 70 Cone Penetration Test 
C-CPT060 10/10/12 14.6 49 Cone Penetration Test 
C-HSA061 10/16/12 16 31.5 Hollow Stem Auger Boring 
C-CPT062 10/10/12 23 57 Cone Penetration Test 
C-CPT063 10/10/12 23.2 55 Cone Penetration Test 

 
 
 



KEY FOR SOIL CLASSIFICATION

GROUP 
SYMBOL

GW Well-graded gravel, gravel with sand, little or no fines
GP Poorly-graded gravel, gravel with sand, little or no fines
GM Silty gravel, silty gravel with sand, silty or non-plastic fines
GC Clayey gravel, clayey gravel with sand, clayey or plastic fines
SW Well-graded sand, sand with gravel, little or no fines
SP Poorly-graded sand, sand with gravel, little or no fines
SM Silty sand, silty sand with gravel, silty or non-plastic fines
SC Clayey sand, clayey sand with gravel, clayey or plastic fines
ML Inorganic silt, sandy silt, gravelly silt, or clayey silt with low plasticity
CL Inorganic clay of low to medium plasticity, sandy clay, gravelly clay, silty clay, Lean Clay
OL  Low to medium plasticity Silt or Clay with significant organic content (vegetative matter)
MH Inorganic elastic silt, sandy silt, gravelly silt, or clayey silt of medium to high plasticity
CH Inorganic clay of high plasticity, Fat Clay
OH Medium to high plasticity Silt or Clay with significant organic content (vegetative matter)
PT Peat or other highly organic soils

Note: Dual symbols are used for coarse grained soils with 5 to 12% fines (ex: SP-SM), and for soils with Atterberg Limits falling in the CL-ML band in the Plasticity
            Chart.   Borderline classifications between groups may be indicated by two symbols separated by a slash (ex: CL/CH, SW/GW).     

Blowcount 
SPT1    

(CAL)2
Consistency

Blowcount3 

SPT1         

(CAL)2
Consistency

Undrained 
Shear 

Strenth3, Su  

(ksf) 
<2             

(<3) Very Soft < 0.25

2-4             
(3-6) Soft 0.25 -0.50

5-10         
(7-15) Loose 5-8             

(7-12)             Medium Stiff       0.50 - 1.0

11-30        
(16-45) Med. Dense 9-15            

(13-22) Stiff 1.0 - 2.0

31-50        
(46-75) Dense 16-30           

(23-45) Very Stiff           2.0 - 4.0

>50         
(>75) Very Dense >31            

(>45) Hard > 4.0

Grain Size Classification

Fine Medium Coarse Fine Coarse
US Std Sieve No. 200 No. 40 No. 10 No. 4 3/4" 3" 12"

Grain Size (mm) 0.075 0.425 2 4.75 19.1 76.2 304.8

Classification of earth materials shown on the logs is based on field inspection
and should not be construed to imply laboratory analysis unless so stated.   

Granular Soil Gradation Parameters
Coefficient of Uniformity: Cu = D60 / D10

Coefficient of Curvature: CC= (D30)
2 / (D10 x D60)

 D10= 10% of the soil is finer than this diameter
 D30= 30% of the soil is finer than this diameter
 D30= 60% of the soil is finer than this diameter

Group
Symbol Gradation or Plasticity Requirement 

SW Cu>6 and Cc between 1 and 3
GW Cu>4 and Cc between 1 and 3

GP or SP Clean gravel or sand not meeting requirement for GW or SW
GM or SM Plots below "A" Line on Plasticity Chart or PI < 4
GC or SC Plots above "A" Line on Plasticity Chart and PI > 7

UNIFIED SOIL CLASSIFICATION SYSTEM (ASTM D-2487)
PRIMARY DIVISIONS  SECONDARY DIVISIONS
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HIGHLY ORGANIC SOILS

CONSISTENCY CLASSIFICATION MOISTURE CLASSIFICATION
COARSE GRAINED SOILS FINE GRAINED SOILS

DRY - Absence of moisture, dusty, dry to the touch   
MOIST- Damp but no visible water                     
WET- Visible free water, usually soil is below water table

CONSISTENCY NOTES:
1. Number of blows of a 140-lb. hammer falling 30-inches to drive a 2-inch OD 
(1.375-inch ID) SPT Sampler [ASTM D-1585] the final 12-inches of driving

CLASSIFICATION CRITERIA BASED ON LABORATORY TESTS

CLAY AND SILT SAND GRAVEL COBBLES BOULDERS

0-4         
(0-6) Very Loose

2. Number of blows of a 140-lb. hammer falling 30-inches to drive a 3-inch OD (2.42-
inch ID) California Ring Sampler the final 12-inches of driving.
3. Undrained shear strength of cohesive soils predicted from field blowcounts is 
generally unreliable.  Where possible, consistency should be based on Su data from 
pocket penetrometer, torvane, or laboratory testing.
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BULK, CAL, SPT - Refers to the sampling method as
described below

BULK - Refers to collecting sample by method of placing
disturbed soil cuttings into a large plastic bag

CAL (CALIFORNIA MODIFIED) - A 3.0" o.d. split tube
sampler lined with 2.42" i.d. metal sample rings generally
driven into the soil by a 140 lbs. hammer free falling 30 inch

SPT (STANDARD PENETRATION TEST) - A 2.0" o.d. split
spoon sampler with a 1.375" i.d. driven into the soil with a
140# hammer free falling a height of 30"

ABBREVIATIONS FOR OTHER TESTS:

AL = Atterberg Limits                  GS = Grain Size Analyses
CN = Consolidation                     PP = Pocket Pen
CO = Corrosivity                         RV = R-Value
CP = Laboratory Compaction     WA = Wash on #200 Sieve
DS = Direct Shear                      EI = Expansion Index
LL = Liquid Limit                         TV = Torvane
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Artificial Fill (af)

Silty Sand (SM) , brown, dry to moist, fine to coarse grained
sand, little oxidation, trace organics.

Alluvium (Qa)

Sandy Silt (ML) , gray, moist, soft, fine to medium grained
sand, low plasticity.

Sandy Gravel (GP) , gray, moist to wet, medium dense,
medium to coarse grained sand, fine to coarse gravel, trace
shells.

-Loose, trace coarse gravel.

Sandy/Gravely Clay (CL) , gray, moist, coarse grained sand,
trace fine to coarse gravel, low to medium plasticity.

Sandy Silt (ML) , gray, fine grained sand, H2S odor.
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Driller having problems keeping hole open due to caving from
gravel material. Drilled to reach more clayey material to
thicken mud.

Sandy Silt (ML) , gray, moist, soft, fine grained sand, low
plasticity, trace shell fragments, trace organics, H2S odor.

Clayey Silt (ML) , gray, moist, soft, low to medium plasticity,
trace oxidation.

Silty Sand (SM) , gray, moist, very loose, fine grained sand.

Clayey Silt (ML) , gray, moist, low plasticity, trace shell
fragments, trace oxidation.
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-Loose, fine to medium grained sand, low plasticity, trace
oxidation.

Silty Sand (SM) , gray, wet, loose, fine to medium coarse
grained sand, trace fine gravel.

Sandy Silt (ML) , gray, moist, stiff, fine grained sand, low to
medium plasticity.

-Trace organics.

Sand (SP) , gray, wet, dense, fine to coarse grained sand,
trace fine gravel.

Lean Clay (CL) , gray, moist, stiff, low to medium plasticity,
trace organics.
Note: Few fine grained sand in tip of sampler.

Boring terminated at 71.5 ft.
Groundwater not measured.
Hole backfilled with bentonite grout.
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Artificial Fill (af)

Sand (SP) , brown, dry, loose, little roots, trace fine to
coarse gravel.

-Increase in density, no roots.

Silty Sand (SM) , brown, wet, very loose, fine grained sand,
trace medium grained sand, no plasticity.

-Gray, fine to medium grained sand, few shell fragments.

Sandy Silt (ML) , gray, wet, medium stiff, fine grained sand,
low plasticity, trace shell fragments.

Alluvium (Qa)

Silty Clay (CL) , gray, moist, fine grained sand, trace
oxidation.
Vane Shear = 0.5 ksf

Silty Sand (SM) , gray, wet, very loose, fine grained sand,
trace shell fragments, slight H2S odor.
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Sandy Silt (ML) , gray, moist, soft, low to medium plasticity,
little shell fragments.

Vane Shear = 1.4 ksf

Sandy Clay (CL) , gray, moist, very soft, fine grained sand,
medium plasticity, few organics, trace fine rootlets, trace shell
fragments, H2S odor.

-No rootlets, no H2S odor.

-No recovery, firm.

Fat Clay (CH) , gray, moist, medium stiff, high plasticity,
trace shell fragments.

Clay with Sand (CL) , gray, moist, stiff, fine grained sand,
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medium plasticity.

Lean Clay (CL) , gray, wet, medium stiff, few fine grained
sand, medium plasticity.

Vane shear = 0.9 ksf

Clayey Sand (SC) , gray, wet, medium dense, fine grained
sand, trace medium grained sand, trace organics.

Sandy Clay (CL) , gray, wet, medium stiff, fine grained sand,
medium, some tree roots up to ~1/2" in diameter and over
2.5" long.

Vane shear = 0.37 ksf

Lean Clay (CL) , gray, moist, stiff, medium plasticity, trace
fine grained sand, trace roots, trace calcite.

Boring terminated at 71.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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Asphalt

Artificial Fill (af)

Lean Clay (CL) , olive brown, moist, medium stiff, trace fine
grained sand, medium plasticity, few sea shells.

Alluvium (Qa)

Silty Sand (SM) , gray, wet, very loose, fine grained sand,
few shell fragments.

Silt (ML) , gray, wet, soft, trace fine grained sand, none to
low plasticity, trace sea shells, trace rootlets.

Silty Sand (SM) , mottled gray and orangish brown, wet,
very loose, fine grained sand, none to low plasticity, some
oxidation, trace sea shells.

Sand (SP) , gray, wet, medium dense, fine grained sand,
trace fines.
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Fat Clay (CH) or Organic Matter (OH) , gray, moist, very
soft, high plasticity, laminations of fine shell fragments, H2S
odor.

-Soft, trace shell fragments.

Vane shear = 0.32 ksf

Silty Sand (SM) , gray, wet, medium dense, fine grained
sand.

Clayey Silt (ML) , gray, moist, medium stiff, few fine grained
sand, low plasticity.

Fat Clay (CH) , gray, moist, high plasticity.

Silty Clay (CL) , gray, moist, firm, few fine grained sand,
medium plasticity.

41

DS

PA

0.25

0.75

R-5

S-6

R-7

S-8

R-9

12
14
8

0
0
1

0
0
3

4
5
10

4
6
7

22

1

3

15

13

28

81

64

34

94

63

88

92:51

Ballona Wetlands

P. Kashighandi

NOTES

BORING DIA. (in)

G
R

A
P

H
IC

LO
G

LOGGED BY

3.875
TOTAL DEPTH (ft)

Cascade Drilling Rotary Wash

FINISH

SPT (1.4"), CAL (2.4")

D
R

IL
LI

N
G

M
E

T
H

O
D

DURING DRILLING
DRIVE SAMPLER TYPE(S) & SIZE (ID)

 / na

THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
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-Little recovery with sand catcher.

-Wet, soft, trace fine grained sand, trace wood fibers, trace
fine rootlets.

-Stiff.

Sand (SP) , gray, wet, very dense, fine grained sand, trace
fines, one gravel in tip of sampler.

Boring terminated at 71 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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Artificial Fill (af)

Silty Clay w/ Sand (CL) , brown, dry, fine grained sand, low
plasticity, trace shell fragments, trace fine gravel.

Sandy Silt (ML) , brown, dry, hard, fine grained sand, with
hard dark gray clay seams.

Silty Sand with Clay (SM) , brown, moist, medium dense,
fine grained sand, trace roots.

-Wet, very loose.

Alluvium (Qa)

Silty Clay (CL) , gray, wet, soft, trace oxidation, micaceous.

Clayey Sand (SC) , gray, wet, loose, fine grained sand, few
oxidation, trace shell fragments, low plasticity.
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-Shelby tube disturbed ~2" remain.

-Medium dense, trace organics.

Clayey Silt (MH)  with laminations of light gray silt and light
brown silt, gray, wet, trace fine grained sand, few shell
fragments, strong H2S odor (~7ppm on gas meter), high
plasticity.

Vane Shear = 0.65 ksf

Silty Clay (CH) , gray, wet, soft, little shell fragments and
sea shells, strong H2S odor, micaceous, high plasticity.

Silty Sand (SM) , gray, wet, medium dense, fine grained
sand, trace sea shells.

Silty Clay (CL) , gray, moist, medium stiff, low to medium
plasticity.
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Silty Sand  (SM) , gray, wet, fine grained sand.

Silty Clay (CL) , gray, wet, stiff, low to medium plasticity,
trace shell fragments, micaceous.

Poorly Graded Sand (SP) , gray, wet, fine to medium
grained sand.

Sandy Clay (CL) , gray, moist, stiff, fine grained sand,
medium plasticity, trace organics.

Boring terminated at 71.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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Artificial Fill (af)

Silt with Sand (ML) , gray, dry, fine grained sand, no
plasticity, trace organics.

Elastic Silt (MH) , gray, moist, trace fine grained sand, high
plasticity.

Sand (SP) , brown, medium dense, fine grained sand, trace
coarse grained sand, trace fine gravel.

Alluvium (Qa)

Sandy Clay (CL) , gray, wet, stiff, fine grained sand, medium
plasticity, micaceous.

-Very soft, trace organics, slight H2S odor.

-No recovery.

Fat Clay (CH) , gray, wet, very soft, trace fine grained sand,
high plasticity, shell fragments, H2S odor.
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Elastic Silt (MH) , gray, wet, high plasticity, trace shell
fragments, H2S odor.

Vane Shear = 0.6 ksf

-Soft.

-No recovery.

-Moist, very soft.

Fat Clay (CH) , gray, soft, wet, trace fine grained sand, high
plasticity.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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-Moist, trace organics.

Silty Sand (SM) , gray, wet, very loose, fine to medium
grained sand, trace organics.

Peat (PT) , brown, moist.

Sand with Silt (SP-SM) , gray, wet, fine to medium grained
sand, trace coarse grained sand, trace fine gravel, trace
organics, trace seams of silt.

Sand with Gravels (SP) , gray, wet, fine to coarse grained
sand, fine to coarse gravel.

NOTE: Hole kept collapsing, most of sample (S-14) was
collapsed soil, blow counts not accurate.

Boring terminated at 65 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
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Artificial Fill (af)

Silt with Sand (ML) , gray, dry, fine grained sand, no
plasticity, few shell fragments, trace organics.

Silty Sand (SM) , gray and olive brown, moist, very loose,
fine grained sand, no plasticity, few oxidation, trace shell
fragments, micaceous.

Alluvium (Qa)

Sandy Silt (ML) , gray, wet, very soft, fine grained sand,
none to low plasticity.

-Trace oxidation, highly micaceous.

Silty Sand (SM) , gray, wet, loose, fine grained sand, little
oxidation.

Fat Clay (CH) , gray, moist, very soft, high plasticity, H2S
odor, trace organics.
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-Soft, trace fine grained sand, no organics, trace shell
fragments.

Vane Shear = 0.6 ksf

-Very soft, no fine grained sand.

Silty Sand (SM) , gray, moist, fine grained sand, micaceous,
few blebs of lightly cemented Sandy Silt.

Fat Clay (CH) , gray and dark grayish brown, moist, stiff, few
fine grained sand, medium plasticity.
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CONDITIONS ENCOUNTERED.
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-Gray, wet, stiff, high plasticity, some organics.

Silty Sand (SM) , gray, wet, very dense, fine grained sand,
few organics.

-Fine to coarse grained sand, fine to coarse gravel.

Sand (SP) , gray, wet, very dense, fine to medium grained
sand, trace fine to coarse gravel.

Boring terminated at 61.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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Artificial Fill (af)

Silt with Sand (ML) , gray, dry, fine grained sand, no
plasticity, trace organics.

Sandy Silt (ML) , gray, wet, very soft, fine grained sand, low
to medium plasticity.

-Soft, trace fine grained sand, trace oxidation, trace roots,
micaceous.

Fat Clay (CH) , gray, wet, soft, high plasticity, some
oxidation, trace roots, micaceous.

Vane Shear = 0.25 ksf

-Trace fine grained sand, trace sea shells, trace organics,
slight H2S odor.
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-Few fine grained sand.

-Moist, medium stiff, trace fine grained sand.

-Soft, trace blebs of lightly cemented soil.

Clayey Sand (SC) with Silt seams, gray, wet, medium
dense, fine grained sand, trace medium to coarse grained
sand.

Silty Clay (CH) , gray, moist, medium stiff, trace fine grained
sand, high plasticity, some organics.

Silty Sand (SM) , gray, moist, dense, fine to coarse grained
sand, few fine to coarse gravel, ~40% fines, little organics.
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-No organics, decrease in fines.

Boring terminated at 56.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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Artificial Fill (af)

Silty Sand (SM) , brown, dry, fine to coarse grained sand,
fine to coarse gravel, few organics, trace shell fragments,
denser than other locations in Area A.

-Loose, no organics, few shell fragments.

Alluvium (Qa)

Sandy Silt (ML) , olive brown, wet, medium stiff, highly
micaceous, some oxidation.

Lean Clay (CL) , olive brown, wet, soft, medium plasticity,
highly micaceous, some oxidation.

Vane Shear = 0.3 ksf

Fat Clay (CH) , gray, wet, soft, few fine grained sand, high
plasticity, trace shell fragments, H2S odor.

84

88

PA

C
 PA

B-1

R-2

S-3

R-4

S-5

0
4
3

3
4
4

0
0
2

0
1
1

7

8

2

2

20

48

117

71 47:20

56:28

Ballona Wetlands

P. Kashighandi

NOTES

BORING DIA. (in)

G
R

A
P

H
IC

LO
G

LOGGED BY

3.875
TOTAL DEPTH (ft)

Cascade Drilling Rotary Wash

FINISH

SPT (1.4"), CAL (2.4"), SHELBY (3")

D
R

IL
LI

N
G

M
E

T
H

O
D

DURING DRILLING
DRIVE SAMPLER TYPE(S) & SIZE (ID)

 / na

THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.

SHEET NO.

S
A

M
P

LE
 N

O
.

DRILLING COMPANY
9/26/2012

E
LE

V
A

T
IO

N
(f

ee
t)

5

10

15

20

P
O

C
K

E
T

 P
E

N
 (

T
S

F
)

PROJECT NUMBER

1  of  3

B
LO

W
/F

T
 "

N
"

DRILLING METHOD

Ballona Wetlands Restoration Project

CHECKED BY

56.5

BORING RECORD
HOLE ID

AFTER DRILLING

S
A

M
P

LE
 T

Y
P

E

FIGURE

A1-9 a

D
E

P
T

H
 (

fe
et

)

GROUND ELEV (ft)

O
T

H
E

R
T

E
S

T
S

START

CME 85

DESCRIPTION AND CLASSIFICATION

PROJECT NAME

A-RW013

P
A

S
S

IN
G

 #
20

0 
(%

)

SITE LOCATION

13.8  / na

N. Briffa

10

5

0

-5

-10

HAMMER EFFICIENCY (ERi)HAMMER TYPE (WEIGHT/DROP)

DRILL RIG

DEPTH/ELEV. GW (ft)

9/26/2012

P
E

N
E

T
R

A
T

IO
N

 R
E

S
IS

T
A

N
C

E
(B

LO
W

S
 /

 6
 I

N
)

M
O

IS
T

U
R

E
 (

%
)

D
R

Y
 D

E
N

S
IT

Y
 (

P
C

F
)

A
T

T
E

R
B

E
R

G
 L

IM
IT

S
(L

L:
P

L:
P

I)

LA-962A

Hammer: 140 lbs., Drop: 30 in.

370 Amaploa Ave., Suite 212
Torrance, CA 90501

GROUP DELTA CONSULTANTS, INC.

G
D

C
_

LO
G

_B
O

R
IN

G
_2

01
1 

 L
-9

62
_P

A
R

T
 1

.G
P

J 
 G

D
C

L
O

G
.G

D
T

  
1/

24
/1

3



-No recovery.

Lean Clay (CL) , gray, wet, medium stiff, trace coarse
grained sand, medium plasticity.
NOTE: Increase in stiffness at bottom.

Vane Shear = 1.2 ksf

Silty Sand (SM) , gray, wet, loose, fine grained sand, trace
fine gravel.

Interbedded layers of Fat Clay (CH) and Silt (ML):
Fat Clay (CH) , gray, moist, stiff, medium to high plasticity,
and;
Silt (ML) , gray, wet, stiff, trace fine grained sand, medium
plasticity.

Peat (PT) , brown, moist, firm, 4" layer of Fat Clay (CH) ,
tree stump or branch >3".

Sand with Silt (SP-SM) , gray, wet, dense, fine to medium
grained sand, trace organics (wood fibers).
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Sand with Gravel (SP) , gray, wet, dense, fine to medium
grained sand, few coarse grained sand, fine to coarse gravel,
trace clay.

Boring terminated at 56.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
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WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Silty Sand (SM) , brown, dry, fine to coarse grained sand,
few fine to coarse gravels, trace cobble, little sea shells, little
rootlets/branches.

-Dark gray to brown,  moist, loose, fine to medium grained
sand, low to medium plasticity, trace shell fragments, little
oxidation.

Alluvium (Qa)

Fat Clay (CH) , dark gray to brown, moist, stiff, fine grained
sand, high plasticity, little medium grained sand.

Vane Shear = 1.1 ksf

Clayey Sand (SC) , gray with mottled brown, moist, loose,
fine grained sand, some oxidation, micaceous.

-Wet, low plasticity, large shell fragments.

Silty Clay (CL) , gray, moist, medium stiff, trace fine grained
sand, medium plasticity, H2S odor.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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-Moist, fine to medium grained sand.

Sand with Silt (SP-SM) , gray, wet, medium dense, fine to
coarse grained sand.

Silt (ML) , gray, wet, soft, trace fine grained sand, none to
low plasticity, ~3" layer of Sand with Silt (SM).

Sandy Silt (ML) , gray, wet, firm, fine grained sand, trace
coarse grained sand, low plasticity.

Fat Clay (CH) , gray, moist, medium stiff, high plasticity,
some organics.

Silty Sand (SM) , gray, moist to wet, medium dense, fine
grained sand, trace organics.

63

DS

PA

0.75

0.25

0.5

S-6

SH-7

R-8

S-9

R-10

S-11

0
1
2

13
18
18

4
5
6

3
4
4

1
4
5

3

36

11

8

9

25

25

107

57:29

Ballona Wetlands

P. Kashighandi

NOTES

BORING DIA. (in)

G
R

A
P

H
IC

LO
G

LOGGED BY

3.875
TOTAL DEPTH (ft)

Cascade Drilling Rotary Wash

FINISH

SPT (1.4"), CAL (2.4"), SHELBY (3")

D
R

IL
LI

N
G

M
E

T
H

O
D

DURING DRILLING
DRIVE SAMPLER TYPE(S) & SIZE (ID)

 / na
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OF THIS BORING AND AT THE TIME OF DRILLING.
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WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Sand (SP) , gray, wet, very dense, fine to coarse grained
sand, few fine subangular gravel.

-Few fine to coarse gravel.

Boring terminated at 61.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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LOCATIONS AND MAY CHANGE AT THIS LOCATION
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Sandy Silt (ML) , brown, dry, fine grained sand, little
organics.

-Very stiff, moist, trace organics, trace oxidation, trace fine
rootlets, trace clay seams, trace calcite or salt.

Silty Sand (SM) , light brown, dry, loose, fine grained sand.

Alluvium (Qa)

Silty Clay (CL) , gray, wet, very soft, few fine grained sand,
medium plasticity.

Clay (CL) , gray, wet, soft, medium plasticity, laminations of
silty sand, some organics (wood fibers and rootlets).

Sandy Silt (ML) , gray, wet, soft, fine grained sand, no
plasticity, few oxidation, trace organics, trace fine rootlets,
micaceous.

-Light gray.

Clay (CL) , light gray, moist, soft, medium plasticity.

-Gray, wet.

Boring terminated at 18 ft.
Groundwater not encountered.
Boring backfilled with tamped cuttings.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Sandy Silt (ML) , light brown, dry, fine grained sand, no
plasticity, little organics, trace snail shells.

-Brown, moist, soft, low plasticity, little oxidation.

Silty Sand (SM) , gray, moist, very loose, fine grained sand.

Silty Clay (CL) , gray, wet, soft, medium plasticity.

-Very soft.

Silt (ML) , gray, wet, soft, trace fine grained sand, low
plasticity, trace wood fiber.

-Soft, little oxidation.

Silt with Sand (ML) , mottled gray and orangish brown, wet,
medium stiff, some oxidation, trace organics, micaceous.

Silty Clay (CL) , mottled gray and orangish brown, wet, soft,
some oxidation, trace organics, micaceous.

Boring terminated at 16.5 ft.
Groundwater not encountered.
Boring backfilled with tamped cuttings.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Silt (ML) , brown, dry, trace fine grained sand, low plasticity,
little organics (dry brush).

-Little recovery.

Silty Clay (CL) , brown, moist, very stiff, medium plasticity,
trace shell fragments, trace calcite, micaceous.

Clayey Silt (ML) , brown, moist, stiff, medium plasticity, trace
shell fragments, trace calcite, few oxidation, micaceous.

Alluvium (Qa)

Interbedded layers of  Silty Sand (SM) and Silty Clay (CL)  ,
gray, moist, loose/stiff, fine grained sand, trace fine rootlets in
SM, trace organics in CL.

Silt (ML) , gray, wet, very soft, no plasticity, few oxidation,
micaceous.
Fat Clay (CH) , light gray, moist, very soft, high plasticity,
trace sea shells.

Fat Clay (CH) , gray, wet, soft, few oxidation, trace organics.

-Trace fine rootlets, micaceous.

Clayey Silt (ML) , gray, wet, very soft, few fine grained sand,
few shell fragments, H2S odor.

Boring terminated at 21.5 ft.
Groundwater not encountered.
Boring backfilled with tampered cuttings.
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SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Silty Clay (CL) , brown, moist, oxidation, trace shells.

-Gray, moist, soft, low to medium plasticity.

Silt (ML) , gray, wet, very soft, fine to medium grained sand,
none to low plasticity, trace shells.

Alluvium (Qa)

Silty Clay (CH) , gray, moist to wet, fine to medium grained
sand, high plasticity, some oxidation, trace shell fragments.

-Soft, high plasticity, fine grained sand, trace organics.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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-Moist to wet, H2S odor.

-Soft, few shell fragments, H2S odor, no organics.

-Moist, stiff, few oxidation.

Vane shear = 0.75 ksf

Silty Sand (SM) , gray, moist, medium dense, fine to coarse
grained sand.

-Fine to medium grained sand, few organics.

Fat Clay (CH) , gray, moist, medium stiff, fine grained sand,
high plasticity.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Clayey Sand (SC) , gray, wet, medium dense, fine grained
sand, none to low plasticity, trace wood chunks.

-Medium dense, no wood chunks, no plasticity.

-Fine grained sand.

Sand (SP) , gray, wet, very dense, fine to coarse grained
sand, few fine gravel.

Boring terminated at 71.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.

0.75R-11

S-12

R-13

S-14

S-15

3
5
5

7
8
7

11
12
11

5
7
14

25
27
32

10

15

23

21

59

42

22

77

102

52:28

Ballona Wetlands

P. Kashighandi

NOTES

BORING DIA. (in)

G
R

A
P

H
IC

LO
G

LOGGED BY

3.875
TOTAL DEPTH (ft)

Cascade Drilling Rotary Wash

FINISH

SPT (1.4"), CAL (2.4"), SHELBY (3")

D
R

IL
LI

N
G

M
E

T
H

O
D

DURING DRILLING
DRIVE SAMPLER TYPE(S) & SIZE (ID)

 / na

THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Sandy Clay (CL) , brown, dry, fine to medium grained sand,
low plasticity, some roots/branches, few snail shells.

-Gray, moist, soft, fine grained sand, trace roots, trace shell
fragments.

-Stiff, trace roots.

-Medium stiff, low to medium plasticity.

Alluvium (Qa)

Silt (ML) , gray, moist, very soft, fine grained sand, medium
plasticity, oxidation.

Clayey Silt (ML) , gray, moist to wet, soft, medium plasticity,
few shells, strong H2S odor.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Sandy Silt (ML) , gray, moist, stiff, low plasticity, trace shells.

-Stiff, fine to medium grained sand, trace coarse grained
sand, low to medium plasticity.

-Medium stiff, trace roots.

-Low plasticity, no roots.

Silty Sand (SP-SM) , gray, wet, fine to coarse grained sand.

Clayey Silt (ML) , gray, moist, stiff, low to medium plasticity,
trace organics.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Silty Lean Clay (CL) , gray, moist, medium stiff, medium
plasticity, trace organics.

Clayey Silt (ML) , gray, moist, very stiff, low to medium
plasticity, trace organics.

Silty Sand (SP-SM) , gray, wet, very dense, fine to medium
grained sand, coarse gravel.

Boring terminated at 65.9 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Silty Sand (SM) , light brown, dry, loose, fine grained sand,
few fine roots, few shell fragments, trace dark brown clay
seams.

Clay (CL) , olive brown and gray, moist, hard, medium
plasticity, some oxidation, few sea shells.

Clayey Silt (ML) , olive brown and gray, moist, very stiff, low
plasticity.

Sandy Clay (CL) , olive brown, wet, medium stiff, fine
grained sand, few shell fragments, trace organics.

Alluvium (Qa)

Silty Clay (CL) , light gray and gray, moist, medium stiff,
medium plasticity, trace shell fragments.

Silt (ML) , gray, moist, medium stiff, micaceous.

Silty Clay (CL) , gray, wet, very soft, little shell fragments.

Boring terminated at 19 ft.
Groundwater not measured.
Boring backfilled with tamped cuttings.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Sandy Silt (ML) , light brown, dry, fine grained sand, none to
low plasticity, trace dead ice plant.

- Hard, increase in fine grained sand, no plasticity, no ice
plant, trace fine roots.

-Medium stiff.

Silty Sand (SM) , grayish brown, wet, loose, fine grained
sand, trace organics, trace shell fragments.

Sandy Silt (ML) , grayish brown, moist, soft, fine grained
sand, little oxidation, micaceous.

Alluvium (Qa)
Sandy Silt (ML) , gray, moist, soft, fine grained sand,
micaceous.
Silty Sand (SM) , gray, moist, very loose, fine grained sand,
micaceous.

Silty Clay (CL) , light gray, moist, medium stiff, medium
plasticity.

Silty Fat Clay (CH) , gray, moist, soft, high plasticity.

-Brownish gray, medium plasticity, some oxidation,
micaceous.

-Gray, very soft, trace shell fragments, H2S odor.

Boring terminated at 21.5 ft.
Groundwater not measured.
Boring backfilled with tamped cuttings.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Silt (ML) , light brown, dry, low plasticity.

Silty Clay (CL) , brown, moist, soft, low to medium plasticity,
few oxidation, trace calcite, slightly micaceous.

Alluvium (Qa)

Silt (ML) , olive brown, moist, medium stiff, trace fine
grained sand, no plasticity, highly micaceous.

Clayey Silt (ML) , light brown, wet, soft, trace fine grained
sand, low plasticity, few organics, trace sea shells.

Fat Clay (CH) , olive brown, wet, medium stiff, trace fine
grained sand, high plasticity, some oxidation, trace shell
fragments, trace calcite or salt, micaceous.

Silt (ML) , mottled gray and orangish brown, wet, very soft,
low plasticity, some to mostly oxidation, trace shell fragments,
trace organics.

Boring terminated at 16.5 ft.
Groundwater not measured.
Boring backfilled with tampered cuttings.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Silty Sand with Gravel (SM) , light brown, dry, fine to coarse
grained sand, fine to coarse gravel.

Silty Sand (SM) , brown, moist, loose, fine grained sand,
trace clay seams, trace rusted metal.

Sand with Silt (SP-SM) , brown, wet, fine grained sand,
trace wood ~2" long and ~1/2" wide.

Elastic Silt (MH) , gray, wet, very soft, high plasticity.

- Brown, few shells, few rootlets, micaceous.

Alluvium (Qa)

Silty Sand (SM) , gray, wet, fine grained sand, few shell
fragments, trace fine rootlets, micaceous.

Sand with Silt (SP-SM) , gray, wet, medium dense, fine
grained sand, H2S odor.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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-No recovery.

Silty Sand (SM) , gray, wet, loose, fine grained sand, trace
shell fragments.

Sand (SP) , gray, wet, very dense, fine grained sand, trace
organics, trace fines.

-Dense.

Silty Sand (SM) , gray, wet, firm, fine grained sand, low
plasticity, trace shell fragments, micaceous.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Fat Clay(CH) , dark brown, moist, stiff, fine grained sand,
high plasticity.

Sandy Silt (ML) , gray, wet, medium stiff, fine grained sand,
low plasticity.

Silty Sand (SM) , greenish gray, wet, dense, fine to coarse
grained sand, trace fine gravel, multi colored sand and gravel.

-Gray, medium dense, fine grained sand.

Boring terminated at 71.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Sandy Silt (ML) , brown, dry, fine grained sand, trace fine
gravel.
Silt (ML) , brown, moist, low plasticity, few shells.
Alluvium (Qa)

Silt (ML) , brown, moist, low plasticity, few shells,
laminations of Silty Clay (CL) and Peat (Pt):

Silty Clay (CL) , gray and brown, moist, medium plasticity,
little oxidation.
Peat (Pt) , dark brownish gray, moist.
Silty Sand (SM) , gray, wet, fine grained sand.
Fat Clay (CH) , gray, wet, medium to high plasticity.
Boring terminated at 5 ft.
Groundwater encountered at 4 ft.
Boring backfilled with tamped cuttings.
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SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Silty Sand (SM) , brown, dry, fine to coarse grained sand,
few roots/grass.

Alluvium (Qa)

Fat Clay (CH) , light gray, moist, very soft, fine to coarse
grained sand, high plasticity, trace shells.

-Gray, trace organics, trace shell fragments, H2S odor.

Silty Sand (SM) , gray, wet, very loose, fine to medium
grained sand, low plasticity, trace shell fragments.

-Medium dense, none to low plasticity, slight H2S odor.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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-Loose, fine to coarse grained sand, no plasticity, no H2S
odor, little to some shells/shell fragments.

-Medium dense, fine to medium grained sand, none to low
plasticity, trace shells.

-Loose, fine grained sand.

-Fine to medium grained sand, low plasticity, some shells.

Boring terminated at 41.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Silty Sand (SM) , brown, dry, fine to coarse grained sand,
few fine to coarse gravel, little organics.

-Loose, decrease in organics, no coarse gravel.

Alluvium (Qa)

Fat Clay (CH) , gray, wet, high plasticity, trace sea shells,
slight H2S odor, micaceous.

Vane Shear = 0.42 ksf

-No shells, no H2S.

Silty Sand (SM) , gray, wet, some shell fragments. No
recovery in shelby tube.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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- gray, wet, medium dense, fine grained sand, micaceous.

-Increase in silt, no recovery in shelby tube.

-Dense, decrease in silt, ~15%.

Sand Silt (ML) , gray, wet, medium stiff, fine grained sand,
micaceous.

Sandy Silty Clay (CL) , gray, wet, soft, fine grained sand,
medium plasticity, micaceous, trace shell fragments.

Sand (SP) , gray, wet, medium dense, fine to medium
grained sand, few coarse grained sand, trace shell fragments.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Silty Sand (SM) , gray, wet, dense, fine grained sand, trace
organics.

-Very dense, micaceous, dark brown wood fibers in organics
and silt.

No Recovery.  Hole collapsed when inserting rod for next
sample.

Sand (SP) , gray, wet, very dense, fine to medium grained
sand, trace organics (wood fibers).

Boring terminated at 71.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Sand with Silt (SP-SM) , yellowish brown, dry, fine grained
sand.
-Moist.

Alluvium (Qa)

Fat Clay (CH) , gray, wet, medium stiff, high plasticity, trace
organics, trace sea shells and shell fragments, slight H2S
odor, trace burned wood or charcoal.

-Soft, no H2S odor, trace fine grained sand.

Vane Shear = 0.25 ksf

Sand (SP) , gray, wet, dense fine grained sand, trace shell
fragments.

Silty Sand (SM)  with clay laminations, gray, wet, fine
grained sand, few shell fragments, slight H2S odor, pocket of
light brown fine grained sand.
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-No recovery.

Sandy Silt (ML) , gray, wet, stiff, fine grained sand, trace
shell fragments.

Silty Sand (SM) , gray, wet, fine grained sand, trace shell
fragments.

Sandy Silt (ML) , gray, wet, medium stiff, fine grained sand,
low plasticity, trace shell fragments.

Fat Clay (CH) , gray, wet, medium stiff, high plasticity.

Vane Shear = 0.7 ksf

Silty Sand (SM) , gray, wet, medium dense, fine grained
sand.
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-Very dense, trace organics, micaceous.

-Interbedded with layers of Clayey Sand (SC) , gray, wet,
medium dense, fine to medium grained sand, trace organics
in (SC).

 -Trace organics.

-Gravels (drill rig chatter)

Poorly Graded Sand with Gravel (SP) , gray, wet, dense,
fine to coarse grained sand, fine to coarse gravel, drilling mud
mixed in sample.

Boring terminated at 71.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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Base (~18").

Artificial Fill (af)

Silty Sand (SM) , light brown, wet, very loose, fine grained
sand, few gray clay seams.

Alluvium (Qf)

Fat Clay (CH) , gray, wet, soft, micaceous, high plasticity in
clay, trace oxidation.
Vane Shear = 0.3 ksf

-H2S odor.

Silty Sand (SM) , gray, wet, fine grained sand, micaceous,
H2S odor, trace shell fragments.

Sandy Silt (ML) , gray, wet, soft, fine grained sand,
micaceous, H2S odor, few shell fragments.
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Fat Clay (CH) , gray, wet, medium stiff, micaceous, trace
shell fragments, high plasticity.

Silt with Sand (ML) , gray, wet, very soft, fine grained sand,
micaceous, trace shell fragments, low plasticity.

Silty Clay (CL) , dark gray, moist, stiff, low to medium
plasticity, few fine grained sand.

Sandy Clay (CL) , gray, wet, soft, fine grained sand, low to
medium plasticity.

Silty Sand (SM) , gray, wet, fine grained sand, trace
organics.
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Silt (ML) , gray, wet, soft, low to medium plasticity, few fine
grained sand.

Silty Sand (SM) , gray, wet, loose, fine grained sand, trace
organics.

Silty Clay (CL) , gray, wet, soft, medium plasticity, few
organics (wood chunks ~1/8" in diameter).

Sand (SP) , gray, wet, very dense, fine to medium grained
sand, trace fines.

Boring terminated at 71.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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Artifical Fill (af)

Silty Sand with Gravel (SM) , brown, dry, fine to coarse
grained sand, fine gravel, few organics.

Alluvium (Qa)

Fat Clay (CH) , olive brown, moist, soft, micaceous, high
plasticity, few oxidation.

-Gray, wet, trace shell fragments and sea shells, no oxidation,
slight H2S odor.

Vane shear = 0.4 ksf

Silty Sand (SM) , gray, wet, fine grained sand, some shell
fragments, H2S odor, low plasticity, possible organic.

Sand with Silt (SP-SM) , gray, wet, dense, fine grained
sand, few shell fragments.

Silty Sand (SM) , gray, wet, very loose, fine grained sand,
some silt, micaceous.
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-Dense

Silty Clay (CL) , gray, wet, soft, trace fine grained sand,
trace shell fragments, low to medium plasticity.

Sandy Clay (CL) , gray, moist, stiff, some fine grained sand,
medium plasticity, trace medium grained sand, trace organics.

Vane shear = 1.9 ksf

Silty Sand (SM) , gray, wet, medium dense, fine to coarse
grained sand.

Poorly Graded Gravel with Sand (GP) , greenish gray, wet,
very dense, medium to coarse grained sand, fine to coarse
subrounded gravel.
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Silty Sand (SM) , gray, wet, medium dense, fine grained
sand, some fines.

Silty Clay (CH) , gray, moist, stiff, high plasiticity, trace
rootlets ~1/16" in diameter.

Sand (SP) , gray, wet, dense, fine to medium grained sand,
trace fines.

- Light gray, wet, very dense, fine grained sand, trace medium
grained sand, trace fines.

Boring terminated at 71.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.

1.75

R-10

S-11

S-12

S-13

S-14

8
30
47

3
5
8

3
5
8

12
19
22

13
19
33

77

13

13

41

52

14 118

Ballona Wetlands

P. Kashighandi

NOTES

BORING DIA. (in)

G
R

A
P

H
IC

LO
G

LOGGED BY

3.875
TOTAL DEPTH (ft)

Cascade Drilling Rotary Wash

FINISH

SPT (1.4"), CAL (2.4"), SHELBY (3")

D
R

IL
LI

N
G

M
E

T
H

O
D

DURING DRILLING
DRIVE SAMPLER TYPE(S) & SIZE (ID)

 / na

THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.

SHEET NO.

S
A

M
P

LE
 N

O
.

DRILLING COMPANY
9/17/2012

E
LE

V
A

T
IO

N
(f

ee
t)

55

60

65

70

P
O

C
K

E
T

 P
E

N
 (

T
S

F
)

PROJECT NUMBER

3  of  3

B
LO

W
/F

T
 "

N
"

DRILLING METHOD

Ballona Wetlands Restoration Project

CHECKED BY

71.5

BORING RECORD
HOLE ID

AFTER DRILLING

S
A

M
P

LE
 T

Y
P

E

FIGURE

A1-25 c

D
E

P
T

H
 (

fe
et

)

GROUND ELEV (ft)

O
T

H
E

R
T

E
S

T
S

START

CME 85

DESCRIPTION AND CLASSIFICATION

PROJECT NAME

B-RW039

P
A

S
S

IN
G

 #
20

0 
(%

)

SITE LOCATION

8.2  / na

N. Briffa

-45

-50

-55

-60

-65

HAMMER EFFICIENCY (ERi)HAMMER TYPE (WEIGHT/DROP)

DRILL RIG

DEPTH/ELEV. GW (ft)

9/17/2012

P
E

N
E

T
R

A
T

IO
N

 R
E

S
IS

T
A

N
C

E
(B

LO
W

S
 /

 6
 I

N
)

M
O

IS
T

U
R

E
 (

%
)

D
R

Y
 D

E
N

S
IT

Y
 (

P
C

F
)

A
T

T
E

R
B

E
R

G
 L

IM
IT

S
(L

L:
P

L:
P

I)

LA-962A

Hammer: 140 lbs., Drop: 30 in.

370 Amaploa Ave., Suite 212
Torrance, CA 90501

GROUP DELTA CONSULTANTS, INC.

G
D

C
_

LO
G

_B
O

R
IN

G
_2

01
1 

 L
-9

62
_P

A
R

T
 1

.G
P

J 
 G

D
C

L
O

G
.G

D
T

  
1/

24
/1

3



Artificial Fill (af)

Silt with Sand (ML) , brown, dry, little organics, no plasticity.

Alluvium (Qa)

Silty Sand (SM) , gray, wet, fine grained sand, micaceous,
few oxidation, trace fine rootlets.

Fat Clay (CH) , gray, wet, very soft, high plasticity, trace
organics, H2S odor.

Sandy Silt (ML) , gray, wet, fine grained sand, low plasticity,
little shell fragments, 1 sea shell ~1.5", H2S odor.

Silty Sand (SM) , medium dense, few shell fragments.

Fat Clay (CH) , gray, wet, medium stiff, high plasticity, trace
shell fragments.
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Vane shear = 0.5 ksf

Lean Clay (CL) , gray, wet, medium plasticity, trace shell
fragments, 1 sea shell ~1.5".

Interbedded layers of Silty Clay (CH) and Sandy Clay (CL):
-Silty Clay (CH) , gray, moist, medium stiff, medium
plasticity.

-Sandy Clay (CL) , gray, wet, medium stiff, fine grained
sand, trace shell fragments, trace fine rootlets.

Lean Clay (CL) , gray, moist, medium stiff, trace fine grained
sand, medium plasticity.

Vane shear = 0.8 ksf

-Wet, very soft, trace organics.

Fat Clay (CH) , gray, wet, medium stiff, fine grained sand,
high plasticity, micaceous.
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Vane shear = 0.8 ksf

-Moist, stiff, trace fine grained sand.

Well Graded Sand with Gravel (SW) , gray, wet, dense, fine
to coarse grained sand, fine to coarse gravel, trace fines,
gravels up to 2".

Sand (SW) , gray, wet, fine to coarse grained sand, few fine
to coarse gravel, gravels up to ~1".

Boring terminated at 66.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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Artificial Fill (af)

Sandy Silt (ML) , brown, dry, none to low plasticity, fine
grained sand, few roots.

Alluvium (Qa)

Fat Clay (CH) , olive brown, moist, medium stiff, few
oxidation streaks, trace fine grained sand, high plasticity, H2S
odor.

-Gray, wet, soft, few fine grained sand, micaceous, trace shell
fragments, H2S odor.

Vane shear = 0.5 ksf

Sand (SP) , gray, wet, fine grained sand, some shells above
shelby tube, no fines.

Fat Clay (CH) , gray, wet, soft, trace fine grained sand, high
plasticity, 1" layer with mostly shell fragments and wood
chunk above (width of sampler)
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-Stiff, dark gray, no shells, no wood, trace fine grained sand,
no ring samples.

Vane shear = 1.25 ksf

Sandy Clay (CL) , gray , wet, stiff, fine grained sand,
medium plasticity, trace wood pieces.

-Soft, increase in fines, few wood fibers >1" long, trace black
inclusions.

-Medium Stiff, fine to medium grained sand, trace wood
fibers.

Lean Clay (CL) , gray, wet, medium stiff, medium plasticity,
trace fine grained sand, trace wood fibers.
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Vane shear = 0.65 ksf

Silty Sand (SM) , gray, wet, loose, fine grained sand, trace
organics.

Sand with Gravel (SP) , gray, wet, very dense, fine to
medium grained sand, few coarse grained sand, few fine to
coarse gravel, coarse gravel up to 2.5".

Boring terminated at 66.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
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Artificial Fill (Qa)

Sandy Silt (ML) , brown, dry, fine grained sand, none to low
plasticity.

Alluvium (Qa)

Fat Clay (CH) , olive brown, moist, medium stiff, trace fine
grained sand, high plasticity, trace calcite, trace oxidation.

Vane shear = 0.75 ksf

-Wet, very soft.

-Moist.

Vane shear = 0.55 ksf

-Gray, wet.
Clayey Sand (SC) , gray, wet, very loose, fine grained sand.

Fat Clay (CH) , gray, wet, medium stiff, fine grained sand,
high plasticity, little shells in middle of sampler.
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Vane shear = 0.55 ksf

-Moist, few shell fragments.

Clayey Sand (SC) , gray, moist, fine grained sand, medium
plasticity, trace organics, trace shell fragments.

-Wet, loose.

Sand with Gravels (SP) , gray, wet, medium dense, fine to
medium grained sand, fine gravel.

DS

0.5SH-5

S-6

SH-7

S-8

R-9

0
0
3

5
4
2

16
17
18

3

6

35

38

24

21

77

103

109

58:34

Ballona Wetlands

P. Kashighandi

NOTES

BORING DIA. (in)

G
R

A
P

H
IC

LO
G

LOGGED BY

3.875
TOTAL DEPTH (ft)

Cascade Drilling Rotary Wash

FINISH

SPT (1.4"), CAL (2.4"), SHELBY (3")

D
R

IL
LI

N
G

M
E

T
H

O
D

DURING DRILLING
DRIVE SAMPLER TYPE(S) & SIZE (ID)

 / na

THIS SUMMARY APPLIES ONLY AT THE LOCATION
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SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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-Loose.
Note: Most of sample fell out with sand catcher on.

Lean Clay (CL) , gray, moist, medium stiff, trace fine grained
sand, medium plasticity.

Sand (SP) , gray, wet, dense, fine to medium grained sand,
trace coarse grained sand, piece of wood ~3/8" in diameter.

Poorly - Graded Gravel with Sand (GP) , gray, wet, very
dense, medium to coarse grained sand, fine to coarse gravel.

Boring terminated at 66.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artifical FIll (af)

Silty Sand with Gravels (SM) , light brown, dry, few
organics.

Alluvium (Qa)

Sandy Silt (ML) , olive brown, moist, soft, fine grained sand,
none to low elasticity.

Lean Clay (CL) , olive brown, wet, medium stiff, medium
plasticity, trace fine grained sand.

Vane Shear = 0.6 ksf

Fat Clay (CH) , gray, wet, very soft, high plasticity,
micaceous.

-Medium stiff, not micaceous, laminations of light pinkish
brown Clay with Sand, some sea shells in upper portion of
sample, strong H2S odor.

Vane shear = 0.9 ksf

Sandy Clay (CL) , gray, wet, soft, fine grained sand,
medium plasticity, few organics, trace shell fragments,
micaceous.
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CONDITIONS ENCOUNTERED.
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-Moist, very soft to very stiff, few fine grained sand, low to
medium plasticity.

Silty Sand (SM) , gray, moist, loose, fine grained sand,
some fines, trace shell fragments.

Sand (SP) , gray, wet, medium grained sand, trace coarse
grained sand, trace fine gravel.

Fat Clay (CH) , gray, wet, stiff, high plasticity, micaceous.
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OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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-Moist, soft.

Vane shear = 0.4 ksf

Silty Sand (SM) , gray, wet, medium dense, fine grained
sand, trace organics.

Sand (SP) , gray, wet, very dense, fine to medium grained
sand, few coarse grained sand, few fg.

Poorly graded Gravel with Sand (GP) , gray, wet, dense,
medium to coarse grained sand,  fine to coarse gravel,
subangular gravels.

Boring terminated at 66.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Silty Sand with Gravel (SM) , brown, dry, fine to coarse
grained sand, fine to coarse gravel.

Silt (ML) , brown, moist, medium stiff, low plasticity, trace
roots.

-Olive brown, low to medium plasticity, trace dark brown clay
seams.

Vane Shear = 0.7 ksf

-None to low plasticity, increase in roots, highly micaceous,
no clay seams.

Vane Shear = 0.5 ksf
Elastic Silt (MH) , dark brown with orange spots of Silt, high
plasticity, trace hair or fiber, trace shell fragments.

Alluvium (Qa)

Lean Clay (CL) , gray, wet, soft, low to medium plasticity,
some laminations and pinholes of oxidation, micaceous.

Fat Clay (CH) , gray, wet, medium stiff, trace fine grained
sand, high plasticity, micaceous, H2S odor.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Vane Shear = 1.0 ksf

Silty Clay (CL) , gray, wet, medium stiff, few fine grained
sand, low to medium plasticity, trace shell fragments, slight
H2S odor.

-Moist, stiff, trace fine grained sand, medium plasticity, trace
rootlets.

Vane Shear = 1.1 ksf

Silty Sand (SM) , gray, wet, medium dense, fine to coarse
grained sand.

-Fine grained sand, trace seams of Elastic Silt.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.

SHEET NO.

S
A

M
P

LE
 N

O
.

DRILLING COMPANY
10/1/2012

E
LE

V
A

T
IO

N
(f

ee
t)

30

35

40

45

P
O

C
K

E
T

 P
E

N
 (

T
S

F
)

PROJECT NUMBER

2  of  3

B
LO

W
/F

T
 "

N
"

DRILLING METHOD

Ballona Wetlands Restoration Project

CHECKED BY

69

BORING RECORD
HOLE ID

AFTER DRILLING

S
A

M
P

LE
 T

Y
P

E

FIGURE

A1-30 b

D
E

P
T

H
 (

fe
et

)

GROUND ELEV (ft)

O
T

H
E

R
T

E
S

T
S

START

CME 85

DESCRIPTION AND CLASSIFICATION

PROJECT NAME

B-RW049

P
A

S
S

IN
G

 #
20

0 
(%

)

SITE LOCATION

17.6  / na

N. Briffa

-10

-15

-20

-25

-30

HAMMER EFFICIENCY (ERi)HAMMER TYPE (WEIGHT/DROP)

DRILL RIG

DEPTH/ELEV. GW (ft)

10/1/2012

P
E

N
E

T
R

A
T

IO
N

 R
E

S
IS

T
A

N
C

E
(B

LO
W

S
 /

 6
 I

N
)

M
O

IS
T

U
R

E
 (

%
)

D
R

Y
 D

E
N

S
IT

Y
 (

P
C

F
)

A
T

T
E

R
B

E
R

G
 L

IM
IT

S
(L

L:
P

L:
P

I)

LA-962A

Hammer: 140 lbs., Drop: 30 in.

370 Amaploa Ave., Suite 212
Torrance, CA 90501

GROUP DELTA CONSULTANTS, INC.

G
D

C
_

LO
G

_B
O

R
IN

G
_2

01
1 

 L
-9

62
_P

A
R

T
 1

.G
P

J 
 G

D
C

L
O

G
.G

D
T

  
1/

24
/1

3



-Dense, fine to medium grained sand, trace fine gravel.

Sand with Silt (SP-SM) , gray, wet, medium dense, fine to
medium grained sand, few coarse grained sand.

Silty Clay (CL) , gray, moist, stiff, few fine grained sand,
medium plasticity, trace organics.

Vane Shear = 1.0 ksf

No recovery.

Sand (SP) , gray, wet, dense, fine to medium grained sand,
trace fines.

Boring terminated at 69 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
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SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
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WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Clay (CL) , brown, dry, low to medium plasticity, trace
organics, trace sea shells, few fine roots, trace white residue.
-Moist

-Firm, no snail shells.

-Soft, light brown and gray, moist, medium plasticity.

Alluvium (Qa)

Interbedded layers of Silty Clay (CL) and Clayey Silt (ML)  ,
gray, wet, soft, fine grained sand, few oxidation, trace fine
rootlets, micaceous.

Clayey Silt (ML) , gray, wet, very soft, low plasticity, trace
oxidation, some small to large shell fragments, H2S odor.

Elastic Silt (MH) , gray, wet, very soft, few fine grained sand,
medium plasticity, few shell fragments, few tan color blebs of
organics or CH, strong H2S odor.

-Trace fine rootlets.

-Increase in shell fragments.

Sandy Clay (CL) , gray, wet, stiff, some fine grained sand,
trace sea shells, H2S odor.

Boring terminated at 21.5 ft.
Groundwater not encountered.
Boring backfilled with tamped cuttings.
Strong H2S odor occurred at ~20'. H2S reading of >150 ppm.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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Artificial Fill (af)

Silty Sand with Gravel (SM) , brown, dry, fine to coarse
sand, fine to coarse gravel.

Alluvium (Qa)

Lean Clay  (CL) , olive brown, wet, very soft, trace fine
grained sand, highly micaceous, interbedded layers of Fat
Clay (CH).

Fat Clay (CH) , dark brown and gray, moist, medium stiff,
high plasticity.

Vane Shear = 0.8 ksf

- Gray, wet, very soft, few sea shells.

Silty Sand (SM) , gray, wet, fine grained sand, low plasticity,
little shells, H2S odor.
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- Loose, trace shell fragments.

- No H2S odor.

- Dense

-No recovery

Lean Clay (CL) , gray, moist, soft, medium plasticity, trace
shell fragments.
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Silty Clay with Sand (CL) , gray, moist, stiff, fine grained
sand, medium plasticity, micaceous.

Vane Shear = 1.5 ksf

Sandy Clay (CL) , gray, wet, soft, fine grained sand,
medium plasticity, micaceous.

- Moist, very stiff.

Vane Shear = 2.2 ksf

Fat Clay (CH) , gray, moist, stiff, high plasticity.

- Very stiff, trace fine grained sand.

Boring terminated at 71.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
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Artificial Fill (af)

Silty Sand with Gravels (SM) , brown, dry, fine to coarse
grained sand, fine to coarse gravel.

Silty Sand (SM) , brown, moist, very loose, fine grained
sand, trace coarse grained sand, trace oxidation, trace shell
fragments.

Alluvium (Qa)

Fat Clay (CH) , olive brown, wet, medium stiff, high
plasticity, few thin layers of oxidation (vertical), trace shell
fragments, micaceous.

Vane Shear = 0.7 ksf

-Light olive brown, moist, trace fine grained sand, micaceous.

-Gray, H2S odor, seams of light gray, dry, very stiff Silt.

Vane Shear = 0.5 ksf
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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-No recovery.

Sand with Silt (SP-SM) , gray, wet, fine grained sand.

Silty Sand (SM) , gray, wet, very loose, fine grained sand,
H2S odor.

Sandy Silt (ML) , gray, wet, soft, fine grained sand, none to
low plasticity, micaceous.

Silty Sand (SM) , gray, moist, medium dense, trace fine
grained sand, micaceous.

Silty Clay with Sand (CL) , gray, moist, stiff, fine grained
sand, medium plasticity, trace shell fragments.

Silty Sand (SM) , gray, wet, dense, fine to coarse grained
sand.
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-Medium dense, few fine gravel, decrease in fines.

Sandy SIlt (ML) , gray, wet, soft, fine grained sand, trace
medium grained sand, low plasticity.

Fat Clay (CH) , gray, moist, stiff, high plasticity, micaceous,
trace calcite.

Silty Sand (SM) , gray, wet, loose, fine to medium grained
sand, few organics (roots).

Boring terminated at 71.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
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Artificial Fill (af)

Silty Sand with Gravels (SM) , brown, dry, fine to coarse
grained sand, fine to coarse gravel.

Silt (ML) , olive brown, moist, medium stiff, laminations of
oxidation, highly micaceous.

Fat Clay (CH) , gray, moist, soft, high plasticity.

Alluvium (Qa)

Sandy Clay (CL) , orangish brown, moist, soft, fine grained
sand, medium plasticity, mostly oxidized.

Fat Clay (CH) , gray, moist, medium stiff, high plasticity,
H2S odor, interbedded layers of peat and silt.

Vane Shear = 0.65 ksf

- Soft, few oxidation, micaceous, no H2S odor.
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PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.
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- Trace shell fragments, micaceous, H2S odor.

Lean Clay (CL) , gray, wet, medium stiff, low to medium
plasticity, trace shell fragments.

Vane Shear = 0.85 ksf

Fat Clay (CH) , gray, wet, high plasticity, micaceous.

Lean Clay (CL) , gray, wet, soft, few fine grained sand,
medium plasticity, trace shell fragments.

Clayey Sand (SC) , gray, wet, medium dense, fine grained
sand.

Silty Sand with Gravel (SP) , gray, wet, medium dense, fine
to coarse grained sand, fine to coarse gravel, angular gravels.
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Silty Sand (SM) , gray, wet, medium dense, fine grained
sand, trace coarse grained sand, trace organics.

Lean Clay (CL) , gray, moist, soft, trace fine grained sand,
medium plasticity.

-Hard, no fine grained sand, decrease in moisture.

Sand (SP) , gray, wet, very dense, fine grained sand, trace
coarse grained sand, trace fine gravel, few organics (wood
fibers).

Boring terminated at 71.5 ft.
Groundwater not measured.
Boring backfilled with bentonite grout.
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Artificial Fill (af)

Silty Sand (SM) , light brown, dry, fine grained sand, few
medium grained sand, trace dry brush.

-Grayish brown, loose, few olive brown clay seams, no dry
brush.

-Very loose, increase in fines.

Alluvium (Qa)

Clay (CL) , mottled gray and light gray, moist, very stiff, few
fine to medium grained sand, medium plasticity, few
oxidation, trace organics, trace pieces of shale.

Clay with Sand (CL) , gray, moist, stiff, fine to medium
grained sand, medium plasticity, few oxidation, trace pieces of
shale.

Sandy Silt (ML) , mottled brown and gray, moist, medium
stiff, fine grained sand, low plasticity, trace fine rootlets.

Note: Auto hammer broke. Switched to down hole hammer.

-Wet, very stiff, some fine grained sand, low plasticity,
increase in sand at bottom.

-Brown, fine to medium grained sand.

-Mottled brown and gray, very stiff, fine grained sand, low
plasticity.
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Silty Clay (CL) , mottled gray and brown, wet, medium stiff,
trace fine grained sand, low to medium plasticity.

Fat Clay (CH) , mottled gray and brown, wet, medium stiff,
trace fine grained sand, high plasticity.

Boring terminated 31.5 ft.
Groundwater not encountered.
Boring backfilled with tamped cuttings.

0.5

S-10

R-11

4
4
2

2
7
4

6

11

36

38 83 55:27

Ballona Wetlands

P. Kashighandi

NOTES

BORING DIA. (in)

G
R

A
P

H
IC

LO
G

LOGGED BY

8
TOTAL DEPTH (ft)

Cascade Drilling Hollow Stem Auger

FINISH

SPT (1.4"), CAL (2.4")

D
R

IL
LI

N
G

M
E

T
H

O
D

DURING DRILLING
DRIVE SAMPLER TYPE(S) & SIZE (ID)

 / na

THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED.

SHEET NO.

S
A

M
P

LE
 N

O
.

DRILLING COMPANY
10/16/2012

E
LE

V
A

T
IO

N
(f

ee
t)

30

35

40

45

P
O

C
K

E
T

 P
E

N
 (

T
S

F
)

PROJECT NUMBER

2  of  2

B
LO

W
/F

T
 "

N
"

DRILLING METHOD

Ballona Wetlands Restoration Project

CHECKED BY

31.5

BORING RECORD
HOLE ID

AFTER DRILLING

S
A

M
P

LE
 T

Y
P

E

FIGURE

A1-35 b

D
E

P
T

H
 (

fe
et

)

GROUND ELEV (ft)

O
T

H
E

R
T

E
S

T
S

START

CME 85 All Terrain

DESCRIPTION AND CLASSIFICATION

PROJECT NAME

C-HSA061

P
A

S
S

IN
G

 #
20

0 
(%

)

SITE LOCATION

16  / na

N. Briffa

-10

-15

-20

-25

-30

HAMMER EFFICIENCY (ERi)HAMMER TYPE (WEIGHT/DROP)

DRILL RIG

DEPTH/ELEV. GW (ft)

10/16/2012

P
E

N
E

T
R

A
T

IO
N

 R
E

S
IS

T
A

N
C

E
(B

LO
W

S
 /

 6
 I

N
)

M
O

IS
T

U
R

E
 (

%
)

D
R

Y
 D

E
N

S
IT

Y
 (

P
C

F
)

A
T

T
E

R
B

E
R

G
 L

IM
IT

S
(L

L:
P

L:
P

I)

LA-962A

Hammer: 140 lbs., Drop: 30 in.

370 Amaploa Ave., Suite 212
Torrance, CA 90501

GROUP DELTA CONSULTANTS, INC.

G
D

C
_

LO
G

_B
O

R
IN

G
_2

01
1 

 L
-9

62
_P

A
R

T
 1

.G
P

J 
 G

D
C

L
O

G
.G

D
T

  
1/

24
/1

3



kristenc
Typewritten Text

kristenc
Typewritten Text
FIGURE A1-36 a



kristenc
Typewritten Text
FIGURE A1-36 b



kristenc
Typewritten Text
FIGURE A1-37 a



kristenc
Typewritten Text
FIGURE A1-37 b



kristenc
Typewritten Text
FIGURE A1-38 a



kristenc
Typewritten Text
FIGURE A1-38 b



kristenc
Typewritten Text
FIGURE A1-39 a



kristenc
Typewritten Text
FIGURE A1-39 b



kristenc
Typewritten Text
FIGURE A1-40 a



kristenc
Typewritten Text
FIGURE A1-40 b



kristenc
Typewritten Text
FIGURE A1-41 a



kristenc
Typewritten Text
FIGURE A1-41 b



kristenc
Typewritten Text
FIGURE A1-42 a



kristenc
Typewritten Text
FIGURE A1-42 b



kristenc
Typewritten Text
FIGURE A1-43 a



kristenc
Typewritten Text
FIGURE A1-43 b



Peter Chiu
Text Box
0

kristenc
Typewritten Text
FIGURE A1-44 a



Peter Chiu
Text Box
0

kristenc
Typewritten Text
FIGURE A1-44 b



kristenc
Typewritten Text
FIGURE A1-45 a



kristenc
Typewritten Text
FIGURE A1-45 b



kristenc
Typewritten Text
FIGURE A1-46



kristenc
Typewritten Text
FIGURE A1-47 a



kristenc
Typewritten Text
FIGURE A1-47 b



kristenc
Typewritten Text
FIGURE A1-48 a



kristenc
Typewritten Text
FIGURE A1-48 b



kristenc
Typewritten Text
FIGURE A1-49 a



kristenc
Typewritten Text
FIGURE A1-49 b



kristenc
Typewritten Text
FIGURE A1-50 a



kristenc
Typewritten Text
FIGURE A1-50 b



kristenc
Typewritten Text
FIGURE A1-51 a



kristenc
Typewritten Text
FIGURE A1-51 b



kristenc
Typewritten Text
FIGURE A1-52 a



kristenc
Typewritten Text
FIGURE A1-52 b



kristenc
Typewritten Text
FIGURE A1-53 a



kristenc
Typewritten Text
FIGURE A1-53 b



kristenc
Typewritten Text
FIGURE A1-54



kristenc
Typewritten Text
FIGURE A1-55 a



kristenc
Typewritten Text
FIGURE A1-55 b



kristenc
Typewritten Text
FIGURE A1-56 a



kristenc
Typewritten Text
FIGURE A1-56 b



kristenc
Typewritten Text
FIGURE A1-57 a

kristenc
Typewritten Text



kristenc
Typewritten Text
FIGURE A1-57 b



kristenc
Typewritten Text
FIGURE A1-58 a



kristenc
Typewritten Text
FIGURE A1-58 b



kristenc
Typewritten Text
FIGURE A1-59 a



kristenc
Typewritten Text
FIGURE A1-59 b



kristenc
Typewritten Text
FIGURE A1-60 a



kristenc
Typewritten Text
FIGURE A1-60 b



kristenc
Typewritten Text
FIGURE A1-61 a



kristenc
Typewritten Text
FIGURE A1-61 b



kristenc
Typewritten Text
FIGURE A1-62 a



kristenc
Typewritten Text
FIGURE A1-62 b



kristenc
Typewritten Text
FIGURE A1-63 a



kristenc
Typewritten Text
FIGURE A1-63 b



kristenc
Typewritten Text
FIGURE A1-64 a



kristenc
Typewritten Text
FIGURE A1-64 b



kristenc
Typewritten Text
FIGURE A1-65 a



kristenc
Typewritten Text
FIGURE A1-65 b



kristenc
Typewritten Text
FIGURE A1-66 a



kristenc
Typewritten Text
FIGURE A1-66 b



kristenc
Typewritten Text
FIGURE A1-66 c



 

 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A2 
FIELD EXPLORATIONS BY OTHERS 

 

 

 

 

 

 

 



LA-962A  Page. A2-1 

 

APPENDIX A2 
PREVIOUS FIELD EXPLORATIONS 

 

A2.1 INTRODUCTION 

Several previous geotechnical and environmental investigations have been 
performed at the site location.  Data from previous investigations by Law Crandall, 
Inc., Weston Solutions, Inc. and Diaz Yourman & Associates were used for 
preliminary analyses of this interim report.  The exploration locations are shown in 
Figure 3 of the report.   

Borings by Law Crandall, Inc. and Diaz Yourman & Associates were performed 
primarily for geotechnical purposes.  Law Crandall, Inc. performed preliminary 
geotechnical investigations in each of the Areas within the project (Areas A, B and C) 
and presented the results of investigations within different areas in separate reports.  
Diaz Yourman & Associates performed a preliminary geotechnical investigation for 
Areas B and C.  Borings by Weston Solutions, Inc. were performed primarily for the 
purpose of chemistry and environmental testing, and are not included in this 
Appendix.  A summary of the geotechnical field investigations by Law Crandall, Inc. 
and Diaz Yourman & Associates, including previous geotechnical borings, is 
provided in this Appendix.   

A2.2 LAW CRANDALL, INC. INVESTIGATIONS 

In Area A, field investigation by Law Crandall, Inc. included 20 borings and 5 cone 
penetration tests (CPT).  Drilling was performed in December 1988 and January 
1989.  Fourteen (14) of the borings were drilled using 5-inch-diameter rotary wash 
drilling equipment, while the other six (6) borings were performed using a bucket-
type drilling equipement.  Drilling mud was used for rotary wash borings to prevent 
caving.  The rotary wash borings were drilled to a depth of approximately 60 feet.  
The bucket-type borings were drilled to a depth of approximately 16 to 20 feet below 
the existing grade using 16- and 18-inch bucket-type drilling equipment.  
Subsurface materials were visually classified and recorded by a field technician in 
accordance with the Unified Soil Classification System (USCS), and undisturbed and 
disturbed samples were collected for laboratory testing.  Standard penetration tests 
(SPT) were performed in selected borings.  CPTs were also advanced to a maximum 
depth of approximately 60 feet.  The logs of borings and CPTs performed during 
this investigation are presented in this Appendix.   

In Area B, field investigation by Law Crandall, Inc. included 32 borings in January 
and February 1991, and 21 borings at earlier investigation dates of December of 
1986 and April of 1987. Most of the borings were drilled using 5-inch-diameter 
rotary wash drilling equipment to a depth of approximately 20 to 60 feet.  Drilling 
mud was used for rotary wash borings to prevent caving.  The drilling mud was 
removed following completion of the drilling to permit measurement of the 
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groundwater level.  Six (6) borings were performed using 8-inch-diameter hollow 
stem auger equipment to a depth of approximately 30 feet.  Additionally, six 8-inch-
diameter hand auger borings were drilled to a depth of 5 to 9 feet below the existing 
grade.  At twelve locations, the rotary wash borings were converted to groundwater 
monitoring wells to measure the fluctuations in the groundwater levels.  Subsurface 
materials were visually classified and recorded by a field technician in accordance 
with the Unified Soil Classification System (USCS), and undisturbed and disturbed 
samples were collected for laboratory testing.  Standard penetration tests (SPT) were 
performed in 21 of more recent borings as well as several of the earlier borings.  The 
logs of borings performed during this investigation are presented in this Appendix.   

In Area C, geotechnical field investigation by Law Crandall, Inc. included 5 borings.  
Drilling was performed in June 1991.  The borings were drilled using 5-inch-
diameter rotary wash drilling equipment.  Drilling mud was used for rotary wash 
borings to prevent caving.  The drilling mud was removed following completion of 
the drilling to permit measurement of the groundwater level.  The rotary wash 
borings were drilled to a depth of approximately 60 to 75 feet.  Subsurface materials 
were visually classified and recorded by a field technician in accordance with the 
Unified Soil Classification System (USCS), and undisturbed and bulk samples were 
collected for laboratory testing.  Standard penetration tests (SPT) were performed in 
all borings in accordance with the ASTM Designation D1986-84 test procedure.  
Prior to the geotechnical field investigation Law Crandall, Inc. performed an 
investigation in 1988 for contamination assessment, which included drilling 17 8-
inch hollow-stem auger borings.  The logs of borings performed during both 
investigations are presented in this Appendix.   

A2.3 DIAZ YOURMAN & ASSOCIATES INVESTIGATION 

Field investigation by Diaz Yourman & Associates in Areas B and C included a total 
of 20 deep borings (13 borings in Area B and 7 borings in Area C), as well as three 
grab samples in Area B.  The borings were drilled by Layne Christenson Company in 
February 2009, with a rubber tire-mounted CME-750 rig using hollow-stem auger 
drilling equipment to depths ranging from 16 to 32 feet below the existing grade.  
Subsurface samples were collected for both geotechnical and bulk chemistry 
testing.  Grab samples for sediments were collected near the tidal gates of the 
Ballona Creek using a hand auger.  Drive samples were collected with a 2.4-inch-
inside-diameter (3.0-inch-outside diameter) modified California split-barrel sample 
lined with brass tubes and a standard split-spoon penetrometer with dimensions in 
accordance with ASTM 3550 and 1586, respectively.  Both samplers were driven 
with a 140-pound hammer falling 30 inches.  After samples were collected, 
boreholes were backfilled with soils cuttings and bentonite chips. The logs of 
borings performed during this investigation are presented in this Appendix.   
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Area B - Law Crandall Borings PLATE A2-122
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Area B - Law Crandall Borings PLATE A2-128
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USACE Ballona Creek Watershed

Project No. 2006-023.05

SOIL CLASSIFICATION SYSTEM-ASTM D2487

"Push" Sampler

(APPRECIABLE AMOUNT OF FINES)

SILTY GRAVELS, GRAVEL - SAND - SILT MIXTURES

DS  = Direct Shear
CN  = Consolidation
CP  = Collapse Potential
SA  = Grain size; HD = Hydrometer
MD = Compaction Test

GRAVEL AND

GRAVELLY

SOILS

HC = Hydraulic Conductivity Test

TYPICAL

MORE THAN 50% OF

COARSE FRACTION

RETAINED ON NO. 4 SIEVE GC

B1

CL

OL

LETTER

Standard Penetration Test (SPT) Sampler

CLEAN GRAVELS

SW

CLAYEY SANDS, SAND - CLAY MIXTURES

INORGANIC CLAYS OF LOW TO MEDIUM PLASTICITY,

GRAVELLY CLAYS, SANDY CLAYS, SILTY CLAYS,

LEAN CLAYS

WELL-GRADED GRAVELS, GRAVEL - SAND MIXTURES,

LITTLE OR NO FINES

DESCRIPTIONS

HIGHLY ORGANIC SOILS

GW

MORE THAN 50% OF

COARSE FRACTION

PASSING ON NO. 4 SIEVE

LIQUID LIMIT GREATER

THAN 50

(APPRECIABLE AMOUNT OF FINES)

SM

SC

MH

CH

OH

PT

SP

ML

MORE THAN 50% OF

MATERIAL IS LARGER THAN

NO. 200 SIEVE SIZE

LIQUID LIMIT LESS

THAN 50

MORE THAN 50% OF

MATERIAL IS SMALLER

THAN NO. 200 SIEVE SIZE

[PID]  Reading in ppm above background

CLEAN SANDS

CLAYEY GRAVELS, GRAVEL - SAND - CLAY MIXTURES

Groundwater Surface

COARSE-GRAINED

SOILS

SILTS AND

CLAYS

POORLY GRADED SANDS, GRAVELLY SAND, LITTLE OR

NO FINES

Split Barrel "Drive" Sampler With Liner

FINE-GRAINED

SOILS

POORLY GRADED GRAVELS, GRAVEL - SAND

MIXTURES, LITTLE OR NO FINES

INORGANIC SILTS AND VERY FINE SANDS, ROCK

FLOUR, SILTY OR CLAYEY FINE SANDS OR CLAYEY

SILTS WITH SLIGHT PLASTICITY

GM

SYMBOLS

SILTY SANDS, SAND - SILT MIXTURESSANDS WITH FINES

PLATE

PEAT, HUMUS, SWAMP SOILS WITH HIGH ORGANIC

CONTENTS

ORGANIC SILTS AND ORGANIC SILTY CLAYS OF LOW

PLASTICITY

INORGANIC SILTS, MICACEOUS OR DIATOMACEOUS

FINE SAND OR SILTY SOILS

INORGANIC CLAYS OF HIGH PLASTICITY

GP

(LITTLE OR NO FINES)

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,

ORGANIC SILTS

SILTS AND

CLAYS

NP  = Nonplastic
EI   = Expansion Index Test

RV  = R-Value
CA = Chemical Analysis

CU = Consol. Undrained Triaxial.

UU = Undrained, Unconsol. Triaxial.

UC = Unconfined Comp.

SE = Sand Equivalent

SG = Specific Gravity

CD = Consol. Drained Triaxial.

CU = Consol. Undrained Triaxial.

WELL-GRADED SANDS, GRAVELLY SANDS, LITTLE OR

NO FINES

Bag Sample

Concrete/Rock Core

GRAPH

NOTE:  DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS

SAND AND

SANDY

SOILS

(LITTLE OR NO FINES)

GRAVELS WITH FINES

MAJOR DIVISIONS

SPT "N" = 0.65 x modified California blows per footSPT "N"

 

 

 

Area B & C - Diaz Yourman & Associates Borings PLATE A2-135



39

32

43

60

91

1
1
2

1
2
2

2
4
7

1
2
2

1
1
2

1
1
1

0.25

0.75

0.75

41

55

7

22

98

52

98

93

93

FAT CLAY (CH): very dark gray, moist, very soft, high
plasticity, few roots

SILT (ML): olive brown, moist, soft, low plasticity, micaceous

SANDY SILT (ML): olive brown, wet, medium stiff, low
plasticity, fine-grained sand

ELASTIC SILT (MH): grayish brown, wet, soft, medium
plasticity, veins of oxidation, micaceous

very dark gray, very soft, trace shell fragments, sulfur odor

gray

Bottom of boring at 16.5 feet.
Groundwater encountered at 6 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

7  MLLW

2/24/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 26' 1.8" W33° 58' 17.6" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

16.5

BORING LOCATION:

DATE COMPLETED: 2/24/09

LATITUDE:

2/24/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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LEAN CLAY with SAND (CL): very dark brown, moist, very
soft, medium plasticity, fine- to coarse-grained sand, little
roots

FAT CLAY (CH): gray, moist, soft, high plasticity, trace dark
spots

SANDY SILT (ML): dark grayish brown, wet, medium stiff,
low plasticity, fine-grained sand, micaceous

LEAN CLAY (CL): olive brown, wet, very soft, medium
plasticity, oxidation

SANDY LEAN CLAY (CL): olive brown, wet, very soft,
medium plasticity, fine-grained sand, micaceous

FAT CLAY (CH): very dark gray, wet, very soft, high
plasticity, sulfur odor

ELASTIC SILT (MH): gray, wet, very soft, medium plasticity,
sulfur odor

Bottom of boring at 16.5 feet.
Groundwater encountered at 6 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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2/24/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 26' 7.1" W33° 58' 16.1" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

16.5

BORING LOCATION:

DATE COMPLETED: 2/24/09

LATITUDE:

2/24/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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SANDY SILT (ML): very dark grayish brown, moist, medium
stiff, low plasticity, fine- to coarse-grained sand, trace fine
to coarse gravel, little roots

POORLY GRADED SAND with GRAVEL (SP): dark
yellowish brown, moist, very dense, fine- to coarse-grained
sand, fine to coarse gravel

LEAN CLAY (CL): light brownish gray, moist, medium stiff,
medium plasticity

very dark grayish brown, soft, micaceous

ELASTIC SILT (MH): dark gray, wet, very soft, medium
plasticity, micaceous

FAT CLAY (CH): dark gray, wet, soft, high plasticity, trace
shell fragments

gray, very soft, sulfur odor

Bottom of boring at 19.5 feet.
Groundwater encountered at 11 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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2/23/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 26' 12.6" W33° 58' 16.1" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

19.5

BORING LOCATION:

DATE COMPLETED: 2/23/09

LATITUDE:

2/23/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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SILT with SAND (ML): brown, moist, soft, low plasticity, fine-
to medium-grained sand, few roots

LEAN CLAY (CL): very dark brown, moist, stiff, medium
plasticity, trace roots, calcite stringer

SILT (ML): olive brown, wet, medium stiff, nonplastic,
micaceous

SANDY SILT (ML): olive brown, wet, medium stiff, low
plasticity, fine-grained sand, micaceous

SILT (ML): very dark gray, wet, very soft, low plasticity, trace
shell fragments, sulfur odor

Bottom of boring at 16.5 feet.
Groundwater encountered at 6 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:
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DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

8  MLLW

2/24/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 26' 13.0" W33° 58' 11.2" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

16.5

BORING LOCATION:

DATE COMPLETED: 2/24/09

LATITUDE:

2/24/09
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LEAN CLAY with SAND (CL): dark brown, moist, very soft,
medium plasticity, fine-grained sand, trace roots

gray, soft

olive gray, wet, medium stiff, micaceous

ELASTIC SILT (MH): olive gray, wet, very soft, medium
plasticity, trace shell fragments

FAT CLAY (CH): dark gray, wet, very soft, high plasticity,
sulfur odor

few shell fragments

Bottom of boring at 16.5 feet.
Groundwater encountered at 6 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

7  MLLW

2/25/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 26' 11.9" W33° 58' 7.9" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

16.5

BORING LOCATION:

DATE COMPLETED: 2/25/09

LATITUDE:

2/25/09

LONGITUDE:
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ELEVATION AND DATUM (feet):
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FAT CLAY (CH): dark olive brown, moist, high plasticity,
little roots

ELASTIC SILT (MH): very dark brown, wet, medium
plasticity

FAT CLAY (CH): dark grayish brown, wet, soft, high
plasticity

Bottom of boring at 8 feet.
Groundwater encountered at 2 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.

JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:      inches                           lbs

6  MLLW

2/25/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 26' 0.9" W33° 58' 6.8" N

BORING DIAMETER (inches): 4 BORING DEPTH (feet):

DRILLING EQUIPMENT: Hand Auger Hand AugerDRILLING METHOD:

ID: 2.4      OD: 3

8

BORING LOCATION:

DATE COMPLETED: 2/25/09
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LONGITUDE:
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POORLY GRADED SAND with CLAY (SP-SC): brown,
moist, loose, fine- to medium-grained sand, trace fine
gravel, trace roots

FAT CLAY (CH): dark gray, wet, soft, high plasticity

SILT (ML): very dark gray, wet, soft, low plasticity,
micaceous

ELASTIC SILT (MH): very dark gray, wet, very soft, medium
plasticity, trace shell fragments

FAT CLAY (CH): very dark gray, wet, very soft, high
plasticity, sulfur odor

CLAYEY SAND (SC): very dark gray, wet, loose,
fine-grained sand, trace shell fragments, sulfur odor

Bottom of boring at 16.5 feet.
Groundwater encountered at 2 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

4  MLLW

2/19/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 26' 39.7" W33° 57' 56.6" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

16.5

BORING LOCATION:

DATE COMPLETED: 2/19/09

LATITUDE:

2/19/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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FAT CLAY (CH): olive brown, moist, medium stiff, high
plasticity, micaceous

FAT CLAY with SAND (CH): grayish brown, moist, medium
stiff, high plasticity, fine-grained sand, micaceous

FAT CLAY (CH): olive gray, wet, very soft, high plasticity,
trace shell fragments

dark gray, soft, no shell fragments

CLAYEY SAND (SC): gray, wet, very loose, fine-grained
sand, trace shell fragments

dark gray, medium dense

Bottom of boring at 16.5 feet.
Groundwater encountered at 5 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

4  MLLW

2/18/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 26' 48.7" W33° 57' 52.7" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

16.5

BORING LOCATION:

DATE COMPLETED: 2/18/09

LATITUDE:

2/18/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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CLAYEY SAND (SC): dark grayish brown, wet, loose, fine-
to coarse-grained sand

FAT CLAY (CH): dark brown, wet, soft, high plasticity

gray

ELASTIC SILT (MH): dark gray, wet, soft, medium plasticity,
micaceous

very soft

CLAYEY SAND (SC): very dark gray, wet, loose,
fine-grained sand, few shell fragments, sulfur odor

Bottom of boring at 16.5 feet.
Groundwater encountered at 0 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

4  MLLW

2/19/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 26' 42.1" W33° 57' 55.3" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

16.5

BORING LOCATION:

DATE COMPLETED: 2/19/09

LATITUDE:

2/19/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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SILT with SAND (ML): brown, moist, very soft, low plasticity,
fine- to medium-grained sand, micaceous, trace roots

FAT CLAY (CH): dark brown, moist, medium stiff, high
plasticity, color gradient, soft white deposites throughout

SILT (ML): olive brown, wet, medium stiff, nonplastic

LEAN CLAY (CL): olive brown, wet, soft, medium plasticity

SILT (ML): gray, wet, very soft, low plasticity

SANDY LEAN CLAY (CL): gray, wet, very soft, medium
plasticity, fine-grained sand, few shell fragments, sulfur
odor

POORLY GRADED SAND with SILT (SP-SM): gray, wet,
loose, fine-grained sand, few shell fragments, strong sulfur
odor

Bottom of boring at 19.5 feet.
Groundwater encountered at 6 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

8  MLLW

2/18/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 26' 28.6" W33° 58' 6.1" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

16.5

BORING LOCATION:

DATE COMPLETED: 2/18/09

LATITUDE:

2/18/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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LEAN CLAY (CL): brown, moist, soft, medium plasticity,
some organics

ELASTIC SILT (MH): brownish gray, moist, soft, medium
plasticity, trace shell fragments

wet

very soft, sulfur odor

dark gray

CLAYEY SAND (SC): very dark gray, wet, very loose,
fine-grained sand, few shell fragments

Bottom of boring at 16.5 feet.
Groundwater encountered at 5 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

6  MLLW

2/19/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 26' 26.3" W33° 57' 53.0" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

16.5

BORING LOCATION:

DATE COMPLETED: 2/19/09

LATITUDE:

2/19/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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LEAN CLAY (CL): dark brown, moist, soft, medium
plasticity, trace roots

ELASTIC SILT (MH): light gray, moist, medium stiff, medium
plasticity, few shell fragments

wet

dark gray, very soft, trace shell fragments, sulfur odor

olive gray

dark gray

SANDY FAT CLAY (CH): gray, wet, soft, high plasticity,
fine-grained sand, trace shell fragments, sulfur odor

Bottom of boring at 16.5 feet.
Groundwater encountered at 5 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

6  MLLW

2/20/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 26' 20.2" W33° 57' 58.3" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

16.5

BORING LOCATION:

DATE COMPLETED: 2/20/09

LATITUDE:

2/20/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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CLAYEY SAND (SC): brown, wet, very loose, fine- to
medium-grained sand

FAT CLAY (CH): light gray, wet, soft, high plasticity

very soft

trace shell fragments, sulfur odor

no shell fragments

CLAYEY SAND (SC): gray, wet, very loose, fine-grained
sand

Bottom of boring at 16.5 feet.
Groundwater encountered at 1 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

6  MLLW

2/19/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 26' 46.9" W33° 57' 42.6" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

16.5

BORING LOCATION:

DATE COMPLETED: 2/19/09

LATITUDE:

2/19/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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CLAYEY SAND (SC): brown, moist, loose, fine- to
medium-grained sand, trace roots

SILT with SAND (ML): dark brown, moist, medium stiff,
nonplastic, fine- to medium-grained sand

LEAN CLAY (CL): grayish brown, moist, soft, medium
plasticity

SANDY LEAN CLAY (CL): gray, moist, medium stiff,
medium plasticity, fine-grained sand

FAT CLAY (CH): gray, moist, medium stiff, high plasticity,
sulfur odor, some white spots

FAT CLAY with SAND (CH): gray, moist, stiff, high plasticity,
fine-grained sand

LEAN CLAY (CL): gray, moist, medium stiff, medium
plasticity, micaceous

CLAYEY SAND (SC): dark gray, moist, medium dense, fine-
to medium-grained sand

wet

POORLY GRADED SAND with CLAY and GRAVEL
(SP-SC): dark gray, wet, medium dense, fine- to
coarse-grained sand, fine to coarse gravel
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

23  MLLW

2/18/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 25' 40.4" W33° 58' 43.6" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

31.5

BORING LOCATION:

DATE COMPLETED: 2/18/09

LATITUDE:

2/18/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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99FAT CLAY (CH): gray, wet, medium stiff, high plasticity

Bottom of boring at 31.5 feet.
Groundwater encountered at 23 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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CLAYEY SAND (SC): dark brown, moist, medium dense,
fine- to coarse-grained sand, trace fine gravel, trace roots

POORLY GRADED SAND with SILT (SP-SM): brown, moist,
loose, fine- to medium-grained sand

FAT CLAY (CH): olive brown, moist, medium stiff, high
plasticity, trace roots

no roots, some oxidation

gray

CLAYEY SAND (SC): very dark brown, moist, loose,
fine-grained sand

SANDY LEAN CLAY (CL): very dark gray, moist, stiff,
medium plasticity, fine-grained sand, some oxidation

dark gray

wet

olive brown, fine- to medium-grained sand

POORLY GRADED SAND with CLAY (SP-SC): dark grayish
brown, moist, medium dense, fine- to coarse-grained
sand, trace fine gravel

Bottom of boring at 28.5 feet.
Groundwater encountered at 20 ft below ground surface.
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

19  MLLW

2/17/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 25' 37.0" W33° 58' 48.7" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

28.5

BORING LOCATION:

DATE COMPLETED: 2/17/09

LATITUDE:

2/17/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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Boring backfilled with bentonite chips then cuttings.
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SANDY LEAN CLAY (CL): brown, moist, very stiff, medium
plasticity, fine- to coarse-grained sand, trace concrete
pieces - FILL

hard, trace organics

FAT CLAY (CH): olive brown, moist, medium stiff, high
plasticity, some oxidation, micaceous

SANDY LEAN CLAY (CL): olive brown, moist, medium stiff,
medium plasticity, fine-grained sand

soft

FAT CLAY (CH): gray, moist, soft, high plasticity

CLAYEY SAND (SC): reddish brown, moist, medium dense,
fine- to medium-grained sand, trace fine gravel

wet

POORLY GRADED SAND with GRAVEL (SP): dark gray,
wet, medium dense, fine- to coarse-grained sand, fine to
coarse gravel

POORLY GRADED SAND with CLAY and GRAVEL
(SP-SC): dark gray, wet, medium dense, fine- to
coarse-grained sand, fine to coarse gravel

LEAN CLAY with SAND (CL): olive brown, wet, soft, medium
plasticity, fine-grained sand
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

23  MLLW

2/17/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 25' 44.7" W33° 58' 45.3" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

34.5

BORING LOCATION:

DATE COMPLETED: 2/17/09

LATITUDE:

2/17/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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SANDY LEAN CLAY (CL): olive brown, wet, medium stiff,
medium plasticity, fine-grained sand

SILT (ML): olive brown, wet, soft, nonplastic

Bottom of boring at 34.5 feet.
Groundwater encountered at 20 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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POORLY GRADED SAND with CLAY and GRAVEL
(SP-SC): brown, moist, loose, fine- to coarse-grained
sand, fine gravel

SANDY LEAN CLAY (CL): brown, moist, stiff, medium
plasticity, fine-grained sand

CLAYEY SAND (SC): gray, moist, loose, fine-grained sand

SANDY FAT CLAY (CH): dark gray, moist, very stiff, high
plasticity, fine- to coarse-grained sand

ELASTIC SILT (MH): light gray, moist, medium stiff, medium
plasticity

SANDY FAT CLAY (CH): gray, moist, medium stiff, high
plasticity, fine- to coarse-grained sand,  trace fine gravel

wet, some oxidation

SANDY SILT (ML): olive brown, wet, medium stiff, low
plasticity, fine-grained sand

SILT with SAND (ML): brownish gray, wet, medium stiff,
nonplastic, fine-grained sand

Bottom of boring at 25.5 feet.
Groundwater encountered at 18 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.
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JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

17  MLLW

2/23/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2

118° 25' 56.7" W33° 58' 45.8" N

BORING DIAMETER (inches): 8 BORING DEPTH (feet):

DRILLING EQUIPMENT: CME 750 Hollow Stem AugerDRILLING METHOD:

ID: 2.4      OD: 3

25.5

BORING LOCATION:

DATE COMPLETED: 2/23/09

LATITUDE:

2/23/09

LONGITUDE:

    30  inches                      140 lbsSPT HAMMER DROP:                           WT:

ELEVATION AND DATUM (feet):
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SANDY LEAN CLAY (CL): dark brown, moist, very stiff,
medium plasticity, fine- to coarse-grained sand, trace
roots

POORLY GRADED SAND with SILT and GRAVEL
(SP-SM): olive brown, moist, medium dense, fine- to
coarse-grained sand, fine to coarse gravel

SILTY SAND (SM): dark gray, moist, loose, fine- to
coarse-grained sand, trace fine to coarse gravel, trace
shell fragments

CLAYEY SAND (SC): very dark grayish brown, moist, loose,
fine-grained sand, micaceous

FAT CLAY (CH): very dark gray, moist, stiff, high plasticity

SANDY LEAN CLAY (CL): gray, moist, stiff, medium
plasticity, fine-grained sand, some oxidation

SILTY SAND with GRAVEL (SM): olive brown, moist,
medium dense, fine- to coarse-grained sand, fine to
coarse gravel

POORLY GRADED SAND (SP): dark grayish brown, wet,
loose, fine- to coarse-grained sand

very loose

SILT (ML): brown, wet, medium stiff, low plasticity

Bottom of boring at 25.5 feet.
Groundwater encountered at 17 ft below ground surface.
Boring backfilled with bentonite chips then cuttings.

15

7

6

10

10

12

9

4

8

JMS CHECKED BY:LOGGED BY:

DATE STARTED:

KV

DRIVE HAMMER DROP:                          WT:     30 inches                          140 lbs

17  MLLW

2/23/09

DRIVE SAMPLER DIAMETER (inches)

See Figure 2
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POORLY GRADED SAND with GRAVEL (SP): brown,
moist, loose, fine- to coarse-grained sand, fine to coarse
gravel, trace shell fragments, trace roots

POORLY GRADED SAND with SILT and GRAVEL
(SP-SM): dark gray, moist, loose, fine- to coarse-grained
sand, fine to coarse gravel

POORLY GRADED SAND with GRAVEL (SP): grayish
brown, moist, loose, fine- to coarse-grained sand, fine
gravel

LEAN CLAY (CL): olive brown, moist, medium stiff, medium
plasticity

FAT CLAY (CH): light gray, moist, soft, high plasticity, brown
spots

medium stiff, oxidation spots, micaceous

SANDY LEAN CLAY (CL): dark gray, wet, soft, medium
plasticity, fine- to medium-grained sand

medium stiff

SANDY FAT CLAY (CH): gray, wet, medium stiff, high
plasticity, fine-grained sand

CLAYEY SAND (SC): gray, wet, loose, fine-grained sand,
trace shell fragments, trace roots

Bottom of boring at 28.5 feet.
Groundwater encountered at 17 ft below ground surface.
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See Figure 2
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Boring backfilled with bentonite chips then cuttings.
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SILTY SAND (SM): brown, moist, very loose, fine- to
medium-grained sand, trace fine gravel, trace roots

SILTY SAND with GRAVEL (SM): brown, moist, loose, fine-
to coarse-grained sand, fine to coarse gravel

FAT CLAY with SAND (CH): dark gray, moist, medium stiff,
high plasticity, fine-grained sand, micaceous

SILT (ML): dark gray, moist, medium stiff, low plasticity

FAT CLAY (CH): dark gray, moist, soft, high plasticity,
some oxidation spots

SILT with SAND (ML): light gray, moist, soft, low plasticity,
fine-grained sand

wet

very soft

FAT CLAY with SAND (CH): dark gray, wet, very soft, high
plasticity, fine-grained sand

medium stiff

SANDY FAT CLAY (CH): dark gray, wet, medium stiff, high
plasticity, fine-grained sand

CLAYEY SAND (SC): gray, wet, loose, fine- to
medium-grained sand

Bottom of boring at 28.5 feet.
Groundwater encountered at 17 ft below ground surface.
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Boring backfilled with bentonite chips then cuttings.
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Area C - Law Crandall Borings PLATE A2-161



Area C - Law Crandall Borings PLATE A2-162



Area C - Law Crandall Borings PLATE A2-163



Area C - Law Crandall Borings PLATE A2-164



Area C - Law Crandall Borings PLATE A2-165



Area C - Law Crandall Borings PLATE A2-166



Area C - Law Crandall Borings PLATE A2-167



Area C - Law Crandall Borings PLATE A2-168



Area C - Law Crandall Borings PLATE A2-169



Area C - Law Crandall Borings PLATE A2-170



Area C - Law Crandall Borings - 1988 PLATE A2-171



Area C - Law Crandall Borings - 1988 PLATE A2-172



Area C - Law Crandall Borings - 1988 PLATE A2-173



Area C - Law Crandall Borings - 1988 PLATE A2-174



Area C - Law Crandall Borings - 1988 PLATE A2-175



Area C - Law Crandall Borings - 1988 PLATE A2-176



Area C - Law Crandall Borings - 1988 PLATE A2-177



Area C - Law Crandall Borings - 1988 PLATE A2-178



Area C - Law Crandall Borings - 1988 PLATE A2-179



Area C - Law Crandall Borings - 1988 PLATE A2-180



Area C - Law Crandall Borings - 1988 PLATE A2-181



Area C - Law Crandall Borings - 1988 PLATE A2-182



Area C - Law Crandall Borings - 1988 PLATE A2-183
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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. 
 
 



LA-962A  Page. B1-3 
 

 

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 



#

A Line 20 0 CL-ML 0 4 0 7 0-50 50 80

100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

A-RW003 SH5B 20.0 21.5 6.1 6.6 40 19 21

A-RW003 S8 35.0 36.5 10.7 11.1 47 19 28

A-RW003 R13A 55.0 56.5 16.8 17.2 34 23 11

A-RW003 R15 65.0 66.5 19.8 20.3 29 21 8

A-RW005 S6 30.0 31.5 9.2 9.6 92 41 51

Figure No. :  B1-1a

Remark :

Very Dark Greenish Gray Silty Clay (CL)

Dark Olive Brown Clay or Silt w/ Shells and Organic Matters (OH)

(ASTM D-4318-84)Date :

Depth
(ft) (m)

LA962A

01/28/13

Ballona Creek Wetlands Restoration
Project No. : ATTERBERG LIMITS  

PLASTICITY CHART

Dark Greenish Gray Silty Clay (CL)

Very Dark Greenish Gray Silty Clay (CL)

Very Dark Greenish Gray Silty Clay (CL)
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#

A Line 20 0 CL-ML 0 4 0 7 0-50 50 80

100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

A-RW006 S5 20.0 21.5 6.1 6.6 50 27 23

A-RW006 SH8B 35.0 36.5 10.7 11.1 64 33 31

A-RW006 S9 40.0 41.5 12.2 12.7 53 29 24

A-RW006 S11 50.0 51.5 15.3 15.7 44 23 21

A-RW006 S13 60.0 61.5 18.3 18.8 48 24 24

A-RW006 S15 70.0 71.5 21.4 21.8 32 19 13

Figure No. :  B1-1b

PLASTICITY CHART

Dark Grayish Brown Silty Clay (CL)

Dark Olive Gray Clayey Silt (MH)

Dark Olive Gray Clay / Silt with Shells (CH)

DescriptionSymbol
(%)

Very Dark Greenish Gray Sandy Silty Clay (CL)

(ASTM D-4318-84)Date :

Depth
(ft) (m)

LA962A

01/28/13

Ballona Creek Wetlands Restoration

Project No. : ATTERBERG LIMITS  

Remark :

Very Dark Greenish Gray Silty Clay (CL)

Very Dark Greenish Gray Silty Clay (CL)
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A Line 20 0 CL-ML 0 4 0 7 0-50 50 80
100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

A-RW008 R2 10.0 11.5 3.1 3.5 48 23 25

A-RW008 R5 25.0 26.5 7.6 8.1 50 27 23

A-RW008 R6A 30.0 31.5 9.2 9.6 68 34 34

A-RW008 R10 45.0 46.5 13.7 14.2 54 28 26

A-RW009 S6 25.0 26.5 7.6 8.1 56 20 36

A-RW009 R11A 50.0 51.5 15.3 15.7 72 38 34

Figure No. :  B1-1c

PLASTICITY CHART

Dark Greenish Gray Silty Clay with Sand ( CL )

Dark Greenish Gray Lean / Fat Clay with Traces of Shells ( CL / CH )

Dark Greenish Gray Clayey Silt with Traces of Shells ( MH )

DescriptionSymbol
(%)

Dark Greenish Gray Fat Clay ( CH )

(ASTM D-4318-84)Date :

Depth
(ft) (m)

LA962A

10/19/12

Ballona Creek Wetlands Restoration

Project No. : ATTERBERG LIMITS  

Remark :

Very Dark Greenish Gray Fat Clay ( CH )

Very Dark Greenish Gray to Black Clay w/ Organic Matter ( OH )
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A Line 20 0 CL-ML 0 4 0 7 0-50 50 80
100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

A-RW011 R2 5.0 6.5 1.5 2.0 28 27 1

A-RW011 R4 15.0 16.5 4.6 5.0 62 29 33

A-RW011 S5 20.0 21.5 6.1 6.6 66 30 36

A-RW011 R6A 25.0 26.5 7.6 8.1 63 28 35

A-RW011 S10 45.0 46.5 13.7 14.2 58 28 30

Figure No. :  B1-1d

PLASTICITY CHART

Dark Greenish Gray Sandy Silt ( ML )

Light Olive Brown Fat Clay ( CH )

Dark Greenish Gray Fat Clay ( CH )

DescriptionSymbol
(%)

(ASTM D-4318-84)Date :

Depth
(ft) (m)

LA962A

10/19/12

Ballona Creek Wetlands Restoration

Project No. : ATTERBERG LIMITS  

Remark :

Dark Greenish Gray Fat Clay with Traces of Shells ( CH ) 

Very Dark Gray Fat Clay ( CH )
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#

A Line 20 0 CL-ML 0 4 0 7 0-50 50 80
100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

A-RW013 R4 15.0 16.5 4.6 5.0 47 27 20

A-RW013 S5 20.0 21.5 6.1 6.6 56 28 28

A-RW013 R7 30.0 31.5 9.2 9.6 34 18 16

A-RW015 R3 10.0 11.5 3.1 3.5 57 22 35

A-RW015 S11 45.0 46.5 13.7 14.2 57 28 29

0 0 0.0 0.0 0

0 0 0.0 0.0 0

0 0 0.0 0.0 0 0 0

Figure No. :  B1-1e

PLASTICITY CHART

0

Olive Brown Silty Clay ( CL )

Dark Greenish Gray Fat Clay ( CH )

Very Dark Greenish Gray Sandy Clay w/ Traces of Gravel ( CL )

DescriptionSymbol
(%)
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Very Dark Greenish Gray Fat Clay ( CH ) 
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#

A Line 20 0 CL-ML 0 4 0 7 0-50 50 80
100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

A-RW020 R4A 15.0 16.5 4.6 5.0 63 28 35

A-RW020 S5 20.0 21.5 6.1 6.6 50 26 24

A-RW020 R6 25.0 26.5 7.6 8.1 75 35 40

A-RW020 R8A 35.0 36.5 10.7 11.1 73 33 40

A-RW020 R11 50.0 51.5 15.3 15.7 52 24 28

A-RW023 S3 10.0 11.5 3.1 3.5 38 25 13

A-RW023 S5 20.0 21.5 6.1 6.6 46 30 16

Figure No. :  B1-1f

Remark :

Dark Greenish Gray Clay / Silt ( CH / MH )

Dark Greenish Gray Silty Clay to Fat Clay ( CH ) 

Very Dark Greenish Gray Sandy Silty Clay/Sandy Clayey Silt (CL/ML)
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PLASTICITY CHART
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(%)
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#

A Line 20 0 CL-ML 0 4 0 7 0-50 50 80

100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

A-HSA016 B9 17.0 18.5 5.2 5.6 37 25 12

A-HSA018 S6 12.5 14.0 3.8 4.3 63 31 32

A-HSA064 S5 12.5 14.0 3.8 4.3 42 22 20

A-HSA064 S7 17.5 19.0 5.3 5.8 43 23 20

A-HSA066 R8 17.5 19.0 5.3 5.8 71 32 39

A-HSA066 S9 20.0 21.5 6.1 6.6 51 27 24

A-HSA067 R5 12.5 14.0 3.8 4.3 69 32 37

Figure No. :  B1-1g

PLASTICITY CHART

Dark Olive Gray Sandy Silt / Sandy Clay ( CL-ML ) 

Light Greenish Gray Clayey Silt / Clay ( MH-CH )

Olive Gray Sandy Clay with Shells ( CL )

DescriptionSymbol
(%)

Dark Greenish Gray Fat Clay w/ Traces of Shells ( CH )

(ASTM D-4318-84)Date :

Depth
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11/19/12
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Remark :

Dark Grayish Brown Silty Clay with Shells ( CL )

Olive Brown Fat Clay ( CH )

Olive Brown Fat Clay ( CH )
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#

A Line 20 0 CL-ML 0 4 0 7 0-50 50 80
100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

B-RW027 S3 15.0 16.5 4.6 5.0 71 38 33

B-RW027 R4A 20.0 21.5 6.1 6.6 0 0 0

B-RW027 S6 25.0 26.5 7.6 8.1 58 27 31

B-RW030 S2 5.0 6.5 1.5 2.0 72 32 40

B-RW030 R3 10.0 11.5 3.1 3.5 70 33 37

B-RW032 R3A 10.0 11.5 3.1 3.5 71 28 43

B-RW032 S10 45.0 46.5 13.7 14.2 36 23 13

Figure No. :  B1-1h

PLASTICITY CHART

Very Dark Greenish Gray Clayey Silt with Traces of Shells (MH) 

Dark Geenish Gray Silty Fine Sand with traces of Shells (NP)

Dark Greenish Gray Fat Clay ( CH )

DescriptionSymbol
(%)

Light Olive Brown Fat Clay ( CH )
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Olive Brown Fat Clay with Shells ( CH )

Very Dark Greenish Gray Sandy Silty Clay ( CL )
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#

A Line 20 0 CL-ML 0 4 0 7 0-50 50 80

100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

B-RW033 R3A 15.0 16.5 4.6 5.0 75 33 42

B-RW033 S9 40.0 41.5 12.2 12.7 28 25 3

B-RW033 R10A 45.0 46.5 13.7 14.2 53 22 31

B-RW036 R2A 10.0 11.5 3.1 3.5 60 28 32

B-RW036 S3 15.0 16.5 4.6 5.0 69 31 38

Figure No. : B1-1i

Dark Greenish Gray Fat Clay (CH)

Very Dark Greenish Gray Fat Clay (CH)

Dark Greenish Gray Fat Clay (CH)

Dark Olive Gray Fat Clay (CH)

Remark :

(ASTM D-4318-84)Date :

Depth
(ft) (m)

LA962A

01/28/13

Ballona Creek Wetlands Restoration

Project No. : ATTERBERG LIMITS  

PLASTICITY CHART

Very Dark Greenish Gray Sandy Silt  with Shells (ML)
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#

A Line 20 0 CL-ML 0 4 0 7 0-50 50 80

100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

B-RW039 S1 5.0 6.5 1.5 2.0 65 28 37

B-RW039 SH2B 10.0 11.5 3.1 3.5 68 31 37

B-RW039 S7 35.0 36.5 10.7 11.1 40 25 15

B-RW039 R8A 40.0 41.5 12.2 12.7 30 16 14

B-RW041 R6A 25.0 26.5 7.6 8.1 75 33 42

B-RW041 S7 30.0 31.5 9.2 9.6 40 20 20

B-RW041 R9 40.0 41.5 12.2 12.7 33 20 13

B-RW041 S12 55.0 56.5 16.8 17.2 59 25 34

Figure No. :  B1-1j

Remark :

Very Dark Greenish Gray Sandy Clay 

Very Dark Greenish Gray Silty Clay ( CL )

(ASTM D-4318-84)Date :
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(ft) (m)

LA962A

01/28/13

Ballona Creek Wetlands Restoration

Project No. : ATTERBERG LIMITS  

PLASTICITY CHART

Dark Gray Fat Clay ( CH )

Dark Yellowish Brown Fat Clay

DescriptionSymbol
(%)
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Olive Gray Fat Clay with Shells ( CH )
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#

A Line 26 4 CL-ML 0 4 0 7 0-50 50 80

100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

B-RW043 R3A 10.0 11.5 3.1 3.5 59 25 34

B-RW043 S6 25.0 26.5 7.6 8.1 63 28 35

B-RW043 SH7B 30.0 31.5 9.2 9.6 47 20 27

B-RW043 R11 50.0 51.5 15.3 15.7 44 20 24

B-RW044 R1A 5.0 6.5 1.5 2.0 84 32 52

B-RW044 SH3B 15.0 16.5 4.6 5.0 64 27 37

B-RW044 R5A 25.0 26.5 7.6 8.1 58 24 34

B-RW044 R11 55.0 56.5 16.8 17.2 39 18 21

Figure No. :  B1-1k

Remarks :

Very Dark Greenish Gray Lean Clay (CL)

Dark Greenish Gray Fat Clay (CH)

Very Dark Gray Fat Clay (CH)
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PLASTICITY CHART
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Dark Greenish Gray Fat Clay (CH)
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#

A Line 26 4 CL-ML 0 4 0 7 0-50 50 80

100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

B-RW047 SH3A 10.0 11.5 3.1 3.5 40 22 18

B-RW047 SH5A 20.0 16.5 6.1 5.0 82 32 50

B-RW047 S6 25.0 26.5 7.6 8.1 48 21 27

B-RW047 R11 50.0 51.5 15.3 15.7 52 22 30

B-RW047 S10 45.0 46.5 13.7 14.2 57 21 36

Figure No. :  B1-1l
Date :

(ASTM D-4318 / CT-204 / T-89)
10/11/12

ATTERBERG LIMITS  

PLASTICITY CHART

Light Gray Silty Lean Clay(CL)
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#

A Line 20 0 CL-ML 0 4 0 7 0-50 50 80
100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

B-RW049 R4A 15.0 16.5 4.6 5.0 84 41 43

B-RW049 S5 20.0 21.5 6.1 6.6 27 20 7

B-RW049 R6A 25.0 26.5 7.6 8.1 67 33 34

B-RW049 R8A 35.0 36.5 10.7 11.1 40 23 17

B-RW049 R13 60.0 61.5 18.3 18.8 39 23 16

Figure No. : B1-1m

PLASTICITY CHART

Black to Light Olive Brown Silt or Clay with Organic Matter ( OH )

Light Brown Clayey Silt (ML-CL)

DescriptionSymbol
(%)

Very Dark Greenish Gray Sandy Silty Clay ( CL ) 
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#

A Line 20 0 CL-ML 0 4 0 7 0-50 50 80
100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

B-RW053 S1 5.0 6.5 1.5 2.0 48 21 27

B-RW053 R2A 10.0 11.5 3.1 3.5 66 27 39

B-RW053 SH4B 20.0 21.5 6.1 6.6 28 24 4

B-RW053 S9 45.0 46.5 13.7 14.2 47 20 27

B-RW053 R10A 50.0 51.5 15.3 15.7 32 15 17

B-RW053 R12A 60.0 61.5 18.3 18.8 38 25 13

B-RW053 R14A 70.0 71.5 21.4 21.8 81 28 53

0 0 0.0 0.0 0

Figure No. :  B1-1n

Dark Greenish Gray Sandy Clay ( CL )

Very Dark Greenish Gray Fat Clay ( CH )

Dark Gray Silty Lean Clay with Shells (CL)

Dark Gray Silty Lean Clay with Shells (CL)

Remark :

(ASTM D-4318-84)Date :

Depth
(ft) (m)

LA962A

11/02/12

Ballona Creek Wetlands Restoration

Project No. : ATTERBERG LIMITS  

PLASTICITY CHART
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Dark to Light Olive Brown Clay with traces of Shells (CH)
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#

A Line 20 0 CL-ML 0 4 0 7 0-50 50 80
100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

B-RW055 R2A 10.0 11.5 3.1 3.5 52 28 24

B-RW055 R10 45.0 46.5 13.7 14.2 32 18 14

B-RW058 S2 10.0 11.5 3.1 3.5 58 28 30

B-RW058 R3A 15.0 16.5 4.6 5.0 75 33 42

B-RW058 R5A 25.0 26.5 7.6 8.1 71 33 38

B-RW058 S12 60.0 61.5 18.3 18.8 48 20 28

0 0 0.0 0.0 0

Figure No. :  B1-1o

PLASTICITY CHART

0

Yellowish Brown Clay with Shells ( CH )

Very Dark Greenish Gray Sandy Clay with Traces of Gravel ( CL )

Brown Fat Clay ( CH )

DescriptionSymbol
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Dark Gray Silty Lean Clay with Shells ( CL )
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Remark :
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Dark Olive Brown Fat Clay with Traces of Shells ( CH )
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A Line 20 0 CL-ML 0 4 0 7 0-50 50 80

100 58.4 Box 26 4 30 7 Vert 50 0

Boring Sample MC LL PL PI
No. No.

C-HSA061 R7 17.5 19.0 5.3 5.8 24 20 4

C-HSA061 R11 30.0 31.5 9.2 9.6 55 28 27

B-HSA051 S6 12.5 14.0 3.8 4.3 87 43 44

0 0 0.0 0.0 0

0 0 0.0 0.0 0

0 0 0.0 0.0 0

0 0 0.0 0.0 0

0 0 0.0 0.0 0

Figure No. :  B1-1p

PLASTICITY CHART

0

Dark Olive Brown Sandy Clay-Sandy Silt with Fine Gravel (CL-ML)

Olive Brown Silty Clay to Fat Clay ( CH )

Dark Olive Gray Clayey Silt ( MH )
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CONSOLIDATION TEST RESULTS
ASTM D-2435

A-RW003 PRESSURE SAMPLE VOID

R7A (psf) STRAIN RATIO

100 1.60% 0.9976
Initial Moisture Content: 35.6% 400 1.75% 0.9945

Initial Dry Unit Wt: 85.8 pcf 800 1.82% 0.9931
Initial Total Unit Wt.: 116.3 pcf 800 2.02% 0.9890

Initial Void Ratio: 1.0301 1600 2.92% 0.9709
Initial Degree of Saturation: 96.3% 3200 4.49% 0.9390

6400 7.63% 0.8753
Final Moisture Content: 30.2% 12800 11.45% 0.7976

Final Dry Unit Wt: 94.4 pcf 6400 11.23% 0.8021
Final Total Unit Wt.: 112.8 pcf 3200 10.93% 0.8082

Final Void Ratio: 0.8450 1600 10.64% 0.8141
Final Degree of Saturation: 99.6% 800 10.22% 0.8226

400 9.94% 0.8283
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

A-RW005 PRESSURE SAMPLE VOID

R1 (psf) STRAIN RATIO

100 0.66% 1.1093
Initial Moisture Content: 37.4% 400 0.90% 1.1043

Initial Dry Unit Wt: 82.0 pcf 800 1.41% 1.0935
Initial Total Unit Wt.: 112.7 pcf 800 1.21% 1.0976

Initial Void Ratio: 1.1234 1600 1.71% 1.0870
Initial Degree of Saturation: 92.9% 3200 3.45% 1.0501

6400 6.06% 0.9947
Final Moisture Content: 36.4% 12800 9.60% 0.9195

Final Dry Unit Wt: 86.5 pcf 6400 9.19% 0.9281
Final Total Unit Wt.: 110.1 pcf 3200 8.44% 0.9442

Final Void Ratio: 1.0129 1600 7.63% 0.9613
Final Degree of Saturation: 100.2% 800 6.69% 0.9812

400 5.96% 0.9968
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

A-RW005 PRESSURE SAMPLE VOID

R3 (psf) STRAIN RATIO

100 3.68% 1.1536
Initial Moisture Content: 43.7% 400 3.93% 1.1480

Initial Dry Unit Wt: 77.9 pcf 800 4.43% 1.1367
Initial Total Unit Wt.: 111.9 pcf 800 4.47% 1.1358

Initial Void Ratio: 1.2358 1600 5.95% 1.1028
Initial Degree of Saturation: 98.7% 3200 8.25% 1.0513

6400 11.13% 0.9871
Final Moisture Content: 35.5% 12800 14.52% 0.9111

Final Dry Unit Wt: 87.5 pcf 6400 14.31% 0.9158
Final Total Unit Wt.: 115.5 pcf 3200 13.94% 0.9242

Final Void Ratio: 0.9895 1600 13.48% 0.9345
Final Degree of Saturation: 100.0% 800 12.91% 0.9471

400 12.39% 0.9588
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

A-RW006 PRESSURE SAMPLE VOID

R8A (psf) STRAIN RATIO

100 0.78% 2.0790
Initial Moisture Content: 75.0% 400 1.02% 2.0716

Initial Dry Unit Wt: 56.1 pcf 800 2.48% 2.0263
Initial Total Unit Wt.: 98.2 pcf 800 2.16% 2.0362

Initial Void Ratio: 2.1032 1600 2.60% 2.0225
Initial Degree of Saturation: 99.5% 3200 4.89% 1.9515

6400 15.25% 1.6300
Final Moisture Content: 59.2% 12800 24.56% 1.3411

Final Dry Unit Wt: 68.1 pcf 6400 24.03% 1.3575
Final Total Unit Wt.: 124.1 pcf 3200 23.04% 1.3882

Final Void Ratio: 1.5571 1600 21.51% 1.4357
Final Degree of Saturation: 106.1% 800 20.67% 1.4618

400 19.31% 1.5040
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

A-RW008 PRESSURE SAMPLE VOID

R6A (psf) STRAIN RATIO

100 1.09% 1.7301
Initial Moisture Content: 62.1% 400 1.26% 1.7254

Initial Dry Unit Wt: 63.1 pcf 800 1.98% 1.7055
Initial Total Unit Wt.: 102.2 pcf 800 1.92% 1.7071

Initial Void Ratio: 1.7601 1600 3.06% 1.6757
Initial Degree of Saturation: 98.4% 3200 7.68% 1.5482

6400 14.70% 1.3544
Final Moisture Content: 49.2% 12800 21.78% 1.1590

Final Dry Unit Wt: 74.4 pcf 6400 21.28% 1.1728
Final Total Unit Wt.: 120.7 pcf 3200 20.34% 1.1987

Final Void Ratio: 1.3389 1600 19.20% 1.2302
Final Degree of Saturation: 102.5% 800 17.85% 1.2675

400 16.66% 1.3003
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

A-RW011 PRESSURE SAMPLE VOID

R2 (psf) STRAIN RATIO

100 2.65% 0.9526
Initial Moisture Content: 35.2% 400 2.80% 0.9495

Initial Dry Unit Wt: 86.8 pcf 800 3.10% 0.9435
Initial Total Unit Wt.: 117.3 pcf 800 3.13% 0.9429

Initial Void Ratio: 1.0058 1600 4.06% 0.9243
Initial Degree of Saturation: 97.6% 3200 5.61% 0.8933

6400 7.52% 0.8550
Final Moisture Content: 29.0% 12800 9.97% 0.8058

Final Dry Unit Wt: 94.1 pcf 6400 9.74% 0.8104
Final Total Unit Wt.: 114.3 pcf 3200 9.46% 0.8159

Final Void Ratio: 0.8507 1600 9.24% 0.8205
Final Degree of Saturation: 95.0% 800 8.92% 0.8269

400 8.68% 0.8317
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

A-RW013 PRESSURE SAMPLE VOID

R4 (psf) STRAIN RATIO

100 3.71% 1.2868
Initial Moisture Content: 50.9% 400 3.97% 1.2807

Initial Dry Unit Wt: 73.3 pcf 800 4.49% 1.2684
Initial Total Unit Wt.: 110.6 pcf 800 4.51% 1.2679

Initial Void Ratio: 1.3750 1600 6.41% 1.2228
Initial Degree of Saturation: 103.3% 3200 9.84% 1.1414

6400 14.24% 1.0367
Final Moisture Content: 38.6% 12800 19.41% 0.9141

Final Dry Unit Wt: 86.7 pcf 6400 19.09% 0.9216
Final Total Unit Wt.: 123.5 pcf 3200 18.53% 0.9349

Final Void Ratio: 1.0076 1600 17.95% 0.9487
Final Degree of Saturation: 106.9% 800 17.27% 0.9650

400 16.70% 0.9783
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

B-RW030 PRESSURE SAMPLE VOID

R3 (psf) STRAIN RATIO

100 5.99% 2.7633
Initial Moisture Content: 107.6% 400 10.49% 2.5833

Initial Dry Unit Wt: 43.5 pcf 800 14.58% 2.4197
Initial Total Unit Wt.: 90.3 pcf 800 14.75% 2.4128

Initial Void Ratio: 3.0033 1600 20.01% 2.2022
Initial Degree of Saturation: 100.0% 3200 26.63% 1.9373

6400 33.19% 1.6745
Final Moisture Content: 61.0% 12800 38.26% 1.4715

Final Dry Unit Wt: 64.6 pcf 6400 38.06% 1.4795
Final Total Unit Wt.: 152.6 pcf 3200 37.51% 1.5016

Final Void Ratio: 1.6946 1600 36.53% 1.5410
Final Degree of Saturation: 100.5% 800 35.92% 1.5652

400 34.92% 1.6053
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

B-RW032 PRESSURE SAMPLE VOID

R3A (psf) STRAIN RATIO

100 1.65% 1.4667
Initial Moisture Content: 53.5% 400 1.87% 1.4612

Initial Dry Unit Wt: 69.4 pcf 800 3.35% 1.4239
Initial Total Unit Wt.: 106.6 pcf 800 3.26% 1.4262

Initial Void Ratio: 1.5080 1600 4.62% 1.3922
Initial Degree of Saturation: 99.1% 3200 8.55% 1.2935

6400 13.65% 1.1656
Final Moisture Content: 44.0% 12800 19.47% 1.0198

Final Dry Unit Wt: 79.8 pcf 6400 19.01% 1.0314
Final Total Unit Wt.: 118.1 pcf 3200 18.09% 1.0543

Final Void Ratio: 1.1817 1600 16.79% 1.0870
Final Degree of Saturation: 103.9% 800 15.92% 1.1087

400 14.71% 1.1391
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

B-RW036 PRESSURE SAMPLE VOID

R2A (psf) STRAIN RATIO

100 1.75% 1.4004
Initial Moisture Content: 51.2% 400 1.99% 1.3945

Initial Dry Unit Wt: 71.3 pcf 800 3.88% 1.3484
Initial Total Unit Wt.: 107.7 pcf 800 3.76% 1.3513

Initial Void Ratio: 1.4431 1600 5.19% 1.3163
Initial Degree of Saturation: 98.9% 3200 10.35% 1.1902

6400 16.41% 1.0423
Final Moisture Content: 39.0% 12800 22.44% 0.8949

Final Dry Unit Wt: 84.8 pcf 6400 21.97% 0.9064
Final Total Unit Wt.: 122.3 pcf 3200 21.12% 0.9270

Final Void Ratio: 1.0521 1600 19.85% 0.9581
Final Degree of Saturation: 103.3% 800 18.95% 0.9802

400 17.75% 1.0094
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

B-RW036 PRESSURE SAMPLE VOID

R6A (psf) STRAIN RATIO

100 0.93% 1.6619
Initial Moisture Content: 58.8% 400 1.13% 1.6568

Initial Dry Unit Wt: 64.8 pcf 800 3.10% 1.6039
Initial Total Unit Wt.: 102.9 pcf 800 2.75% 1.6131

Initial Void Ratio: 1.6871 1600 3.14% 1.6028
Initial Degree of Saturation: 97.3% 3200 7.01% 1.4988

6400 14.56% 1.2958
Final Moisture Content: 46.7% 12800 21.67% 1.1048

Final Dry Unit Wt: 76.3 pcf 6400 21.23% 1.1167
Final Total Unit Wt.: 121.1 pcf 3200 20.41% 1.1386

Final Void Ratio: 1.2809 1600 19.24% 1.1702
Final Degree of Saturation: 101.6% 800 18.39% 1.1929

400 17.24% 1.2239
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

B-RW041 PRESSURE SAMPLE VOID

R2A (psf) STRAIN RATIO

100 2.73% 1.2573
Initial Moisture Content: 47.4% 400 3.00% 1.2510

Initial Dry Unit Wt: 75.0 pcf 800 3.13% 1.2480
Initial Total Unit Wt.: 110.6 pcf 800 3.58% 1.2376

Initial Void Ratio: 1.3207 1600 5.53% 1.1925
Initial Degree of Saturation: 100.2% 3200 8.41% 1.1256

6400 12.26% 1.0361
Final Moisture Content: 39.5% 12800 16.72% 0.9328

Final Dry Unit Wt: 84.4 pcf 6400 16.12% 0.9467
Final Total Unit Wt.: 115.2 pcf 3200 15.16% 0.9690

Final Void Ratio: 1.0622 1600 14.18% 0.9915
Final Degree of Saturation: 103.7% 800 13.03% 1.0183

400 12.35% 1.0341
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

B-RW041 PRESSURE SAMPLE VOID

R6A (psf) STRAIN RATIO

100 1.52% 1.6311
Initial Moisture Content: 58.0% 400 1.81% 1.6234

Initial Dry Unit Wt: 65.2 pcf 800 2.00% 1.6183
Initial Total Unit Wt.: 103.0 pcf 800 2.40% 1.6076

Initial Void Ratio: 1.6717 1600 4.57% 1.5496
Initial Degree of Saturation: 96.8% 3200 9.25% 1.4246

6400 15.94% 1.2459
Final Moisture Content: 45.4% 12800 22.63% 1.0671

Final Dry Unit Wt: 78.3 pcf 6400 22.08% 1.0818
Final Total Unit Wt.: 122.9 pcf 3200 21.11% 1.1077

Final Void Ratio: 1.2229 1600 20.08% 1.1353
Final Degree of Saturation: 103.5% 800 18.67% 1.1729

400 17.89% 1.1938
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

B-RW044 PRESSURE SAMPLE VOID

R11 (psf) STRAIN RATIO

100 1.63% 0.9452
Initial Moisture Content: 33.3% 400 1.79% 0.9420

Initial Dry Unit Wt: 88.0 pcf 800 1.86% 0.9406
Initial Total Unit Wt.: 117.3 pcf 800 2.29% 0.9321

Initial Void Ratio: 0.9775 1600 3.92% 0.9000
Initial Degree of Saturation: 95.0% 3200 6.26% 0.8536

6400 9.49% 0.7898
Final Moisture Content: 27.8% 12800 13.21% 0.7163

Final Dry Unit Wt: 98.4 pcf 6400 12.96% 0.7213
Final Total Unit Wt.: 114.5 pcf 3200 12.51% 0.7302

Final Void Ratio: 0.7692 1600 12.02% 0.7397
Final Degree of Saturation: 100.9% 800 11.36% 0.7528

400 11.04% 0.7591
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

B-RW049 PRESSURE SAMPLE VOID

R4A (psf) STRAIN RATIO

100 2.40% 2.0230
Initial Moisture Content: 72.7% 400 2.82% 2.0103

Initial Dry Unit Wt: 56.2 pcf 800 3.78% 1.9805
Initial Total Unit Wt.: 97.1 pcf 800 3.73% 1.9820

Initial Void Ratio: 2.0975 1600 5.30% 1.9333
Initial Degree of Saturation: 96.7% 3200 8.96% 1.8200

6400 13.45% 1.6810
Final Moisture Content: 59.5% 12800 19.08% 1.5065

Final Dry Unit Wt: 65.9 pcf 6400 18.60% 1.5214
Final Total Unit Wt.: 120.1 pcf 3200 17.84% 1.5450

Final Void Ratio: 1.6422 1600 17.10% 1.5677
Final Degree of Saturation: 101.0% 800 16.28% 1.5931

400 15.69% 1.6114
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

B-RW049 PRESSURE SAMPLE VOID

R6A (psf) STRAIN RATIO

100 0.75% 1.8605
Initial Moisture Content: 64.3% 400 1.05% 1.8518

Initial Dry Unit Wt: 60.4 pcf 800 1.59% 1.8362
Initial Total Unit Wt.: 99.2 pcf 800 1.37% 1.8426

Initial Void Ratio: 1.8822 1600 2.07% 1.8224
Initial Degree of Saturation: 95.2% 3200 4.57% 1.7505

6400 12.51% 1.5217
Final Moisture Content: 50.8% 12800 21.82% 1.2532

Final Dry Unit Wt: 72.4 pcf 6400 21.42% 1.2647
Final Total Unit Wt.: 122.8 pcf 3200 20.60% 1.2884

Final Void Ratio: 1.4048 1600 19.66% 1.3155
Final Degree of Saturation: 100.8% 800 18.44% 1.3508

400 17.45% 1.3791
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

B-HSA051 PRESSURE SAMPLE VOID

R3 (psf) STRAIN RATIO

100 0.57% 1.2867
Initial Moisture Content: 45.1% 400 0.78% 1.2819

Initial Dry Unit Wt: 75.7 pcf 800 2.58% 1.2406
Initial Total Unit Wt.: 109.9 pcf 800 2.17% 1.2498

Initial Void Ratio: 1.2998 1600 2.51% 1.2422
Initial Degree of Saturation: 96.9% 3200 4.71% 1.1915

6400 9.26% 1.0869
Final Moisture Content: 40.9% 12800 14.60% 0.9641

Final Dry Unit Wt: 82.5 pcf 6400 14.05% 0.9768
Final Total Unit Wt.: 111.6 pcf 3200 13.11% 0.9984

Final Void Ratio: 1.1111 1600 11.90% 1.0261
Final Degree of Saturation: 102.6% 800 11.10% 1.0445

400 10.03% 1.0692
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

B-HSA051 PRESSURE SAMPLE VOID

R5 (psf) STRAIN RATIO

100 2.69% 1.1861
Initial Moisture Content: 43.6% 400 2.99% 1.1793

Initial Dry Unit Wt: 77.5 pcf 800 3.67% 1.1642
Initial Total Unit Wt.: 111.3 pcf 800 3.70% 1.1635

Initial Void Ratio: 1.2466 1600 4.74% 1.1401
Initial Degree of Saturation: 97.5% 3200 7.22% 1.0845

6400 10.57% 1.0091
Final Moisture Content: 36.8% 12800 14.27% 0.9260

Final Dry Unit Wt: 86.3 pcf 6400 13.98% 0.9326
Final Total Unit Wt.: 114.5 pcf 3200 13.55% 0.9423

Final Void Ratio: 1.0165 1600 12.95% 0.9556
Final Degree of Saturation: 100.9% 800 12.48% 0.9662

400 11.85% 0.9804
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

B-RW053 PRESSURE SAMPLE VOID

R2A (psf) STRAIN RATIO

100 0.98% 1.6993
Initial Moisture Content: 59.5% 400 1.19% 1.6937

Initial Dry Unit Wt: 63.9 pcf 800 1.79% 1.6773
Initial Total Unit Wt.: 101.8 pcf 800 1.71% 1.6795

Initial Void Ratio: 1.7261 1600 2.69% 1.6528
Initial Degree of Saturation: 96.1% 3200 6.47% 1.5498

6400 13.84% 1.3488
Final Moisture Content: 47.6% 12800 21.56% 1.1384

Final Dry Unit Wt: 76.2 pcf 6400 21.12% 1.1504
Final Total Unit Wt.: 122.1 pcf 3200 20.20% 1.1755

Final Void Ratio: 1.2845 1600 19.16% 1.2038
Final Degree of Saturation: 103.4% 800 17.90% 1.2382

400 16.96% 1.2638
Water Added at: 800 psf
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CONSOLIDATION TEST RESULTS
ASTM D-2435

C-HSA061 PRESSURE SAMPLE VOID

R3 (psf) STRAIN RATIO

100 1.20% 0.9419
Initial Moisture Content: 7.2% 400 1.30% 0.9400

Initial Dry Unit Wt: 88.6 pcf 800 1.52% 0.9356
Initial Total Unit Wt.: 94.9 pcf 800 5.62% 0.8551

Initial Void Ratio: 0.9655 1600 7.45% 0.8191
Initial Degree of Saturation: 20.8% 3200 9.55% 0.7778

6400 11.61% 0.7373
Final Moisture Content: 20.7% 12800 13.80% 0.6943

Final Dry Unit Wt: 101.4 pcf 6400 13.67% 0.6968
Final Total Unit Wt.: 117.1 pcf 3200 13.53% 0.6996

Final Void Ratio: 0.7167 1600 13.37% 0.7027
Final Degree of Saturation: 80.7% 800 13.26% 0.7049

400 13.09% 0.7082
Water Added at: 800 psf

Boring No.
0Sample No.

B
E

F
O

R
E

T
E

S
T

Sample Depth
USCS 

7.5 ft

A
F

T
E

R
T

E
S

T

PL=

PROJECT
NAME:

PI=

PROJECT
NUMBER:

LA-962A

ATTERBERG LIMITS

LL=

Ballona Wetlands
FIGURE NO.

B1-2t

0%

5%

10%

15%

20%

25%

30%

10 100 1000 10000 100000

Stress (psf)

S
tr

a
in

N:\Projects\900-999\L-962 Jones and Stokes - Ballona Wetland Conceptal geotech\Lab\Consol LA962A 11-9-12\C-HSA061 R3@7.5'_4.xls



SAMPLE: PEAK ULTIMATE

' 33.8 o 33.0 o

c' 0.10 KSF 0.10 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 36.1 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3a

A-RW002 R6@40'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0025

Description: Very Dark Greenish Gray 
Sandy Silty Clay with Traces 
of Shells
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SAMPLE: PEAK ULTIMATE

' 35 o 34.5 o

c' 0.40 KSF 0.22 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 22.0 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3b

A-RW003 R3A@10'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0050

Description:
Very Dark Greenish Gray 
Clayey Sand with Traces of 
Shells
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SAMPLE: PEAK ULTIMATE

' 33.5 o 32.5 o

c' 0.30 KSF 0.30 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 29.3 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3c

A-RW003 R7A@30'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0030

Description: Very Dark Greenish Gray 

Sandy Clay with Shells
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SAMPLE: PEAK ULTIMATE

' 25.0 o 25.0 o

c' 0.60 KSF 0.50 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 28.3 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3d

A-RW005 R1@5'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0025

Description: Olive Brown Clay with Shells
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SAMPLE: PEAK ULTIMATE

' 32.8 o 32 o

c' 0.00 KSF 0.00 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 43.8 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3e

A-RW005 R7@35'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0025

Description:
Very Dark Greenish Gray 
Sandy Silty Clay with Traces 
of Shells

0

2

4

6

8

10

0 2 4 6 8 10

NORMAL STRESS (KSF)

S
H

E
A

R
 S

T
R

E
S

S
 (

K
S

F
)

Peak Strength Test Results

32.8 Degrees, 0 KSF Cohesion

Ultimate Strength Test Results
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SAMPLE: PEAK ULTIMATE

' 28.5 o 28.5 o

c' 0.50 KSF 0.40 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 17.5 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3f

A-RW006 R2@5'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0030

Description: Dark Brown Sandy Silt with 
Clay and Traces of Gravel 
with Asphalt
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SAMPLE: PEAK ULTIMATE

' 20.5 o 17.6 o

c' 0.70 KSF 0.80 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 37.7 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3g

A-RW008 R2@10'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0025

Description: Olive Silty Clay with Sand
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SAMPLE: PEAK ULTIMATE

' 31 o 27.4 o

c' 0.10 KSF 0.20 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 34.8 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3h

A-RW015 R5@20'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0050

Description: Very Dark greenish Gray Silty 

Sand with Traces of Shells
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SAMPLE: PEAK ULTIMATE

' 45 o 40 o

c' 0.50 KSF 0.40 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 19.1 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3i

A-RW015 R8@32.5

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0250

Description: Very Dark Greenish Gray 

Coarse Sand

0

2

4

6

8

10

0 2 4 6 8 10

NORMAL STRESS (KSF)

S
H

E
A

R
 S

T
R

E
S

S
 (

K
S

F
)

Peak Strength Test Results

45 Degrees, 0.5 KSF Cohesion

Ultimate Strength Test Results

40 Degrees, 0.4 KSF Cohesion
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SAMPLE: PEAK ULTIMATE

' 29.0 o 27.5 o

c' 0.95 KSF 0.95 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 25.3 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3j

B-RW027 R1@5'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0050

Description: Yellowish Brown Clayey Fine 

Sand
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SAMPLE: PEAK ULTIMATE

' 34.5 o 34.4 o

c' 0.25 KSF 0.20 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 33.3 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3k

B-RW027 R4A@20'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0050

Description: Dark Greenish Gray Silty 

Sand with Traces of Shells
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SAMPLE: PEAK ULTIMATE

' 38.0 o 33.1 o

c' 0.60 KSF 0.30 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 26.3 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3l

B-RW030 R7@30'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0250

Description: Very Dark Greenish Gray 
Fine Sand with Silt and 
Traces of Shells
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Ultimate Strength Test Results
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SAMPLE: PEAK ULTIMATE

' 33 o 33 o

c' 0.45 KSF 0.35 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 30.0 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3m

B-RW032 R7A@30'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0050

Description: Very Dark Greenish Gray 

Silty Sand with Shells
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Ultimate Strength Test Results

33 Degrees, 0.35 KSF Cohesion
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SAMPLE: PEAK ULTIMATE

' 35 o 34.2 o

c' 0.30 KSF 0.25 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 31.0 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3n

B-RW032 R9@40'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0050

Description: Very Dark Greenish Gray 

Silty Sand
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Ultimate Strength Test Results
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SAMPLE: PEAK ULTIMATE

' 25 o 25 o

c' 0.40 KSF 0.30 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 48.1 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3o

B-RW036 R6A@30'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0030

Description:
Very Dark Greenish Gray 
Sandy Silty Clay with Traces 
of Shells
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Ultimate Strength Test Results

25 Degrees, 0.3 KSF Cohesion
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SAMPLE: PEAK ULTIMATE

' 31.7 o 31 o

c' 0.35 KSF 0.30 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 36.1 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3p

B-RW041 R2A@5'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0050

Description: Yellowish Brown Clayey Silty 

Sand

0

2

4

6

8

10

0 2 4 6 8 10

NORMAL STRESS (KSF)

S
H

E
A

R
 S

T
R

E
S

S
 (

K
S

F
)

Peak Strength Test Results

31.7 Degrees, 0.35 KSF Cohesion

Ultimate Strength Test Results

31 Degrees, 0.3 KSF Cohesion
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SAMPLE: PEAK ULTIMATE

' 35 o 34 o

c' 0.05 KSF 0.00 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 43.8 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3q

B-RW041 R4A@15'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0025

Description: Dark Greenish Gray Clayey 

Silt / Silty Clay with Sand
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Peak Strength Test Results

35 Degrees, 0.05 KSF Cohesion

Ultimate Strength Test Results

34 Degrees, 0 KSF Cohesion
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SAMPLE: PEAK ULTIMATE

' 27.5 o 28.0 o

c' 0.70 KSF 0.40 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 23.3 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3r

B-RW044 R7A@35'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0025

Description: Very Dark Greenish Gray 

Clay
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Peak Strength Test Results

27.5 Degrees, 0.7 KSF Cohesion

Ultimate Strength Test Results

28 Degrees, 0.4 KSF Cohesion
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SAMPLE: PEAK ULTIMATE

' 40 o 33 o

c' 0.20 KSF 0.20 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 23.0 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3s

B-RW049 R9@40'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0250

Description: Dark Greenish Gray Sand
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Peak Strength Test Results

40 Degrees, 0.2 KSF Cohesion

Ultimate Strength Test Results

33 Degrees, 0.2 KSF Cohesion
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SAMPLE: PEAK ULTIMATE

' 36 o 34.4 o

c' 0.45 KSF 0.20 KSF

IN-SITU AS-TESTED

STRAIN RATE: IN/MIN d PCF 0.0 PCF

(Sample was consolidated and drained) wc % 29.4 %

DIRECT SHEAR TEST RESULTS Project No.: LA962A
FIGURE B1-3t

B-RW053 R6A@30'

370 Amapola Ave., Suite 212, Torrance, CA 90501
32 Mauchly, Suite B, Irvine, CA 92618
4201 Santa Ana St., Suite F, Ontario, CA 91761
9245 Activity Road, Suite 103, San Diego, CA 92126

0.0050

Description: Very Dark Greenish Gray 

Silty Sand
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Peak Strength Test Results

36 Degrees, 0.45 KSF Cohesion

Ultimate Strength Test Results

34.4 Degrees, 0.2 KSF Cohesion
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0.0 0.00 #REF! #REF! #REF!

              Medium         Fine
Boring Sample

Number Number
A-HSA066 R4 7.5 9.0 2.3 2.7 SC
C-HSA061 R1 2.5 4.0 0.8 1.2 SP-SM
B-RW041 R13 60.0 61.5 18.3 18.8 SP-SM

Remark

Date : Figure No. : B1-4a
1

 ( ft )

   Hydrometer Analysis

Silt or Clay SandGravel

US Standard Sieve Sizes

       Fine      Coarse    Cobbles

Symbol

Clayey Sand with Shells

Poorly graded Sand with Silt and Gravel

Soil  Description

Dark Greenish Gray

( m )
Depth

GRAIN SIZE ANALYSIS
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Soil Color
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0.0 0.00 #REF! #REF! #REF!

              Medium         Fine
Boring Sample

Number Number
B-RW041 S5 20.0 21.5 6.1 6.6 SM

B-RW053 S7 35.0 36.5 10.7 11.1 SM

Remark

Date : Figure No. : B1-4b
2

U.S.C.S.Symbol
Depth

    Cobbles Gravel

US Standard Sieve Sizes

Soil Color Soil  Description ( ft ) ( m )

 Sand Silt or Clay      Coarse        Fine

   Hydrometer Analysis
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Dark Greenish Gray Sand with Silt
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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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Law Crandall Area B
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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 -- -- 
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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 
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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 
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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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Variation of Moisture Content with Depth
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Variation of Dry Density with Depth
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Variation of Liquid Limit with Depth
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Variation of Plasticity Index with Depth
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Variation of Fines Content with Depth
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Moisture Content vs Dry Density
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Variation of Moisture Content with Elevation
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Variation of Dry Density with Elevation
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Variation of Liquid Limit with Elevation

‐10

0

10

20

0 10 20 30 40 50 60 70 80 90 100

LL

El
ev
at
io
n
 (
fe
e
t)

Fill Soils - Area A PLATE B3-10



Variation of Plasticity Index with Elevation
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Variation of Fines Content with Elevation
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Moisture Content vs Dry Density
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Variation of Moisture Content with Depth
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Variation of Dry Density with Depth
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Variation of Liquid Limit with Depth
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Variation of Plasticity Index with Depth

0

10

20

30

40

50

60

70

80

0 5 10 15 20 25 30 35 40 45 50

PI

D
e
p
th
 (
fe
e
t)

Area B PLATE B3-18



Variation of Fines Content with Depth
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Moisture Content vs Dry Density

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

0 10 20 30 40 50 60 70 80 90 100

Moisture Content (%)

D
ry
 D
e
n
si
ty
 (
p
cf
)

Points

Saturation = 1.0

Saturation = 0.9

Saturation = 0.8

Saturation = 0.7

Saturation = 0.6

Saturation = 0.5

Area B PLATE B3-20



Variation of Moisture Content with Depth
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Variation of Dry Density with Depth
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Variation of Liquid Limit with Depth
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Variation of Plasticity Index with Depth
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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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Variation of Dry Density with Depth
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Variation of Liquid Limit with Depth
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Variation of Plasticity Index with Depth
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Variation of Fines Content with Depth
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Variation of Liquid Limit with Depth

0

10

20

30

40

50

60

70

80

90

0 10 20 30 40 50 60 70 80 90 100

LL

D
e
p
th
 (
fe
e
t)

Area B
PLATE B4-9



Variation of Plasticity Index with Depth
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Variation of Fines Content with Depth
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Moisture Content vs Dry Density
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Variation of Dry Density with Depth
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Variation of Liquid Limit with Depth
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Variation of Fines Content with Depth
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Moisture Content vs Dry Density
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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)  
 

 



PROJECT NUMBER:DATE:

SCALE:

DRAWN BY:

APPROVED BY:

PLATE NUMBER:

6/28/2013
REVISION:

GEOLOGIC MAP
Ballona Wetlands Restoration

Los Angeles, CA

370 Amapola Ave.
Suite 212
Torrance, CA. 90501

GROUP DELTA
CONSULTANTS, INC

REVISION:

P. Kashighandi

LA962A

1" = 750'

C-1

AREA C

K. Madamba

SD = Sand Dunes
LEGEND

al = Alluvium Fans
ak = Alkali Flats
MDRF = Audrofill from MDR Harbor
af = Artificial Fill

BCF = Ballona Channel Hydro Fill
al/af = Alluvium Fans/Artificial Fill



PLATE C-2

Peter Chiu
Text Box
UCLA Library - Spence Photos - 1924

Peter Chiu
Text Box
Playa Del Rey - View of Bluffs to the South of  Ballona Creek - 1924



PLATE C-3

Peter Chiu
Text Box
UCLA Library - Spence Photos - 1928

Peter Chiu
Text Box
Marina Del Rey - Ballona Lagoons - Northward View - 1928



PLATE C-4

Peter Chiu
Text Box
UCLA Library - Spence Photos - 1933

Peter Chiu
Text Box
Marina Del Rey - Westward View - Showing Oil Wells, Ballona Lagoon, Culver Boulevard, and Pacific Electric Railroad - 1933



PLATE C-5

Peter Chiu
Text Box
UCLA Library - Spence Photos - 1933

Peter Chiu
Text Box
Marina Del Rey- Eastward View - Showing Ballona Lagoon, Oil Wells, Culver Boulevard passing through in a southwestly direction



PLATE C-6

Peter Chiu
Text Box
UCLA Library - Spence Photos - 1937

Peter Chiu
Text Box
Ballona Creek Levees - 1937 - Eastward View



PLATE C-7

Peter Chiu
Text Box
UCLA Library - Spence Photos - 1937

Peter Chiu
Text Box
Ballona Creek Levees - 1937 - Eastward View



PLATE C-8

Peter Chiu
Text Box
UCLA Library - Spence Photos - 1937

Peter Chiu
Text Box
Marina Del Rey - Eastward view showing Pacific Electric Railroad, Lincoln Boulevard, Realignment of Culver Boulevard, and Ballona Creek Levees - 1937



PLATE C-9

Peter Chiu
Text Box
UCLA Library - Spence Photos - 1938

Peter Chiu
Text Box
Marina Del Rey - Eastward view showing Completed Ballona Creek Levee - 1938



 
USGS TOPO MAPS - 1924 

 
 

PLATE C-10



 
USGS TOPO MAPS - 1942 

PLATE C-11
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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 
 
 



Group Delta Consultants. INC.
370 Amapola Ave.
Torrance, Ca 90501

Ballona Creek Wetlands Restoration Project
Marina Del Rey, CA

Project Number LA-962A

Date:  2/19/2013

Caltrans Fault Map

PLATE D-1
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Group Delta Consultants. INC.

370 Amapola Ave.

Torrance, Ca 90501

Ballona Creek Wetlands Restoration Project

Marina Del Rey, CA

Project Number LA-962A

Date: 3/11//2013

Map showing Charnock Fault

PLATE D-2

Reference:

Poland et al., 1959

“Geology, Hydrology, and Chemical Character of Ground 

Waters in the Torrance – Santa Monica Area, California

Geologic Survey Water - Supply Paper 146”



 
Estimation of Epicenter and Local Magnitude at or in the Vicinity of the Site  

(Past 10 years) 

PLATE D-3



 
 
 

USGS Deaggregation at Ballona Wetlands for a Return Period of 224 years (Vs30 = 202 m/s) 
At PGA 

PLATE D-4



 
 

USGS Deaggregation at Ballona Wetlands for a Return Period of 224 years (Vs30 = 202 m/s) 
At T=0.1 second 

 

PLATE D-5



 
 

USGS Deaggregation at Ballona Wetlands for a Return Period of 224 years (Vs30 = 202 m/s) 
At T=0.2 second 

 

PLATE D-6



 
 

USGS Deaggregation at Ballona Wetlands for a Return Period of 224 years (Vs30 = 202 m/s) 
At T=0.3 second 

 

PLATE D-7



 

 
 

USGS Deaggregation at Ballona Wetlands for a Return Period of 224 years (Vs30 = 202 m/s) 
At T=0.5 second 

PLATE D-8



 
 

USGS Deaggregation at Ballona Wetlands for a Return Period of 224 years (Vs30 = 202 m/s) 
At T=1.0 second 

 

PLATE D-9



 
 

USGS Deaggregation at Ballona Wetlands for a Return Period of 224 years (Vs30 = 202 m/s) 
At T=2.0 second 

 

PLATE D-10



 
 

USGS Deaggregation at Ballona Wetlands for a Return Period of 224 years (Vs30 = 202 m/s) 
At T=3.0 second 

 

PLATE D-11



 
 

USGS Deaggregation at Ballona Wetlands for a Return Period of 224 years (Vs30 = 202 m/s) 
At T=4.0 second 

 

PLATE D-12



 
 

USGS Deaggregation at Ballona Wetlands for a Return Period of 224 years (Vs30 = 202 m/s) 
At T=5.0 second 

 

PLATE D-13
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CPT‐031
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Group Delta Consultants. INC.
370 Amapola Ave.
Torrance, Ca 90501

Ballona Creek Wetlands Restoration Project
Marina Del Rey, CA

Project Number LA-962A

Date:  11/9/2012

CGS Historically Highest Ground Water Contour Map

PLATE D-18
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Group Delta Consultants. INC.
370 Amapola Ave.
Torrance, Ca 90501

Ballona Creek Wetlands Restoration Project
Marina Del Rey, CA

Project Number LA-962A

Date:  11/9/2012

CGS Liquefaction Hazard Zone Map

PLATE D-19
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Group Delta Consultants. INC.
370 Amapola Ave.
Torrance, Ca 90501

Ballona Creek Wetlands Restoration Project
Marina Del Rey, CA

Project Number LA-962A

Date:  11/9/2012

CGS Landslide Hazard Zone Map

PLATE D-20
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Ballona Creek Wetlands Restoration Project
Marina Del Rey, CA

Project Number LA-962A

Date:  11/9/2012

Navigate LA – Faults Rupture Study Zones and Landslides

PLATE D-21
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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 
 
 
 



EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT001 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 17.80 ft
  GWT Elev. During Test 0.30 ft           GWT Depth During Test, Zw  = 17.50 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 7.80 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 13.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 1.15 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 1.15 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth

During Test
(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
Sleeve

Friction

fs-avg (tsf)

Average
Friction

Ratio

Rf-avg (%)
Soil Behavior Type

(Robertson et al., 1983)

Bottom of 
Layer

Elevation
(ft)

Thin Layer 
Correction Factor

(Lunne, et al., 1997)

Equiv. SPT
Blow Count

N60(blows/ft)

Total
Vert.
Stress

v (psf)

Effective
Vert.
Stress

(Design)

v' (psf)

Effective
Vert.
Stress
(Test)

v' (psf)

Soil
Behavior

Type
Index

Ic

Fines
Correction

Factor

Kc

Corrected
Tip

Resistance

qc1Ncs

Shear
Stress

Reduction
Coeff.

rd

Correction
for High

Overburden
Stress

K

Cyclic
Stress
Ratio

++

CSR

Cyclic
Res.

Ratio

CRR7.5

Factor of
Safety

Against
Liqefaction

+++

FS

Liquef
y ?

SPT Blow
Count

Correction

 Ncorr.

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Residual
Shear

Strength

Sr (psf)

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Cyclic
Shear
Strain

c (%)

Vol.
Strain

 v (%)

Layer
Settlemen

t

Si (in.)

Cumulativ
e

Settlement
Profile

(in.)

0.50 188.17 1.56 0.83 sand 16.8 1.66 62 60 60 60 0.95 1.00 1,798.77 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 105.9 0.007 0.000 0.00 1.15
1.50 26.63 0.92 3.47 clayey silt to silty clay 15.8 1.00 13 180 180 180 2.33 2.04 181.14 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.15
2.50 14.13 0.41 2.86 clayey silt to silty clay 14.8 1.00 7 300 300 300 2.54 3.00 109.37 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.15
3.50 14.38 0.42 2.90 clayey silt to silty clay 13.8 1.00 7 420 420 420 2.60 3.31 104.00 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.15
4.50 14.98 0.45 2.99 clayey silt to silty clay 12.8 1.00 7 540 540 540 2.53 2.91 116.59 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.15
5.50 12.13 0.32 2.64 clayey silt to silty clay 11.8 1.00 6 660 660 660 2.61 N/A N/A 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.15
6.50 11.68 0.24 2.05 clayey silt to silty clay 10.8 1.00 6 780 780 780 2.61 N/A N/A 0.985 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.15
7.50 9.53 0.24 2.49 silty clay to clay 9.8 1.00 6 900 900 900 2.77 N/A N/A 0.983 N/A 0.204 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.15
8.50 16.22 0.24 1.45 sandy silt to clayey silt 8.8 1.00 6 1,020 976 1,020 2.52 2.90 67.23 0.980 1.000 0.213 0.108 0.678 YES 2.8 11.9 428 15.9 N/A 0.181 0.02 1.13
9.50 16.05 0.16 1.02 sandy silt to clayey silt 7.8 1.00 6 1,140 1,034 1,140 2.46 2.57 57.29 0.978 1.000 0.224 0.097 0.580 YES 2.8 11.3 389 15.2 N/A 0.457 0.05 1.07
10.50 11.43 0.23 2.03 clayey silt to silty clay 6.8 1.00 6 1,260 1,092 1,260 2.70 N/A N/A 0.976 N/A 0.234 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
11.50 7.85 0.21 2.72 silty clay to clay 5.8 1.00 5 1,380 1,149 1,380 2.93 N/A N/A 0.973 N/A 0.243 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
12.50 8.32 0.16 1.93 clayey silt to silty clay 4.8 1.00 4 1,500 1,207 1,500 2.84 N/A N/A 0.971 N/A 0.251 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
13.50 8.00 0.18 2.22 silty clay to clay 3.8 1.00 5 1,620 1,264 1,620 2.91 N/A N/A 0.969 N/A 0.258 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
14.50 20.03 0.56 2.79 clayey silt to silty clay 2.8 1.66 17 1,740 1,322 1,740 2.36 2.17 88.36 0.966 1.000 0.265 0.144 0.727 YES 2.8 20.6 1,200 N/A N/A 0.000 0.00 1.07
15.50 7.27 0.25 3.49 clay 1.8 1.00 7 1,860 1,380 1,860 3.08 N/A N/A 0.964 N/A 0.270 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
16.50 6.73 0.19 2.86 clay 0.8 1.00 7 1,980 1,437 1,980 3.08 N/A N/A 0.962 N/A 0.276 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
17.50 5.28 0.13 2.54 clay -0.2 1.00 5 2,100 1,495 2,100 3.16 N/A N/A 0.959 N/A 0.280 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
18.50 4.67 0.08 1.75 sensitive fine grained -1.2 1.00 2 2,220 1,552 2,158 3.14 N/A N/A 0.957 N/A 0.285 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
19.50 5.08 0.03 0.50 sensitive fine grained -2.2 1.00 3 2,340 1,610 2,215 2.88 5.52 33.03 0.955 N/A 0.289 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
20.50 10.00 0.07 0.66 sandy silt to clayey silt -3.2 1.00 4 2,460 1,668 2,273 2.65 3.64 41.68 0.952 N/A 0.292 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
21.50 5.32 0.04 0.78 sensitive fine grained -4.2 1.00 3 2,580 1,725 2,330 2.97 N/A N/A 0.950 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
22.50 5.40 0.04 0.80 sensitive fine grained -5.2 1.00 3 2,700 1,783 2,388 2.97 N/A N/A 0.948 N/A 0.298 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
23.50 5.22 0.02 0.38 sensitive fine grained -6.2 1.00 3 2,820 1,840 2,446 2.88 5.54 30.74 0.945 N/A 0.301 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
24.50 7.50 0.06 0.75 sensitive fine grained -7.2 1.00 4 2,940 1,898 2,503 2.84 5.15 40.17 0.943 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
25.50 6.18 0.04 0.69 sensitive fine grained -8.2 1.00 3 3,060 1,956 2,561 2.92 5.92 37.26 0.941 N/A 0.306 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
26.50 7.02 0.10 1.39 clayey silt to silty clay -9.2 1.00 4 3,180 2,013 2,618 3.01 N/A N/A 0.938 N/A 0.308 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
27.50 11.82 0.10 0.84 sandy silt to clayey silt -10.2 1.00 5 3,300 2,071 2,676 2.70 3.97 45.75 0.936 N/A 0.310 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
28.50 23.13 0.11 0.47 silty sand to sandy silt -11.2 1.00 8 3,420 2,128 2,734 2.31 2.00 44.77 0.934 0.988 0.312 0.087 0.369 YES 2.8 9.4 280 12.9 N/A 2.145 0.26 0.82
29.50 44.48 0.48 1.07 silty sand to sandy silt -12.2 1.00 15 3,540 2,186 2,791 2.23 1.76 74.69 0.931 0.977 0.314 0.119 0.493 YES 2.8 15.4 712 20.1 N/A 1.114 0.13 0.68
30.50 89.57 1.30 1.45 silty sand to sandy silt -13.2 1.00 30 3,660 2,244 2,849 2.08 1.41 119.58 0.926 0.958 0.314 0.239 0.972 YES 2.8 27.8 1,200 35.0 N/A 0.033 0.00 0.68
31.50 130.97 2.44 1.86 silty sand to sandy silt -14.2 1.66 72 3,780 2,301 2,906 1.73 1.06 213.46 0.918 0.945 0.314 N/A N/A NO N/A N/A N/A 77.0 N/A 0.000 0.00 0.68
32.50 19.67 0.63 3.21 clayey silt to silty clay -15.2 1.66 16 3,900 2,359 2,964 2.53 2.93 84.19 0.909 0.956 0.313 0.135 0.552 YES 2.8 16.2 791 N/A N/A 0.000 0.00 0.68
33.50 8.57 0.13 1.53 clayey silt to silty clay -16.2 1.00 4 4,020 2,416 3,022 3.01 N/A N/A 0.901 N/A 0.312 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
34.50 8.80 0.12 1.36 clayey silt to silty clay -17.2 1.00 4 4,140 2,474 3,079 2.98 N/A N/A 0.893 N/A 0.311 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
35.50 8.67 0.15 1.67 clayey silt to silty clay -18.2 1.00 4 4,260 2,532 3,137 3.05 N/A N/A 0.885 N/A 0.310 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
36.50 8.65 0.14 1.57 clayey silt to silty clay -19.2 1.00 4 4,380 2,589 3,194 3.04 N/A N/A 0.877 N/A 0.309 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
37.50 10.43 0.20 1.83 clayey silt to silty clay -20.2 1.00 5 4,500 2,647 3,252 3.00 N/A N/A 0.869 N/A 0.307 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
38.50 38.50 0.48 1.24 silty sand to sandy silt -21.2 1.00 13 4,620 2,704 3,310 2.37 2.18 72.34 0.861 0.931 0.306 0.115 0.468 YES 2.8 12.8 493 17.0 N/A 1.529 0.18 0.49
39.50 191.38 3.04 1.59 sand to silty sand -22.2 1.00 48 4,740 2,762 3,367 1.90 1.19 193.95 0.852 0.879 0.304 N/A N/A NO N/A N/A N/A 41.1 N/A 0.000 0.00 0.49
40.50 199.73 4.30 2.15 silty sand to sandy silt -23.2 1.00 67 4,860 2,820 3,425 1.99 1.29 217.34 0.844 0.872 0.303 N/A N/A NO N/A N/A N/A 66.1 N/A 0.000 0.00 0.49
41.50 101.99 2.26 2.21 silty sand to sandy silt -24.2 1.66 56 4,980 2,877 3,482 1.89 1.18 166.16 0.836 0.865 0.301 N/A N/A NO N/A N/A N/A 56.2 N/A 0.000 0.00 0.49
42.50 27.32 0.36 1.33 sandy silt to clayey silt -25.2 1.00 11 5,100 2,935 3,540 2.57 3.12 63.93 0.828 0.921 0.299 0.104 0.428 YES 2.8 11.0 371 14.9 N/A 1.840 0.22 0.27
43.50 18.42 0.37 1.98 sandy silt to clayey silt -26.2 1.00 7 5,220 2,992 3,598 2.82 N/A N/A 0.820 N/A 0.298 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
44.50 14.42 0.34 2.34 clayey silt to silty clay -27.2 1.00 7 5,340 3,050 3,655 2.97 N/A N/A 0.812 N/A 0.296 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
45.50 14.82 0.58 3.87 silty clay to clay -28.2 1.00 10 5,460 3,107 3,713 3.09 N/A N/A 0.804 N/A 0.294 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
46.50 13.62 0.41 2.96 clayey silt to silty clay -29.2 1.00 7 5,580 3,165 3,770 3.07 N/A N/A 0.795 N/A 0.292 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
47.50 22.00 1.06 4.77 clay -30.2 1.00 22 5,700 3,223 3,828 3.01 N/A N/A 0.787 N/A 0.290 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
48.50 16.22 0.84 5.11 clay -31.2 1.00 16 5,820 3,280 3,886 3.15 N/A N/A 0.779 N/A 0.288 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
49.50 22.52 0.76 3.35 clayey silt to silty clay -32.2 1.00 11 5,940 3,338 3,943 2.91 N/A N/A 0.771 N/A 0.285 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
50.50 41.47 1.96 4.69 silty clay to clay -33.2 1.00 28 6,060 3,395 4,001 2.79 N/A N/A 0.763 N/A 0.283 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
51.50 49.78 1.18 2.35 sandy silt to clayey silt -34.2 1.66 33 6,180 3,453 4,058 2.18 1.61 100.86 0.755 0.821 0.281 0.175 0.684 YES 2.8 25.9 1,200 32.8 N/A 0.041 0.00 0.27
52.50 21.00 0.58 2.73 clayey silt to silty clay -35.2 1.00 11 6,300 3,511 4,116 2.90 N/A N/A 0.747 N/A 0.279 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
53.50 29.18 1.03 3.51 clayey silt to silty clay -36.2 1.00 15 6,420 3,568 4,174 2.85 N/A N/A 0.739 N/A 0.276 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
54.50 19.02 0.68 3.53 silty clay to clay -37.2 1.00 13 6,540 3,626 4,231 3.02 N/A N/A 0.730 N/A 0.274 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
55.50 13.17 0.35 2.65 clayey silt to silty clay -38.2 1.00 7 6,660 3,683 4,289 3.11 N/A N/A 0.722 N/A 0.272 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
56.50 14.05 0.36 2.52 clayey silt to silty clay -39.2 1.00 7 6,780 3,741 4,346 3.07 N/A N/A 0.714 N/A 0.269 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
57.50 15.17 0.34 2.20 clayey silt to silty clay -40.2 1.00 8 6,900 3,799 4,404 3.01 N/A N/A 0.706 N/A 0.267 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
58.50 52.13 0.95 1.82 silty sand to sandy silt -41.2 1.00 17 7,020 3,856 4,462 2.48 2.67 85.15 0.698 0.845 0.264 0.137 0.587 YES 2.8 14.4 629 19.0 N/A 0.289 0.03 0.23
59.50 92.83 0.93 1.00 sand to silty sand -42.2 1.00 23 7,140 3,914 4,519 2.06 1.39 92.21 0.690 0.820 0.262 0.153 0.640 YES 1.3 16.8 850 18.7 N/A 0.308 0.04 0.20
60.50 72.43 0.70 0.96 sand to silty sand -43.2 1.00 18 7,260 3,971 4,577 2.14 1.54 79.08 0.682 0.837 0.259 0.126 0.543 YES 1.3 13.3 534 15.0 N/A 1.643 0.20 0.00

max= 1,200
min= 280
avg= 698
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT004 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 17.00 ft
  GWT Elev. During Test 0.00 ft           GWT Depth During Test, Zw  = 17.00 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 7.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 21.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 1.14 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 1.14 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
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e
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0.50 47.68 1.31 2.74 sandy silt to clayey silt 16.0 1.66 32 60 60 60 1.65 1.00 457.98 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 69.4 N/A N/A N/A 1.14
1.50 23.57 0.89 3.79 silty clay to clay 15.0 1.66 26 180 180 180 2.08 1.42 185.19 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.14
2.50 6.97 0.29 4.12 clay 14.0 1.00 7 300 300 300 2.73 N/A N/A 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.14
3.50 11.33 0.53 4.72 clay 13.0 1.66 19 420 420 420 2.50 2.78 113.99 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.14
4.50 4.33 0.22 5.12 clay 12.0 1.00 4 540 540 540 3.10 N/A N/A 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.14
5.50 6.90 0.24 3.46 clay 11.0 1.00 7 660 660 660 2.88 N/A N/A 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.14
6.50 7.58 0.26 3.36 clay 10.0 1.00 8 780 780 780 2.89 N/A N/A 0.985 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.14
7.50 8.62 0.34 3.88 clay 9.0 1.00 9 900 869 900 2.91 N/A N/A 0.983 N/A 0.212 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.14
8.50 6.52 0.23 3.44 clay 8.0 1.00 7 1,020 926 1,020 3.00 N/A N/A 0.980 N/A 0.224 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.14
9.50 12.68 0.14 1.07 sandy silt to clayey silt 7.0 1.00 5 1,140 984 1,140 2.55 3.05 55.17 0.978 1.000 0.236 0.096 0.541 YES 2.8 9.5 286 13.1 N/A 2.037 0.24 0.90
10.50 30.49 0.28 0.91 silty sand to sandy silt 6.0 1.66 17 1,260 1,042 1,260 1.89 1.18 82.51 0.976 1.000 0.245 0.132 0.719 YES 2.8 24.0 1,200 30.4 N/A 0.048 0.01 0.89
11.50 8.35 0.13 1.58 clayey silt to silty clay 5.0 1.66 7 1,380 1,099 1,380 2.52 2.85 53.17 0.973 1.000 0.254 0.094 0.493 YES 2.8 11.1 378 N/A N/A 0.000 0.00 0.89
12.50 4.17 0.06 1.44 sensitive fine grained 4.0 1.00 2 1,500 1,157 1,500 3.05 N/A N/A 0.971 N/A 0.262 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.89
13.50 9.82 0.27 2.73 silty clay to clay 3.0 1.00 7 1,620 1,214 1,620 2.87 N/A N/A 0.969 N/A 0.269 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.89
14.50 8.78 0.31 3.53 clay 2.0 1.00 9 1,740 1,272 1,740 2.99 N/A N/A 0.966 N/A 0.275 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.89
15.50 16.15 0.37 2.31 clayey silt to silty clay 1.0 1.66 13 1,860 1,330 1,860 2.39 2.28 74.81 0.964 1.000 0.280 0.119 0.566 YES 2.8 16.7 839 N/A N/A 0.000 0.00 0.89
16.50 8.07 0.22 2.77 silty clay to clay 0.0 1.00 5 1,980 1,387 1,980 2.99 N/A N/A 0.962 N/A 0.285 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.89
17.50 7.65 0.19 2.48 silty clay to clay -1.0 1.00 5 2,100 1,445 2,069 2.99 N/A N/A 0.959 N/A 0.290 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.89
18.50 30.60 0.35 1.15 silty sand to sandy silt -2.0 1.00 10 2,220 1,502 2,126 2.32 2.01 70.98 0.957 1.000 0.294 0.113 0.514 YES 2.8 12.7 487 16.9 N/A 1.496 0.18 0.71
19.50 36.17 0.34 0.95 silty sand to sandy silt -3.0 1.00 12 2,340 1,560 2,184 2.22 1.71 70.01 0.955 1.000 0.298 0.112 0.501 YES 2.8 14.3 621 18.8 N/A 1.198 0.14 0.57
20.50 69.24 1.21 1.75 silty sand to sandy silt -4.0 1.00 23 2,460 1,618 2,242 2.16 1.58 121.38 0.952 1.000 0.301 0.246 1.091 YES 2.8 24.6 1,200 31.2 N/A 0.055 0.01 0.56
21.50 68.00 1.06 1.56 silty sand to sandy silt -5.0 1.00 23 2,580 1,675 2,299 2.14 1.53 113.79 0.950 1.000 0.304 0.217 0.952 YES 2.8 23.9 1,200 30.4 N/A 0.061 0.01 0.56
22.50 60.93 1.00 1.64 silty sand to sandy silt -6.0 1.00 20 2,700 1,733 2,357 2.20 1.66 108.51 0.948 1.000 0.307 0.199 0.864 YES 2.8 21.5 1,200 27.5 N/A 0.080 0.01 0.55
23.50 88.15 1.53 1.73 silty sand to sandy silt -7.0 1.00 29 2,820 1,790 2,414 2.10 1.45 135.18 0.945 1.000 0.310 0.310 1.335 NO N/A N/A N/A 37.1 N/A 0.019 0.00 0.54
24.50 52.98 0.85 1.61 silty sand to sandy silt -8.0 1.66 29 2,940 1,848 2,472 1.94 1.23 111.97 0.943 1.000 0.312 0.211 0.900 YES 2.8 29.1 1,200 36.6 N/A 0.022 0.00 0.54
25.50 21.53 0.37 1.73 sandy silt to clayey silt -9.0 1.66 14 3,060 1,906 2,530 2.29 1.90 69.48 0.941 1.000 0.314 0.111 0.472 YES 2.8 15.5 725 20.2 N/A 1.095 0.13 0.41
26.50 6.75 0.17 2.42 silty clay to clay -10.0 1.00 5 3,180 1,963 2,587 3.15 N/A N/A 0.938 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
27.50 6.00 0.10 1.59 sensitive fine grained -11.0 1.00 3 3,300 2,021 2,645 3.12 N/A N/A 0.936 N/A 0.318 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
28.50 7.28 0.18 2.44 silty clay to clay -12.0 1.00 5 3,420 2,078 2,702 3.14 N/A N/A 0.934 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
29.50 7.20 0.18 2.42 silty clay to clay -13.0 1.00 5 3,540 2,136 2,760 3.15 N/A N/A 0.931 N/A 0.321 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
30.50 6.15 0.15 2.42 silty clay to clay -14.0 1.00 4 3,660 2,194 2,818 3.24 N/A N/A 0.926 N/A 0.321 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
31.50 6.23 0.12 1.89 silty clay to clay -15.0 1.00 4 3,780 2,251 2,875 3.18 N/A N/A 0.918 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
32.50 6.70 0.09 1.29 sensitive fine grained -16.0 1.00 3 3,900 2,309 2,933 3.08 N/A N/A 0.909 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
33.50 6.95 0.15 2.05 silty clay to clay -17.0 1.00 5 4,020 2,366 2,990 3.17 N/A N/A 0.901 N/A 0.318 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
34.50 6.75 0.15 2.04 silty clay to clay -18.0 1.00 5 4,140 2,424 3,048 3.20 N/A N/A 0.893 N/A 0.317 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
35.50 6.78 0.13 1.83 silty clay to clay -19.0 1.00 5 4,260 2,482 3,106 3.19 N/A N/A 0.885 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
36.50 7.58 0.18 2.16 silty clay to clay -20.0 1.00 5 4,380 2,539 3,163 3.18 N/A N/A 0.877 N/A 0.315 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
37.50 23.82 0.77 3.19 clayey silt to silty clay -21.0 1.00 12 4,500 2,597 3,221 2.81 N/A N/A 0.869 N/A 0.313 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
38.50 52.55 0.94 1.78 silty sand to sandy silt -22.0 1.00 18 4,620 2,654 3,278 2.34 2.10 95.85 0.861 0.924 0.312 0.162 0.641 YES 2.8 16.5 821 21.4 N/A 0.405 0.05 0.36
39.50 113.20 1.99 1.76 silty sand to sandy silt -23.0 1.00 38 4,740 2,712 3,336 2.09 1.44 139.83 0.852 0.885 0.310 0.334 1.274 YES 2.8 32.0 1,200 40.1 N/A 0.000 0.00 0.36
40.50 107.65 2.25 2.09 silty sand to sandy silt -24.0 1.66 59 4,860 2,770 3,394 1.85 1.15 173.58 0.844 0.878 0.308 N/A N/A NO N/A N/A N/A 59.7 N/A 0.000 0.00 0.36
41.50 35.81 0.76 2.12 sandy silt to clayey silt -25.0 1.66 24 4,980 2,827 3,451 2.23 1.73 86.33 0.836 0.896 0.306 0.140 0.545 YES 2.8 20.9 1,200 26.7 N/A 0.085 0.01 0.35
42.50 10.73 0.36 3.36 silty clay to clay -26.0 1.00 7 5,100 2,885 3,509 3.17 N/A N/A 0.828 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.35
43.50 11.28 0.31 2.74 silty clay to clay -27.0 1.00 8 5,220 2,942 3,566 3.10 N/A N/A 0.820 N/A 0.303 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.35
44.50 9.95 0.30 3.01 silty clay to clay -28.0 1.00 7 5,340 3,000 3,624 3.19 N/A N/A 0.812 N/A 0.301 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.35
45.50 9.13 0.26 2.81 silty clay to clay -29.0 1.00 6 5,460 3,058 3,682 3.22 N/A N/A 0.804 N/A 0.298 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.35
46.50 11.53 0.39 3.28 silty clay to clay -30.0 1.00 8 5,580 3,115 3,739 3.16 N/A N/A 0.795 N/A 0.296 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.35
47.50 13.92 0.58 4.11 clay -31.0 1.00 14 5,700 3,173 3,797 3.15 N/A N/A 0.787 N/A 0.294 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.35
48.50 12.18 0.49 3.93 clay -32.0 1.00 12 5,820 3,230 3,854 3.20 N/A N/A 0.779 N/A 0.292 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.35
49.50 14.30 0.49 3.36 silty clay to clay -33.0 1.00 10 5,940 3,288 3,912 3.09 N/A N/A 0.771 N/A 0.290 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.35
50.50 41.67 0.92 2.20 sandy silt to clayey silt -34.0 1.00 17 6,060 3,346 3,970 2.57 3.17 89.70 0.763 0.876 0.287 0.147 0.598 YES 2.8 14.6 647 19.2 N/A 1.029 0.12 0.23
51.50 63.07 1.52 2.40 sandy silt to clayey silt -35.0 1.00 25 6,180 3,403 4,027 2.41 2.36 114.32 0.755 0.845 0.285 0.219 0.866 YES 2.8 20.6 1,200 26.3 N/A 0.080 0.01 0.22
52.50 82.49 1.60 1.94 silty sand to sandy silt -36.0 1.00 27 6,300 3,461 4,085 2.26 1.84 115.25 0.747 0.835 0.283 0.222 0.876 YES 2.8 22.0 1,200 28.1 N/A 0.069 0.01 0.21
53.50 57.45 1.35 2.34 sandy silt to clayey silt -37.0 1.66 38 6,420 3,518 4,142 2.13 1.51 108.12 0.739 0.804 0.280 0.198 0.756 YES 2.8 29.2 1,200 36.7 N/A 0.019 0.00 0.21
54.50 17.78 0.62 3.43 silty clay to clay -38.0 1.00 12 6,540 3,576 4,200 3.04 N/A N/A 0.730 N/A 0.278 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
55.50 24.25 0.60 2.42 sandy silt to clayey silt -39.0 1.00 10 6,660 3,634 4,258 2.83 N/A N/A 0.722 N/A 0.275 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
56.50 24.97 0.58 2.30 sandy silt to clayey silt -40.0 1.00 10 6,780 3,691 4,315 2.81 N/A N/A 0.714 N/A 0.273 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
57.50 75.28 0.93 1.24 sand to silty sand -41.0 1.00 19 6,900 3,749 4,373 2.18 1.63 89.52 0.706 0.845 0.270 0.147 0.612 YES 1.3 14.1 597 15.8 N/A 1.532 0.18 0.02
58.50 102.48 1.58 1.54 silty sand to sandy silt -42.0 1.00 34 7,020 3,806 4,430 2.14 1.53 113.99 0.698 0.794 0.268 0.218 0.861 YES 2.8 25.8 1,200 32.5 N/A 0.041 0.00 0.02
59.50 157.78 1.25 0.79 sand -43.0 1.00 32 7,140 3,864 4,488 1.81 1.11 126.41 0.690 0.797 0.265 0.268 1.075 YES 0.0 21.1 1,200 21.1 N/A 0.119 0.01 0.00
60.50 175.23 2.32 1.32 sand to silty sand -44.0 1.00 44 7,260 3,922 4,546 1.93 1.21 151.90 0.682 0.764 0.262 0.406 1.577 NO N/A N/A N/A 33.0 N/A 0.038 0.00 0.00

max= 1,200
min= 286
avg= 943
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. A-CPT007 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 15.30 ft
  GWT Elev. During Test 0.00 ft           GWT Depth During Test, Zw  = 15.30 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 5.30 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 13.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 1.06 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 1.06 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
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++
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e

Settlement
Profile

(in.)

0.50 16.44 0.03 0.19 silty sand to sandy silt 14.3 1.00 5 60 60 60 1.57 1.00 94.92 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 16.2 0.012 0.026 0.00 1.06
1.50 19.10 0.11 0.60 sandy silt to clayey silt 13.3 1.00 8 180 180 180 1.94 1.23 78.40 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 20.6 N/A N/A N/A 1.06
2.50 12.52 0.28 2.26 clayey silt to silty clay 12.3 1.00 6 300 300 300 2.52 2.85 92.24 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.06
3.50 11.08 0.28 2.55 clayey silt to silty clay 11.3 1.00 6 420 420 420 2.52 2.87 102.38 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.06
4.50 9.28 0.27 2.96 silty clay to clay 10.3 1.00 6 540 540 540 2.69 N/A N/A 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.06
5.50 33.18 0.72 2.18 sandy silt to clayey silt 9.3 1.00 13 660 648 660 2.31 1.99 116.03 0.987 1.000 0.209 0.225 1.436 NO N/A N/A N/A 32.1 N/A 0.034 0.00 1.06
6.50 76.04 0.47 0.62 sand to silty sand 8.3 1.00 19 780 705 780 1.70 1.04 132.89 0.985 1.000 0.227 0.298 1.756 NO N/A N/A N/A 34.4 N/A 0.026 0.00 1.05
7.50 50.91 0.33 0.64 sand to silty sand 7.3 1.00 13 900 763 900 1.87 1.16 95.44 0.983 1.000 0.241 0.161 0.890 YES 1.3 20.3 1,200 22.4 N/A 0.086 0.01 1.04
8.50 29.77 0.19 0.64 silty sand to sandy silt 6.3 1.66 16 1,020 820 1,020 1.78 1.00 76.97 0.980 1.000 0.254 0.122 0.644 YES 2.8 25.8 1,200 32.6 N/A 0.038 0.00 1.04
9.50 9.00 0.07 0.74 clayey silt to silty clay 5.3 1.66 7 1,140 878 1,140 2.29 1.00 22.49 0.978 1.000 0.264 0.069 0.347 YES 2.8 12.7 485 N/A N/A 0.000 0.00 1.04
10.50 2.65 0.03 1.06 sensitive fine grained 4.3 1.00 1 1,260 936 1,260 3.11 N/A N/A 0.976 N/A 0.273 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.04
11.50 2.58 0.03 0.98 sensitive fine grained 3.3 1.00 1 1,380 993 1,380 3.13 N/A N/A 0.973 N/A 0.281 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.04
12.50 2.45 0.02 0.86 sensitive fine grained 2.3 1.00 1 1,500 1,051 1,500 3.16 N/A N/A 0.971 N/A 0.288 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.04
13.50 2.50 0.02 0.80 sensitive fine grained 1.3 1.00 1 1,620 1,108 1,620 3.16 N/A N/A 0.969 N/A 0.294 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.04
14.50 2.73 0.03 0.98 sensitive fine grained 0.3 1.00 1 1,740 1,166 1,740 3.18 N/A N/A 0.966 N/A 0.300 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.04
15.50 4.39 0.10 2.16 clay -0.7 1.00 4 1,860 1,224 1,848 3.14 N/A N/A 0.964 N/A 0.305 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.04
16.50 5.58 0.12 2.08 silty clay to clay -1.7 1.00 4 1,980 1,281 1,905 3.05 N/A N/A 0.962 N/A 0.309 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.04
17.50 6.02 0.11 1.77 silty clay to clay -2.7 1.00 4 2,100 1,339 1,963 2.99 N/A N/A 0.959 N/A 0.313 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.04
18.50 6.98 0.15 2.17 silty clay to clay -3.7 1.00 5 2,220 1,396 2,020 2.99 N/A N/A 0.957 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.04
19.50 30.45 0.28 0.93 silty sand to sandy silt -4.7 1.00 10 2,340 1,454 2,078 2.26 1.84 65.63 0.955 1.000 0.320 0.106 0.444 YES 2.8 12.8 492 16.9 N/A 1.576 0.19 0.85
20.50 20.71 0.11 0.52 silty sand to sandy silt -5.7 1.66 11 2,460 1,512 2,136 2.01 1.00 39.44 0.952 1.000 0.322 0.083 0.343 YES 2.8 13.9 580 18.3 N/A 1.406 0.17 0.68
21.50 8.18 0.08 0.96 clayey silt to silty clay -6.7 1.00 4 2,580 1,569 2,193 2.79 N/A N/A 0.950 N/A 0.325 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
22.50 4.65 0.05 1.17 sensitive fine grained -7.7 1.00 2 2,700 1,627 2,251 3.09 N/A N/A 0.948 N/A 0.327 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
23.50 5.25 0.11 2.18 silty clay to clay -8.7 1.00 3 2,820 1,684 2,308 3.18 N/A N/A 0.945 N/A 0.329 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
24.50 5.40 0.07 1.35 sensitive fine grained -9.7 1.00 3 2,940 1,742 2,366 3.08 N/A N/A 0.943 N/A 0.331 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
25.50 5.46 0.07 1.28 sensitive fine grained -10.7 1.00 3 3,060 1,800 2,424 3.07 N/A N/A 0.941 N/A 0.333 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
26.50 5.81 0.07 1.19 sensitive fine grained -11.7 1.00 3 3,180 1,857 2,481 3.04 N/A N/A 0.938 N/A 0.334 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
27.50 6.76 0.11 1.67 silty clay to clay -12.7 1.00 5 3,300 1,915 2,539 3.06 N/A N/A 0.936 N/A 0.335 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
28.50 6.52 0.13 1.97 silty clay to clay -13.7 1.00 4 3,420 1,972 2,596 3.12 N/A N/A 0.934 N/A 0.337 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
29.50 5.42 0.07 1.34 sensitive fine grained -14.7 1.00 3 3,540 2,030 2,654 3.13 N/A N/A 0.931 N/A 0.338 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
30.50 6.22 0.12 1.91 silty clay to clay -15.7 1.00 4 3,660 2,088 2,712 3.16 N/A N/A 0.926 N/A 0.338 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
31.50 6.14 0.09 1.45 sensitive fine grained -16.7 1.00 3 3,780 2,145 2,769 3.11 N/A N/A 0.918 N/A 0.336 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
32.50 6.06 0.06 1.02 sensitive fine grained -17.7 1.00 3 3,900 2,203 2,827 3.06 N/A N/A 0.909 N/A 0.335 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
33.50 6.77 0.11 1.55 clayey silt to silty clay -18.7 1.00 3 4,020 2,260 2,884 3.10 N/A N/A 0.901 N/A 0.333 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
34.50 7.52 0.15 1.93 silty clay to clay -19.7 1.00 5 4,140 2,318 2,942 3.11 N/A N/A 0.893 N/A 0.332 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
35.50 7.49 0.13 1.67 clayey silt to silty clay -20.7 1.00 4 4,260 2,376 3,000 3.09 N/A N/A 0.885 N/A 0.330 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
36.50 8.44 0.12 1.40 clayey silt to silty clay -21.7 1.00 4 4,380 2,433 3,057 3.01 N/A N/A 0.877 N/A 0.328 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
37.50 11.92 0.22 1.82 clayey silt to silty clay -22.7 1.00 6 4,500 2,491 3,115 2.92 N/A N/A 0.869 N/A 0.326 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
38.50 8.47 0.21 2.43 silty clay to clay -23.7 1.00 6 4,620 2,548 3,172 3.15 N/A N/A 0.861 N/A 0.325 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
39.50 11.67 0.26 2.18 clayey silt to silty clay -24.7 1.00 6 4,740 2,606 3,230 2.99 N/A N/A 0.852 N/A 0.323 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
40.50 15.56 0.47 3.01 clayey silt to silty clay -25.7 1.00 8 4,860 2,664 3,288 2.96 N/A N/A 0.844 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
41.50 18.32 0.48 2.62 clayey silt to silty clay -26.7 1.00 9 4,980 2,721 3,345 2.87 N/A N/A 0.836 N/A 0.318 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
42.50 11.54 0.34 2.96 silty clay to clay -27.7 1.00 8 5,100 2,779 3,403 3.09 N/A N/A 0.828 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
43.50 12.07 0.29 2.37 clayey silt to silty clay -28.7 1.00 6 5,220 2,836 3,460 3.03 N/A N/A 0.820 N/A 0.314 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
44.50 9.54 0.26 2.71 silty clay to clay -29.7 1.00 6 5,340 2,894 3,518 3.17 N/A N/A 0.812 N/A 0.312 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
45.50 29.99 0.36 1.21 silty sand to sandy silt -30.7 1.00 10 5,460 2,951 3,575 2.51 2.82 63.10 0.804 0.923 0.309 0.103 0.412 YES 2.8 10.3 327 14.0 N/A 1.982 0.24 0.44
46.50 23.30 0.36 1.53 sandy silt to clayey silt -31.7 1.66 15 5,580 3,009 3,633 2.32 2.01 63.22 0.795 0.902 0.307 0.103 0.406 YES 2.8 14.2 613 18.7 N/A 1.268 0.15 0.29
47.50 10.97 0.28 2.52 clayey silt to silty clay -32.7 1.00 5 5,700 3,067 3,691 3.11 N/A N/A 0.787 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
48.50 9.54 0.25 2.65 silty clay to clay -33.7 1.00 6 5,820 3,124 3,748 3.19 N/A N/A 0.779 N/A 0.302 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
49.50 10.15 0.23 2.22 clayey silt to silty clay -34.7 1.00 5 5,940 3,182 3,806 3.13 N/A N/A 0.771 N/A 0.299 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
50.50 11.77 0.34 2.88 silty clay to clay -35.7 1.00 8 6,060 3,239 3,863 3.13 N/A N/A 0.763 N/A 0.297 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
51.50 11.06 0.27 2.45 clayey silt to silty clay -36.7 1.00 6 6,180 3,297 3,921 3.13 N/A N/A 0.755 N/A 0.294 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
52.50 15.43 0.94 6.10 clay -37.7 1.00 15 6,300 3,355 3,979 3.23 N/A N/A 0.747 N/A 0.292 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
53.50 22.38 0.45 2.01 sandy silt to clayey silt -38.7 1.00 9 6,420 3,412 4,036 2.79 N/A N/A 0.739 N/A 0.289 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
54.50 64.20 1.09 1.71 silty sand to sandy silt -39.7 1.00 21 6,540 3,470 4,094 2.31 1.99 97.02 0.730 0.852 0.286 0.165 0.655 YES 2.8 17.8 950 22.9 N/A 0.101 0.01 0.28
55.50 137.03 1.24 0.91 sand -40.7 1.00 27 6,660 3,527 4,151 1.88 1.17 120.69 0.722 0.831 0.284 0.243 0.951 YES 0.0 19.0 1,083 19.0 N/A 1.011 0.12 0.16
56.50 176.53 1.32 0.75 sand -41.7 1.66 58 6,780 3,585 4,209 1.43 1.00 218.31 0.714 0.792 0.281 N/A N/A NO N/A N/A N/A 40.3 N/A 0.000 0.00 0.16
57.50 49.22 0.61 1.23 silty sand to sandy silt -42.7 1.00 16 6,900 3,643 4,267 2.33 2.06 75.16 0.706 0.860 0.278 0.119 0.493 YES 2.8 14.0 595 18.5 N/A 1.041 0.12 0.03
58.50 112.23 0.91 0.81 sand to silty sand -43.7 1.00 28 7,020 3,700 4,324 1.93 1.22 100.36 0.698 0.817 0.275 0.174 0.689 YES 1.3 20.4 1,200 22.5 N/A 0.098 0.01 0.02
59.50 87.65 1.27 1.45 silty sand to sandy silt -44.7 1.00 29 7,140 3,758 4,382 2.17 1.60 102.62 0.690 0.810 0.273 0.180 0.716 YES 2.8 22.5 1,200 28.7 N/A 0.063 0.01 0.01
60.50 65.28 0.75 1.15 silty sand to sandy silt -45.7 1.00 22 7,260 3,815 4,439 2.22 1.72 81.12 0.682 0.831 0.270 0.130 0.533 YES 2.8 17.4 914 22.5 N/A 0.096 0.01 0.00

max= 1,200
min= 327
avg= 834
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PLATE E-3



EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. A-CPT010 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 16.00 ft
  GWT Elev. During Test 0.00 ft           GWT Depth During Test, Zw  = 16.00 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 6.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 13.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 1.32 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 1.32 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth

During Test
(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
Sleeve

Friction

fs-avg (tsf)

Average
Friction

Ratio

Rf-avg (%)
Soil Behavior Type

(Robertson et al., 1983)

Bottom of 
Layer

Elevation
(ft)

Thin Layer 
Correction Factor

(Lunne, et al., 1997)

Equiv. SPT
Blow Count

N60(blows/ft)

Total
Vert.
Stress

v (psf)

Effective
Vert.
Stress

(Design)

v' (psf)

Effective
Vert.
Stress
(Test)

v' (psf)

Soil
Behavior

Type
Index

Ic

Fines
Correction

Factor

Kc

Corrected
Tip

Resistance

qc1Ncs

Shear
Stress

Reduction
Coeff.

rd

Correction
for High

Overburden
Stress

K

Cyclic
Stress
Ratio

++

CSR

Cyclic
Res.

Ratio

CRR7.5

Factor of
Safety

Against
Liqefaction

+++

FS

Liquef
y ?

SPT Blow
Count

Correction

 Ncorr.

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Residual
Shear

Strength

Sr (psf)

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Cyclic
Shear
Strain

c (%)

Vol.
Strain

 v (%)

Layer
Settlemen

t

Si (in.)

Cumulativ
e

Settlement
Profile

(in.)

0.50 42.96 0.29 0.68 silty sand to sandy silt 15.0 1.00 14 60 60 60 1.51 1.00 248.00 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 34.2 0.009 0.008 0.00 1.32
1.50 31.23 0.10 0.32 silty sand to sandy silt 14.0 1.00 10 180 180 180 1.62 1.00 104.11 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 26.2 0.018 0.022 0.00 1.32
2.50 21.15 0.16 0.75 sandy silt to clayey silt 13.0 1.00 8 300 300 300 2.05 1.37 75.04 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 22.3 N/A N/A N/A 1.32
3.50 38.51 0.47 1.23 silty sand to sandy silt 12.0 1.66 21 420 420 420 1.72 1.05 146.04 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A 48.4 0.022 0.000 0.00 1.32
4.50 17.39 0.49 2.80 clayey silt to silty clay 11.0 1.00 9 540 540 540 2.57 3.13 104.68 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.32
5.50 39.93 0.37 0.92 silty sand to sandy silt 10.0 1.66 22 660 660 660 1.71 1.04 120.12 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A 50.0 0.027 0.000 0.00 1.32
6.50 15.32 0.40 2.60 clayey silt to silty clay 9.0 1.00 8 780 749 780 2.56 3.11 99.47 0.985 1.000 0.213 0.172 1.073 YES 2.8 15.1 686 N/A N/A 0.000 0.00 1.32
7.50 25.22 0.25 1.00 silty sand to sandy silt 8.0 1.66 14 900 806 900 1.93 1.22 80.40 0.983 1.000 0.228 0.128 0.751 YES 2.8 23.5 1,200 29.9 N/A 0.047 0.01 1.32
8.50 5.77 0.12 2.13 silty clay to clay 7.0 1.00 4 1,020 864 1,020 2.91 N/A N/A 0.980 N/A 0.241 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.32
9.50 3.40 0.05 1.34 sensitive fine grained 6.0 1.00 2 1,140 922 1,140 3.04 N/A N/A 0.978 N/A 0.252 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.32
10.50 6.97 0.27 3.81 clay 5.0 1.00 7 1,260 979 1,260 3.02 N/A N/A 0.976 N/A 0.261 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.32
11.50 8.93 0.24 2.71 silty clay to clay 4.0 1.00 6 1,380 1,037 1,380 2.86 N/A N/A 0.973 N/A 0.269 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.32
12.50 32.10 0.23 0.70 silty sand to sandy silt 3.0 1.66 18 1,500 1,094 1,500 1.83 1.00 71.85 0.971 1.000 0.277 0.114 0.552 YES 2.8 23.3 1,200 29.5 N/A 0.059 0.01 1.31
13.50 15.59 0.18 1.15 sandy silt to clayey silt 2.0 1.00 6 1,620 1,152 1,620 2.52 2.87 59.03 0.969 1.000 0.283 0.099 0.467 YES 2.8 9.7 297 13.3 N/A 2.083 0.25 1.06
14.50 19.87 0.25 1.24 sandy silt to clayey silt 1.0 1.66 13 1,740 1,210 1,740 2.15 1.55 65.57 0.966 1.000 0.289 0.106 0.490 YES 2.8 16.9 864 21.9 N/A 0.160 0.02 1.04
15.50 9.47 0.15 1.62 clayey silt to silty clay 0.0 1.00 5 1,860 1,267 1,860 2.77 N/A N/A 0.964 N/A 0.294 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.04
16.50 4.99 0.10 2.00 silty clay to clay -1.0 1.00 3 1,980 1,325 1,949 3.09 N/A N/A 0.962 N/A 0.299 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.04
17.50 24.30 0.16 0.67 silty sand to sandy silt -2.0 1.00 8 2,100 1,382 2,006 2.27 1.86 54.25 0.959 1.000 0.303 0.095 0.418 YES 2.8 10.9 363 14.7 N/A 1.869 0.22 0.82
18.50 19.55 0.17 0.87 sandy silt to clayey silt -3.0 1.00 8 2,220 1,440 2,064 2.42 2.39 54.97 0.957 1.000 0.307 0.095 0.415 YES 2.8 10.5 340 14.2 N/A 1.942 0.23 0.58
19.50 17.39 0.13 0.76 sandy silt to clayey silt -4.0 1.00 7 2,340 1,498 2,122 2.44 2.50 50.27 0.955 1.000 0.310 0.092 0.395 YES 2.8 9.6 288 13.1 N/A 2.115 0.25 0.33
20.50 25.65 0.15 0.57 silty sand to sandy silt -5.0 1.66 14 2,460 1,555 2,179 1.95 1.00 48.15 0.952 1.000 0.313 0.090 0.384 YES 2.8 16.4 809 21.3 N/A 0.456 0.05 0.27
21.50 5.06 0.08 1.65 sensitive fine grained -6.0 1.00 3 2,580 1,613 2,237 3.12 N/A N/A 0.950 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
22.50 5.09 0.08 1.50 sensitive fine grained -7.0 1.00 3 2,700 1,670 2,294 3.11 N/A N/A 0.948 N/A 0.319 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
23.50 5.91 0.10 1.73 silty clay to clay -8.0 1.00 4 2,820 1,728 2,352 3.08 N/A N/A 0.945 N/A 0.321 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
24.50 5.47 0.07 1.29 sensitive fine grained -9.0 1.00 3 2,940 1,786 2,410 3.07 N/A N/A 0.943 N/A 0.323 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
25.50 6.18 0.10 1.67 silty clay to clay -10.0 1.00 4 3,060 1,843 2,467 3.08 N/A N/A 0.941 N/A 0.325 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
26.50 5.54 0.09 1.54 sensitive fine grained -11.0 1.00 3 3,180 1,901 2,525 3.12 N/A N/A 0.938 N/A 0.326 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
27.50 5.63 0.11 1.91 silty clay to clay -12.0 1.00 4 3,300 1,958 2,582 3.17 N/A N/A 0.936 N/A 0.328 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
28.50 5.80 0.09 1.48 sensitive fine grained -13.0 1.00 3 3,420 2,016 2,640 3.12 N/A N/A 0.934 N/A 0.329 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
29.50 6.12 0.07 1.08 sensitive fine grained -14.0 1.00 3 3,540 2,074 2,698 3.04 N/A N/A 0.931 N/A 0.331 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
30.50 8.23 0.23 2.74 silty clay to clay -15.0 1.00 5 3,660 2,131 2,755 3.12 N/A N/A 0.926 N/A 0.331 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
31.50 9.70 0.29 3.03 silty clay to clay -16.0 1.00 6 3,780 2,189 2,813 3.09 N/A N/A 0.918 N/A 0.330 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
32.50 29.05 0.64 2.21 sandy silt to clayey silt -17.0 1.66 19 3,900 2,246 2,870 2.27 1.85 84.04 0.909 0.966 0.328 0.135 0.530 YES 2.8 18.9 1,066 24.3 N/A 0.159 0.02 0.26
33.50 9.35 0.24 2.61 silty clay to clay -18.0 1.00 6 4,020 2,304 2,928 3.08 N/A N/A 0.901 N/A 0.327 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.26
34.50 10.28 0.35 3.41 silty clay to clay -19.0 1.00 7 4,140 2,362 2,986 3.12 N/A N/A 0.893 N/A 0.326 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.26
35.50 10.39 0.34 3.27 silty clay to clay -20.0 1.00 7 4,260 2,419 3,043 3.11 N/A N/A 0.885 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.26
36.50 9.21 0.29 3.14 silty clay to clay -21.0 1.00 6 4,380 2,477 3,101 3.16 N/A N/A 0.877 N/A 0.323 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.26
37.50 26.36 0.86 3.27 clayey silt to silty clay -22.0 1.66 22 4,500 2,534 3,158 2.43 2.44 94.59 0.869 0.929 0.321 0.159 0.613 YES 2.8 20.2 1,200 N/A N/A 0.000 0.00 0.26
38.50 8.63 0.34 3.91 clay -23.0 1.00 9 4,620 2,592 3,216 3.26 N/A N/A 0.861 N/A 0.319 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.26
39.50 9.98 0.40 4.00 clay -24.0 1.00 10 4,740 2,650 3,274 3.21 N/A N/A 0.852 N/A 0.317 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.26
40.50 11.57 0.42 3.59 silty clay to clay -25.0 1.00 8 4,860 2,707 3,331 3.13 N/A N/A 0.844 N/A 0.315 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.26
41.50 14.74 0.30 2.03 clayey silt to silty clay -26.0 1.00 7 4,980 2,765 3,389 2.89 N/A N/A 0.836 N/A 0.313 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.26
42.50 18.09 0.36 1.97 sandy silt to clayey silt -27.0 1.66 12 5,100 2,822 3,446 2.49 2.73 63.18 0.828 0.925 0.311 0.103 0.410 YES 2.8 11.9 431 16.0 N/A 1.695 0.20 0.05
43.50 8.72 0.29 3.31 clay -28.0 1.00 9 5,220 2,880 3,504 3.26 N/A N/A 0.820 N/A 0.309 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
44.50 8.45 0.32 3.77 clay -29.0 1.00 8 5,340 2,938 3,562 3.31 N/A N/A 0.812 N/A 0.307 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
45.50 7.98 0.21 2.59 silty clay to clay -30.0 1.00 5 5,460 2,995 3,619 3.25 N/A N/A 0.804 N/A 0.305 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
46.50 8.93 0.21 2.31 silty clay to clay -31.0 1.00 6 5,580 3,053 3,677 3.18 N/A N/A 0.795 N/A 0.302 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
47.50 10.48 0.34 3.23 silty clay to clay -32.0 1.00 7 5,700 3,110 3,734 3.20 N/A N/A 0.787 N/A 0.300 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
48.50 10.73 0.50 4.63 clay -33.0 1.00 11 5,820 3,168 3,792 3.29 N/A N/A 0.779 N/A 0.298 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
49.50 9.21 0.31 3.41 clay -34.0 1.00 9 5,940 3,226 3,850 3.28 N/A N/A 0.771 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
50.50 94.10 0.80 0.85 sand to silty sand -35.0 1.00 24 6,060 3,283 3,907 1.98 1.28 93.81 0.763 0.859 0.293 0.157 0.613 YES 1.3 18.2 993 20.1 N/A 0.427 0.05 0.00

max= 1,200
min= 288
avg= 749
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. A-CPT012 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 13.80 ft
  GWT Elev. During Test 0.00 ft           GWT Depth During Test, Zw  = 13.80 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 3.80 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 11.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 1.47 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 1.47 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **
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0.50 24.82 0.14 0.55 silty sand to sandy silt 12.8 1.00 8 60 60 60 1.63 1.00 143.28 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 21.9 0.011 0.016 0.00 1.47
1.50 17.96 0.31 1.75 sandy silt to clayey silt 11.8 1.00 7 180 180 180 2.24 1.77 105.76 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 19.7 N/A N/A N/A 1.47
2.50 17.84 0.43 2.43 clayey silt to silty clay 10.8 1.00 9 300 300 300 2.42 2.39 110.19 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
3.50 12.61 0.47 3.71 silty clay to clay 9.8 1.00 8 420 420 420 2.59 3.25 131.98 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
4.50 11.08 0.41 3.69 clay 8.8 1.00 11 540 496 540 2.67 N/A N/A 0.990 N/A 0.224 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
5.50 10.27 0.44 4.33 clay 7.8 1.00 10 660 554 660 2.77 N/A N/A 0.987 N/A 0.245 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
6.50 13.97 0.46 3.32 silty clay to clay 6.8 1.00 9 780 612 780 2.61 N/A N/A 0.985 N/A 0.261 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
7.50 9.15 0.46 5.02 clay 5.8 1.00 9 900 669 900 2.90 N/A N/A 0.983 N/A 0.275 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
8.50 19.39 0.33 1.69 sandy silt to clayey silt 4.8 1.00 8 1,020 727 1,020 2.45 2.51 80.63 0.980 1.000 0.286 0.129 0.600 YES 2.8 13.7 563 18.0 N/A 1.227 0.15 1.33
9.50 13.18 0.17 1.32 sandy silt to clayey silt 3.8 1.66 9 1,140 784 1,140 2.24 1.76 61.33 0.978 1.000 0.296 0.101 0.458 YES 2.8 14.4 623 18.9 N/A 1.177 0.14 1.19
10.50 4.06 0.15 3.68 clay 2.8 1.00 4 1,260 842 1,260 3.18 N/A N/A 0.976 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.19
11.50 7.84 0.21 2.69 silty clay to clay 1.8 1.00 5 1,380 900 1,380 2.87 N/A N/A 0.973 N/A 0.311 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.19
12.50 26.73 0.38 1.44 sandy silt to clayey silt 0.8 1.66 18 1,500 957 1,500 2.03 1.34 85.96 0.971 1.000 0.316 0.139 0.586 YES 2.8 23.2 1,200 29.5 N/A 0.069 0.01 1.18
13.50 6.36 0.14 2.14 silty clay to clay -0.2 1.00 4 1,620 1,015 1,620 2.93 N/A N/A 0.969 N/A 0.322 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.18
14.50 4.23 0.08 1.88 silty clay to clay -1.2 1.00 3 1,740 1,072 1,696 3.08 N/A N/A 0.966 N/A 0.326 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.18
15.50 6.58 0.06 0.97 sensitive fine grained -2.2 1.00 3 1,860 1,130 1,754 2.78 N/A N/A 0.964 N/A 0.330 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.18
16.50 11.25 0.10 0.90 sandy silt to clayey silt -3.2 1.66 7 1,980 1,188 1,812 2.30 1.96 47.45 0.962 1.000 0.333 0.090 0.358 YES 2.8 10.6 347 14.4 N/A 1.931 0.23 0.95
17.50 4.83 0.03 0.65 sensitive fine grained -4.2 1.00 2 2,100 1,245 1,869 2.87 5.37 37.00 0.959 N/A 0.336 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.95
18.50 5.79 0.07 1.16 sensitive fine grained -5.2 1.00 3 2,220 1,303 1,927 2.91 N/A N/A 0.957 N/A 0.339 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.95
19.50 7.67 0.13 1.73 clayey silt to silty clay -6.2 1.00 4 2,340 1,360 1,984 2.90 N/A N/A 0.955 N/A 0.342 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.95
20.50 8.52 0.14 1.66 clayey silt to silty clay -7.2 1.00 4 2,460 1,418 2,042 2.86 N/A N/A 0.952 N/A 0.344 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.95
21.50 9.05 0.14 1.57 clayey silt to silty clay -8.2 1.00 5 2,580 1,476 2,100 2.83 N/A N/A 0.950 N/A 0.345 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.95
22.50 7.40 0.13 1.79 silty clay to clay -9.2 1.00 5 2,700 1,533 2,157 2.96 N/A N/A 0.948 N/A 0.347 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.95
23.50 8.48 0.13 1.51 clayey silt to silty clay -10.2 1.00 4 2,820 1,591 2,215 2.88 N/A N/A 0.945 N/A 0.349 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.95
24.50 9.64 0.31 3.17 silty clay to clay -11.2 1.00 6 2,940 1,648 2,272 3.01 N/A N/A 0.943 N/A 0.350 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.95
25.50 9.70 0.31 3.18 silty clay to clay -12.2 1.00 6 3,060 1,706 2,330 3.02 N/A N/A 0.941 N/A 0.351 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.95
26.50 7.97 0.26 3.22 clay -13.2 1.00 8 3,180 1,764 2,388 3.12 N/A N/A 0.938 N/A 0.352 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.95
27.50 7.46 0.22 2.92 clay -14.2 1.00 7 3,300 1,821 2,445 3.13 N/A N/A 0.936 N/A 0.353 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.95
28.50 8.94 0.18 2.04 clayey silt to silty clay -15.2 1.00 4 3,420 1,879 2,503 2.98 N/A N/A 0.934 N/A 0.353 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.95
29.50 46.97 1.41 3.00 sandy silt to clayey silt -16.2 1.00 19 3,540 1,936 2,560 2.48 2.66 127.14 0.931 1.000 0.354 0.271 1.022 YES 2.8 19.4 1,123 24.9 N/A 0.195 0.02 0.92
30.50 26.33 0.55 2.09 sandy silt to clayey silt -17.2 1.00 11 3,660 1,994 2,618 2.58 3.22 84.89 0.926 1.000 0.353 0.137 0.517 YES 2.8 12.0 437 16.0 N/A 1.748 0.21 0.71
31.50 16.33 0.49 2.98 clayey silt to silty clay -18.2 1.00 8 3,780 2,052 2,676 2.86 N/A N/A 0.918 N/A 0.352 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.71
32.50 24.22 0.42 1.74 sandy silt to clayey silt -19.2 1.00 10 3,900 2,109 2,733 2.58 3.21 74.80 0.909 0.989 0.350 0.119 0.448 YES 2.8 11.1 375 14.9 N/A 1.873 0.22 0.49
33.50 20.00 0.52 2.59 clayey silt to silty clay -20.2 1.00 10 4,020 2,167 2,791 2.76 N/A N/A 0.901 N/A 0.348 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.49
34.50 21.24 0.36 1.70 sandy silt to clayey silt -21.2 1.00 8 4,140 2,224 2,848 2.64 N/A N/A 0.893 N/A 0.346 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.49
35.50 13.79 0.12 0.87 sandy silt to clayey silt -22.2 1.00 6 4,260 2,282 2,906 2.67 N/A N/A 0.885 N/A 0.344 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.49
36.50 23.17 0.32 1.36 sandy silt to clayey silt -23.2 1.00 9 4,380 2,340 2,964 2.57 3.14 64.71 0.877 0.968 0.341 0.105 0.398 YES 2.8 10.4 335 14.1 N/A 1.965 0.24 0.25
37.50 36.54 0.53 1.45 silty sand to sandy silt -24.2 1.00 12 4,500 2,397 3,021 2.40 2.32 77.53 0.869 0.958 0.339 0.123 0.465 YES 2.8 12.7 488 16.9 N/A 1.629 0.20 0.06
38.50 29.82 0.47 1.58 sandy silt to clayey silt -25.2 1.66 20 4,620 2,455 3,079 2.19 1.65 73.37 0.861 0.941 0.337 0.117 0.435 YES 2.8 18.7 1,051 24.1 N/A 0.189 0.02 0.03
39.50 13.32 0.30 2.23 clayey silt to silty clay -26.2 1.00 7 4,740 2,512 3,136 2.93 N/A N/A 0.852 N/A 0.335 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.03
40.50 12.01 0.19 1.56 clayey silt to silty clay -27.2 1.00 6 4,860 2,570 3,194 2.90 N/A N/A 0.844 N/A 0.332 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.03
41.50 9.60 0.27 2.82 silty clay to clay -28.2 1.00 6 4,980 2,627 3,251 3.14 N/A N/A 0.836 N/A 0.330 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.03
42.50 10.70 0.32 3.00 silty clay to clay -29.2 1.00 7 5,100 2,685 3,309 3.12 N/A N/A 0.828 N/A 0.327 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.03
43.50 12.89 0.70 5.46 clay -30.2 1.00 13 5,220 2,743 3,367 3.21 N/A N/A 0.820 N/A 0.325 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.03
44.50 11.44 0.37 3.20 silty clay to clay -31.2 1.00 8 5,340 2,800 3,424 3.12 N/A N/A 0.812 N/A 0.322 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.03
45.50 29.29 0.92 3.13 clayey silt to silty clay -32.2 1.00 15 5,460 2,858 3,482 2.75 N/A N/A 0.804 N/A 0.319 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.03
46.50 104.71 1.47 1.41 sand to silty sand -33.2 1.00 26 5,580 2,915 3,539 2.06 1.39 120.53 0.795 0.882 0.317 0.243 0.903 YES 1.3 21.0 1,200 23.1 N/A 0.181 0.02 0.01
47.50 188.21 1.16 0.61 sand -34.2 1.00 38 5,700 2,973 3,597 1.63 1.00 154.37 0.787 0.854 0.314 0.422 1.532 NO N/A N/A N/A 28.1 N/A 0.078 0.01 0.00

max= 1,200
min= 335
avg= 704
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. A-CPT014 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 16.00 ft
  GWT Elev. During Test 0.00 ft           GWT Depth During Test, Zw  = 16.00 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 6.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 14.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 0.83 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 0.83 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth
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(ft)
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++
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+++
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Cyclic
Shear
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c (%)

Vol.
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 v (%)
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t

Si (in.)
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e
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Profile
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0.50 8.66 0.05 0.54 sensitive fine grained 15.0 1.00 4 60 60 60 2.01 1.31 65.54 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.83
1.50 54.88 0.17 0.32 sand to silty sand 14.0 1.66 23 180 180 180 1.11 1.00 302.88 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 43.0 0.015 0.000 0.00 0.83
2.50 25.56 0.33 1.27 sandy silt to clayey silt 13.0 1.00 10 300 300 300 2.12 1.49 98.29 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 25.9 N/A N/A N/A 0.83
3.50 24.49 0.93 3.81 silty clay to clay 12.0 1.00 16 420 420 420 2.51 2.81 150.22 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.83
4.50 33.69 1.31 3.90 clayey silt to silty clay 11.0 1.00 17 540 540 540 2.46 2.56 166.27 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.83
5.50 27.89 1.37 4.89 clay 10.0 1.00 28 660 660 660 2.54 2.96 189.59 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.83
6.50 23.82 0.87 3.67 silty clay to clay 9.0 1.00 16 780 749 780 2.60 3.31 128.68 0.985 1.000 0.213 0.278 1.739 NO N/A N/A N/A N/A N/A 0.000 0.00 0.83
7.50 20.13 0.84 4.16 silty clay to clay 8.0 1.00 13 900 806 900 2.63 N/A N/A 0.983 N/A 0.228 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.83
8.50 17.54 0.53 3.01 clayey silt to silty clay 7.0 1.00 9 1,020 864 1,020 2.60 3.31 108.80 0.980 1.000 0.241 0.200 1.107 YES 2.8 15.1 687 N/A N/A 0.000 0.00 0.83
9.50 12.87 0.53 4.14 clay 6.0 1.00 13 1,140 922 1,140 2.81 N/A N/A 0.978 N/A 0.252 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.83
10.50 8.69 0.37 4.30 clay 5.0 1.00 9 1,260 979 1,260 2.97 N/A N/A 0.976 N/A 0.261 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.83
11.50 11.48 0.48 4.21 clay 4.0 1.00 11 1,380 1,037 1,380 2.89 N/A N/A 0.973 N/A 0.269 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.83
12.50 22.82 0.42 1.85 sandy silt to clayey silt 3.0 1.66 15 1,500 1,094 1,500 2.18 1.61 82.20 0.971 1.000 0.277 0.132 0.635 YES 2.8 20.3 1,200 25.9 N/A 0.079 0.01 0.82
13.50 8.02 0.33 4.05 clay 2.0 1.00 8 1,620 1,152 1,620 3.03 N/A N/A 0.969 N/A 0.283 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.82
14.50 40.27 0.54 1.34 silty sand to sandy silt 1.0 1.00 13 1,740 1,210 1,740 2.22 1.71 88.72 0.966 1.000 0.289 0.145 0.669 YES 2.8 17.2 893 22.3 N/A 0.143 0.02 0.80
15.50 78.51 0.64 0.81 sand to silty sand 0.0 1.00 20 1,860 1,267 1,860 1.86 1.16 113.95 0.964 1.000 0.294 0.218 0.987 YES 1.3 21.7 1,200 23.8 N/A 0.098 0.01 0.79
16.50 72.42 0.74 1.02 sand to silty sand -1.0 1.00 18 1,980 1,325 1,949 1.96 1.25 111.32 0.962 1.000 0.299 0.208 0.930 YES 1.3 19.7 1,152 21.7 N/A 0.199 0.02 0.77
17.50 47.27 0.58 1.23 silty sand to sandy silt -2.0 1.66 26 2,100 1,382 2,006 1.85 1.15 108.18 0.959 1.000 0.303 0.198 0.871 YES 2.8 28.8 1,200 36.3 N/A 0.024 0.00 0.76
18.50 9.68 0.33 3.36 clay -3.0 1.00 10 2,220 1,440 2,064 2.98 N/A N/A 0.957 N/A 0.307 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.76
19.50 10.83 0.27 2.52 silty clay to clay -4.0 1.00 7 2,340 1,498 2,122 2.88 N/A N/A 0.955 N/A 0.310 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.76
20.50 7.38 0.15 1.97 silty clay to clay -5.0 1.00 5 2,460 1,555 2,179 2.98 N/A N/A 0.952 N/A 0.313 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.76
21.50 6.06 0.04 0.71 sensitive fine grained -6.0 1.00 3 2,580 1,613 2,237 2.87 5.40 38.47 0.950 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.76
22.50 5.75 0.04 0.75 sensitive fine grained -7.0 1.00 3 2,700 1,670 2,294 2.92 5.85 38.46 0.948 N/A 0.319 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.76
23.50 5.36 0.03 0.54 sensitive fine grained -8.0 1.00 3 2,820 1,728 2,352 2.90 5.74 34.31 0.945 N/A 0.321 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.76
24.50 7.27 0.12 1.62 clayey silt to silty clay -9.0 1.00 4 2,940 1,786 2,410 2.99 N/A N/A 0.943 N/A 0.323 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.76
25.50 9.19 0.22 2.38 silty clay to clay -10.0 1.00 6 3,060 1,843 2,467 2.99 N/A N/A 0.941 N/A 0.325 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.76
26.50 8.39 0.18 2.19 silty clay to clay -11.0 1.00 6 3,180 1,901 2,525 3.02 N/A N/A 0.938 N/A 0.326 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.76
27.50 48.12 0.68 1.42 silty sand to sandy silt -12.0 1.00 16 3,300 1,958 2,582 2.26 1.82 88.61 0.936 1.000 0.328 0.145 0.589 YES 2.8 16.9 865 21.9 N/A 0.535 0.06 0.70
28.50 117.01 0.59 0.50 sand -13.0 1.00 23 3,420 2,016 2,640 1.68 1.03 119.52 0.934 0.997 0.329 0.239 0.965 YES 0.0 20.4 1,200 20.4 N/A 1.164 0.14 0.56
29.50 60.52 0.76 1.26 silty sand to sandy silt -14.0 1.00 20 3,540 2,074 2,698 2.16 1.57 93.15 0.931 0.989 0.331 0.155 0.619 YES 2.8 20.2 1,200 25.8 N/A 0.099 0.01 0.55
30.50 35.17 0.47 1.32 silty sand to sandy silt -15.0 1.00 12 3,660 2,131 2,755 2.37 2.19 74.73 0.926 0.985 0.331 0.119 0.472 YES 2.8 12.8 494 17.0 N/A 1.601 0.19 0.36
31.50 119.31 0.58 0.49 sand -16.0 1.00 24 3,780 2,189 2,813 1.68 1.00 114.05 0.918 0.970 0.330 0.218 0.856 YES 0.0 20.1 1,198 20.1 N/A 1.196 0.14 0.21
32.50 102.38 0.48 0.47 sand -17.0 1.66 34 3,900 2,246 2,870 1.43 1.00 159.95 0.909 0.955 0.328 0.461 1.787 NO N/A N/A N/A 28.3 N/A 0.081 0.01 0.20
33.50 45.71 0.42 0.92 silty sand to sandy silt -18.0 1.00 15 4,020 2,304 2,928 2.20 1.67 70.92 0.901 0.963 0.327 0.113 0.445 YES 2.8 15.4 716 20.1 N/A 1.184 0.14 0.06
34.50 32.02 0.42 1.30 silty sand to sandy silt -19.0 1.66 18 4,140 2,362 2,986 2.11 1.47 71.95 0.893 0.954 0.326 0.115 0.448 YES 2.8 17.3 900 22.4 N/A 0.386 0.05 0.01
35.50 11.89 0.22 1.81 clayey silt to silty clay -20.0 1.00 6 4,260 2,419 3,043 2.91 N/A N/A 0.885 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
36.50 8.71 0.15 1.73 clayey silt to silty clay -21.0 1.00 4 4,380 2,477 3,101 3.04 N/A N/A 0.877 N/A 0.323 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
37.50 11.78 0.24 1.99 clayey silt to silty clay -22.0 1.00 6 4,500 2,534 3,158 2.95 N/A N/A 0.869 N/A 0.321 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
38.50 12.34 0.34 2.72 clayey silt to silty clay -23.0 1.00 6 4,620 2,592 3,216 3.02 N/A N/A 0.861 N/A 0.319 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
39.50 10.46 0.24 2.34 clayey silt to silty clay -24.0 1.00 5 4,740 2,650 3,274 3.06 N/A N/A 0.852 N/A 0.317 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
40.50 14.14 0.49 3.43 silty clay to clay -25.0 1.00 9 4,860 2,707 3,331 3.04 N/A N/A 0.844 N/A 0.315 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
41.50 14.94 0.44 2.94 clayey silt to silty clay -26.0 1.00 7 4,980 2,765 3,389 2.98 N/A N/A 0.836 N/A 0.313 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
42.50 9.06 0.35 3.82 clay -27.0 1.00 9 5,100 2,822 3,446 3.27 N/A N/A 0.828 N/A 0.311 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
43.50 8.45 0.20 2.39 silty clay to clay -28.0 1.00 6 5,220 2,880 3,504 3.19 N/A N/A 0.820 N/A 0.309 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
44.50 11.55 0.33 2.88 silty clay to clay -29.0 1.00 8 5,340 2,938 3,562 3.10 N/A N/A 0.812 N/A 0.307 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
45.50 9.83 0.44 4.44 clay -30.0 1.00 10 5,460 2,995 3,619 3.29 N/A N/A 0.804 N/A 0.305 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
46.50 10.60 0.29 2.74 silty clay to clay -31.0 1.00 7 5,580 3,053 3,677 3.14 N/A N/A 0.795 N/A 0.302 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
47.50 14.48 0.35 2.42 clayey silt to silty clay -32.0 1.00 7 5,700 3,110 3,734 2.98 N/A N/A 0.787 N/A 0.300 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
48.50 18.05 0.52 2.89 clayey silt to silty clay -33.0 1.00 9 5,820 3,168 3,792 2.95 N/A N/A 0.779 N/A 0.298 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
49.50 28.10 1.25 4.44 silty clay to clay -34.0 1.00 19 5,940 3,226 3,850 2.90 N/A N/A 0.771 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
50.50 62.12 1.40 2.26 sandy silt to clayey silt -35.0 1.00 25 6,060 3,283 3,907 2.39 2.29 110.80 0.763 0.855 0.293 0.206 0.804 YES 2.8 20.6 1,200 26.3 N/A 0.083 0.01 0.00
51.50 243.30 1.16 0.48 sand -36.0 1.00 49 6,180 3,341 3,965 1.50 1.00 188.25 0.755 0.814 0.290 N/A N/A NO N/A N/A N/A 34.6 N/A 0.033 0.00 0.00

max= 1,200
min= 494
avg= 1,007
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. A-CPT019 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 16.80 ft
  GWT Elev. During Test 0.00 ft           GWT Depth During Test, Zw  = 16.80 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 6.80 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 19.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 2.05 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 2.05 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth

During Test
(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
Sleeve

Friction

fs-avg (tsf)

Average
Friction

Ratio

Rf-avg (%)
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(Lunne, et al., 1997)
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++
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+++
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Cyclic
Shear
Strain

c (%)

Vol.
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 v (%)

Layer
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t

Si (in.)

Cumulativ
e

Settlement
Profile

(in.)

0.50 72.08 1.46 2.02 silty sand to sandy silt 15.8 1.00 24 60 60 60 1.75 1.07 445.07 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 54.0 0.008 0.000 0.00 2.05
1.50 46.26 0.74 1.61 silty sand to sandy silt 14.8 1.00 15 180 180 180 1.92 1.21 186.06 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 36.5 0.016 0.013 0.00 2.05
2.50 59.46 1.10 1.84 silty sand to sandy silt 13.8 1.66 33 300 300 300 1.66 1.01 256.05 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 72.0 0.016 0.000 0.00 2.05
3.50 27.69 0.97 3.50 clayey silt to silty clay 12.8 1.00 14 420 420 420 2.44 2.50 151.34 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.05
4.50 29.09 1.28 4.38 silty clay to clay 11.8 1.66 32 540 540 540 2.23 1.74 161.20 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.05
5.50 11.79 0.47 4.01 clay 10.8 1.00 12 660 660 660 2.74 N/A N/A 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.05
6.50 9.40 0.31 3.27 silty clay to clay 9.8 1.00 6 780 780 780 2.80 N/A N/A 0.985 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.05
7.50 8.02 0.27 3.40 clay 8.8 1.00 8 900 856 900 2.90 N/A N/A 0.983 N/A 0.215 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.05
8.50 7.67 0.21 2.72 silty clay to clay 7.8 1.00 5 1,020 914 1,020 2.87 N/A N/A 0.980 N/A 0.228 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.05
9.50 9.02 0.21 2.36 silty clay to clay 6.8 1.00 6 1,140 972 1,140 2.80 N/A N/A 0.978 N/A 0.239 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.05
10.50 27.06 0.18 0.65 silty sand to sandy silt 5.8 1.00 9 1,260 1,029 1,260 2.16 1.58 59.44 0.976 1.000 0.248 0.100 0.535 YES 2.8 14.2 606 18.6 N/A 0.185 0.02 2.03
11.50 15.45 0.15 0.94 sandy silt to clayey silt 4.8 1.66 10 1,380 1,087 1,380 2.17 1.59 55.14 0.973 1.000 0.257 0.096 0.496 YES 2.8 15.1 691 19.8 N/A 0.157 0.02 2.01
12.50 7.60 0.15 1.95 silty clay to clay 3.8 1.00 5 1,500 1,144 1,500 2.87 N/A N/A 0.971 N/A 0.265 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.01
13.50 19.01 0.27 1.43 sandy silt to clayey silt 2.8 1.00 8 1,620 1,202 1,620 2.50 2.79 68.35 0.969 1.000 0.272 0.110 0.539 YES 2.8 11.2 386 15.1 N/A 1.703 0.20 1.81
14.50 32.47 0.30 0.92 silty sand to sandy silt 1.8 1.66 18 1,740 1,260 1,740 1.91 1.19 80.91 0.966 1.000 0.278 0.129 0.621 YES 2.8 22.0 1,200 28.1 N/A 0.068 0.01 1.80
15.50 11.42 0.23 2.00 clayey silt to silty clay 0.8 1.00 6 1,860 1,317 1,860 2.76 N/A N/A 0.964 N/A 0.283 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.80
16.50 5.94 0.15 2.60 clay -0.2 1.00 6 1,980 1,375 1,980 3.09 N/A N/A 0.962 N/A 0.288 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.80
17.50 11.84 0.17 1.46 clayey silt to silty clay -1.2 1.00 6 2,100 1,432 2,056 2.70 N/A N/A 0.959 N/A 0.293 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.80
18.50 16.42 0.19 1.13 sandy silt to clayey silt -2.2 1.66 11 2,220 1,490 2,114 2.24 1.78 56.09 0.957 1.000 0.297 0.096 0.434 YES 2.8 13.4 540 17.7 N/A 1.377 0.17 1.63
19.50 7.77 0.18 2.34 silty clay to clay -3.2 1.00 5 2,340 1,548 2,172 3.00 N/A N/A 0.955 N/A 0.300 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.63
20.50 6.77 0.20 2.98 clay -4.2 1.00 7 2,460 1,605 2,229 3.12 N/A N/A 0.952 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.63
21.50 6.12 0.10 1.61 sensitive fine grained -5.2 1.00 3 2,580 1,663 2,287 3.04 N/A N/A 0.950 N/A 0.307 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.63
22.50 5.93 0.08 1.33 sensitive fine grained -6.2 1.00 3 2,700 1,720 2,344 3.02 N/A N/A 0.948 N/A 0.309 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.63
23.50 6.73 0.16 2.39 silty clay to clay -7.2 1.00 4 2,820 1,778 2,402 3.11 N/A N/A 0.945 N/A 0.312 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.63
24.50 6.28 0.13 2.14 silty clay to clay -8.2 1.00 4 2,940 1,836 2,460 3.12 N/A N/A 0.943 N/A 0.314 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.63
25.50 5.93 0.10 1.70 silty clay to clay -9.2 1.00 4 3,060 1,893 2,517 3.11 N/A N/A 0.941 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.63
26.50 5.87 0.08 1.43 sensitive fine grained -10.2 1.00 3 3,180 1,951 2,575 3.09 N/A N/A 0.938 N/A 0.318 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.63
27.50 6.84 0.13 1.89 silty clay to clay -11.2 1.00 5 3,300 2,008 2,632 3.09 N/A N/A 0.936 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.63
28.50 5.98 0.06 0.99 sensitive fine grained -12.2 1.00 3 3,420 2,066 2,690 3.03 N/A N/A 0.934 N/A 0.321 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.63
29.50 5.92 0.04 0.63 sensitive fine grained -13.2 1.00 3 3,540 2,124 2,748 2.96 6.29 35.62 0.931 N/A 0.323 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.63
30.50 7.24 0.07 0.96 sensitive fine grained -14.2 1.00 4 3,660 2,181 2,805 2.95 N/A N/A 0.926 N/A 0.323 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.63
31.50 20.33 0.22 1.07 sandy silt to clayey silt -15.2 1.66 13 3,780 2,239 2,863 2.23 1.75 55.65 0.918 0.972 0.322 0.096 0.386 YES 2.8 14.1 597 18.5 N/A 1.374 0.16 1.47
32.50 9.03 0.07 0.75 clayey silt to silty clay -16.2 1.00 5 3,900 2,296 2,920 2.83 5.00 40.71 0.909 N/A 0.321 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
33.50 7.75 0.14 1.74 clayey silt to silty clay -17.2 1.00 4 4,020 2,354 2,978 3.08 N/A N/A 0.901 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
34.50 7.44 0.13 1.69 clayey silt to silty clay -18.2 1.00 4 4,140 2,412 3,036 3.10 N/A N/A 0.893 N/A 0.319 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
35.50 7.56 0.12 1.62 clayey silt to silty clay -19.2 1.00 4 4,260 2,469 3,093 3.09 N/A N/A 0.885 N/A 0.318 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
36.50 8.33 0.20 2.38 silty clay to clay -20.2 1.00 6 4,380 2,527 3,151 3.14 N/A N/A 0.877 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
37.50 8.60 0.15 1.77 clayey silt to silty clay -21.2 1.00 4 4,500 2,584 3,208 3.07 N/A N/A 0.869 N/A 0.315 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
38.50 13.25 0.19 1.45 clayey silt to silty clay -22.2 1.00 7 4,620 2,642 3,266 2.84 N/A N/A 0.861 N/A 0.313 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
39.50 14.70 0.23 1.59 sandy silt to clayey silt -23.2 1.00 6 4,740 2,700 3,324 2.83 N/A N/A 0.852 N/A 0.311 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
40.50 12.33 0.35 2.82 silty clay to clay -24.2 1.00 8 4,860 2,757 3,381 3.05 N/A N/A 0.844 N/A 0.310 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
41.50 18.48 0.51 2.75 clayey silt to silty clay -25.2 1.00 9 4,980 2,815 3,439 2.89 N/A N/A 0.836 N/A 0.308 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
42.50 20.83 0.56 2.69 clayey silt to silty clay -26.2 1.00 10 5,100 2,872 3,496 2.84 N/A N/A 0.828 N/A 0.306 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
43.50 25.53 0.64 2.50 sandy silt to clayey silt -27.2 1.00 10 5,220 2,930 3,554 2.75 N/A N/A 0.820 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.47
44.50 60.51 0.43 0.71 sand to silty sand -28.2 1.00 15 5,340 2,987 3,611 2.08 1.43 70.70 0.812 0.904 0.302 0.113 0.451 YES 1.3 12.6 479 14.3 N/A 1.931 0.23 1.24
45.50 41.48 0.61 1.47 silty sand to sandy silt -29.2 1.00 14 5,460 3,045 3,669 2.41 2.34 78.51 0.804 0.904 0.300 0.125 0.503 YES 2.8 13.0 511 17.3 N/A 1.462 0.18 1.06
46.50 31.19 0.89 2.84 sandy silt to clayey silt -30.2 1.00 12 5,580 3,103 3,727 2.73 N/A N/A 0.795 N/A 0.298 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.06
47.50 59.82 0.65 1.09 silty sand to sandy silt -31.2 1.00 20 5,700 3,160 3,784 2.20 1.67 79.44 0.787 0.878 0.295 0.127 0.502 YES 2.8 17.3 903 22.4 N/A 0.158 0.02 1.04
48.50 134.91 0.53 0.39 sand -32.2 1.00 27 5,820 3,218 3,842 1.66 1.00 106.36 0.779 0.854 0.293 0.192 0.746 YES 0.0 19.5 1,130 19.5 N/A 1.052 0.13 0.92
49.50 81.41 0.40 0.50 sand to silty sand -33.2 1.66 34 5,940 3,275 3,899 1.61 1.00 105.33 0.771 0.834 0.291 0.189 0.722 YES 1.3 25.5 1,200 27.8 N/A 0.073 0.01 0.91
50.50 13.11 0.19 1.46 clayey silt to silty clay -34.2 1.00 7 6,060 3,333 3,957 2.93 N/A N/A 0.763 N/A 0.289 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.91
51.50 11.33 0.19 1.63 clayey silt to silty clay -35.2 1.00 6 6,180 3,391 4,015 3.03 N/A N/A 0.755 N/A 0.286 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.91
52.50 24.60 0.28 1.12 sandy silt to clayey silt -36.2 1.00 10 6,300 3,448 4,072 2.62 N/A N/A 0.747 N/A 0.284 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.91
53.50 53.97 0.49 0.91 silty sand to sandy silt -37.2 1.00 18 6,420 3,506 4,130 2.22 1.71 69.56 0.739 0.862 0.281 0.111 0.455 YES 2.8 15.3 709 20.0 N/A 0.302 0.04 0.87
54.50 73.59 0.59 0.80 sand to silty sand -38.2 1.00 18 6,540 3,563 4,187 2.07 1.40 77.45 0.730 0.857 0.279 0.123 0.505 YES 1.3 14.0 596 15.8 N/A 1.595 0.19 0.68
55.50 58.87 0.54 0.92 sand to silty sand -39.2 1.00 15 6,660 3,621 4,245 2.19 1.65 72.15 0.722 0.868 0.276 0.115 0.482 YES 1.3 11.4 398 13.1 N/A 2.118 0.25 0.43
56.50 69.53 0.72 1.04 sand to silty sand -40.2 1.00 17 6,780 3,679 4,303 2.16 1.58 80.99 0.714 0.854 0.274 0.129 0.539 YES 1.3 13.2 525 14.9 N/A 1.763 0.21 0.21
57.50 76.31 0.88 1.15 sand to silty sand -41.2 1.00 19 6,900 3,736 4,360 2.16 1.57 87.78 0.706 0.845 0.271 0.143 0.594 YES 1.3 14.3 614 16.0 N/A 1.493 0.18 0.04
58.50 107.92 0.94 0.87 sand to silty sand -42.2 1.00 27 7,020 3,794 4,418 1.97 1.26 98.59 0.698 0.815 0.269 0.169 0.685 YES 1.3 19.5 1,132 21.5 N/A 0.108 0.01 0.02
59.50 113.67 0.97 0.85 sand to silty sand -43.2 1.00 28 7,140 3,851 4,475 1.94 1.23 100.98 0.690 0.807 0.266 0.176 0.712 YES 1.3 20.3 1,200 22.4 N/A 0.095 0.01 0.01
60.50 112.56 1.15 1.02 sand to silty sand -44.2 1.00 28 7,260 3,909 4,533 2.00 1.30 104.38 0.682 0.805 0.263 0.186 0.758 YES 1.3 20.0 1,188 22.1 N/A 0.096 0.01 0.00

max= 1,200
min= 386
avg= 769
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. A-CPT021 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 16.60 ft
  GWT Elev. During Test 0.00 ft           GWT Depth During Test, Zw  = 16.60 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 6.60 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 13.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 0.77 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.01 inches <--- Dry or Unsaturated Sands

Total: 0.78 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **
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0.50 19.24 0.33 1.73 silty sand to sandy silt 15.6 1.00 6 60 60 60 2.04 1.35 150.44 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 18.1 0.012 0.022 0.00 0.78
1.50 21.70 0.46 2.12 silty sand to sandy silt 14.6 1.00 7 180 180 180 2.23 1.75 126.76 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 19.8 0.020 0.033 0.00 0.78
2.50 40.57 1.15 2.85 silty sand to sandy silt 13.6 1.00 14 300 300 300 2.22 1.71 178.74 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 32.6 0.021 0.020 0.00 0.78
3.50 23.66 1.01 4.27 clayey silt to silty clay 12.6 1.00 12 420 420 420 2.55 3.06 157.86 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.78
4.50 21.27 0.56 2.62 silty clay to clay 11.6 1.00 14 540 540 540 2.48 2.67 109.49 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.78
5.50 33.40 0.83 2.49 clay 10.6 1.00 33 660 660 660 2.35 2.13 123.90 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.78
6.50 29.44 0.79 2.67 silty clay to clay 9.6 1.66 32 780 780 780 2.13 1.51 118.04 0.985 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.78
7.50 8.68 0.25 2.92 clay 8.6 1.00 9 900 844 900 2.82 N/A N/A 0.983 N/A 0.218 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.78
8.50 7.92 0.19 2.38 silty clay to clay 7.6 1.00 5 1,020 901 1,020 2.83 N/A N/A 0.980 N/A 0.231 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.78
9.50 5.73 0.13 2.27 silty clay to clay 6.6 1.00 4 1,140 959 1,140 2.96 N/A N/A 0.978 N/A 0.242 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.78
10.50 6.88 0.14 2.02 silty sand to sandy silt 5.6 1.00 2 1,260 1,017 1,260 2.88 N/A N/A 0.976 N/A 0.251 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.78
11.50 20.27 0.38 1.87 sandy silt to clayey silt 4.6 1.00 8 1,380 1,074 1,380 2.53 2.91 80.40 0.973 1.000 0.260 0.128 0.659 YES 2.8 12.6 477 16.7 N/A 1.201 0.14 0.63
12.50 38.98 0.29 0.75 silty clay to clay 3.6 1.66 43 1,500 1,132 1,500 1.77 1.00 85.79 0.971 1.000 0.268 0.139 0.692 YES 5.0 54.7 1,200 N/A N/A 0.000 0.00 0.63
13.50 13.47 0.21 1.55 sandy silt to clayey silt 2.6 1.66 9 1,620 1,189 1,620 2.34 2.10 60.67 0.969 1.000 0.274 0.101 0.490 YES 2.8 12.7 488 16.9 N/A 1.330 0.16 0.47
14.50 5.08 0.20 3.87 silty sand to sandy silt 1.6 1.00 2 1,740 1,247 1,740 3.22 N/A N/A 0.966 N/A 0.280 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
15.50 35.36 0.23 0.64 clayey silt to silty clay 0.6 1.00 18 1,860 1,305 1,860 2.10 1.46 63.96 0.964 1.000 0.286 0.104 0.487 YES 2.8 21.1 1,200 N/A N/A 0.000 0.00 0.47
16.50 20.67 0.21 1.00 clay -0.4 1.66 34 1,980 1,362 1,980 2.11 1.48 61.23 0.962 1.000 0.291 0.101 0.465 YES 5.0 39.4 1,200 N/A N/A 0.000 0.00 0.47
17.50 4.82 0.12 2.46 clayey silt to silty clay -1.4 1.00 2 2,100 1,420 2,044 3.18 N/A N/A 0.959 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
18.50 5.94 0.17 2.83 sandy silt to clayey silt -2.4 1.00 2 2,220 1,477 2,101 3.14 N/A N/A 0.957 N/A 0.299 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
19.50 5.76 0.16 2.77 silty clay to clay -3.4 1.00 4 2,340 1,535 2,159 3.16 N/A N/A 0.955 N/A 0.303 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
20.50 4.24 0.05 1.14 clay -4.4 1.00 4 2,460 1,593 2,217 3.12 N/A N/A 0.952 N/A 0.306 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
21.50 5.44 0.09 1.65 sensitive fine grained -5.4 1.00 3 2,580 1,650 2,274 3.09 N/A N/A 0.950 N/A 0.309 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
22.50 5.38 0.11 2.08 sensitive fine grained -6.4 1.00 3 2,700 1,708 2,332 3.16 N/A N/A 0.948 N/A 0.312 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
23.50 5.35 0.08 1.44 silty clay to clay -7.4 1.00 4 2,820 1,765 2,389 3.10 N/A N/A 0.945 N/A 0.314 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
24.50 6.26 0.11 1.75 silty clay to clay -8.4 1.00 4 2,940 1,823 2,447 3.08 N/A N/A 0.943 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
25.50 6.26 0.12 1.94 silty clay to clay -9.4 1.00 4 3,060 1,881 2,505 3.11 N/A N/A 0.941 N/A 0.318 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
26.50 5.36 0.11 2.00 sensitive fine grained -10.4 1.00 3 3,180 1,938 2,562 3.20 N/A N/A 0.938 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
27.50 6.30 0.14 2.29 silty clay to clay -11.4 1.00 4 3,300 1,996 2,620 3.17 N/A N/A 0.936 N/A 0.322 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
28.50 5.95 0.10 1.74 sensitive fine grained -12.4 1.00 3 3,420 2,053 2,677 3.15 N/A N/A 0.934 N/A 0.323 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
29.50 6.04 0.07 1.07 sensitive fine grained -13.4 1.00 3 3,540 2,111 2,735 3.05 N/A N/A 0.931 N/A 0.325 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
30.50 6.88 0.11 1.64 sensitive fine grained -14.4 1.00 3 3,660 2,169 2,793 3.09 N/A N/A 0.926 N/A 0.325 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
31.50 7.49 0.17 2.31 sandy silt to clayey silt -15.4 1.00 3 3,780 2,226 2,850 3.14 N/A N/A 0.918 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
32.50 7.47 0.15 2.00 clayey silt to silty clay -16.4 1.00 4 3,900 2,284 2,908 3.11 N/A N/A 0.909 N/A 0.323 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
33.50 7.85 0.16 2.07 clayey silt to silty clay -17.4 1.00 4 4,020 2,341 2,965 3.11 N/A N/A 0.901 N/A 0.322 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
34.50 9.94 0.23 2.30 clayey silt to silty clay -18.4 1.00 5 4,140 2,399 3,023 3.04 N/A N/A 0.893 N/A 0.321 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
35.50 15.70 0.42 2.70 clayey silt to silty clay -19.4 1.00 8 4,260 2,457 3,081 2.90 N/A N/A 0.885 N/A 0.319 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
36.50 14.24 0.41 2.89 silty clay to clay -20.4 1.00 9 4,380 2,514 3,138 2.96 N/A N/A 0.877 N/A 0.318 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
37.50 64.25 0.49 0.77 clayey silt to silty clay -21.4 1.66 53 4,500 2,572 3,196 1.74 1.00 93.81 0.869 0.904 0.316 0.157 0.598 YES 2.8 44.9 1,200 N/A N/A 0.000 0.00 0.47
38.50 27.60 0.69 2.51 clayey silt to silty clay -22.4 1.00 14 4,620 2,629 3,253 2.69 N/A N/A 0.861 N/A 0.315 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
39.50 49.60 0.88 1.78 sandy silt to clayey silt -23.4 1.00 20 4,740 2,687 3,311 2.37 2.18 93.41 0.852 0.917 0.313 0.156 0.609 YES 2.8 18.2 999 23.5 N/A 0.153 0.02 0.45
40.50 124.15 1.04 0.84 silty clay to clay -24.4 1.00 83 4,860 2,745 3,369 1.85 1.14 121.13 0.844 0.881 0.311 0.245 0.927 YES 5.0 68.8 1,200 N/A N/A 0.000 0.00 0.45
41.50 126.75 0.76 0.60 clayey silt to silty clay -25.4 1.66 105 4,980 2,802 3,426 1.45 1.00 177.30 0.836 0.874 0.309 N/A N/A NO N/A N/A N/A N/A N/A 0.000 0.00 0.45
42.50 59.31 0.87 1.46 clayey silt to silty clay -26.4 1.00 30 5,100 2,860 3,484 2.26 1.83 90.91 0.828 0.881 0.307 0.150 0.573 YES 2.8 25.3 1,200 N/A N/A 0.000 0.00 0.45
43.50 79.24 0.68 0.86 sandy silt to clayey silt -27.4 1.66 52 5,220 2,917 3,541 1.72 1.05 113.95 0.820 0.860 0.305 0.218 0.818 YES 2.8 42.2 1,200 52.3 N/A 0.000 0.00 0.45
44.50 22.85 0.60 2.64 sand to silty sand -28.4 1.00 6 5,340 2,975 3,599 2.81 N/A N/A 0.812 N/A 0.303 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.45
45.50 18.29 0.39 2.16 silty sand to sandy silt -29.4 1.00 6 5,460 3,033 3,657 2.85 N/A N/A 0.804 N/A 0.301 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.45
46.50 20.29 0.31 1.53 sandy silt to clayey silt -30.4 1.00 8 5,580 3,090 3,714 2.73 N/A N/A 0.795 N/A 0.299 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.45
47.50 13.24 0.23 1.76 silty sand to sandy silt -31.4 1.00 4 5,700 3,148 3,772 2.95 N/A N/A 0.787 N/A 0.297 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.45
48.50 16.58 0.38 2.28 sand -32.4 1.00 3 5,820 3,205 3,829 2.92 N/A N/A 0.779 N/A 0.294 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.45
49.50 82.23 0.84 1.03 sand to silty sand -33.4 1.00 21 5,940 3,263 3,887 2.08 1.42 91.11 0.771 0.869 0.292 0.150 0.597 YES 1.3 16.1 782 18.0 N/A 1.297 0.16 0.30
50.50 56.96 0.98 1.71 clayey silt to silty clay -34.4 1.66 47 6,060 3,321 3,945 2.03 1.35 98.61 0.763 0.816 0.290 0.169 0.636 YES 2.8 36.4 1,200 N/A N/A 0.000 0.00 0.30
51.50 26.41 0.73 2.76 clayey silt to silty clay -35.4 1.00 13 6,180 3,378 4,002 2.80 N/A N/A 0.755 N/A 0.287 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
52.50 13.33 0.25 1.90 sandy silt to clayey silt -36.4 1.00 5 6,300 3,436 4,060 3.00 N/A N/A 0.747 N/A 0.285 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
53.50 12.72 0.23 1.78 silty sand to sandy silt -37.4 1.00 4 6,420 3,493 4,117 3.01 N/A N/A 0.739 N/A 0.282 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
54.50 16.32 0.46 2.83 sand to silty sand -38.4 1.00 4 6,540 3,551 4,175 3.02 N/A N/A 0.730 N/A 0.280 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
55.50 18.97 0.41 2.15 sand to silty sand -39.4 1.00 5 6,660 3,609 4,233 2.89 N/A N/A 0.722 N/A 0.277 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
56.50 18.83 0.44 2.36 sand to silty sand -40.4 1.00 5 6,780 3,666 4,290 2.92 N/A N/A 0.714 N/A 0.275 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
57.50 21.42 0.58 2.70 sand to silty sand -41.4 1.00 5 6,900 3,724 4,348 2.91 N/A N/A 0.706 N/A 0.272 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
58.50 47.00 0.90 1.92 sand to silty sand -42.4 1.00 12 7,020 3,781 4,405 2.53 2.90 84.67 0.698 0.874 0.269 0.136 0.591 YES 1.3 9.2 273 10.8 N/A 2.472 0.30 0.00
59.50 296.19 0.61 0.21 sand to silty sand -43.4 1.00 74 7,140 3,839 4,463 1.26 1.00 213.78 0.690 0.770 0.267 N/A N/A NO N/A N/A N/A 54.5 N/A 0.000 0.00 0.00

max= 1,200
min= 273
avg= 971
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. A-CPT022 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 19.00 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 16.00 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 9.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 12.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 0.47 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 0.47 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth

During Test
(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
Sleeve

Friction

fs-avg (tsf)

Average
Friction

Ratio

Rf-avg (%)
Soil Behavior Type

(Robertson et al., 1983)

Bottom of 
Layer

Elevation
(ft)

Thin Layer 
Correction Factor

(Lunne, et al., 1997)

Equiv. SPT
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Total
Vert.
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v (psf)

Effective
Vert.
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(Design)
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Effective
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v' (psf)

Soil
Behavior

Type
Index

Ic

Fines
Correction

Factor

Kc

Corrected
Tip

Resistance

qc1Ncs

Shear
Stress

Reduction
Coeff.

rd

Correction
for High

Overburden
Stress

K

Cyclic
Stress
Ratio

++

CSR

Cyclic
Res.

Ratio

CRR7.5

Factor of
Safety

Against
Liqefaction

+++

FS

Liquef
y ?

SPT Blow
Count

Correction

 Ncorr.

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Residual
Shear

Strength

Sr (psf)

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Cyclic
Shear
Strain

c (%)

Vol.
Strain

 v (%)

Layer
Settlemen

t

Si (in.)

Cumulativ
e

Settlement
Profile

(in.)

0.50 130.52 0.99 0.76 sand 18.0 1.00 26 60 60 60 1.25 1.00 753.54 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 44.4 0.009 0.000 0.00 0.47
1.50 90.65 0.80 0.89 sand to silty sand 17.0 1.00 23 180 180 180 1.53 1.00 302.15 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 42.9 0.015 0.000 0.00 0.47
2.50 91.71 1.03 1.12 sand to silty sand 16.0 1.66 38 300 300 300 1.37 1.00 392.08 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 70.1 0.017 0.000 0.00 0.47
3.50 12.80 0.67 5.24 clay 15.0 1.00 13 420 420 420 2.69 N/A N/A 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
4.50 9.58 0.36 3.75 clay 14.0 1.00 10 540 540 540 2.74 N/A N/A 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
5.50 8.50 0.29 3.38 clay 13.0 1.00 8 660 660 660 2.81 N/A N/A 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
6.50 8.45 0.27 3.19 clay 12.0 1.00 8 780 780 780 2.84 N/A N/A 0.985 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
7.50 10.08 0.24 2.42 silty clay to clay 11.0 1.00 7 900 900 900 2.74 N/A N/A 0.983 N/A 0.204 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
8.50 10.11 0.18 1.76 clayey silt to silty clay 10.0 1.00 5 1,020 1,020 1,020 2.69 N/A N/A 0.980 N/A 0.204 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
9.50 16.23 0.28 1.75 sandy silt to clayey silt 9.0 1.00 6 1,140 1,109 1,140 2.59 3.29 71.74 0.978 1.000 0.209 0.114 0.730 YES 2.8 11.4 395 15.3 N/A 0.196 0.02 0.45
10.50 12.21 0.36 2.91 silty clay to clay 8.0 1.00 8 1,260 1,166 1,260 2.79 N/A N/A 0.976 N/A 0.219 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.45
11.50 33.41 0.24 0.73 silty sand to sandy silt 7.0 1.00 11 1,380 1,224 1,380 2.14 1.53 65.30 0.973 1.000 0.228 0.106 0.619 YES 2.8 16.2 794 21.1 N/A 0.088 0.01 0.43
12.50 28.77 0.36 1.24 silty sand to sandy silt 6.0 1.66 16 1,500 1,282 1,500 2.02 1.33 79.07 0.971 1.000 0.236 0.126 0.711 YES 2.8 21.1 1,200 27.0 N/A 0.062 0.01 0.43
13.50 7.55 0.18 2.32 silty clay to clay 5.0 1.00 5 1,620 1,339 1,620 2.95 N/A N/A 0.969 N/A 0.244 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
14.50 14.19 0.25 1.74 clayey silt to silty clay 4.0 1.00 7 1,740 1,397 1,740 2.66 N/A N/A 0.966 N/A 0.250 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
15.50 39.50 0.39 1.00 silty sand to sandy silt 3.0 1.00 13 1,860 1,454 1,860 2.18 1.63 75.34 0.964 1.000 0.256 0.120 0.623 YES 2.8 16.5 818 21.4 N/A 0.097 0.01 0.42
16.50 23.64 0.48 2.01 sandy silt to clayey silt 2.0 1.66 16 1,980 1,512 1,949 2.24 1.78 80.11 0.962 1.000 0.262 0.128 0.651 YES 2.8 18.7 1,045 24.0 N/A 0.085 0.01 0.41
17.50 7.78 0.18 2.31 silty clay to clay 1.0 1.00 5 2,100 1,570 2,006 2.99 N/A N/A 0.959 N/A 0.267 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
18.50 5.99 0.11 1.76 silty clay to clay 0.0 1.00 4 2,220 1,627 2,064 3.05 N/A N/A 0.957 N/A 0.272 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
19.50 5.98 0.08 1.25 sensitive fine grained -1.0 1.00 3 2,340 1,685 2,122 2.99 N/A N/A 0.955 N/A 0.276 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
20.50 6.11 0.09 1.48 sensitive fine grained -2.0 1.00 3 2,460 1,742 2,179 3.03 N/A N/A 0.952 N/A 0.280 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
21.50 5.84 0.09 1.46 sensitive fine grained -3.0 1.00 3 2,580 1,800 2,237 3.06 N/A N/A 0.950 N/A 0.283 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
22.50 6.31 0.10 1.51 sensitive fine grained -4.0 1.00 3 2,700 1,858 2,294 3.04 N/A N/A 0.948 N/A 0.286 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
23.50 6.59 0.10 1.51 clayey silt to silty clay -5.0 1.00 3 2,820 1,915 2,352 3.04 N/A N/A 0.945 N/A 0.289 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
24.50 7.78 0.15 1.94 silty clay to clay -6.0 1.00 5 2,940 1,973 2,410 3.03 N/A N/A 0.943 N/A 0.292 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
25.50 7.10 0.14 1.97 silty clay to clay -7.0 1.00 5 3,060 2,030 2,467 3.08 N/A N/A 0.941 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
26.50 7.82 0.18 2.32 silty clay to clay -8.0 1.00 5 3,180 2,088 2,525 3.09 N/A N/A 0.938 N/A 0.297 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
27.50 7.17 0.08 1.06 sensitive fine grained -9.0 1.00 4 3,300 2,146 2,582 2.97 N/A N/A 0.936 N/A 0.299 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
28.50 8.54 0.10 1.16 clayey silt to silty clay -10.0 1.00 4 3,420 2,203 2,640 2.92 N/A N/A 0.934 N/A 0.301 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
29.50 10.54 0.14 1.29 clayey silt to silty clay -11.0 1.00 5 3,540 2,261 2,698 2.86 N/A N/A 0.931 N/A 0.303 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
30.50 10.28 0.18 1.74 clayey silt to silty clay -12.0 1.00 5 3,660 2,318 2,755 2.94 N/A N/A 0.926 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
31.50 12.20 0.24 1.97 clayey silt to silty clay -13.0 1.00 6 3,780 2,376 2,813 2.91 N/A N/A 0.918 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
32.50 13.60 0.23 1.71 clayey silt to silty clay -14.0 1.00 7 3,900 2,434 2,870 2.84 N/A N/A 0.909 N/A 0.303 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
33.50 10.92 0.27 2.48 clayey silt to silty clay -15.0 1.00 5 4,020 2,491 2,928 3.03 N/A N/A 0.901 N/A 0.303 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
34.50 11.62 0.25 2.12 clayey silt to silty clay -16.0 1.00 6 4,140 2,549 2,986 2.97 N/A N/A 0.893 N/A 0.302 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
35.50 11.93 0.39 3.27 silty clay to clay -17.0 1.00 8 4,260 2,606 3,043 3.08 N/A N/A 0.885 N/A 0.301 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
36.50 11.58 0.39 3.37 silty clay to clay -18.0 1.00 8 4,380 2,664 3,101 3.10 N/A N/A 0.877 N/A 0.300 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
37.50 14.23 0.39 2.75 clayey silt to silty clay -19.0 1.00 7 4,500 2,722 3,158 2.98 N/A N/A 0.869 N/A 0.299 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
38.50 15.05 0.36 2.37 clayey silt to silty clay -20.0 1.00 8 4,620 2,779 3,216 2.92 N/A N/A 0.861 N/A 0.298 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
39.50 18.38 0.45 2.44 clayey silt to silty clay -21.0 1.00 9 4,740 2,837 3,274 2.86 N/A N/A 0.852 N/A 0.296 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
40.50 25.33 0.60 2.35 sandy silt to clayey silt -22.0 1.00 10 4,860 2,894 3,331 2.73 N/A N/A 0.844 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
41.50 126.77 0.74 0.59 sand -23.0 1.00 25 4,980 2,952 3,389 1.76 1.08 112.61 0.836 0.879 0.293 0.213 0.851 YES 0.0 19.5 1,131 19.5 N/A 1.053 0.13 0.28
42.50 104.24 1.04 1.00 sand to silty sand -24.0 1.66 43 5,100 3,010 3,446 1.66 1.01 142.24 0.828 0.849 0.292 0.348 1.350 NO N/A N/A N/A 36.9 N/A 0.018 0.00 0.28
43.50 43.49 0.83 1.90 sandy silt to clayey silt -25.0 1.00 17 5,220 3,067 3,504 2.46 2.56 89.76 0.820 0.890 0.290 0.147 0.603 YES 2.8 15.9 769 20.8 N/A 0.273 0.03 0.24
44.50 130.99 0.52 0.40 sand -26.0 1.00 26 5,340 3,125 3,562 1.67 1.00 104.80 0.812 0.862 0.289 0.187 0.746 YES 0.0 19.6 1,147 19.6 N/A 0.464 0.06 0.19
45.50 106.03 0.75 0.70 sand to silty sand -27.0 1.66 44 5,460 3,182 3,619 1.58 1.00 139.18 0.804 0.830 0.287 0.331 1.278 YES 1.3 34.0 1,200 36.7 N/A 0.019 0.00 0.19
46.50 30.92 0.91 2.95 clayey silt to silty clay -28.0 1.00 15 5,580 3,240 3,677 2.75 N/A N/A 0.795 N/A 0.285 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
47.50 19.36 0.36 1.87 sandy silt to clayey silt -29.0 1.00 8 5,700 3,298 3,734 2.82 N/A N/A 0.787 N/A 0.283 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
48.50 14.03 0.27 1.95 clayey silt to silty clay -30.0 1.00 7 5,820 3,355 3,792 2.97 N/A N/A 0.779 N/A 0.281 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
49.50 15.34 0.37 2.38 clayey silt to silty clay -31.0 1.00 8 5,940 3,413 3,850 2.98 N/A N/A 0.771 N/A 0.279 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
50.50 16.81 0.37 2.22 clayey silt to silty clay -32.0 1.00 8 6,060 3,470 3,907 2.93 N/A N/A 0.763 N/A 0.277 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
51.50 13.66 0.29 2.11 clayey silt to silty clay -33.0 1.00 7 6,180 3,528 3,965 3.01 N/A N/A 0.755 N/A 0.275 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
52.50 13.41 0.38 2.87 clayey silt to silty clay -34.0 1.00 7 6,300 3,586 4,022 3.10 N/A N/A 0.747 N/A 0.273 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
53.50 14.86 0.45 3.03 clayey silt to silty clay -35.0 1.00 7 6,420 3,643 4,080 3.08 N/A N/A 0.739 N/A 0.271 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
54.50 14.85 0.43 2.88 clayey silt to silty clay -36.0 1.00 7 6,540 3,701 4,138 3.07 N/A N/A 0.730 N/A 0.268 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
55.50 15.76 0.47 2.97 clayey silt to silty clay -37.0 1.00 8 6,660 3,758 4,195 3.06 N/A N/A 0.722 N/A 0.266 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
56.50 32.02 0.65 2.02 sandy silt to clayey silt -38.0 1.00 13 6,780 3,816 4,253 2.69 N/A N/A 0.714 N/A 0.264 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
57.50 44.03 0.62 1.42 silty sand to sandy silt -39.0 1.00 15 6,900 3,874 4,310 2.48 2.67 71.51 0.706 0.855 0.262 0.114 0.497 YES 2.8 12.8 495 17.0 N/A 1.145 0.14 0.05
58.50 50.96 0.75 1.47 silty sand to sandy silt -40.0 1.00 17 7,020 3,931 4,368 2.38 2.23 80.95 0.698 0.842 0.259 0.129 0.561 YES 2.8 14.3 617 18.8 N/A 0.260 0.03 0.02
59.50 148.80 1.58 1.06 sand -41.0 1.00 30 7,140 3,989 4,426 1.92 1.21 126.98 0.690 0.793 0.257 0.270 1.115 YES 0.0 20.0 1,186 20.0 N/A 0.144 0.02 0.00

max= 1,200
min= 395
avg= 900
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. A-CPT024 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 16.90 ft
  GWT Elev. During Test 0.00 ft           GWT Depth During Test, Zw  = 16.90 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 6.90 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 19.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 1.31 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 1.31 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth
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(ft)
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Cone Tip

Resistance
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Ratio

Rf-avg (%)
Soil Behavior Type
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(Lunne, et al., 1997)

Equiv. SPT
Blow Count

N60(blows/ft)

Total
Vert.
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Overburden
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K

Cyclic
Stress
Ratio

++
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+++
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y ?
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Correction
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Corrected
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Shear
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Cyclic
Shear
Strain

c (%)

Vol.
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 v (%)

Layer
Settlemen

t

Si (in.)
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e

Settlement
Profile

(in.)

0.50 9.40 0.12 1.24 clayey silt to silty clay 15.9 1.00 5 60 60 60 2.18 1.61 87.66 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.31
1.50 13.07 0.23 1.75 clayey silt to silty clay 14.9 1.00 7 180 180 180 2.35 2.10 91.69 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.31
2.50 37.77 0.55 1.44 silty sand to sandy silt 13.9 1.00 13 300 300 300 2.02 1.33 130.08 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 30.7 0.022 0.022 0.00 1.31
3.50 40.61 1.03 2.53 sandy silt to clayey silt 12.9 1.66 27 420 420 420 1.92 1.21 176.85 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A 59.9 N/A N/A N/A 1.31
4.50 17.49 0.42 2.39 clayey silt to silty clay 11.9 1.00 9 540 540 540 2.52 2.88 96.80 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.31
5.50 12.81 0.21 1.66 clayey silt to silty clay 10.9 1.00 6 660 660 660 2.57 3.15 70.34 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.31
6.50 11.99 0.21 1.76 clayey silt to silty clay 9.9 1.00 6 780 780 780 2.56 3.07 74.59 0.985 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.31
7.50 7.14 0.26 3.63 clay 8.9 1.00 7 900 863 900 2.96 N/A N/A 0.983 N/A 0.213 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.31
8.50 26.29 0.35 1.33 sandy silt to clayey silt 7.9 1.00 11 1,020 920 1,020 2.32 2.00 77.56 0.980 1.000 0.226 0.123 0.729 YES 2.8 17.5 927 22.7 N/A 0.080 0.01 1.30
9.50 31.94 0.28 0.86 silty sand to sandy silt 6.9 1.00 11 1,140 978 1,140 2.15 1.56 71.08 0.978 1.000 0.237 0.113 0.638 YES 2.8 16.9 863 21.9 N/A 0.087 0.01 1.29
10.50 22.23 0.21 0.95 sandy silt to clayey silt 5.9 1.66 15 1,260 1,035 1,260 2.02 1.33 67.83 0.976 1.000 0.247 0.109 0.589 YES 2.8 21.3 1,200 27.3 N/A 0.064 0.01 1.28
11.50 3.60 0.06 1.75 sensitive fine grained 4.9 1.00 2 1,380 1,093 1,380 3.13 N/A N/A 0.973 N/A 0.256 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.28
12.50 15.83 0.13 0.82 sandy silt to clayey silt 3.9 1.00 6 1,500 1,151 1,500 2.44 2.48 51.79 0.971 1.000 0.263 0.093 0.471 YES 2.8 10.1 318 13.8 N/A 2.004 0.24 1.04
13.50 26.87 0.14 0.51 silty sand to sandy silt 2.9 1.66 15 1,620 1,208 1,620 1.86 1.00 57.24 0.969 1.000 0.270 0.097 0.481 YES 2.8 19.3 1,110 24.8 N/A 0.084 0.01 1.03
14.50 12.60 0.10 0.75 sandy silt to clayey silt 1.9 1.66 8 1,740 1,266 1,740 2.24 1.00 26.21 0.966 1.000 0.276 0.072 0.347 YES 2.8 11.7 418 15.7 N/A 1.599 0.19 0.84
15.50 3.93 0.05 1.37 sensitive fine grained 0.9 1.00 2 1,860 1,323 1,860 3.11 N/A N/A 0.964 N/A 0.282 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
16.50 4.02 0.05 1.15 sensitive fine grained -0.1 1.00 2 1,980 1,381 1,980 3.08 N/A N/A 0.962 N/A 0.287 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
17.50 3.54 0.02 0.57 sensitive fine grained -1.1 1.00 2 2,100 1,439 2,063 3.03 7.08 32.12 0.959 N/A 0.291 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
18.50 4.81 0.05 1.08 sensitive fine grained -2.1 1.00 2 2,220 1,496 2,120 3.02 N/A N/A 0.957 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
19.50 5.35 0.07 1.25 sensitive fine grained -3.1 1.00 3 2,340 1,554 2,178 3.02 N/A N/A 0.955 N/A 0.299 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
20.50 5.06 0.06 1.25 sensitive fine grained -4.1 1.00 3 2,460 1,611 2,235 3.05 N/A N/A 0.952 N/A 0.302 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
21.50 4.73 0.04 0.78 sensitive fine grained -5.1 1.00 2 2,580 1,669 2,293 3.01 N/A N/A 0.950 N/A 0.305 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
22.50 5.42 0.07 1.24 sensitive fine grained -6.1 1.00 3 2,700 1,727 2,351 3.05 N/A N/A 0.948 N/A 0.308 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
23.50 19.76 0.14 0.73 sandy silt to clayey silt -7.1 1.66 13 2,820 1,784 2,408 2.12 1.00 34.65 0.945 1.000 0.311 0.079 0.339 YES 2.8 14.7 655 19.3 N/A 1.205 0.14 0.69
24.50 8.64 0.08 0.94 clayey silt to silty clay -8.1 1.00 4 2,940 1,842 2,466 2.81 N/A N/A 0.943 N/A 0.313 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.69
25.50 8.14 0.20 2.45 silty clay to clay -9.1 1.00 5 3,060 1,899 2,523 3.06 N/A N/A 0.941 N/A 0.315 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.69
26.50 9.84 0.18 1.80 clayey silt to silty clay -10.1 1.00 5 3,180 1,957 2,581 2.92 N/A N/A 0.938 N/A 0.317 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.69
27.50 13.05 0.28 2.16 clayey silt to silty clay -11.1 1.00 7 3,300 2,015 2,639 2.86 N/A N/A 0.936 N/A 0.319 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.69
28.50 15.61 0.56 3.60 silty clay to clay -12.1 1.00 10 3,420 2,072 2,696 2.93 N/A N/A 0.934 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.69
29.50 55.69 0.87 1.56 silty sand to sandy silt -13.1 1.00 19 3,540 2,130 2,754 2.25 1.79 96.87 0.931 0.981 0.322 0.165 0.669 YES 2.8 18.6 1,041 24.0 N/A 0.155 0.02 0.67
30.50 82.40 1.19 1.44 silty sand to sandy silt -14.1 1.00 27 3,660 2,187 2,811 2.10 1.45 114.36 0.926 0.968 0.322 0.219 0.878 YES 2.8 26.0 1,200 32.8 N/A 0.049 0.01 0.67
31.50 66.36 0.51 0.77 sand to silty sand -15.1 1.66 27 3,780 2,245 2,869 1.71 1.00 103.70 0.918 0.959 0.321 0.184 0.732 YES 1.3 24.3 1,200 26.5 N/A 0.091 0.01 0.66
32.50 13.41 0.31 2.32 clayey silt to silty clay -16.1 1.00 7 3,900 2,303 2,927 2.90 N/A N/A 0.909 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.66
33.50 7.83 0.21 2.72 silty clay to clay -17.1 1.00 5 4,020 2,360 2,984 3.18 N/A N/A 0.901 N/A 0.319 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.66
34.50 7.16 0.26 3.58 clay -18.1 1.00 7 4,140 2,418 3,042 3.29 N/A N/A 0.893 N/A 0.318 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.66
35.50 7.81 0.22 2.87 silty clay to clay -19.1 1.00 5 4,260 2,475 3,099 3.21 N/A N/A 0.885 N/A 0.317 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.66
36.50 11.21 0.40 3.60 clay -20.1 1.00 11 4,380 2,533 3,157 3.12 N/A N/A 0.877 N/A 0.315 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.66
37.50 36.15 0.67 1.86 sandy silt to clayey silt -21.1 1.00 14 4,500 2,591 3,215 2.51 2.80 83.47 0.869 0.937 0.314 0.134 0.534 YES 2.8 14.2 609 18.7 N/A 1.311 0.16 0.50
38.50 98.01 0.84 0.86 sand to silty sand -22.1 1.66 41 4,620 2,648 3,272 1.62 1.00 141.03 0.861 0.894 0.312 0.341 1.302 NO N/A N/A N/A 35.7 N/A 0.028 0.00 0.50
39.50 32.75 1.04 3.18 clayey silt to silty clay -23.1 1.00 16 4,740 2,706 3,330 2.70 N/A N/A 0.852 N/A 0.311 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.50
40.50 50.06 1.04 2.07 sandy silt to clayey silt -24.1 1.00 20 4,860 2,763 3,387 2.41 2.36 100.41 0.844 0.909 0.309 0.174 0.684 YES 2.8 18.2 995 23.5 N/A 0.144 0.02 0.48
41.50 32.86 0.91 2.77 sandy silt to clayey silt -25.1 1.66 22 4,980 2,821 3,445 2.33 2.04 93.43 0.836 0.900 0.307 0.156 0.610 YES 2.8 19.4 1,121 24.9 N/A 0.096 0.01 0.47
42.50 15.83 0.58 3.64 silty clay to clay -26.1 1.00 11 5,100 2,879 3,503 3.03 N/A N/A 0.828 N/A 0.305 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
43.50 26.61 0.34 1.29 sandy silt to clayey silt -27.1 1.00 11 5,220 2,936 3,560 2.57 3.14 62.69 0.820 0.922 0.303 0.103 0.418 YES 2.8 10.8 356 14.6 N/A 1.889 0.23 0.24
44.50 43.53 0.53 1.21 silty sand to sandy silt -28.1 1.66 24 5,340 2,994 3,618 2.03 1.33 78.62 0.812 0.880 0.301 0.125 0.488 YES 2.8 20.7 1,200 26.4 N/A 0.085 0.01 0.23
45.50 17.73 0.43 2.44 clayey silt to silty clay -29.1 1.00 9 5,460 3,051 3,675 2.90 N/A N/A 0.804 N/A 0.299 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
46.50 15.94 0.37 2.31 clayey silt to silty clay -30.1 1.00 8 5,580 3,109 3,733 2.93 N/A N/A 0.795 N/A 0.297 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
47.50 14.89 0.24 1.58 sandy silt to clayey silt -31.1 1.00 6 5,700 3,167 3,791 2.88 N/A N/A 0.787 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
48.50 11.42 0.28 2.45 clayey silt to silty clay -32.1 1.00 6 5,820 3,224 3,848 3.10 N/A N/A 0.779 N/A 0.293 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
49.50 12.76 0.32 2.51 clayey silt to silty clay -33.1 1.00 6 5,940 3,282 3,906 3.06 N/A N/A 0.771 N/A 0.290 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
50.50 17.59 0.55 3.10 clayey silt to silty clay -34.1 1.00 9 6,060 3,339 3,963 2.99 N/A N/A 0.763 N/A 0.288 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
51.50 13.42 0.44 3.30 silty clay to clay -35.1 1.00 9 6,180 3,397 4,021 3.12 N/A N/A 0.755 N/A 0.286 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
52.50 10.88 0.29 2.66 silty clay to clay -36.1 1.00 7 6,300 3,455 4,079 3.17 N/A N/A 0.747 N/A 0.283 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
53.50 12.96 0.29 2.23 clayey silt to silty clay -37.1 1.00 6 6,420 3,512 4,136 3.05 N/A N/A 0.739 N/A 0.281 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
54.50 41.91 0.48 1.14 silty sand to sandy silt -38.1 1.66 23 6,540 3,570 4,194 2.06 1.38 71.93 0.730 0.841 0.278 0.115 0.462 YES 2.8 18.8 1,056 24.2 N/A 0.090 0.01 0.22
55.50 15.76 0.47 2.97 clayey silt to silty clay -39.1 1.00 8 6,660 3,627 4,251 3.05 N/A N/A 0.722 N/A 0.276 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.22
56.50 32.02 0.65 2.02 sandy silt to clayey silt -40.1 1.00 13 6,780 3,685 4,309 2.68 N/A N/A 0.714 N/A 0.273 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.22
57.50 44.03 0.62 1.42 silty sand to sandy silt -41.1 1.00 15 6,900 3,743 4,367 2.47 2.62 72.16 0.706 0.862 0.271 0.115 0.489 YES 2.8 12.7 490 16.9 N/A 1.283 0.15 0.07
58.50 50.96 0.75 1.47 silty sand to sandy silt -42.1 1.00 17 7,020 3,800 4,424 2.37 2.20 81.49 0.698 0.850 0.268 0.130 0.551 YES 2.8 14.2 611 18.7 N/A 0.375 0.04 0.02
59.50 148.80 1.58 1.06 sand -43.1 1.00 30 7,140 3,858 4,482 1.91 1.20 128.54 0.690 0.803 0.265 0.278 1.120 YES 0.0 19.9 1,173 19.9 N/A 0.184 0.02 0.00

max= 1,200
min= 318
avg= 871
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. A-CPT025 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 20.00 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 17.00 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 10.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 8.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 0.29 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 0.29 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth

During Test
(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
Sleeve

Friction

fs-avg (tsf)

Average
Friction

Ratio

Rf-avg (%)
Soil Behavior Type

(Robertson et al., 1983)

Bottom of 
Layer

Elevation
(ft)

Thin Layer 
Correction Factor

(Lunne, et al., 1997)

Equiv. SPT
Blow Count

N60(blows/ft)

Total
Vert.
Stress

v (psf)

Effective
Vert.
Stress

(Design)

v' (psf)

Effective
Vert.
Stress
(Test)

v' (psf)

Soil
Behavior

Type
Index

Ic

Fines
Correction

Factor

Kc

Corrected
Tip

Resistance

qc1Ncs

Shear
Stress

Reduction
Coeff.

rd

Correction
for High

Overburden
Stress

K

Cyclic
Stress
Ratio

++

CSR

Cyclic
Res.

Ratio

CRR7.5

Factor of
Safety

Against
Liqefaction

+++

FS

Liquef
y ?

SPT Blow
Count

Correction

 Ncorr.

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Residual
Shear

Strength

Sr (psf)

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Cyclic
Shear
Strain

c (%)

Vol.
Strain

 v (%)

Layer
Settlemen

t

Si (in.)

Cumulativ
e

Settlement
Profile

(in.)

0.50 87.79 1.11 1.27 sand to silty sand 19.0 1.66 36 60 60 60 1.23 1.00 839.18 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 67.2 0.008 0.000 0.00 0.29
1.50 21.28 0.46 2.14 sandy silt to clayey silt 18.0 1.00 9 180 180 180 2.24 1.78 126.25 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 22.4 N/A N/A N/A 0.29
2.50 20.04 0.57 2.83 clayey silt to silty clay 17.0 1.00 10 300 300 300 2.43 2.43 125.49 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
3.50 10.43 0.40 3.86 clay 16.0 1.00 10 420 420 420 2.66 N/A N/A 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
4.50 16.19 0.55 3.38 silty clay to clay 15.0 1.00 11 540 540 540 2.54 2.98 128.61 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
5.50 31.94 1.13 3.53 clayey silt to silty clay 14.0 1.00 16 660 660 660 2.47 2.64 146.69 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
6.50 20.76 0.67 3.25 clayey silt to silty clay 13.0 1.00 10 780 780 780 2.54 2.96 124.54 0.985 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
7.50 20.52 0.65 3.15 clayey silt to silty clay 12.0 1.00 10 900 900 900 2.57 3.12 116.69 0.983 N/A 0.204 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
8.50 16.60 0.52 3.15 clayey silt to silty clay 11.0 1.00 8 1,020 1,020 1,020 2.67 N/A N/A 0.980 N/A 0.204 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
9.50 16.04 0.47 2.90 clayey silt to silty clay 10.0 1.00 8 1,140 1,140 1,140 2.69 N/A N/A 0.978 N/A 0.203 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
10.50 10.63 0.35 3.29 silty clay to clay 9.0 1.00 7 1,260 1,229 1,260 2.89 N/A N/A 0.976 N/A 0.208 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
11.50 9.58 0.31 3.20 silty clay to clay 8.0 1.00 6 1,380 1,286 1,380 2.93 N/A N/A 0.973 N/A 0.217 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
12.50 7.46 0.21 2.80 silty clay to clay 7.0 1.00 5 1,500 1,344 1,500 3.00 N/A N/A 0.971 N/A 0.225 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
13.50 7.07 0.19 2.74 silty clay to clay 6.0 1.00 5 1,620 1,402 1,620 3.03 N/A N/A 0.969 N/A 0.233 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
14.50 5.95 0.16 2.68 clay 5.0 1.00 6 1,740 1,459 1,740 3.11 N/A N/A 0.966 N/A 0.240 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
15.50 6.02 0.16 2.70 clay 4.0 1.00 6 1,860 1,517 1,860 3.12 N/A N/A 0.964 N/A 0.246 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
16.50 5.53 0.15 2.78 clay 3.0 1.00 6 1,980 1,574 1,980 3.18 N/A N/A 0.962 N/A 0.252 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
17.50 5.79 0.14 2.37 silty clay to clay 2.0 1.00 4 2,100 1,632 2,069 3.13 N/A N/A 0.959 N/A 0.257 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
18.50 5.55 0.10 1.80 silty clay to clay 1.0 1.00 4 2,220 1,690 2,126 3.10 N/A N/A 0.957 N/A 0.262 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
19.50 6.05 0.14 2.23 silty clay to clay 0.0 1.00 4 2,340 1,747 2,184 3.12 N/A N/A 0.955 N/A 0.266 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
20.50 5.90 0.15 2.50 silty clay to clay -1.0 1.00 4 2,460 1,805 2,242 3.17 N/A N/A 0.952 N/A 0.270 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
21.50 5.84 0.13 2.18 silty clay to clay -2.0 1.00 4 2,580 1,862 2,299 3.16 N/A N/A 0.950 N/A 0.274 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
22.50 5.76 0.12 2.03 silty clay to clay -3.0 1.00 4 2,700 1,920 2,357 3.16 N/A N/A 0.948 N/A 0.277 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
23.50 4.99 0.06 1.20 sensitive fine grained -4.0 1.00 2 2,820 1,978 2,414 3.12 N/A N/A 0.945 N/A 0.280 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
24.50 4.95 0.05 0.98 sensitive fine grained -5.0 1.00 2 2,940 2,035 2,472 3.10 N/A N/A 0.943 N/A 0.283 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
25.50 5.38 0.06 1.07 sensitive fine grained -6.0 1.00 3 3,060 2,093 2,530 3.09 N/A N/A 0.941 N/A 0.286 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
26.50 5.81 0.10 1.64 sensitive fine grained -7.0 1.00 3 3,180 2,150 2,587 3.15 N/A N/A 0.938 N/A 0.289 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
27.50 6.16 0.07 1.11 sensitive fine grained -8.0 1.00 3 3,300 2,208 2,645 3.05 N/A N/A 0.936 N/A 0.291 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
28.50 6.97 0.10 1.49 clayey silt to silty clay -9.0 1.00 3 3,420 2,266 2,702 3.07 N/A N/A 0.934 N/A 0.293 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
29.50 7.95 0.18 2.20 silty clay to clay -10.0 1.00 5 3,540 2,323 2,760 3.11 N/A N/A 0.931 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
30.50 24.38 0.19 0.79 silty sand to sandy silt -11.0 1.66 13 3,660 2,381 2,818 2.11 1.48 54.68 0.926 0.957 0.296 0.095 0.411 YES 2.8 14.1 603 18.6 N/A 1.225 0.15 0.14
31.50 8.82 0.17 1.97 clayey silt to silty clay -12.0 1.00 4 3,780 2,438 2,875 3.05 N/A N/A 0.918 N/A 0.296 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.14
32.50 9.69 0.21 2.18 clayey silt to silty clay -13.0 1.00 5 3,900 2,496 2,933 3.05 N/A N/A 0.909 N/A 0.296 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.14
33.50 12.14 0.26 2.16 clayey silt to silty clay -14.0 1.00 6 4,020 2,554 2,990 2.96 N/A N/A 0.901 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.14
34.50 6.88 0.08 1.16 sensitive fine grained -15.0 1.00 3 4,140 2,611 3,048 3.08 N/A N/A 0.893 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.14
35.50 10.95 0.30 2.78 silty clay to clay -16.0 1.00 7 4,260 2,669 3,106 3.08 N/A N/A 0.885 N/A 0.294 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.14
36.50 19.50 0.66 3.40 clayey silt to silty clay -17.0 1.00 10 4,380 2,726 3,163 2.91 N/A N/A 0.877 N/A 0.293 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.14
37.50 12.50 0.45 3.56 silty clay to clay -18.0 1.00 8 4,500 2,784 3,221 3.10 N/A N/A 0.869 N/A 0.292 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.14
38.50 8.11 0.27 3.38 clay -19.0 1.00 8 4,620 2,842 3,278 3.28 N/A N/A 0.861 N/A 0.291 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.14
39.50 9.98 0.36 3.65 clay -20.0 1.00 10 4,740 2,899 3,336 3.21 N/A N/A 0.852 N/A 0.290 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.14
40.50 11.22 0.39 3.50 silty clay to clay -21.0 1.00 7 4,860 2,957 3,394 3.16 N/A N/A 0.844 N/A 0.289 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.14
41.50 32.05 0.83 2.60 sandy silt to clayey silt -22.0 1.00 13 4,980 3,014 3,451 2.68 N/A N/A 0.836 N/A 0.287 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.14
42.50 68.66 1.14 1.66 silty sand to sandy silt -23.0 1.00 23 5,100 3,072 3,509 2.26 1.82 100.91 0.828 0.875 0.286 0.176 0.717 YES 2.8 20.1 1,194 25.7 N/A 0.084 0.01 0.13
43.50 100.05 1.65 1.65 silty sand to sandy silt -24.0 1.66 55 5,220 3,130 3,566 1.82 1.12 148.75 0.820 0.836 0.284 0.386 1.514 NO N/A N/A N/A 54.6 N/A 0.000 0.00 0.13
44.50 46.94 1.06 2.25 sandy silt to clayey silt -25.0 1.00 19 5,340 3,187 3,624 2.52 2.88 95.31 0.812 0.878 0.283 0.161 0.664 YES 2.8 16.7 848 21.7 N/A 0.148 0.02 0.11
45.50 106.30 0.88 0.82 sand to silty sand -26.0 1.00 27 5,460 3,245 3,682 1.93 1.22 101.45 0.804 0.852 0.281 0.177 0.715 YES 1.3 20.9 1,200 23.0 N/A 0.098 0.01 0.10
46.50 129.32 0.58 0.45 sand -27.0 1.00 26 5,580 3,302 3,739 1.71 1.00 100.64 0.795 0.849 0.280 0.175 0.708 YES 0.0 18.9 1,072 18.9 N/A 0.477 0.06 0.05
47.50 154.94 0.66 0.43 sand -28.0 1.00 31 5,700 3,360 3,797 1.64 1.00 119.54 0.787 0.832 0.278 0.239 0.954 YES 0.0 22.5 1,200 22.5 N/A 0.099 0.01 0.03
48.50 130.19 0.80 0.62 sand -29.0 1.66 43 5,820 3,418 3,854 1.48 1.00 164.91 0.779 0.807 0.276 N/A N/A NO N/A N/A N/A 31.1 N/A 0.050 0.01 0.03
49.50 56.42 1.05 1.87 silty sand to sandy silt -30.0 1.00 19 5,940 3,475 3,912 2.38 2.24 95.93 0.771 0.859 0.274 0.162 0.678 YES 2.8 16.2 798 21.1 N/A 0.149 0.02 0.01
50.50 35.13 0.69 1.95 sandy silt to clayey silt -31.0 1.66 23 6,060 3,533 3,970 2.25 1.81 79.01 0.763 0.841 0.272 0.126 0.519 YES 2.8 19.3 1,114 24.8 N/A 0.084 0.01 0.00
51.50 13.43 0.29 2.13 clayey silt to silty clay -32.0 1.00 7 6,180 3,590 4,027 3.03 N/A N/A 0.755 N/A 0.270 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
52.50 15.00 0.33 2.18 clayey silt to silty clay -33.0 1.00 7 6,300 3,648 4,085 2.99 N/A N/A 0.747 N/A 0.268 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
53.50 17.74 0.51 2.90 clayey silt to silty clay -34.0 1.00 9 6,420 3,706 4,142 3.00 N/A N/A 0.739 N/A 0.266 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
54.50 17.17 0.61 3.55 silty clay to clay -35.0 1.00 11 6,540 3,763 4,200 3.07 N/A N/A 0.730 N/A 0.264 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
55.50 14.53 0.40 2.78 clayey silt to silty clay -36.0 1.00 7 6,660 3,821 4,258 3.08 N/A N/A 0.722 N/A 0.262 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
56.50 13.79 0.30 2.20 clayey silt to silty clay -37.0 1.00 7 6,780 3,878 4,315 3.05 N/A N/A 0.714 N/A 0.260 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
57.50 13.66 0.33 2.43 clayey silt to silty clay -38.0 1.00 7 6,900 3,936 4,373 3.09 N/A N/A 0.706 N/A 0.257 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
58.50 15.13 0.39 2.58 clayey silt to silty clay -39.0 1.00 8 7,020 3,994 4,430 3.06 N/A N/A 0.698 N/A 0.255 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
59.50 16.65 0.37 2.24 clayey silt to silty clay -40.0 1.00 8 7,140 4,051 4,488 2.99 N/A N/A 0.690 N/A 0.253 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
60.50 17.85 0.38 2.11 clayey silt to silty clay -41.0 1.00 9 7,260 4,109 4,546 2.95 N/A N/A 0.682 N/A 0.250 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00

max= 1,200
min= 603
avg= 1,004
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT026 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 13.00 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 10.00 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 3.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 16.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 2.31 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 2.31 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **
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0.50 239.18 2.65 1.11 sand 12.0 1.66 79 60 60 60 1.05 1.00 2,286.45 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 134.6 0.006 0.000 0.00 2.31
1.50 103.30 2.11 2.04 silty sand to sandy silt 11.0 1.00 34 180 180 180 1.79 1.10 378.98 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 75.2 0.013 0.000 0.00 2.31
2.50 60.72 1.59 2.62 sandy silt to clayey silt 10.0 1.66 40 300 300 300 1.77 1.08 281.51 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 87.0 N/A N/A N/A 2.31
3.50 29.23 0.73 2.49 sandy silt to clayey silt 9.0 1.00 12 420 389 420 2.31 1.98 131.54 0.992 1.000 0.223 0.292 1.746 NO N/A N/A N/A 28.9 N/A 0.051 0.01 2.31
4.50 17.20 0.38 2.21 clayey silt to silty clay 8.0 1.00 9 540 446 540 2.47 2.63 95.82 0.990 1.000 0.249 0.162 0.867 YES 2.8 17.4 916 N/A N/A 0.000 0.00 2.31
5.50 13.28 0.18 1.37 sandy silt to clayey silt 7.0 1.00 5 660 504 660 2.46 2.58 68.39 0.987 1.000 0.269 0.110 0.545 YES 2.8 11.8 425 15.8 N/A 1.521 0.18 2.12
6.50 25.92 0.67 2.57 sandy silt to clayey silt 6.0 1.00 10 780 562 780 2.42 2.39 116.75 0.985 1.000 0.285 0.228 1.069 YES 2.8 19.4 1,123 24.9 N/A 0.088 0.01 2.11
7.50 84.57 1.25 1.48 silty sand to sandy silt 5.0 1.00 28 900 619 900 1.90 1.19 180.28 0.983 1.000 0.297 N/A N/A NO N/A N/A N/A 55.4 N/A 0.000 0.00 2.11
8.50 77.98 0.86 1.11 sand to silty sand 4.0 1.00 19 1,020 677 1,020 1.85 1.14 153.07 0.980 1.000 0.307 0.414 1.796 NO N/A N/A N/A 31.1 N/A 0.057 0.01 2.11
9.50 126.50 1.18 0.93 sand to silty sand 3.0 1.66 52 1,140 734 1,140 1.34 1.00 345.65 0.978 1.000 0.316 N/A N/A NO N/A N/A N/A 75.2 N/A 0.000 0.00 2.11
10.50 62.21 0.74 1.18 silty sand to sandy silt 2.0 1.66 34 1,260 792 1,229 1.65 1.01 164.74 0.976 1.000 0.323 N/A N/A NO N/A N/A N/A 57.6 N/A 0.000 0.00 2.11
11.50 7.37 0.23 3.05 clay 1.0 1.00 7 1,380 850 1,286 2.91 N/A N/A 0.973 N/A 0.329 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.11
12.50 4.68 0.15 3.17 clay 0.0 1.00 5 1,500 907 1,344 3.11 N/A N/A 0.971 N/A 0.334 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.11
13.50 5.90 0.24 4.01 clay -1.0 1.00 6 1,620 965 1,402 3.10 N/A N/A 0.969 N/A 0.338 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.11
14.50 4.55 0.12 2.60 clay -2.0 1.00 5 1,740 1,022 1,459 3.12 N/A N/A 0.966 N/A 0.342 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.11
15.50 4.33 0.11 2.46 clay -3.0 1.00 4 1,860 1,080 1,517 3.14 N/A N/A 0.964 N/A 0.345 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.11
16.50 4.42 0.05 1.06 sensitive fine grained -4.0 1.00 2 1,980 1,138 1,574 2.97 N/A N/A 0.962 N/A 0.348 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.11
17.50 3.35 0.03 0.84 sensitive fine grained -5.0 1.00 2 2,100 1,195 1,632 3.07 N/A N/A 0.959 N/A 0.351 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.11
18.50 5.58 0.04 0.66 sensitive fine grained -6.0 1.00 3 2,220 1,253 1,690 2.81 4.88 38.70 0.957 N/A 0.353 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.11
19.50 5.27 0.04 0.76 sensitive fine grained -7.0 1.00 3 2,340 1,310 1,747 2.88 5.48 39.63 0.955 N/A 0.355 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.11
20.50 11.44 0.05 0.46 sandy silt to clayey silt -8.0 1.00 5 2,460 1,368 1,805 2.51 2.82 38.99 0.952 1.000 0.356 0.082 0.309 YES 2.8 7.6 204 10.8 N/A 2.474 0.30 1.81
21.50 13.58 0.06 0.43 sandy silt to clayey silt -9.0 1.66 9 2,580 1,426 1,862 2.15 1.00 26.64 0.950 1.000 0.358 0.072 0.269 YES 2.8 12.1 445 16.2 N/A 1.737 0.21 1.60
22.50 5.17 0.02 0.32 sensitive fine grained -10.0 1.00 3 2,700 1,483 1,920 2.80 4.76 30.81 0.948 N/A 0.359 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.60
23.50 4.68 0.02 0.35 sensitive fine grained -11.0 1.00 2 2,820 1,541 1,978 2.87 5.42 30.88 0.945 N/A 0.360 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.60
24.50 11.62 0.06 0.54 sandy silt to clayey silt -12.0 1.00 5 2,940 1,598 2,035 2.54 2.99 41.12 0.943 1.000 0.361 0.084 0.312 YES 2.8 7.4 196 10.5 N/A 2.513 0.30 1.30
25.50 51.43 0.24 0.46 sand to silty sand -13.0 1.00 13 3,060 1,656 2,093 1.94 1.00 56.52 0.941 1.000 0.361 0.097 0.357 YES 1.3 13.9 584 15.7 N/A 1.798 0.22 1.08
26.50 154.23 1.71 1.11 sand -14.0 1.00 31 3,180 1,714 2,150 1.78 1.09 181.94 0.938 1.000 0.362 N/A N/A NO N/A N/A N/A 29.7 N/A 0.080 0.01 1.07
27.50 191.15 2.32 1.21 sand -15.0 1.00 38 3,300 1,771 2,208 1.75 1.07 217.52 0.936 1.000 0.363 N/A N/A NO N/A N/A N/A 36.4 N/A 0.028 0.00 1.07
28.50 99.75 1.52 1.52 silty sand to sandy silt -16.0 1.66 55 3,420 1,829 2,266 1.71 1.05 180.69 0.934 1.000 0.363 N/A N/A NO N/A N/A N/A 67.1 N/A 0.000 0.00 1.07
29.50 40.55 0.53 1.31 silty sand to sandy silt -17.0 1.00 14 3,540 1,886 2,323 2.29 1.93 80.43 0.931 1.000 0.363 0.128 0.471 YES 2.8 15.3 712 20.0 N/A 1.319 0.16 0.91
30.50 30.12 0.29 0.96 silty sand to sandy silt -18.0 1.00 10 3,660 1,944 2,381 2.34 2.07 63.18 0.926 1.000 0.363 0.103 0.381 YES 2.8 12.0 436 16.0 N/A 1.758 0.21 0.70
31.50 81.61 1.09 1.34 sand to silty sand -19.0 1.00 20 3,780 2,002 2,438 2.07 1.40 113.87 0.918 1.000 0.360 0.217 0.804 YES 1.3 19.8 1,166 21.9 N/A 1.108 0.13 0.57
32.50 94.55 1.20 1.27 sand to silty sand -20.0 1.00 24 3,900 2,059 2,496 2.01 1.31 121.93 0.909 0.990 0.358 0.249 0.917 YES 1.3 22.5 1,200 24.7 N/A 0.277 0.03 0.53
33.50 62.58 0.48 0.77 sand to silty sand -21.0 1.00 16 4,020 2,117 2,554 2.02 1.33 81.10 0.901 0.984 0.356 0.130 0.478 YES 1.3 15.2 697 17.0 N/A 1.642 0.20 0.34
34.50 155.35 1.46 0.94 sand -22.0 1.00 31 4,140 2,174 2,611 1.77 1.08 161.24 0.893 0.968 0.354 N/A N/A NO N/A N/A N/A 27.2 N/A 0.097 0.01 0.33
35.50 278.95 4.48 1.61 sand to silty sand -23.0 1.00 70 4,260 2,232 2,669 1.77 1.09 286.95 0.885 0.957 0.351 N/A N/A NO N/A N/A N/A 65.8 N/A 0.000 0.00 0.33
36.50 282.60 4.64 1.64 sand to silty sand -24.0 1.00 71 4,380 2,290 2,726 1.78 1.09 288.48 0.877 0.947 0.349 N/A N/A NO N/A N/A N/A 65.9 N/A 0.000 0.00 0.33
37.50 161.95 2.66 1.64 sand to silty sand -25.0 1.00 40 4,500 2,347 2,784 1.94 1.23 183.36 0.869 0.938 0.346 N/A N/A NO N/A N/A N/A 38.5 N/A 0.011 0.00 0.32
38.50 118.52 1.40 1.18 sand to silty sand -26.0 1.00 30 4,620 2,405 2,842 1.94 1.23 132.63 0.861 0.933 0.344 0.297 1.075 YES 1.3 26.2 1,200 28.6 N/A 0.084 0.01 0.31
39.50 141.72 1.79 1.26 sand to silty sand -27.0 1.00 35 4,740 2,462 2,899 1.90 1.19 152.27 0.852 0.920 0.341 0.408 1.469 NO N/A N/A N/A 33.3 N/A 0.048 0.01 0.31
40.50 155.78 1.91 1.23 sand to silty sand -28.0 1.00 39 4,860 2,520 2,957 1.87 1.16 161.06 0.844 0.912 0.339 N/A N/A NO N/A N/A N/A 36.1 N/A 0.028 0.00 0.31
41.50 168.59 2.30 1.36 sand to silty sand -29.0 1.00 42 4,980 2,578 3,014 1.88 1.17 173.92 0.836 0.904 0.336 N/A N/A NO N/A N/A N/A 38.5 N/A 0.011 0.00 0.30
42.50 207.23 2.77 1.34 sand to silty sand -30.0 1.00 52 5,100 2,635 3,072 1.82 1.12 201.88 0.828 0.896 0.333 N/A N/A NO N/A N/A N/A 46.3 N/A 0.000 0.00 0.30
43.50 234.58 3.47 1.48 sand to silty sand -31.0 1.00 59 5,220 2,693 3,130 1.82 1.12 226.24 0.820 0.888 0.331 N/A N/A NO N/A N/A N/A 51.6 N/A 0.000 0.00 0.30
44.50 267.75 4.60 1.72 sand to silty sand -32.0 1.00 67 5,340 2,750 3,187 1.83 1.13 258.65 0.812 0.880 0.328 N/A N/A NO N/A N/A N/A 58.1 N/A 0.000 0.00 0.30
45.50 188.20 2.99 1.59 sand to silty sand -33.0 1.00 47 5,460 2,808 3,245 1.91 1.20 190.29 0.804 0.873 0.325 N/A N/A NO N/A N/A N/A 41.2 N/A 0.000 0.00 0.30
46.50 197.58 2.56 1.30 sand to silty sand -34.0 1.66 82 5,580 2,866 3,302 1.52 1.00 273.31 0.795 0.866 0.322 N/A N/A NO N/A N/A N/A 69.2 N/A 0.000 0.00 0.30
47.50 78.23 1.37 1.76 silty sand to sandy silt -35.0 1.66 43 5,700 2,923 3,360 1.91 1.20 128.39 0.787 0.859 0.319 0.277 0.994 YES 2.8 36.1 1,200 45.0 N/A 0.000 0.00 0.30
48.50 19.92 0.32 1.61 sandy silt to clayey silt -36.0 1.00 8 5,820 2,981 3,418 2.74 N/A N/A 0.779 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
49.50 13.70 0.18 1.35 sandy silt to clayey silt -37.0 1.00 5 5,940 3,038 3,475 2.86 N/A N/A 0.771 N/A 0.314 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
50.50 12.85 0.16 1.27 sandy silt to clayey silt -38.0 1.00 5 6,060 3,096 3,533 2.89 N/A N/A 0.763 N/A 0.311 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
51.50 41.63 0.41 0.97 silty sand to sandy silt -39.0 1.00 14 6,180 3,154 3,590 2.31 1.99 65.82 0.755 0.896 0.308 0.107 0.414 YES 2.8 13.2 523 17.4 N/A 1.467 0.18 0.13
52.50 50.60 0.71 1.40 silty sand to sandy silt -40.0 1.00 17 6,300 3,211 3,648 2.33 2.06 82.08 0.747 0.882 0.305 0.131 0.508 YES 2.8 15.3 707 20.0 N/A 1.066 0.13 0.00

max= 1,200
min= 196
avg= 733
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT031 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 6.00 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 3.00 ft below ground surface        
  GWT Elev.  For Design 6.00 ft   GWT Depth  For Design, Zwd = 0.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 20.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 1.99 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 1.99 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **
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0.50 8.10 0.09 1.15 clayey silt to silty clay 5.0 1.00 4 60 29 60 2.08 1.42 96.05 0.999 1.000 0.433 0.162 0.501 YES 2.8 9.7 295 N/A N/A 0.000 0.00 1.99
1.50 33.45 0.19 0.58 silty sand to sandy silt 4.0 1.00 11 180 86 180 1.60 1.00 160.94 0.997 1.000 0.432 N/A N/A NO N/A N/A N/A 27.7 N/A 0.383 0.05 1.94
2.50 24.75 0.31 1.25 sandy silt to clayey silt 3.0 1.66 16 300 144 300 1.69 1.03 157.55 0.994 1.000 0.431 0.444 1.374 NO N/A N/A N/A 38.4 N/A 0.015 0.00 1.94
3.50 3.77 0.15 3.85 clay 2.0 1.00 4 420 202 389 2.83 N/A N/A 0.992 N/A 0.430 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
4.50 5.05 0.23 4.33 clay 1.0 1.00 5 540 259 446 2.83 N/A N/A 0.990 N/A 0.429 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
5.50 2.62 0.15 5.75 clay 0.0 1.00 3 660 317 504 3.19 N/A N/A 0.987 N/A 0.428 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
6.50 2.27 0.11 4.58 clay -1.0 1.00 2 780 374 562 3.24 N/A N/A 0.985 N/A 0.427 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
7.50 2.55 0.14 5.35 clay -2.0 1.00 3 900 432 619 3.28 N/A N/A 0.983 N/A 0.426 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
8.50 2.82 0.15 5.09 clay -3.0 1.00 3 1,020 490 677 3.27 N/A N/A 0.980 N/A 0.425 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
9.50 2.97 0.13 4.18 clay -4.0 1.00 3 1,140 547 734 3.23 N/A N/A 0.978 N/A 0.424 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
10.50 2.40 0.08 3.20 clay -5.0 1.00 2 1,260 605 792 3.29 N/A N/A 0.976 N/A 0.423 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
11.50 2.68 0.09 3.24 clay -6.0 1.00 3 1,380 662 850 3.28 N/A N/A 0.973 N/A 0.422 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
12.50 2.35 0.08 3.20 clay -7.0 1.00 2 1,500 720 907 3.37 N/A N/A 0.971 N/A 0.421 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
13.50 1.83 0.07 3.53 clay -8.0 1.00 2 1,620 778 965 3.56 N/A N/A 0.969 N/A 0.420 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
14.50 2.37 0.10 3.67 clay -9.0 1.00 2 1,740 835 1,022 3.47 N/A N/A 0.966 N/A 0.419 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
15.50 1.80 0.06 2.70 clay -10.0 1.00 2 1,860 893 1,080 3.59 N/A N/A 0.964 N/A 0.418 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
16.50 1.85 0.05 2.23 sensitive fine grained -11.0 1.00 1 1,980 950 1,138 3.55 N/A N/A 0.962 N/A 0.417 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
17.50 2.60 0.07 2.39 clay -12.0 1.00 3 2,100 1,008 1,195 3.40 N/A N/A 0.959 N/A 0.416 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.94
18.50 11.12 0.09 0.82 sandy silt to clayey silt -13.0 1.00 4 2,220 1,066 1,253 2.58 3.19 48.61 0.957 1.000 0.415 0.090 0.291 YES 2.8 8.4 235 11.7 N/A 2.326 0.28 1.66
19.50 67.00 0.25 0.37 sand to silty sand -14.0 1.00 17 2,340 1,123 1,310 1.72 1.00 89.40 0.955 1.000 0.414 0.146 0.472 YES 1.3 22.0 1,200 24.2 N/A 1.076 0.13 1.53
20.50 149.81 0.95 0.64 sand -15.0 1.00 30 2,460 1,181 1,368 1.56 1.00 194.98 0.952 1.000 0.413 N/A N/A NO N/A N/A N/A 36.2 N/A 0.035 0.00 1.53
21.50 152.55 1.15 0.75 sand -16.0 1.00 31 2,580 1,238 1,426 1.61 1.00 193.86 0.950 1.000 0.412 N/A N/A NO N/A N/A N/A 36.1 N/A 0.036 0.00 1.52
22.50 219.10 1.34 0.61 sand -17.0 1.00 44 2,700 1,296 1,483 1.45 1.00 272.18 0.948 1.000 0.411 N/A N/A NO N/A N/A N/A 50.9 N/A 0.000 0.00 1.52
23.50 234.98 1.63 0.69 sand -18.0 1.00 47 2,820 1,354 1,541 1.47 1.00 285.63 0.945 1.000 0.410 N/A N/A NO N/A N/A N/A 53.5 N/A 0.000 0.00 1.52
24.50 222.10 1.30 0.58 sand -19.0 1.00 44 2,940 1,411 1,598 1.44 1.00 264.40 0.943 1.000 0.409 N/A N/A NO N/A N/A N/A 49.7 N/A 0.000 0.00 1.52
25.50 150.53 1.30 0.86 sand -20.0 1.66 50 3,060 1,469 1,656 1.38 1.00 290.84 0.941 1.000 0.408 N/A N/A NO N/A N/A N/A 54.8 N/A 0.000 0.00 1.52
26.50 46.82 0.28 0.59 sand to silty sand -21.0 1.00 12 3,180 1,526 1,714 2.01 1.31 70.35 0.938 1.000 0.407 0.112 0.369 YES 1.3 14.0 590 15.8 N/A 1.827 0.22 1.30
27.50 35.45 0.19 0.52 silty sand to sandy silt -22.0 1.66 20 3,300 1,584 1,771 1.81 1.00 65.95 0.936 1.000 0.406 0.107 0.351 YES 2.8 23.6 1,200 29.9 N/A 0.092 0.01 1.29
28.50 8.43 0.07 0.80 clayey silt to silty clay -23.0 1.00 4 3,420 1,642 1,829 2.77 N/A N/A 0.934 N/A 0.405 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.29
29.50 78.17 0.41 0.53 sand to silty sand -24.0 1.00 20 3,540 1,699 1,886 1.81 1.12 94.58 0.931 1.000 0.404 0.159 0.525 YES 1.3 21.5 1,200 23.6 N/A 1.104 0.13 1.16
30.50 113.10 0.81 0.71 sand to silty sand -25.0 1.00 28 3,660 1,757 1,944 1.76 1.08 130.03 0.926 1.000 0.401 0.284 0.946 YES 1.3 30.0 1,200 32.6 N/A 0.067 0.01 1.15
31.50 85.01 0.54 0.64 sand to silty sand -26.0 1.00 21 3,780 1,814 2,002 1.84 1.14 101.31 0.918 1.000 0.398 0.177 0.593 YES 1.3 22.6 1,200 24.8 N/A 0.870 0.10 1.05
32.50 99.32 0.40 0.40 sand -27.0 1.00 20 3,900 1,872 2,059 1.68 1.00 102.66 0.909 1.000 0.394 0.181 0.611 YES 0.0 19.6 1,141 19.6 N/A 1.453 0.17 0.87
33.50 103.27 0.64 0.62 sand to silty sand -28.0 1.00 26 4,020 1,930 2,117 1.77 1.09 114.33 0.901 1.000 0.391 0.219 0.748 YES 1.3 26.4 1,200 28.8 N/A 0.097 0.01 0.86
34.50 118.85 0.66 0.55 sand -29.0 1.00 24 4,140 1,987 2,174 1.70 1.04 123.59 0.893 1.000 0.387 0.256 0.881 YES 0.0 22.8 1,200 22.8 N/A 1.119 0.13 0.73
35.50 104.30 0.62 0.59 sand to silty sand -30.0 1.00 26 4,260 2,045 2,232 1.77 1.08 111.76 0.885 0.992 0.384 0.210 0.724 YES 1.3 26.0 1,200 28.4 N/A 0.098 0.01 0.72
36.50 91.42 0.65 0.71 sand to silty sand -31.0 1.00 23 4,380 2,102 2,290 1.87 1.16 103.28 0.877 0.983 0.380 0.182 0.630 YES 1.3 22.7 1,200 24.9 N/A 0.433 0.05 0.66
37.50 92.20 0.67 0.73 sand to silty sand -32.0 1.00 23 4,500 2,160 2,347 1.87 1.16 103.33 0.869 0.974 0.376 0.183 0.630 YES 1.3 22.6 1,200 24.8 N/A 0.417 0.05 0.61
38.50 120.58 0.52 0.43 sand -33.0 1.00 24 4,620 2,218 2,405 1.66 1.00 114.51 0.861 0.964 0.373 0.220 0.758 YES 0.0 22.0 1,200 22.0 N/A 1.143 0.14 0.48
39.50 150.62 0.72 0.48 sand -34.0 1.00 30 4,740 2,275 2,462 1.60 1.00 141.21 0.852 0.951 0.369 0.342 1.174 YES 0.0 27.1 1,200 27.1 N/A 0.118 0.01 0.46
40.50 118.30 0.82 0.70 sand -35.0 1.66 39 4,860 2,333 2,520 1.48 1.00 181.40 0.844 0.940 0.366 N/A N/A NO N/A N/A N/A 34.9 N/A 0.040 0.00 0.46
41.50 22.51 0.20 0.86 sandy silt to clayey silt -36.0 1.00 9 4,980 2,390 2,578 2.47 2.64 54.27 0.836 0.963 0.362 0.095 0.336 YES 2.8 10.7 354 14.5 N/A 1.926 0.23 0.23
42.50 19.22 0.26 1.30 sandy silt to clayey silt -37.0 1.00 8 5,100 2,448 2,635 2.65 N/A N/A 0.828 N/A 0.359 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
43.50 11.22 0.13 1.14 clayey silt to silty clay -38.0 1.00 6 5,220 2,506 2,693 2.86 N/A N/A 0.820 N/A 0.355 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
44.50 8.38 0.09 0.96 clayey silt to silty clay -39.0 1.66 7 5,340 2,563 2,750 2.65 3.66 42.17 0.812 N/A 0.352 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
45.50 3.83 0.09 1.77 sensitive fine grained -40.0 1.00 2 5,460 2,621 2,808 3.65 N/A N/A 0.804 N/A 0.348 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
46.50 5.60 0.19 2.85 clay -41.0 1.00 6 5,580 2,678 2,866 3.48 N/A N/A 0.795 N/A 0.345 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
47.50 10.32 0.24 2.14 clayey silt to silty clay -42.0 1.00 5 5,700 2,736 2,923 3.08 N/A N/A 0.787 N/A 0.341 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
48.50 9.12 0.10 1.05 clayey silt to silty clay -43.0 1.00 5 5,820 2,794 2,981 2.99 N/A N/A 0.779 N/A 0.338 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
49.50 12.77 0.05 0.39 sandy silt to clayey silt -44.0 1.00 5 5,940 2,851 3,038 2.66 3.69 36.10 0.771 N/A 0.334 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
50.50 7.33 0.06 0.71 sensitive fine grained -45.0 1.00 4 6,060 2,909 3,096 3.05 N/A N/A 0.763 N/A 0.331 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
51.50 22.72 0.40 1.71 sandy silt to clayey silt -46.0 1.00 9 6,180 2,966 3,154 2.72 N/A N/A 0.755 N/A 0.327 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
52.50 24.56 0.44 1.79 sandy silt to clayey silt -47.0 1.00 10 6,300 3,024 3,211 2.70 N/A N/A 0.747 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
53.50 44.10 1.02 2.31 sandy silt to clayey silt -48.0 1.00 18 6,420 3,082 3,269 2.55 3.01 96.02 0.739 0.887 0.320 0.162 0.600 YES 2.8 16.6 833 21.6 N/A 0.482 0.06 0.17
54.50 50.70 0.56 1.09 silty sand to sandy silt -49.0 1.00 17 6,540 3,139 3,326 2.26 1.84 74.51 0.730 0.885 0.316 0.118 0.442 YES 2.8 15.9 765 20.7 N/A 1.039 0.12 0.04
55.50 201.12 0.98 0.49 sand -50.0 1.00 40 6,660 3,197 3,384 1.56 1.00 159.08 0.722 0.829 0.313 0.454 1.606 NO N/A N/A N/A 30.9 N/A 0.059 0.01 0.04
56.50 268.27 0.95 0.35 gravelly sand to sand -51.0 1.00 45 6,780 3,254 3,442 1.38 1.00 210.31 0.714 0.823 0.309 N/A N/A NO N/A N/A N/A 34.1 N/A 0.038 0.00 0.03
57.50 280.95 0.81 0.29 gravelly sand to sand -52.0 1.66 78 6,900 3,312 3,499 1.02 1.00 361.49 0.706 0.817 0.306 N/A N/A NO N/A N/A N/A 58.6 N/A 0.000 0.00 0.03
58.50 99.32 1.06 1.07 sand to silty sand -53.0 1.00 25 7,020 3,370 3,557 2.03 1.34 102.37 0.698 0.845 0.302 0.180 0.670 YES 1.3 20.0 1,181 22.0 N/A 0.195 0.02 0.01
59.50 132.62 1.55 1.17 sand to silty sand -54.0 1.00 33 7,140 3,427 3,614 1.96 1.25 126.44 0.690 0.818 0.299 0.268 0.979 YES 1.3 26.0 1,200 28.3 N/A 0.072 0.01 0.00

max= 1,200
min= 235
avg= 1,000
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT035 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 7.40 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 4.40 ft below ground surface        
  GWT Elev.  For Design 7.40 ft   GWT Depth  For Design, Zwd = 0.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 25.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 2.07 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 2.07 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth

During Test
(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
Sleeve

Friction

fs-avg (tsf)

Average
Friction

Ratio

Rf-avg (%)
Soil Behavior Type

(Robertson et al., 1983)

Bottom of 
Layer

Elevation
(ft)

Thin Layer 
Correction Factor

(Lunne, et al., 1997)

Equiv. SPT
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Total
Vert.
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v (psf)

Effective
Vert.
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(Design)
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(Test)

v' (psf)

Soil
Behavior

Type
Index

Ic

Fines
Correction

Factor

Kc

Corrected
Tip

Resistance

qc1Ncs

Shear
Stress

Reduction
Coeff.

rd

Correction
for High

Overburden
Stress

K

Cyclic
Stress
Ratio

++

CSR

Cyclic
Res.

Ratio

CRR7.5

Factor of
Safety

Against
Liqefaction

+++

FS

Liquef
y ?

SPT Blow
Count

Correction

 Ncorr.

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Residual
Shear

Strength

Sr (psf)

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Cyclic
Shear
Strain

c (%)

Vol.
Strain

 v (%)

Layer
Settlemen

t

Si (in.)

Cumulativ
e

Settlement
Profile

(in.)

0.50 175.98 2.02 1.15 sand 6.4 1.00 35 60 29 60 1.31 1.00 1,466.53 0.999 1.000 0.433 N/A N/A NO N/A N/A N/A 59.8 N/A 0.000 0.00 2.07
1.50 156.73 2.05 1.31 sand to silty sand 5.4 1.00 39 180 86 180 1.46 1.00 754.08 0.997 1.000 0.432 N/A N/A NO N/A N/A N/A 72.3 N/A 0.000 0.00 2.07
2.50 130.05 1.59 1.22 sand to silty sand 4.4 1.66 54 300 144 300 1.23 1.00 802.48 0.994 1.000 0.431 N/A N/A NO N/A N/A N/A 98.4 N/A 0.000 0.00 2.07
3.50 63.90 0.59 0.92 sand to silty sand 3.4 1.00 16 420 202 420 1.66 1.01 203.54 0.992 1.000 0.430 N/A N/A NO N/A N/A N/A 31.0 N/A 0.089 0.01 2.06
4.50 42.17 0.36 0.86 silty sand to sandy silt 2.4 1.00 14 540 259 534 1.82 1.12 131.09 0.990 1.000 0.429 0.290 0.901 YES 2.8 26.7 1,200 33.7 N/A 0.062 0.01 2.05
5.50 27.98 0.37 1.31 sandy silt to clayey silt 1.4 1.66 19 660 317 591 1.80 1.10 128.59 0.987 1.000 0.428 0.278 0.866 YES 2.8 34.3 1,200 42.8 N/A 0.000 0.00 2.05
6.50 7.87 0.09 1.10 clayey silt to silty clay 0.4 1.00 4 780 374 649 2.56 3.07 55.90 0.985 1.000 0.427 0.096 0.301 YES 2.8 9.5 285 N/A N/A 0.000 0.00 2.05
7.50 9.67 0.22 2.24 clayey silt to silty clay -0.6 1.66 8 900 432 707 2.37 2.18 75.05 0.983 1.000 0.426 0.119 0.374 YES 2.8 16.3 800 N/A N/A 0.000 0.00 2.05
8.50 4.75 0.13 2.70 clay -1.6 1.00 5 1,020 490 764 2.89 N/A N/A 0.980 N/A 0.425 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.05
9.50 19.92 0.17 0.85 sandy silt to clayey silt -2.6 1.00 8 1,140 547 822 2.22 1.71 65.03 0.978 1.000 0.424 0.106 0.332 YES 2.8 15.2 701 19.9 N/A 1.473 0.18 1.87
10.50 20.70 0.38 1.82 sandy silt to clayey silt -3.6 1.66 14 1,260 605 879 2.10 1.46 90.89 0.976 1.000 0.423 0.150 0.473 YES 2.8 23.5 1,200 29.8 N/A 0.098 0.01 1.86
11.50 4.58 0.03 0.73 sensitive fine grained -4.6 1.00 2 1,380 662 937 2.70 4.03 42.31 0.973 N/A 0.422 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.86
12.50 3.82 0.01 0.22 sensitive fine grained -5.6 1.00 2 1,500 720 995 2.63 3.54 29.06 0.971 N/A 0.421 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.86
13.50 3.60 0.01 0.19 sensitive fine grained -6.6 1.00 2 1,620 778 1,052 2.68 3.84 28.10 0.969 N/A 0.420 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.86
14.50 3.73 0.01 0.13 sensitive fine grained -7.6 1.00 2 1,740 835 1,110 2.65 3.67 26.40 0.966 N/A 0.419 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.86
15.50 4.10 0.00 0.08 sensitive fine grained -8.6 1.00 2 1,860 893 1,167 2.60 3.34 25.06 0.964 N/A 0.418 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.86
16.50 4.27 0.00 0.04 sensitive fine grained -9.6 1.00 2 1,980 950 1,225 2.60 3.31 24.69 0.962 1.000 0.417 0.071 0.226 YES 5.0 7.7 208 N/A N/A 0.000 0.00 1.86
17.50 4.30 0.00 0.04 sensitive fine grained -10.6 1.00 2 2,100 1,008 1,283 2.61 3.41 24.51 0.959 N/A 0.416 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.86
18.50 4.18 0.00 0.04 sensitive fine grained -11.6 1.00 2 2,220 1,066 1,340 2.64 3.60 24.18 0.957 N/A 0.415 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.86
19.50 8.08 0.03 0.31 sensitive fine grained -12.6 1.00 4 2,340 1,123 1,398 2.56 3.08 33.24 0.955 1.000 0.414 0.078 0.251 YES 5.0 9.8 303 N/A N/A 0.000 0.00 1.86
20.50 36.33 0.20 0.55 silty sand to sandy silt -13.6 1.00 12 2,460 1,181 1,455 2.04 1.36 64.42 0.952 1.000 0.413 0.105 0.339 YES 2.8 17.0 873 22.0 N/A 1.266 0.15 1.71
21.50 103.53 1.13 1.09 sand to silty sand -14.6 1.00 26 2,580 1,238 1,513 1.85 1.14 150.62 0.950 1.000 0.412 0.398 1.289 YES 1.3 31.1 1,200 33.7 N/A 0.059 0.01 1.70
22.50 132.07 1.76 1.33 sand to silty sand -15.6 1.00 33 2,700 1,296 1,571 1.84 1.14 186.82 0.948 1.000 0.411 N/A N/A NO N/A N/A N/A 41.5 N/A 0.000 0.00 1.70
23.50 96.18 1.46 1.52 silty sand to sandy silt -16.6 1.00 32 2,820 1,354 1,628 1.99 1.28 150.11 0.945 1.000 0.410 0.395 1.285 YES 2.8 38.3 1,200 47.6 N/A 0.000 0.00 1.70
24.50 78.52 0.90 1.14 sand to silty sand -17.6 1.66 33 2,940 1,411 1,686 1.66 1.01 156.81 0.943 1.000 0.409 0.439 1.432 NO N/A N/A N/A 39.6 N/A 0.004 0.00 1.70
25.50 17.18 0.30 1.76 sandy silt to clayey silt -18.6 1.00 7 3,060 1,469 1,743 2.61 N/A N/A 0.941 N/A 0.408 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.70
26.50 14.98 0.08 0.51 sandy silt to clayey silt -19.6 1.00 6 3,180 1,526 1,801 2.44 2.49 42.66 0.938 1.000 0.407 0.086 0.281 YES 2.8 9.1 267 12.6 N/A 2.196 0.26 1.44
27.50 15.32 0.08 0.49 sandy silt to clayey silt -20.6 1.00 6 3,300 1,584 1,859 2.43 2.45 42.09 0.936 1.000 0.406 0.085 0.280 YES 2.8 9.2 268 12.6 N/A 2.189 0.26 1.17
28.50 29.73 0.18 0.59 silty sand to sandy silt -21.6 1.66 16 3,420 1,642 1,916 1.90 1.00 54.34 0.934 1.000 0.405 0.095 0.313 YES 2.8 19.6 1,140 25.1 N/A 0.837 0.10 1.07
29.50 11.05 0.07 0.58 sandy silt to clayey silt -22.6 1.00 4 3,540 1,699 1,974 2.60 3.34 41.67 0.931 N/A 0.404 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
30.50 7.62 0.02 0.22 sensitive fine grained -23.6 1.00 4 3,660 1,757 2,031 2.64 3.56 29.91 0.926 N/A 0.401 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
31.50 8.81 0.10 1.07 clayey silt to silty clay -24.6 1.00 4 3,780 1,814 2,089 2.84 N/A N/A 0.918 N/A 0.398 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
32.50 12.92 0.18 1.37 clayey silt to silty clay -25.6 1.00 6 3,900 1,872 2,147 2.74 N/A N/A 0.909 N/A 0.394 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.07
33.50 50.90 0.45 0.87 silty sand to sandy silt -26.6 1.00 17 4,020 1,930 2,204 2.11 1.48 76.80 0.901 1.000 0.391 0.122 0.417 YES 2.8 19.0 1,076 24.4 N/A 0.889 0.11 0.97
34.50 71.78 0.89 1.23 sand to silty sand -27.6 1.66 30 4,140 1,987 2,262 1.78 1.09 129.84 0.893 1.000 0.387 0.284 0.978 YES 1.3 29.3 1,200 31.8 N/A 0.070 0.01 0.96
35.50 34.73 0.30 0.85 silty sand to sandy silt -28.6 1.66 19 4,260 2,045 2,319 1.96 1.25 71.18 0.885 0.993 0.384 0.114 0.392 YES 2.8 20.6 1,200 26.4 N/A 0.173 0.02 0.94
36.50 8.75 0.06 0.68 clayey silt to silty clay -29.6 1.00 4 4,380 2,102 2,377 2.81 4.83 40.69 0.877 N/A 0.380 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.94
37.50 12.42 0.06 0.45 sandy silt to clayey silt -30.6 1.00 5 4,500 2,160 2,435 2.59 3.26 38.22 0.869 0.985 0.376 0.082 0.286 YES 2.8 7.3 193 10.4 N/A 2.533 0.30 0.63
38.50 12.70 0.08 0.65 sandy silt to clayey silt -31.6 1.00 5 4,620 2,218 2,492 2.65 3.64 42.81 0.861 N/A 0.373 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
39.50 10.12 0.04 0.34 sandy silt to clayey silt -32.6 1.00 4 4,740 2,275 2,550 2.66 3.68 33.82 0.852 N/A 0.369 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
40.50 8.57 0.06 0.69 clayey silt to silty clay -33.6 1.00 4 4,860 2,333 2,607 2.86 5.28 40.33 0.844 N/A 0.366 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
41.50 16.27 0.23 1.42 sandy silt to clayey silt -34.6 1.00 7 4,980 2,390 2,665 2.73 N/A N/A 0.836 N/A 0.362 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
42.50 19.60 0.48 2.41 clayey silt to silty clay -35.6 1.00 10 5,100 2,448 2,723 2.79 N/A N/A 0.828 N/A 0.359 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
43.50 22.08 0.76 3.40 clayey silt to silty clay -36.6 1.00 11 5,220 2,506 2,780 2.85 N/A N/A 0.820 N/A 0.355 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
44.50 17.78 0.55 3.06 clayey silt to silty clay -37.6 1.00 9 5,340 2,563 2,838 2.91 N/A N/A 0.812 N/A 0.352 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
45.50 17.18 0.47 2.70 clayey silt to silty clay -38.6 1.00 9 5,460 2,621 2,895 2.90 N/A N/A 0.804 N/A 0.348 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
46.50 19.00 0.57 2.98 clayey silt to silty clay -39.6 1.00 10 5,580 2,678 2,953 2.89 N/A N/A 0.795 N/A 0.345 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
47.50 83.72 1.00 1.19 sand to silty sand -40.6 1.00 21 5,700 2,736 3,011 2.08 1.42 101.68 0.787 0.908 0.341 0.178 0.631 YES 1.3 18.4 1,017 20.4 N/A 1.212 0.15 0.49
48.50 113.13 1.30 1.15 sand to silty sand -41.6 1.66 47 5,820 2,794 3,068 1.66 1.01 159.97 0.779 0.875 0.338 0.461 1.593 NO N/A N/A N/A 42.1 N/A 0.000 0.00 0.49
49.50 55.47 1.22 2.20 sandy silt to clayey silt -42.6 1.00 22 5,940 2,851 3,126 2.40 2.32 107.69 0.771 0.894 0.334 0.196 0.700 YES 2.8 20.5 1,200 26.3 N/A 0.097 0.01 0.48
50.50 77.98 0.74 0.95 sand to silty sand -43.6 1.00 19 6,060 2,909 3,183 2.06 1.38 89.40 0.763 0.895 0.331 0.146 0.529 YES 1.3 16.8 852 18.7 N/A 1.383 0.17 0.31
51.50 84.08 1.16 1.38 sand to silty sand -44.6 1.00 21 6,180 2,966 3,241 2.13 1.52 104.90 0.755 0.887 0.327 0.187 0.678 YES 1.3 17.8 960 19.8 N/A 1.224 0.15 0.16
52.50 54.76 0.97 1.77 silty sand to sandy silt -45.6 1.66 30 6,300 3,024 3,299 2.04 1.36 100.00 0.747 0.860 0.324 0.173 0.614 YES 2.8 26.3 1,200 33.2 N/A 0.046 0.01 0.16
53.50 24.82 0.69 2.77 clayey silt to silty clay -46.6 1.00 12 6,420 3,082 3,356 2.81 N/A N/A 0.739 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.16
54.50 17.07 0.37 2.15 clayey silt to silty clay -47.6 1.00 9 6,540 3,139 3,414 2.90 N/A N/A 0.730 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.16
55.50 13.13 0.23 1.77 clayey silt to silty clay -48.6 1.00 7 6,660 3,197 3,471 2.97 N/A N/A 0.722 N/A 0.313 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.16
56.50 35.10 0.78 2.23 sandy silt to clayey silt -49.6 1.00 14 6,780 3,254 3,529 2.63 N/A N/A 0.714 N/A 0.309 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.16
57.50 77.77 1.35 1.73 silty sand to sandy silt -50.6 1.00 26 6,900 3,312 3,587 2.24 1.78 107.65 0.706 0.847 0.306 0.196 0.724 YES 2.8 22.2 1,200 28.2 N/A 0.075 0.01 0.15
58.50 42.52 1.05 2.48 sandy silt to clayey silt -51.6 1.00 17 7,020 3,370 3,644 2.60 N/A N/A 0.698 N/A 0.302 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.15
59.50 46.10 0.86 1.87 silty sand to sandy silt -52.6 1.00 15 7,140 3,427 3,702 2.50 2.77 85.38 0.690 0.873 0.299 0.138 0.537 YES 2.8 14.1 600 18.6 N/A 1.251 0.15 0.00
60.50 37.88 0.90 2.38 sandy silt to clayey silt -53.6 1.00 15 7,260 3,485 3,759 2.64 N/A N/A 0.682 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00

max= 1,200
min= 193
avg= 862
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT037 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 5.00 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 2.00 ft below ground surface        
  GWT Elev.  For Design 5.00 ft   GWT Depth  For Design, Zwd = 0.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 14.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 0.93 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 0.93 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth

During Test
(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
Sleeve

Friction

fs-avg (tsf)

Average
Friction

Ratio

Rf-avg (%)
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(Robertson et al., 1983)

Bottom of 
Layer

Elevation
(ft)

Thin Layer 
Correction Factor

(Lunne, et al., 1997)

Equiv. SPT
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N60(blows/ft)

Total
Vert.
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v (psf)

Effective
Vert.
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v' (psf)
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v' (psf)

Soil
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Index

Ic

Fines
Correction

Factor

Kc

Corrected
Tip

Resistance

qc1Ncs

Shear
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Reduction
Coeff.

rd

Correction
for High

Overburden
Stress

K

Cyclic
Stress
Ratio

++

CSR

Cyclic
Res.

Ratio

CRR7.5

Factor of
Safety

Against
Liqefaction

+++

FS

Liquef
y ?

SPT Blow
Count

Correction

 Ncorr.

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Residual
Shear

Strength

Sr (psf)

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Cyclic
Shear
Strain

c (%)

Vol.
Strain

 v (%)

Layer
Settlemen

t

Si (in.)

Cumulativ
e

Settlement
Profile

(in.)

0.50 127.88 0.67 0.52 sand 4.0 1.00 26 60 29 60 1.04 1.00 1,065.69 0.999 1.000 0.433 N/A N/A NO N/A N/A N/A 43.5 N/A 0.000 0.00 0.93
1.50 101.18 0.97 0.96 sand to silty sand 3.0 1.66 42 180 86 180 1.13 1.00 806.04 0.997 1.000 0.432 N/A N/A NO N/A N/A N/A 77.1 N/A 0.000 0.00 0.93
2.50 29.52 0.40 1.34 sandy silt to clayey silt 2.0 1.66 20 300 144 269 1.66 1.01 183.52 0.994 1.000 0.431 N/A N/A NO N/A N/A N/A 44.9 N/A 0.000 0.00 0.93
3.50 7.55 0.29 3.78 clay 1.0 1.00 8 420 202 326 2.59 3.24 136.80 0.992 1.000 0.430 0.318 0.987 YES 5.0 17.8 959 N/A N/A 0.000 0.00 0.93
4.50 4.42 0.17 3.84 clay 0.0 1.00 4 540 259 384 2.84 N/A N/A 0.990 N/A 0.429 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
5.50 4.53 0.16 3.54 clay -1.0 1.00 5 660 317 442 2.85 N/A N/A 0.987 N/A 0.428 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
6.50 3.88 0.16 4.11 clay -2.0 1.00 4 780 374 499 2.99 N/A N/A 0.985 N/A 0.427 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
7.50 7.13 0.16 2.19 silty clay to clay -3.0 1.66 8 900 432 557 2.47 2.62 66.59 0.983 1.000 0.426 0.107 0.337 YES 5.0 18.4 1,016 N/A N/A 0.000 0.00 0.93
8.50 3.38 0.06 1.75 sensitive fine grained -4.0 1.00 2 1,020 490 614 2.91 N/A N/A 0.980 N/A 0.425 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
9.50 3.07 0.05 1.48 sensitive fine grained -5.0 1.00 2 1,140 547 672 2.96 N/A N/A 0.978 N/A 0.424 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
10.50 2.96 0.03 1.17 sensitive fine grained -6.0 1.00 1 1,260 605 730 2.95 N/A N/A 0.976 N/A 0.423 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
11.50 2.93 0.05 1.60 sensitive fine grained -7.0 1.00 1 1,380 662 787 3.06 N/A N/A 0.973 N/A 0.422 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
12.50 3.28 0.04 1.22 sensitive fine grained -8.0 1.00 2 1,500 720 845 2.98 N/A N/A 0.971 N/A 0.421 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
13.50 3.25 0.03 0.97 sensitive fine grained -9.0 1.00 2 1,620 778 902 2.97 N/A N/A 0.969 N/A 0.420 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
14.50 4.15 0.03 0.64 sensitive fine grained -10.0 1.00 2 1,740 835 960 2.81 4.85 38.73 0.966 N/A 0.419 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
15.50 3.40 0.01 0.24 sensitive fine grained -11.0 1.00 2 1,860 893 1,018 2.77 4.57 28.42 0.964 N/A 0.418 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
16.50 3.97 0.02 0.54 sensitive fine grained -12.0 1.00 2 1,980 950 1,075 2.85 5.19 35.94 0.962 N/A 0.417 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
17.50 24.82 0.19 0.75 silty sand to sandy silt -13.0 1.00 8 2,100 1,008 1,133 2.23 1.73 60.60 0.959 1.000 0.416 0.101 0.323 YES 2.8 13.8 574 18.2 N/A 1.614 0.19 0.74
18.50 81.40 0.58 0.71 sand to silty sand -14.0 1.00 20 2,220 1,066 1,190 1.79 1.10 122.31 0.957 1.000 0.415 0.250 0.805 YES 1.3 27.7 1,200 30.1 N/A 0.093 0.01 0.72
19.50 144.83 1.97 1.36 sand to silty sand -15.0 1.00 36 2,340 1,123 1,248 1.80 1.11 214.05 0.955 1.000 0.414 N/A N/A NO N/A N/A N/A 50.5 N/A 0.000 0.00 0.72
20.50 140.19 2.14 1.52 sand to silty sand -16.0 1.00 35 2,460 1,181 1,306 1.85 1.15 209.65 0.952 1.000 0.413 N/A N/A NO N/A N/A N/A 48.0 N/A 0.000 0.00 0.72
21.50 96.40 1.29 1.33 sand to silty sand -17.0 1.00 24 2,580 1,238 1,363 1.93 1.22 149.56 0.950 1.000 0.412 0.391 1.268 YES 1.3 30.5 1,200 33.1 N/A 0.064 0.01 0.72
22.50 93.60 1.27 1.35 sand to silty sand -18.0 1.66 39 2,700 1,296 1,421 1.64 1.00 192.01 0.948 1.000 0.411 N/A N/A NO N/A N/A N/A 50.7 N/A 0.000 0.00 0.72
23.50 24.65 0.42 1.71 sandy silt to clayey silt -19.0 1.66 16 2,820 1,354 1,478 2.17 1.60 79.31 0.945 1.000 0.410 0.126 0.412 YES 2.8 21.8 1,200 27.8 N/A 0.157 0.02 0.70
24.50 6.30 0.06 0.90 sensitive fine grained -20.0 1.00 3 2,940 1,411 1,536 2.86 N/A N/A 0.943 N/A 0.409 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.70
25.50 6.15 0.08 1.34 sensitive fine grained -21.0 1.00 3 3,060 1,469 1,594 2.97 N/A N/A 0.941 N/A 0.408 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.70
26.50 6.15 0.12 1.93 silty clay to clay -22.0 1.00 4 3,180 1,526 1,651 3.07 N/A N/A 0.938 N/A 0.407 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.70
27.50 6.13 0.07 1.07 sensitive fine grained -23.0 1.00 3 3,300 1,584 1,709 2.96 N/A N/A 0.936 N/A 0.406 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.70
28.50 6.17 0.10 1.64 silty clay to clay -24.0 1.00 4 3,420 1,642 1,766 3.06 N/A N/A 0.934 N/A 0.405 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.70
29.50 8.80 0.16 1.74 clayey silt to silty clay -25.0 1.00 4 3,540 1,699 1,824 2.93 N/A N/A 0.931 N/A 0.404 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.70
30.50 7.00 0.04 0.61 sensitive fine grained -26.0 1.00 4 3,660 1,757 1,882 2.82 4.98 38.45 0.926 N/A 0.401 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.70
31.50 13.54 0.20 1.45 sandy silt to clayey silt -27.0 1.00 5 3,780 1,814 1,939 2.73 N/A N/A 0.918 N/A 0.398 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.70
32.50 12.32 0.14 1.10 sandy silt to clayey silt -28.0 1.00 5 3,900 1,872 1,997 2.71 N/A N/A 0.909 N/A 0.394 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.70
33.50 7.60 0.06 0.78 sensitive fine grained -29.0 1.00 4 4,020 1,930 2,054 2.86 N/A N/A 0.901 N/A 0.391 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.70
34.50 19.80 0.24 1.18 sandy silt to clayey silt -30.0 1.00 8 4,140 1,987 2,112 2.55 3.05 60.67 0.893 1.000 0.387 0.101 0.347 YES 2.8 10.5 340 14.2 N/A 1.961 0.24 0.46
35.50 23.72 0.09 0.37 silty sand to sandy silt -31.0 1.66 13 4,260 2,045 2,170 1.97 1.00 38.84 0.885 0.994 0.384 0.082 0.285 YES 2.8 15.4 714 20.1 N/A 1.376 0.17 0.30
36.50 8.00 0.03 0.41 sensitive fine grained -32.0 1.00 4 4,380 2,102 2,227 2.76 4.46 34.37 0.877 N/A 0.380 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
37.50 7.53 0.05 0.69 sensitive fine grained -33.0 1.00 4 4,500 2,160 2,285 2.89 N/A N/A 0.869 N/A 0.376 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
38.50 7.87 0.11 1.34 clayey silt to silty clay -34.0 1.00 4 4,620 2,218 2,342 3.01 N/A N/A 0.861 N/A 0.373 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
39.50 13.92 0.29 2.07 clayey silt to silty clay -35.0 1.00 7 4,740 2,275 2,400 2.87 N/A N/A 0.852 N/A 0.369 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
40.50 16.48 0.45 2.67 clayey silt to silty clay -36.0 1.00 8 4,860 2,333 2,458 2.88 N/A N/A 0.844 N/A 0.366 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
41.50 15.77 0.47 2.96 clayey silt to silty clay -37.0 1.00 8 4,980 2,390 2,515 2.93 N/A N/A 0.836 N/A 0.362 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
42.50 19.25 0.82 4.23 clay -38.0 1.00 19 5,100 2,448 2,573 2.95 N/A N/A 0.828 N/A 0.359 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
43.50 11.72 0.31 2.60 clayey silt to silty clay -39.0 1.00 6 5,220 2,506 2,630 3.03 N/A N/A 0.820 N/A 0.355 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.30
44.50 39.25 0.80 2.03 sandy silt to clayey silt -40.0 1.00 16 5,340 2,563 2,688 2.48 2.68 92.81 0.812 0.934 0.352 0.154 0.547 YES 2.8 16.3 808 21.3 N/A 1.146 0.14 0.16
45.50 74.43 1.06 1.42 silty sand to sandy silt -41.0 1.00 25 5,460 2,621 2,746 2.16 1.58 102.73 0.804 0.911 0.348 0.181 0.631 YES 2.8 24.0 1,200 30.4 N/A 0.071 0.01 0.15
46.50 60.63 1.06 1.75 silty sand to sandy silt -42.0 1.00 20 5,580 2,678 2,803 2.30 1.93 101.31 0.795 0.913 0.345 0.177 0.625 YES 2.8 19.9 1,172 25.5 N/A 0.143 0.02 0.13
47.50 50.70 0.99 1.95 silty sand to sandy silt -43.0 1.00 17 5,700 2,736 2,861 2.39 2.28 98.82 0.787 0.915 0.341 0.170 0.608 YES 2.8 16.9 866 22.0 N/A 1.021 0.12 0.01
48.50 33.65 0.76 2.25 sandy silt to clayey silt -44.0 1.00 13 5,820 2,794 2,918 2.61 N/A N/A 0.779 N/A 0.338 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
49.50 27.10 0.71 2.62 sandy silt to clayey silt -45.0 1.00 11 5,940 2,851 2,976 2.74 N/A N/A 0.771 N/A 0.334 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
50.50 16.50 0.38 2.27 clayey silt to silty clay -46.0 1.00 8 6,060 2,909 3,034 2.90 N/A N/A 0.763 N/A 0.331 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
51.50 22.13 0.48 2.15 sandy silt to clayey silt -47.0 1.00 9 6,180 2,966 3,091 2.78 N/A N/A 0.755 N/A 0.327 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
52.50 18.19 0.44 2.40 clayey silt to silty clay -48.0 1.00 9 6,300 3,024 3,149 2.89 N/A N/A 0.747 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
53.50 29.92 0.64 2.13 sandy silt to clayey silt -49.0 1.00 12 6,420 3,082 3,206 2.67 N/A N/A 0.739 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
54.50 78.33 1.26 1.60 silty sand to sandy silt -50.0 1.00 26 6,540 3,139 3,264 2.21 1.69 105.91 0.730 0.858 0.316 0.190 0.689 YES 2.8 23.2 1,200 29.5 N/A 0.069 0.01 0.00
55.50 49.98 1.19 2.37 sandy silt to clayey silt -51.0 1.66 33 6,660 3,197 3,322 2.16 1.58 103.47 0.722 0.837 0.313 0.183 0.653 YES 2.8 28.5 1,200 35.8 N/A 0.027 0.00 0.00
56.50 13.42 0.36 2.63 clayey silt to silty clay -52.0 1.00 7 6,780 3,254 3,379 3.06 N/A N/A 0.714 N/A 0.309 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
57.50 17.62 0.14 0.77 sandy silt to clayey silt -53.0 1.00 7 6,900 3,312 3,437 2.68 3.82 46.10 0.706 N/A 0.306 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
58.50 10.80 0.10 0.91 sandy silt to clayey silt -54.0 1.00 4 7,020 3,370 3,494 2.94 N/A N/A 0.698 N/A 0.302 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
59.50 9.42 0.19 1.93 clayey silt to silty clay -55.0 1.00 5 7,140 3,427 3,552 3.18 N/A N/A 0.690 N/A 0.299 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
60.50 10.62 0.28 2.56 silty clay to clay -56.0 1.00 7 7,260 3,485 3,610 3.19 N/A N/A 0.682 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00

max= 1,200
min= 340
avg= 975

Page 1
CPT037

Output Sheet

PLATE E-15



EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT038 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 8.40 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 5.40 ft below ground surface        
  GWT Elev.  For Design 8.40 ft   GWT Depth  For Design, Zwd = 0.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 27.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 1.98 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 1.98 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **
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0.50 243.24 2.91 1.19 sand 7.4 1.66 81 60 29 60 1.08 1.00 3,356.15 0.999 1.000 0.433 N/A N/A NO N/A N/A N/A 136.9 N/A 0.000 0.00 1.98
1.50 85.37 2.17 2.54 sandy silt to clayey silt 6.4 1.00 34 180 86 180 1.84 1.13 466.18 0.997 1.000 0.432 N/A N/A NO N/A N/A N/A 74.7 N/A 0.000 0.00 1.98
2.50 47.72 0.58 1.22 silty sand to sandy silt 5.4 1.66 26 300 144 300 1.48 1.00 294.48 0.994 1.000 0.431 N/A N/A NO N/A N/A N/A 58.7 N/A 0.000 0.00 1.98
3.50 12.23 0.38 3.11 silty clay to clay 4.4 1.00 8 420 202 420 2.55 3.04 117.14 0.992 1.000 0.430 0.229 0.712 YES 5.0 18.9 1,066 N/A N/A 0.000 0.00 1.98
4.50 6.79 0.22 3.24 clay 3.4 1.00 7 540 259 540 2.64 N/A N/A 0.990 N/A 0.429 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.98
5.50 4.83 0.07 1.42 sensitive fine grained 2.4 1.00 2 660 317 654 2.60 3.30 63.46 0.987 1.000 0.428 0.104 0.324 YES 5.0 9.1 266 N/A N/A 0.000 0.00 1.98
6.50 6.05 0.15 2.45 silty clay to clay 1.4 1.00 4 780 374 711 2.70 N/A N/A 0.985 N/A 0.427 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.98
7.50 15.80 0.28 1.76 clayey silt to silty clay 0.4 1.66 13 900 432 769 2.13 1.51 84.90 0.983 1.000 0.426 0.137 0.429 YES 2.8 23.9 1,200 N/A N/A 0.000 0.00 1.98
8.50 7.06 0.16 2.27 silty clay to clay -0.6 1.00 5 1,020 490 827 2.69 N/A N/A 0.980 N/A 0.425 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.98
9.50 5.06 0.06 1.19 sensitive fine grained -1.6 1.00 3 1,140 547 884 2.70 N/A N/A 0.978 N/A 0.424 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.98
10.50 4.40 0.01 0.23 sensitive fine grained -2.6 1.00 2 1,260 605 942 2.52 2.88 31.02 0.976 1.000 0.423 0.076 0.239 YES 5.0 8.2 226 N/A N/A 0.000 0.00 1.98
11.50 10.17 0.03 0.33 sandy silt to clayey silt -3.6 1.00 4 1,380 662 999 2.35 1.00 17.66 0.973 1.000 0.422 0.065 0.205 YES 2.8 8.6 241 11.9 N/A 2.301 0.28 1.71
12.50 6.63 0.05 0.80 sensitive fine grained -4.6 1.00 3 1,500 720 1,057 2.60 3.30 47.17 0.971 1.000 0.421 0.089 0.283 YES 5.0 9.6 288 N/A N/A 0.000 0.00 1.71
13.50 3.99 0.02 0.38 sensitive fine grained -5.6 1.00 2 1,620 778 1,115 2.71 4.10 33.14 0.969 N/A 0.420 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.71
14.50 3.94 0.01 0.30 sensitive fine grained -6.6 1.00 2 1,740 835 1,172 2.71 4.10 31.11 0.966 N/A 0.419 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.71
15.50 5.82 0.02 0.26 sensitive fine grained -7.6 1.00 3 1,860 893 1,230 2.54 2.99 31.90 0.964 1.000 0.418 0.077 0.245 YES 5.0 8.7 248 N/A N/A 0.000 0.00 1.71
16.50 4.76 0.00 0.00 sensitive fine grained -8.6 1.00 2 1,980 950 1,287 2.89 5.59 46.42 0.962 N/A 0.417 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.71
17.50 17.18 0.10 0.58 sandy silt to clayey silt -9.6 1.00 7 2,100 1,008 1,345 2.32 2.01 48.66 0.959 1.000 0.416 0.091 0.291 YES 2.8 11.2 381 15.1 N/A 1.893 0.23 1.48
18.50 85.95 0.45 0.53 sand to silty sand -10.6 1.00 21 2,220 1,066 1,403 1.69 1.03 121.34 0.957 1.000 0.415 0.246 0.792 YES 1.3 27.0 1,200 29.4 N/A 0.100 0.01 1.47
19.50 149.32 1.24 0.83 sand -11.6 1.00 30 2,340 1,123 1,460 1.63 1.00 199.25 0.955 1.000 0.414 N/A N/A NO N/A N/A N/A 35.0 N/A 0.047 0.01 1.46
20.50 171.04 1.57 0.92 sand -12.6 1.00 34 2,460 1,181 1,518 1.63 1.00 222.60 0.952 1.000 0.413 N/A N/A NO N/A N/A N/A 39.3 N/A 0.007 0.00 1.46
21.50 161.96 1.82 1.12 sand -13.6 1.00 32 2,580 1,238 1,575 1.72 1.05 216.37 0.950 1.000 0.412 N/A N/A NO N/A N/A N/A 36.5 N/A 0.033 0.00 1.46
22.50 135.51 1.28 0.95 sand -14.6 1.66 45 2,700 1,296 1,633 1.42 1.00 278.72 0.948 1.000 0.411 N/A N/A NO N/A N/A N/A 49.7 N/A 0.000 0.00 1.46
23.50 59.26 0.70 1.18 silty sand to sandy silt -15.6 1.00 20 2,820 1,354 1,691 2.07 1.41 101.32 0.945 1.000 0.410 0.177 0.576 YES 2.8 24.3 1,200 30.8 N/A 0.085 0.01 1.45
24.50 32.63 0.26 0.81 silty sand to sandy silt -16.6 1.66 18 2,940 1,411 1,748 1.90 1.19 76.41 0.943 1.000 0.409 0.121 0.397 YES 2.8 22.1 1,200 28.1 N/A 0.142 0.02 1.43
25.50 8.30 0.09 1.02 clayey silt to silty clay -17.6 1.00 4 3,060 1,469 1,806 2.78 N/A N/A 0.941 N/A 0.408 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.43
26.50 17.70 0.13 0.73 sandy silt to clayey silt -18.6 1.00 7 3,180 1,526 1,863 2.44 2.48 50.24 0.938 1.000 0.407 0.092 0.301 YES 2.8 10.1 319 13.8 N/A 2.007 0.24 1.19
27.50 13.65 0.11 0.77 sandy silt to clayey silt -19.6 1.00 5 3,300 1,584 1,921 2.54 2.98 48.46 0.936 1.000 0.406 0.090 0.297 YES 2.8 8.4 233 11.7 N/A 2.335 0.28 0.91
28.50 57.52 0.35 0.61 sand to silty sand -20.6 1.00 14 3,420 1,642 1,979 1.95 1.24 78.85 0.934 1.000 0.405 0.126 0.414 YES 1.3 15.8 754 17.7 N/A 1.651 0.20 0.71
29.50 85.55 0.84 0.98 sand to silty sand -21.6 1.00 21 3,540 1,699 2,036 1.94 1.22 113.61 0.931 1.000 0.404 0.216 0.716 YES 1.3 22.5 1,200 24.7 N/A 0.999 0.12 0.59
30.50 178.65 2.17 1.22 sand to silty sand -22.6 1.00 45 3,660 1,757 2,094 1.77 1.08 206.80 0.926 1.000 0.401 N/A N/A NO N/A N/A N/A 48.2 N/A 0.000 0.00 0.59
31.50 202.66 3.12 1.54 sand to silty sand -23.6 1.00 51 3,780 1,814 2,151 1.82 1.12 237.91 0.918 1.000 0.398 N/A N/A NO N/A N/A N/A 53.7 N/A 0.000 0.00 0.59
32.50 117.07 1.38 1.18 sand to silty sand -24.6 1.00 29 3,900 1,872 2,209 1.90 1.19 143.96 0.909 1.000 0.394 0.357 1.210 YES 1.3 29.2 1,200 31.7 N/A 0.073 0.01 0.58
33.50 112.39 1.30 1.16 sand to silty sand -25.6 1.00 28 4,020 1,930 2,267 1.91 1.20 137.50 0.901 1.000 0.391 0.322 1.099 YES 1.3 27.7 1,200 30.2 N/A 0.085 0.01 0.57
34.50 108.40 1.33 1.23 sand to silty sand -26.6 1.00 27 4,140 1,987 2,324 1.95 1.24 134.51 0.893 1.000 0.387 0.306 1.056 YES 1.3 26.5 1,200 28.8 N/A 0.095 0.01 0.56
35.50 142.66 2.15 1.51 sand to silty sand -27.6 1.00 36 4,260 2,045 2,382 1.93 1.22 171.56 0.885 0.991 0.384 N/A N/A NO N/A N/A N/A 36.8 N/A 0.027 0.00 0.56
36.50 80.56 1.77 2.20 silty sand to sandy silt -28.6 1.66 44 4,380 2,102 2,439 1.91 1.20 156.33 0.877 0.980 0.380 0.435 1.498 NO N/A N/A N/A 53.3 N/A 0.000 0.00 0.56
37.50 13.04 0.22 1.69 clayey silt to silty clay -29.6 1.00 7 4,500 2,160 2,497 2.83 N/A N/A 0.869 N/A 0.376 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.56
38.50 10.27 0.07 0.71 sandy silt to clayey silt -30.6 1.00 4 4,620 2,218 2,555 2.76 4.44 42.21 0.861 N/A 0.373 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.56
39.50 11.22 0.08 0.68 sandy silt to clayey silt -31.6 1.00 4 4,740 2,275 2,612 2.72 4.15 42.32 0.852 N/A 0.369 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.56
40.50 14.00 0.12 0.87 sandy silt to clayey silt -32.6 1.00 6 4,860 2,333 2,670 2.68 N/A N/A 0.844 N/A 0.366 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.56
41.50 18.11 0.37 2.04 clayey silt to silty clay -33.6 1.00 9 4,980 2,390 2,727 2.77 N/A N/A 0.836 N/A 0.362 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.56
42.50 21.15 0.65 3.07 clayey silt to silty clay -34.6 1.00 11 5,100 2,448 2,785 2.83 N/A N/A 0.828 N/A 0.359 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.56
43.50 20.32 0.70 3.42 clayey silt to silty clay -35.6 1.00 10 5,220 2,506 2,843 2.88 N/A N/A 0.820 N/A 0.355 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.56
44.50 16.44 0.48 2.93 clayey silt to silty clay -36.6 1.00 8 5,340 2,563 2,900 2.93 N/A N/A 0.812 N/A 0.352 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.56
45.50 71.95 1.03 1.43 silty sand to sandy silt -37.6 1.00 24 5,460 2,621 2,958 2.17 1.61 101.04 0.804 0.914 0.348 0.176 0.616 YES 2.8 22.5 1,200 28.7 N/A 0.084 0.01 0.55
46.50 98.17 1.21 1.23 sand to silty sand -38.6 1.00 25 5,580 2,678 3,015 2.03 1.34 114.03 0.795 0.907 0.345 0.218 0.765 YES 1.3 21.3 1,200 23.4 N/A 0.380 0.05 0.50
47.50 129.55 1.24 0.96 sand to silty sand -39.6 1.00 32 5,700 2,736 3,073 1.87 1.16 128.65 0.787 0.887 0.341 0.278 0.964 YES 1.3 27.5 1,200 29.9 N/A 0.073 0.01 0.49
48.50 191.91 1.00 0.52 sand -40.6 1.00 38 5,820 2,794 3,131 1.57 1.00 162.38 0.779 0.875 0.338 N/A N/A NO N/A N/A N/A 30.7 N/A 0.067 0.01 0.48
49.50 173.66 0.73 0.42 sand -41.6 1.00 35 5,940 2,851 3,188 1.56 1.00 145.44 0.771 0.870 0.334 0.366 1.272 YES 0.0 27.5 1,200 27.5 N/A 0.088 0.01 0.47
50.50 139.30 0.47 0.34 sand -42.6 1.00 28 6,060 2,909 3,246 1.60 1.00 115.51 0.763 0.877 0.331 0.223 0.790 YES 0.0 21.9 1,200 21.9 N/A 0.803 0.10 0.38
51.50 182.96 0.61 0.33 sand -43.6 1.00 37 6,180 2,966 3,303 1.49 1.00 150.23 0.755 0.854 0.327 0.395 1.377 NO N/A N/A N/A 28.5 N/A 0.079 0.01 0.37
52.50 116.86 0.85 0.72 sand -44.6 1.00 23 6,300 3,024 3,361 1.85 1.14 108.73 0.747 0.877 0.324 0.200 0.721 YES 0.0 18.0 979 18.0 N/A 1.443 0.17 0.19
53.50 98.09 0.49 0.50 sand to silty sand -45.6 1.66 41 6,420 3,082 3,419 1.53 1.00 130.84 0.739 0.841 0.320 0.288 1.011 YES 1.3 32.4 1,200 35.0 N/A 0.033 0.00 0.19
54.50 18.29 0.34 1.87 sandy silt to clayey silt -46.6 1.00 7 6,540 3,139 3,476 2.83 N/A N/A 0.730 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
55.50 14.23 0.21 1.45 sandy silt to clayey silt -47.6 1.00 6 6,660 3,197 3,534 2.89 N/A N/A 0.722 N/A 0.313 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
56.50 27.90 0.80 2.85 clayey silt to silty clay -48.6 1.00 14 6,780 3,254 3,591 2.79 N/A N/A 0.714 N/A 0.309 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.19
57.50 96.74 1.12 1.15 sand to silty sand -49.6 1.00 24 6,900 3,312 3,649 2.06 1.38 103.74 0.706 0.852 0.306 0.184 0.683 YES 1.3 19.2 1,106 21.3 N/A 0.367 0.04 0.15
58.50 128.98 0.83 0.64 sand -50.6 1.00 26 7,020 3,370 3,707 1.80 1.11 110.14 0.698 0.843 0.302 0.204 0.760 YES 0.0 18.9 1,075 18.9 N/A 1.210 0.15 0.00

max= 1,200
min= 226
avg= 888

Page 1
CPT038

Output Sheet

PLATE E-16



EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT040 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 6.90 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 3.90 ft below ground surface        
  GWT Elev.  For Design 6.90 ft   GWT Depth  For Design, Zwd = 0.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 9.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 0.47 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 0.47 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **
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0.50 13.50 0.25 1.82 clayey silt to silty clay 5.9 1.00 7 60 29 60 2.05 1.37 154.26 0.999 1.000 0.433 0.421 1.299 YES 2.8 14.3 615 N/A N/A 0.000 0.00 0.47
1.50 11.40 0.48 4.17 clay 4.9 1.00 11 180 86 180 2.53 2.92 159.98 0.997 1.000 0.432 0.461 1.424 NO N/A N/A N/A N/A N/A 0.000 0.00 0.47
2.50 6.73 0.38 5.57 clay 3.9 1.00 7 300 144 300 2.66 N/A N/A 0.994 N/A 0.431 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
3.50 6.17 0.32 5.19 clay 2.9 1.00 6 420 202 420 2.75 N/A N/A 0.992 N/A 0.430 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
4.50 4.60 0.23 5.02 clay 1.9 1.00 5 540 259 503 2.89 N/A N/A 0.990 N/A 0.429 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
5.50 4.37 0.22 4.92 clay 0.9 1.00 4 660 317 560 2.96 N/A N/A 0.987 N/A 0.428 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.47
6.50 21.60 0.33 1.51 sandy silt to clayey silt -0.1 1.66 14 780 374 618 1.95 1.24 102.68 0.985 1.000 0.427 0.181 0.565 YES 2.8 27.1 1,200 34.2 N/A 0.057 0.01 0.46
7.50 8.52 0.23 2.75 silty clay to clay -1.1 1.66 9 900 432 675 2.46 2.58 78.22 0.983 1.000 0.426 0.125 0.390 YES 5.0 21.0 1,200 N/A N/A 0.000 0.00 0.46
8.50 3.87 0.07 1.86 sensitive fine grained -2.1 1.00 2 1,020 490 733 2.87 N/A N/A 0.980 N/A 0.425 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.46
9.50 3.55 0.03 0.97 sensitive fine grained -3.1 1.00 2 1,140 547 791 2.80 N/A N/A 0.978 N/A 0.424 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.46
10.50 3.16 0.02 0.65 sensitive fine grained -4.1 1.00 2 1,260 605 848 2.81 4.90 37.91 0.976 N/A 0.423 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.46
11.50 4.03 0.03 0.72 sensitive fine grained -5.1 1.00 2 1,380 662 906 2.75 4.40 40.63 0.973 N/A 0.422 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.46
12.50 3.40 0.01 0.30 sensitive fine grained -6.1 1.00 2 1,500 720 963 2.72 4.18 30.58 0.971 N/A 0.421 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.46
13.50 2.80 0.01 0.31 sensitive fine grained -7.1 1.00 1 1,620 778 1,021 2.84 5.11 29.07 0.969 N/A 0.420 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.46
14.50 4.75 0.02 0.47 sensitive fine grained -8.1 1.00 2 1,740 835 1,079 2.69 3.93 35.95 0.966 N/A 0.419 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.46
15.50 3.25 0.01 0.31 sensitive fine grained -9.1 1.00 2 1,860 893 1,136 2.83 5.02 29.90 0.964 N/A 0.418 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.46
16.50 16.12 0.08 0.50 sandy silt to clayey silt -10.1 1.00 6 1,980 950 1,194 2.30 1.96 45.80 0.962 1.000 0.417 0.088 0.282 YES 2.8 11.1 379 15.0 N/A 1.897 0.23 0.23
17.50 85.13 1.03 1.22 sand to silty sand -11.1 1.00 21 2,100 1,008 1,251 1.91 1.20 143.76 0.959 1.000 0.416 0.356 1.144 YES 1.3 28.2 1,200 30.7 N/A 0.088 0.01 0.22
18.50 121.43 2.12 1.74 silty sand to sandy silt -12.1 1.00 40 2,220 1,066 1,309 1.93 1.21 201.87 0.957 1.000 0.415 N/A N/A NO N/A N/A N/A 65.0 N/A 0.000 0.00 0.22
19.50 112.13 1.99 1.77 silty sand to sandy silt -13.1 1.00 37 2,340 1,123 1,367 1.96 1.25 187.37 0.955 1.000 0.414 N/A N/A NO N/A N/A N/A 59.3 N/A 0.000 0.00 0.22
20.50 109.01 1.96 1.80 silty sand to sandy silt -14.1 1.00 36 2,460 1,181 1,424 1.98 1.28 181.25 0.952 1.000 0.413 N/A N/A NO N/A N/A N/A 56.7 N/A 0.000 0.00 0.22
21.50 100.82 2.15 2.14 silty sand to sandy silt -15.1 1.66 56 2,580 1,238 1,482 1.76 1.08 228.30 0.950 1.000 0.412 N/A N/A NO N/A N/A N/A 82.6 N/A 0.000 0.00 0.22
22.50 21.07 0.37 1.75 sandy silt to clayey silt -16.1 1.66 14 2,700 1,296 1,539 2.22 1.73 74.86 0.948 1.000 0.411 0.119 0.387 YES 2.8 18.7 1,049 24.1 N/A 1.077 0.13 0.09
23.50 8.37 0.08 0.99 clayey silt to silty clay -17.1 1.00 4 2,820 1,354 1,597 2.74 N/A N/A 0.945 N/A 0.410 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
24.50 6.07 0.06 0.97 sensitive fine grained -18.1 1.00 3 2,940 1,411 1,655 2.89 N/A N/A 0.943 N/A 0.409 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
25.50 5.40 0.06 1.15 sensitive fine grained -19.1 1.00 3 3,060 1,469 1,712 3.00 N/A N/A 0.941 N/A 0.408 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
26.50 5.50 0.04 0.70 sensitive fine grained -20.1 1.00 3 3,180 1,526 1,770 2.90 5.74 38.68 0.938 N/A 0.407 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
27.50 5.63 0.07 1.24 sensitive fine grained -21.1 1.00 3 3,300 1,584 1,827 3.02 N/A N/A 0.936 N/A 0.406 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
28.50 7.37 0.12 1.57 clayey silt to silty clay -22.1 1.00 4 3,420 1,642 1,885 2.96 N/A N/A 0.934 N/A 0.405 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
29.50 6.33 0.03 0.42 sensitive fine grained -23.1 1.00 3 3,540 1,699 1,943 2.80 4.76 34.07 0.931 N/A 0.404 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
30.50 9.95 0.10 1.02 clayey silt to silty clay -24.1 1.00 5 3,660 1,757 2,000 2.76 N/A N/A 0.926 N/A 0.401 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
31.50 6.61 0.01 0.19 sensitive fine grained -25.1 1.00 3 3,780 1,814 2,058 2.70 3.99 28.41 0.918 N/A 0.398 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
32.50 9.27 0.08 0.83 clayey silt to silty clay -26.1 1.00 5 3,900 1,872 2,115 2.78 N/A N/A 0.909 N/A 0.394 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
33.50 10.87 0.16 1.46 clayey silt to silty clay -27.1 1.00 5 4,020 1,930 2,173 2.83 N/A N/A 0.901 N/A 0.391 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
34.50 13.12 0.27 2.05 clayey silt to silty clay -28.1 1.00 7 4,140 1,987 2,231 2.85 N/A N/A 0.893 N/A 0.387 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
35.50 18.42 0.48 2.61 clayey silt to silty clay -29.1 1.00 9 4,260 2,045 2,288 2.78 N/A N/A 0.885 N/A 0.384 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
36.50 15.97 0.32 1.98 clayey silt to silty clay -30.1 1.00 8 4,380 2,102 2,346 2.78 N/A N/A 0.877 N/A 0.380 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
37.50 20.98 0.86 4.08 silty clay to clay -31.1 1.00 14 4,500 2,160 2,403 2.87 N/A N/A 0.869 N/A 0.376 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
38.50 55.10 1.24 2.25 sandy silt to clayey silt -32.1 1.00 22 4,620 2,218 2,461 2.37 2.18 114.10 0.861 0.966 0.373 0.218 0.754 YES 2.8 22.7 1,200 28.8 N/A 0.090 0.01 0.08
39.50 99.28 1.30 1.31 sand to silty sand -33.1 1.66 41 4,740 2,275 2,519 1.71 1.04 160.58 0.852 0.950 0.369 N/A N/A NO N/A N/A N/A 40.9 N/A 0.000 0.00 0.08
40.50 43.88 1.30 2.96 sandy silt to clayey silt -34.1 1.66 29 4,860 2,333 2,576 2.22 1.70 114.69 0.844 0.943 0.366 0.220 0.758 YES 2.8 28.4 1,200 35.7 N/A 0.034 0.00 0.08
41.50 21.27 0.66 3.08 clayey silt to silty clay -35.1 1.00 11 4,980 2,390 2,634 2.82 N/A N/A 0.836 N/A 0.362 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.08
42.50 53.62 0.96 1.79 silty sand to sandy silt -36.1 1.00 18 5,100 2,448 2,691 2.33 2.04 98.97 0.828 0.942 0.359 0.170 0.596 YES 2.8 18.2 997 23.5 N/A 0.562 0.07 0.01
43.50 31.38 0.89 2.83 sandy silt to clayey silt -37.1 1.00 13 5,220 2,506 2,749 2.67 N/A N/A 0.820 N/A 0.355 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
44.50 17.47 0.46 2.63 clayey silt to silty clay -38.1 1.00 9 5,340 2,563 2,807 2.87 N/A N/A 0.812 N/A 0.352 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
45.50 15.10 0.30 2.01 clayey silt to silty clay -39.1 1.00 8 5,460 2,621 2,864 2.87 N/A N/A 0.804 N/A 0.348 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
46.50 11.02 0.15 1.32 clayey silt to silty clay -40.1 1.00 6 5,580 2,678 2,922 2.92 N/A N/A 0.795 N/A 0.345 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
47.50 11.67 0.15 1.25 clayey silt to silty clay -41.1 1.00 6 5,700 2,736 2,979 2.89 N/A N/A 0.787 N/A 0.341 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
48.50 10.27 0.13 1.22 clayey silt to silty clay -42.1 1.00 5 5,820 2,794 3,037 2.95 N/A N/A 0.779 N/A 0.338 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
49.50 9.60 0.12 1.21 clayey silt to silty clay -43.1 1.00 5 5,940 2,851 3,095 2.99 N/A N/A 0.771 N/A 0.334 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
50.50 8.55 0.05 0.60 sensitive fine grained -44.1 1.00 4 6,060 2,909 3,152 2.92 5.85 37.79 0.763 N/A 0.331 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
51.50 9.15 0.02 0.22 sensitive fine grained -45.1 1.00 5 6,180 2,966 3,210 2.74 4.28 29.17 0.755 N/A 0.327 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
52.50 9.14 0.15 1.67 clayey silt to silty clay -46.1 1.00 5 6,300 3,024 3,267 3.10 N/A N/A 0.747 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
53.50 14.10 0.42 2.98 clayey silt to silty clay -47.1 1.00 7 6,420 3,082 3,325 3.05 N/A N/A 0.739 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
54.50 16.10 0.51 3.16 clayey silt to silty clay -48.1 1.00 8 6,540 3,139 3,383 3.02 N/A N/A 0.730 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
55.50 15.82 0.46 2.93 clayey silt to silty clay -49.1 1.00 8 6,660 3,197 3,440 3.01 N/A N/A 0.722 N/A 0.313 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
56.50 11.37 0.26 2.28 clayey silt to silty clay -50.1 1.00 6 6,780 3,254 3,498 3.10 N/A N/A 0.714 N/A 0.309 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
57.50 20.52 0.49 2.38 clayey silt to silty clay -51.1 1.00 10 6,900 3,312 3,555 2.87 N/A N/A 0.706 N/A 0.306 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
58.50 164.50 1.53 0.93 sand -52.1 1.00 33 7,020 3,370 3,613 1.82 1.12 141.96 0.698 0.824 0.302 0.346 1.258 YES 0.0 24.5 1,200 24.5 N/A 0.097 0.01 0.00
59.50 375.80 2.01 0.54 gravelly sand to sand -53.1 1.00 63 7,140 3,427 3,671 1.39 1.00 287.08 0.690 0.806 0.299 N/A N/A NO N/A N/A N/A 46.2 N/A 0.000 0.00 0.00

max= 1,200
min= 379
avg= 1,024
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT045 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 9.00 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 6.00 ft below ground surface        
  GWT Elev.  For Design 9.00 ft   GWT Depth  For Design, Zwd = 0.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 16.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 0.88 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 0.88 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth
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(ft)
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(Lunne, et al., 1997)
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++
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+++
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Cyclic
Shear
Strain

c (%)

Vol.
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 v (%)

Layer
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t

Si (in.)

Cumulativ
e
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Profile
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0.50 17.12 0.29 1.68 sandy silt to clayey silt 8.0 1.00 7 60 29 60 1.95 1.24 177.56 0.999 1.000 0.433 N/A N/A NO N/A N/A N/A 19.0 N/A 1.565 0.19 0.88
1.50 9.62 0.39 4.06 clay 7.0 1.00 10 180 86 180 2.57 3.16 146.11 0.997 1.000 0.432 0.370 1.144 YES 5.0 21.3 1,200 N/A N/A 0.000 0.00 0.88
2.50 5.98 0.35 5.87 clay 6.0 1.00 6 300 144 300 2.71 N/A N/A 0.994 N/A 0.431 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.88
3.50 5.32 0.35 6.51 clay 5.0 1.66 9 420 202 420 2.55 3.02 148.47 0.992 1.000 0.430 0.384 1.193 YES 5.0 20.0 1,182 N/A N/A 0.000 0.00 0.88
4.50 2.40 0.11 4.65 clay 4.0 1.00 2 540 259 540 3.10 N/A N/A 0.990 N/A 0.429 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.88
5.50 2.15 0.06 2.87 clay 3.0 1.00 2 660 317 660 3.08 N/A N/A 0.987 N/A 0.428 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.88
6.50 2.32 0.07 2.89 clay 2.0 1.00 2 780 374 749 3.10 N/A N/A 0.985 N/A 0.427 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.88
7.50 1.72 0.07 3.86 clay 1.0 1.00 2 900 432 806 3.35 N/A N/A 0.983 N/A 0.426 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.88
8.50 24.22 0.13 0.53 silty sand to sandy silt 0.0 1.00 8 1,020 490 864 2.02 1.33 64.88 0.980 1.000 0.425 0.105 0.331 YES 2.8 15.1 687 19.7 N/A 1.490 0.18 0.70
9.50 19.60 0.20 1.01 sandy silt to clayey silt -1.0 1.66 13 1,140 547 922 1.96 1.25 77.59 0.978 1.000 0.424 0.123 0.389 YES 2.8 21.9 1,200 27.9 N/A 0.226 0.03 0.67
10.50 1.71 0.08 4.70 organic material -2.0 1.00 2 1,260 605 979 3.53 N/A N/A 0.976 N/A 0.423 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.67
11.50 1.92 0.05 2.54 clay -3.0 1.00 2 1,380 662 1,037 3.36 N/A N/A 0.973 N/A 0.422 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.67
12.50 2.70 0.09 3.31 clay -4.0 1.00 3 1,500 720 1,094 3.29 N/A N/A 0.971 N/A 0.421 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.67
13.50 2.67 0.07 2.45 clay -5.0 1.00 3 1,620 778 1,152 3.26 N/A N/A 0.969 N/A 0.420 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.67
14.50 1.73 0.03 1.98 sensitive fine grained -6.0 1.00 1 1,740 835 1,210 3.45 N/A N/A 0.966 N/A 0.419 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.67
15.50 1.62 0.04 2.80 clay -7.0 1.00 2 1,860 893 1,267 3.61 N/A N/A 0.964 N/A 0.418 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.67
16.50 1.37 0.03 1.92 sensitive fine grained -8.0 1.00 1 1,980 950 1,325 3.71 N/A N/A 0.962 N/A 0.417 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.67
17.50 2.33 0.05 2.25 sensitive fine grained -9.0 1.00 1 2,100 1,008 1,382 3.41 N/A N/A 0.959 N/A 0.416 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.67
18.50 3.18 0.03 0.90 sensitive fine grained -10.0 1.00 2 2,220 1,066 1,440 3.07 N/A N/A 0.957 N/A 0.415 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.67
19.50 3.48 0.06 1.74 sensitive fine grained -11.0 1.00 2 2,340 1,123 1,498 3.19 N/A N/A 0.955 N/A 0.414 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.67
20.50 29.69 0.18 0.59 silty sand to sandy silt -12.0 1.00 10 2,460 1,181 1,555 2.14 1.53 58.98 0.952 1.000 0.413 0.099 0.320 YES 2.8 14.0 594 18.5 N/A 1.586 0.19 0.48
21.50 49.63 0.36 0.73 silty sand to sandy silt -13.0 1.66 27 2,580 1,238 1,613 1.69 1.00 104.44 0.950 1.000 0.412 0.186 0.603 YES 2.8 33.3 1,200 41.6 N/A 0.000 0.00 0.48
22.50 9.72 0.19 1.93 clayey silt to silty clay -14.0 1.00 5 2,700 1,296 1,670 2.82 N/A N/A 0.948 N/A 0.411 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
23.50 5.53 0.14 2.58 clay -15.0 1.00 6 2,820 1,354 1,728 3.14 N/A N/A 0.945 N/A 0.410 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
24.50 6.88 0.13 1.85 silty clay to clay -16.0 1.00 5 2,940 1,411 1,786 2.98 N/A N/A 0.943 N/A 0.409 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
25.50 6.08 0.16 2.60 clay -17.0 1.00 6 3,060 1,469 1,843 3.13 N/A N/A 0.941 N/A 0.408 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
26.50 3.87 0.08 1.98 clay -18.0 1.00 4 3,180 1,526 1,901 3.30 N/A N/A 0.938 N/A 0.407 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
27.50 4.93 0.12 2.37 clay -19.0 1.00 5 3,300 1,584 1,958 3.23 N/A N/A 0.936 N/A 0.406 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
28.50 4.60 0.08 1.83 silty clay to clay -20.0 1.00 3 3,420 1,642 2,016 3.22 N/A N/A 0.934 N/A 0.405 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
29.50 9.32 0.11 1.15 clayey silt to silty clay -21.0 1.00 5 3,540 1,699 2,074 2.81 N/A N/A 0.931 N/A 0.404 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
30.50 24.22 0.65 2.70 clayey silt to silty clay -22.0 1.00 12 3,660 1,757 2,131 2.65 N/A N/A 0.926 N/A 0.401 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
31.50 22.70 0.75 3.33 clayey silt to silty clay -23.0 1.00 11 3,780 1,814 2,189 2.74 N/A N/A 0.918 N/A 0.398 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
32.50 23.72 0.93 3.91 silty clay to clay -24.0 1.00 16 3,900 1,872 2,246 2.78 N/A N/A 0.909 N/A 0.394 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
33.50 25.67 0.75 2.92 clayey silt to silty clay -25.0 1.00 13 4,020 1,930 2,304 2.68 N/A N/A 0.901 N/A 0.391 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
34.50 38.37 1.30 3.38 clayey silt to silty clay -26.0 1.00 19 4,140 1,987 2,362 2.59 3.25 125.24 0.893 1.000 0.387 0.263 0.906 YES 2.8 20.5 1,200 N/A N/A 0.000 0.00 0.48
35.50 41.48 1.08 2.61 sandy silt to clayey silt -27.0 1.66 27 4,260 2,045 2,419 2.18 1.61 109.25 0.885 0.992 0.384 0.201 0.694 YES 2.8 27.8 1,200 35.0 N/A 0.042 0.01 0.48
36.50 15.73 0.23 1.46 sandy silt to clayey silt -28.0 1.00 6 4,380 2,102 2,477 2.71 N/A N/A 0.877 N/A 0.380 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
37.50 17.05 0.31 1.79 sandy silt to clayey silt -29.0 1.00 7 4,500 2,160 2,534 2.73 N/A N/A 0.869 N/A 0.376 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.48
38.50 34.87 0.38 1.08 silty sand to sandy silt -30.0 1.00 12 4,620 2,218 2,592 2.33 2.06 68.37 0.861 0.976 0.373 0.110 0.383 YES 2.8 13.0 511 17.3 N/A 1.642 0.20 0.28
39.50 21.35 0.41 1.90 sandy silt to clayey silt -31.0 1.00 9 4,740 2,275 2,650 2.68 N/A N/A 0.852 N/A 0.369 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.28
40.50 41.35 0.68 1.64 silty sand to sandy silt -32.0 1.00 14 4,860 2,333 2,707 2.39 2.26 86.39 0.844 0.961 0.366 0.140 0.491 YES 2.8 14.6 648 19.2 N/A 1.416 0.17 0.11
41.50 37.34 0.56 1.50 silty sand to sandy silt -33.0 1.66 21 4,980 2,390 2,765 2.09 1.44 81.36 0.836 0.946 0.362 0.130 0.453 YES 2.8 20.3 1,200 26.0 N/A 0.160 0.02 0.09
42.50 8.05 0.09 1.08 clayey silt to silty clay -34.0 1.00 4 5,100 2,448 2,822 2.99 N/A N/A 0.828 N/A 0.359 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
43.50 11.92 0.26 2.15 clayey silt to silty clay -35.0 1.00 6 5,220 2,506 2,880 2.97 N/A N/A 0.820 N/A 0.355 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
44.50 32.78 0.85 2.58 sandy silt to clayey silt -36.0 1.00 13 5,340 2,563 2,938 2.63 N/A N/A 0.812 N/A 0.352 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
45.50 35.50 0.55 1.54 silty sand to sandy silt -37.0 1.66 20 5,460 2,621 2,995 2.14 1.52 78.15 0.804 0.922 0.348 0.124 0.439 YES 2.8 18.8 1,061 24.2 N/A 0.260 0.03 0.06
46.50 11.98 0.22 1.88 clayey silt to silty clay -38.0 1.00 6 5,580 2,678 3,053 2.96 N/A N/A 0.795 N/A 0.345 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.06
47.50 99.50 1.20 1.21 sand to silty sand -39.0 1.66 41 5,700 2,736 3,110 1.71 1.05 147.47 0.787 0.882 0.341 0.378 1.305 NO N/A N/A N/A 37.1 N/A 0.021 0.00 0.06
48.50 16.35 0.49 2.99 clayey silt to silty clay -40.0 1.66 14 5,820 2,794 3,168 2.63 N/A N/A 0.779 N/A 0.338 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.06
49.50 7.15 0.14 1.91 silty clay to clay -41.0 1.00 5 5,940 2,851 3,226 3.23 N/A N/A 0.771 N/A 0.334 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.06
50.50 6.52 0.15 2.28 silty clay to clay -42.0 1.00 4 6,060 2,909 3,283 3.33 N/A N/A 0.763 N/A 0.331 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.06
51.50 6.98 0.23 3.34 clay -43.0 1.00 7 6,180 2,966 3,341 3.40 N/A N/A 0.755 N/A 0.327 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.06
52.50 8.57 0.22 2.64 silty clay to clay -44.0 1.00 6 6,300 3,024 3,398 3.24 N/A N/A 0.747 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.06
53.50 12.23 0.22 1.81 clayey silt to silty clay -45.0 1.00 6 6,420 3,082 3,456 2.99 N/A N/A 0.739 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.06
54.50 19.78 0.62 3.15 clayey silt to silty clay -46.0 1.00 10 6,540 3,139 3,514 2.93 N/A N/A 0.730 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.06
55.50 73.55 1.03 1.40 silty sand to sandy silt -47.0 1.00 25 6,660 3,197 3,571 2.20 1.66 96.53 0.722 0.860 0.313 0.164 0.600 YES 2.8 21.1 1,200 27.0 N/A 0.085 0.01 0.05
56.50 68.25 1.02 1.49 silty sand to sandy silt -48.0 1.00 23 6,780 3,254 3,629 2.24 1.78 95.35 0.714 0.861 0.309 0.161 0.596 YES 2.8 19.7 1,153 25.3 N/A 0.095 0.01 0.03
57.50 69.22 1.10 1.59 silty sand to sandy silt -49.0 1.00 23 6,900 3,312 3,686 2.26 1.83 98.21 0.706 0.856 0.306 0.168 0.627 YES 2.8 19.8 1,164 25.4 N/A 0.093 0.01 0.02
58.50 106.67 1.64 1.54 sand to silty sand -50.0 1.00 27 7,020 3,370 3,744 2.11 1.47 120.64 0.698 0.841 0.302 0.243 0.903 YES 1.3 20.8 1,200 22.9 N/A 0.152 0.02 0.00
59.50 235.33 2.01 0.86 sand -51.0 1.00 47 7,140 3,427 3,802 1.68 1.02 184.04 0.690 0.806 0.299 N/A N/A NO N/A N/A N/A 34.1 N/A 0.036 0.00 0.00

max= 1,200
min= 511
avg= 1,038
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT048 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 11.00 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 8.00 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 1.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 11.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 0.45 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 0.45 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth

During Test
(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
Sleeve

Friction

fs-avg (tsf)

Average
Friction

Ratio

Rf-avg (%)
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(Robertson et al., 1983)
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Thin Layer 
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(Lunne, et al., 1997)
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v (psf)

Effective
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Soil
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Type
Index

Ic

Fines
Correction
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Kc

Corrected
Tip

Resistance
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Shear
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Reduction
Coeff.

rd

Correction
for High

Overburden
Stress

K

Cyclic
Stress
Ratio

++

CSR

Cyclic
Res.

Ratio

CRR7.5

Factor of
Safety

Against
Liqefaction

+++

FS

Liquef
y ?

SPT Blow
Count

Correction

 Ncorr.

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Residual
Shear

Strength

Sr (psf)

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Cyclic
Shear
Strain

c (%)

Vol.
Strain

 v (%)

Layer
Settlemen

t

Si (in.)

Cumulativ
e

Settlement
Profile

(in.)

0.50 79.50 2.35 2.95 sandy silt to clayey silt 10.0 1.00 32 60 60 60 1.87 1.17 534.77 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 69.9 N/A N/A N/A 0.45
1.50 119.95 5.11 4.26 very stiff fine grained (*) 9.0 1.00 120 180 149 180 2.03 1.34 587.21 0.997 1.000 0.251 N/A N/A NO N/A N/A N/A N/A N/A 0.000 0.00 0.45
2.50 168.40 5.89 3.50 sandy silt to clayey silt 8.0 1.00 67 300 206 300 1.92 1.21 631.72 0.994 1.000 0.301 N/A N/A NO N/A N/A N/A 142.4 N/A 0.000 0.00 0.45
3.50 89.02 5.53 6.22 very stiff fine grained (*) 7.0 1.00 89 420 264 420 2.29 1.90 466.44 0.992 1.000 0.328 N/A N/A NO N/A N/A N/A N/A N/A 0.000 0.00 0.45
4.50 122.97 2.78 2.26 silty sand to sandy silt 6.0 1.00 41 540 322 540 1.86 1.15 352.83 0.990 1.000 0.346 N/A N/A NO N/A N/A N/A 88.6 N/A 0.000 0.00 0.45
5.50 161.12 2.46 1.53 sand to silty sand 5.0 1.66 67 660 379 660 1.37 1.00 612.65 0.987 1.000 0.357 N/A N/A NO N/A N/A N/A 121.3 N/A 0.000 0.00 0.45
6.50 33.18 1.49 4.50 silty clay to clay 4.0 1.00 22 780 437 780 2.48 2.67 189.31 0.985 1.000 0.366 N/A N/A NO N/A N/A N/A N/A N/A 0.000 0.00 0.45
7.50 18.23 0.94 5.16 clay 3.0 1.00 18 900 494 900 2.62 N/A N/A 0.983 N/A 0.372 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.45
8.50 12.40 0.66 5.38 clay 2.0 1.00 12 1,020 552 989 2.77 N/A N/A 0.980 N/A 0.377 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.45
9.50 30.37 1.02 3.34 clayey silt to silty clay 1.0 1.66 25 1,140 610 1,046 2.15 1.55 141.44 0.978 1.000 0.380 0.343 1.204 YES 2.8 37.6 1,200 N/A N/A 0.000 0.00 0.45
10.50 12.01 0.45 3.77 clay 0.0 1.00 12 1,260 667 1,104 2.73 N/A N/A 0.976 N/A 0.383 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.45
11.50 17.03 0.44 2.61 clayey silt to silty clay -1.0 1.00 9 1,380 725 1,162 2.52 2.89 105.48 0.973 1.000 0.385 0.189 0.655 YES 2.8 14.0 590 N/A N/A 0.000 0.00 0.45
12.50 33.40 0.59 1.78 sandy silt to clayey silt -2.0 1.00 13 1,500 782 1,219 2.29 1.90 101.65 0.971 1.000 0.387 0.178 0.612 YES 2.8 19.9 1,176 25.5 N/A 0.283 0.03 0.42
13.50 27.28 0.53 1.94 sandy silt to clayey silt -3.0 1.66 18 1,620 840 1,277 2.08 1.42 98.85 0.969 1.000 0.389 0.170 0.583 YES 2.8 25.4 1,200 32.1 N/A 0.068 0.01 0.41
14.50 10.33 0.31 3.00 silty clay to clay -4.0 1.00 7 1,740 898 1,334 2.80 N/A N/A 0.966 N/A 0.390 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
15.50 5.85 0.20 3.41 clay -5.0 1.00 6 1,860 955 1,392 3.06 N/A N/A 0.964 N/A 0.390 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
16.50 5.52 0.15 2.74 clay -6.0 1.00 6 1,980 1,013 1,450 3.05 N/A N/A 0.962 N/A 0.391 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
17.50 6.00 0.15 2.56 clay -7.0 1.00 6 2,100 1,070 1,507 3.02 N/A N/A 0.959 N/A 0.391 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
18.50 6.38 0.15 2.35 silty clay to clay -8.0 1.00 4 2,220 1,128 1,565 2.99 N/A N/A 0.957 N/A 0.392 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
19.50 6.27 0.15 2.35 silty clay to clay -9.0 1.00 4 2,340 1,186 1,622 3.01 N/A N/A 0.955 N/A 0.392 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
20.50 6.51 0.13 2.04 silty clay to clay -10.0 1.00 4 2,460 1,243 1,680 2.98 N/A N/A 0.952 N/A 0.392 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
21.50 6.97 0.17 2.45 silty clay to clay -11.0 1.00 5 2,580 1,301 1,738 3.01 N/A N/A 0.950 N/A 0.392 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
22.50 6.40 0.16 2.56 silty clay to clay -12.0 1.00 4 2,700 1,358 1,795 3.07 N/A N/A 0.948 N/A 0.392 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
23.50 7.90 0.24 3.08 clay -13.0 1.00 8 2,820 1,416 1,853 3.04 N/A N/A 0.945 N/A 0.392 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
24.50 7.33 0.16 2.17 silty clay to clay -14.0 1.00 5 2,940 1,474 1,910 3.00 N/A N/A 0.943 N/A 0.391 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
25.50 7.77 0.12 1.55 clayey silt to silty clay -15.0 1.00 4 3,060 1,531 1,968 2.91 N/A N/A 0.941 N/A 0.391 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
26.50 8.82 0.25 2.80 silty clay to clay -16.0 1.00 6 3,180 1,589 2,026 3.01 N/A N/A 0.938 N/A 0.391 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
27.50 9.87 0.24 2.47 silty clay to clay -17.0 1.00 7 3,300 1,646 2,083 2.94 N/A N/A 0.936 N/A 0.390 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
28.50 11.75 0.24 2.06 clayey silt to silty clay -18.0 1.00 6 3,420 1,704 2,141 2.84 N/A N/A 0.934 N/A 0.390 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
29.50 11.68 0.20 1.70 clayey silt to silty clay -19.0 1.00 6 3,540 1,762 2,198 2.81 N/A N/A 0.931 N/A 0.389 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
30.50 13.83 0.24 1.73 clayey silt to silty clay -20.0 1.00 7 3,660 1,819 2,256 2.75 N/A N/A 0.926 N/A 0.387 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
31.50 14.24 0.38 2.71 clayey silt to silty clay -21.0 1.00 7 3,780 1,877 2,314 2.86 N/A N/A 0.918 N/A 0.384 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
32.50 21.87 1.08 4.96 clay -22.0 1.00 22 3,900 1,934 2,371 2.88 N/A N/A 0.909 N/A 0.381 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
33.50 25.48 0.69 2.72 clayey silt to silty clay -23.0 1.00 13 4,020 1,992 2,429 2.67 N/A N/A 0.901 N/A 0.378 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
34.50 43.57 1.48 3.39 clayey silt to silty clay -24.0 1.00 22 4,140 2,050 2,486 2.55 3.05 130.56 0.893 0.992 0.375 0.287 1.012 YES 2.8 22.3 1,200 N/A N/A 0.000 0.00 0.41
35.50 23.07 1.23 5.33 clay -25.0 1.00 23 4,260 2,107 2,544 2.91 N/A N/A 0.885 N/A 0.372 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
36.50 28.33 0.77 2.71 sandy silt to clayey silt -26.0 1.00 11 4,380 2,165 2,602 2.65 N/A N/A 0.877 N/A 0.369 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
37.50 28.93 0.87 3.01 clayey silt to silty clay -27.0 1.00 14 4,500 2,222 2,659 2.68 N/A N/A 0.869 N/A 0.366 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
38.50 59.73 0.99 1.65 silty sand to sandy silt -28.0 1.66 33 4,620 2,280 2,717 1.94 1.23 114.03 0.861 0.949 0.363 0.218 0.761 YES 2.8 31.1 1,200 38.9 N/A 0.008 0.00 0.41
39.50 22.60 0.58 2.57 clayey silt to silty clay -29.0 1.00 11 4,740 2,338 2,774 2.74 N/A N/A 0.852 N/A 0.360 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.41
40.50 36.63 0.94 2.55 sandy silt to clayey silt -30.0 1.00 15 4,860 2,395 2,832 2.57 3.15 100.75 0.844 0.954 0.356 0.175 0.625 YES 2.8 15.1 690 19.8 N/A 1.330 0.16 0.25
41.50 22.23 0.73 3.27 clayey silt to silty clay -31.0 1.00 11 4,980 2,453 2,890 2.83 N/A N/A 0.836 N/A 0.353 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
42.50 13.85 0.36 2.62 clayey silt to silty clay -32.0 1.00 7 5,100 2,510 2,947 2.96 N/A N/A 0.828 N/A 0.350 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
43.50 11.67 0.23 1.97 clayey silt to silty clay -33.0 1.00 6 5,220 2,568 3,005 2.97 N/A N/A 0.820 N/A 0.347 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
44.50 11.38 0.32 2.77 silty clay to clay -34.0 1.00 8 5,340 2,626 3,062 3.07 N/A N/A 0.812 N/A 0.343 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
45.50 9.10 0.14 1.54 clayey silt to silty clay -35.0 1.00 5 5,460 2,683 3,120 3.04 N/A N/A 0.804 N/A 0.340 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
46.50 10.28 0.16 1.51 clayey silt to silty clay -36.0 1.00 5 5,580 2,741 3,178 2.99 N/A N/A 0.795 N/A 0.337 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
47.50 12.00 0.28 2.33 clayey silt to silty clay -37.0 1.00 6 5,700 2,798 3,235 3.03 N/A N/A 0.787 N/A 0.334 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
48.50 13.30 0.21 1.60 clayey silt to silty clay -38.0 1.00 7 5,820 2,856 3,293 2.90 N/A N/A 0.779 N/A 0.330 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
49.50 9.65 0.13 1.30 clayey silt to silty clay -39.0 1.00 5 5,940 2,914 3,350 3.00 N/A N/A 0.771 N/A 0.327 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
50.50 11.77 0.21 1.79 clayey silt to silty clay -40.0 1.00 6 6,060 2,971 3,408 2.99 N/A N/A 0.763 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
51.50 11.45 0.20 1.70 clayey silt to silty clay -41.0 1.00 6 6,180 3,029 3,466 3.00 N/A N/A 0.755 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
52.50 12.07 0.19 1.53 clayey silt to silty clay -42.0 1.00 6 6,300 3,086 3,523 2.96 N/A N/A 0.747 N/A 0.317 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
53.50 11.70 0.19 1.63 clayey silt to silty clay -43.0 1.00 6 6,420 3,144 3,581 3.00 N/A N/A 0.739 N/A 0.314 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
54.50 12.58 0.19 1.51 clayey silt to silty clay -44.0 1.00 6 6,540 3,202 3,638 2.95 N/A N/A 0.730 N/A 0.310 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
55.50 18.40 0.33 1.81 sandy silt to clayey silt -45.0 1.00 7 6,660 3,259 3,696 2.83 N/A N/A 0.722 N/A 0.307 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.25
56.50 44.15 0.87 1.97 sandy silt to clayey silt -46.0 1.00 18 6,780 3,317 3,754 2.52 2.88 87.15 0.714 0.873 0.304 0.142 0.543 YES 2.8 15.7 744 20.5 N/A 0.498 0.06 0.19
57.50 103.22 1.44 1.39 sand to silty sand -47.0 1.66 43 6,900 3,374 3,811 1.78 1.09 143.44 0.706 0.811 0.300 0.354 1.278 YES 1.3 32.3 1,200 34.9 N/A 0.031 0.00 0.19
58.50 48.20 0.85 1.75 silty sand to sandy silt -48.0 1.00 16 7,020 3,432 3,869 2.42 2.41 88.57 0.698 0.871 0.297 0.145 0.566 YES 2.8 14.4 622 18.9 N/A 1.189 0.14 0.05
59.50 54.03 1.09 2.01 silty sand to sandy silt -49.0 1.00 18 7,140 3,490 3,926 2.42 2.41 98.47 0.690 0.861 0.294 0.169 0.661 YES 2.8 15.7 741 20.4 N/A 0.381 0.05 0.00
60.50 37.43 1.17 3.11 clayey silt to silty clay -50.0 1.00 19 7,260 3,547 3,984 2.73 N/A N/A 0.682 N/A 0.290 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00

max= 1,200
min= 590
avg= 960
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT050 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 20.00 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 17.00 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 10.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 14.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 0.84 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.02 inches <--- Dry or Unsaturated Sands

Total: 0.86 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth

During Test
(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
Sleeve

Friction

fs-avg (tsf)

Average
Friction

Ratio

Rf-avg (%)
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(Robertson et al., 1983)
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Layer

Elevation
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Correction Factor

(Lunne, et al., 1997)
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Vert.
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Effective
Vert.
Stress
(Test)

v' (psf)
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Shear
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++
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+++
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y ?

SPT Blow
Count

Correction

 Ncorr.

Fines
Corrected
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(N1)60cs

Residual
Shear

Strength

Sr (psf)

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Cyclic
Shear
Strain

c (%)

Vol.
Strain

 v (%)

Layer
Settlemen

t

Si (in.)

Cumulativ
e

Settlement
Profile

(in.)

0.50 104.53 0.23 0.22 sand 19.0 1.00 21 60 60 60 0.89 1.00 603.52 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 35.5 0.009 0.008 0.00 0.86
1.50 57.47 0.13 0.22 sand to silty sand 18.0 1.00 14 180 180 180 1.31 1.00 191.56 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 28.1 0.017 0.019 0.00 0.86
2.50 42.85 0.26 0.61 silty sand to sandy silt 17.0 1.00 14 300 300 300 1.75 1.07 118.28 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 34.1 0.021 0.018 0.00 0.86
3.50 36.18 0.13 0.37 silty sand to sandy silt 16.0 1.00 12 420 420 420 1.76 1.00 78.96 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A 29.6 0.026 0.027 0.00 0.85
4.50 23.82 0.10 0.41 silty sand to sandy silt 15.0 1.00 8 540 540 540 1.99 1.00 45.84 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A 21.2 0.033 0.051 0.01 0.85
5.50 19.15 0.16 0.83 sandy silt to clayey silt 14.0 1.00 8 660 660 660 2.26 1.82 60.74 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A 20.6 N/A N/A N/A 0.85
6.50 25.97 0.27 1.05 silty sand to sandy silt 13.0 1.00 9 780 780 780 2.23 1.75 72.79 0.985 N/A 0.205 N/A N/A NO N/A N/A N/A 21.6 0.039 0.059 0.01 0.84
7.50 30.67 0.48 1.58 sandy silt to clayey silt 12.0 1.00 12 900 900 900 2.30 1.96 89.50 0.983 N/A 0.204 N/A N/A NO N/A N/A N/A 26.9 N/A N/A N/A 0.84
8.50 124.85 0.89 0.72 sand 11.0 1.66 41 1,020 1,020 1,020 1.32 1.00 289.46 0.980 N/A 0.204 N/A N/A NO N/A N/A N/A 57.9 0.032 0.000 0.00 0.84
9.50 29.12 0.76 2.60 sandy silt to clayey silt 10.0 1.00 12 1,140 1,140 1,140 2.50 2.77 106.76 0.978 N/A 0.203 N/A N/A NO N/A N/A N/A 23.5 N/A N/A N/A 0.84
10.50 15.40 0.37 2.43 clayey silt to silty clay 9.0 1.00 8 1,260 1,229 1,260 2.67 N/A N/A 0.976 N/A 0.208 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
11.50 11.35 0.32 2.82 silty clay to clay 8.0 1.00 8 1,380 1,286 1,380 2.84 N/A N/A 0.973 N/A 0.217 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
12.50 10.83 0.32 2.97 silty clay to clay 7.0 1.00 7 1,500 1,344 1,500 2.88 N/A N/A 0.971 N/A 0.225 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
13.50 9.40 0.30 3.19 silty clay to clay 6.0 1.00 6 1,620 1,402 1,620 2.96 N/A N/A 0.969 N/A 0.233 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
14.50 7.12 0.20 2.82 silty clay to clay 5.0 1.00 5 1,740 1,459 1,740 3.05 N/A N/A 0.966 N/A 0.240 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
15.50 9.43 0.30 3.15 silty clay to clay 4.0 1.00 6 1,860 1,517 1,860 2.98 N/A N/A 0.964 N/A 0.246 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
16.50 9.40 0.26 2.74 silty clay to clay 3.0 1.00 6 1,980 1,574 1,980 2.96 N/A N/A 0.962 N/A 0.252 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.84
17.50 24.28 0.28 1.14 sandy silt to clayey silt 2.0 1.66 16 2,100 1,632 2,069 2.11 1.48 65.77 0.959 1.000 0.257 0.106 0.553 YES 2.8 18.6 1,040 24.0 N/A 0.084 0.01 0.83
18.50 8.22 0.22 2.73 silty clay to clay 1.0 1.00 5 2,220 1,690 2,126 3.03 N/A N/A 0.957 N/A 0.262 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.83
19.50 6.90 0.21 3.06 clay 0.0 1.00 7 2,340 1,747 2,184 3.14 N/A N/A 0.955 N/A 0.266 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.83
20.50 36.31 0.43 1.18 silty sand to sandy silt -1.0 1.00 12 2,460 1,805 2,242 2.29 1.93 73.81 0.952 1.000 0.270 0.117 0.580 YES 2.8 14.2 612 18.7 N/A 0.393 0.05 0.78
21.50 27.67 0.40 1.46 sandy silt to clayey silt -2.0 1.00 11 2,580 1,862 2,299 2.45 2.55 73.00 0.950 1.000 0.274 0.116 0.566 YES 2.8 13.1 520 17.4 N/A 1.214 0.15 0.64
22.50 25.75 0.34 1.32 sandy silt to clayey silt -3.0 1.66 17 2,700 1,920 2,357 2.15 1.56 67.90 0.948 1.000 0.277 0.109 0.525 YES 2.8 18.5 1,029 23.9 N/A 0.091 0.01 0.63
23.50 6.98 0.15 2.23 silty clay to clay -4.0 1.00 5 2,820 1,978 2,414 3.10 N/A N/A 0.945 N/A 0.280 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
24.50 6.27 0.06 1.01 sensitive fine grained -5.0 1.00 3 2,940 2,035 2,472 2.99 N/A N/A 0.943 N/A 0.283 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
25.50 7.67 0.11 1.44 clayey silt to silty clay -6.0 1.00 4 3,060 2,093 2,530 2.98 N/A N/A 0.941 N/A 0.286 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
26.50 8.15 0.11 1.42 clayey silt to silty clay -7.0 1.00 4 3,180 2,150 2,587 2.96 N/A N/A 0.938 N/A 0.289 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
27.50 7.30 0.09 1.21 sensitive fine grained -8.0 1.00 4 3,300 2,208 2,645 2.99 N/A N/A 0.936 N/A 0.291 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
28.50 6.95 0.07 0.95 sensitive fine grained -9.0 1.00 3 3,420 2,266 2,702 2.97 N/A N/A 0.934 N/A 0.293 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
29.50 7.42 0.08 1.09 sensitive fine grained -10.0 1.00 4 3,540 2,323 2,760 2.98 N/A N/A 0.931 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
30.50 7.92 0.11 1.43 clayey silt to silty clay -11.0 1.00 4 3,660 2,381 2,818 3.02 N/A N/A 0.926 N/A 0.296 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.63
31.50 17.09 0.13 0.77 sandy silt to clayey silt -12.0 1.66 11 3,780 2,438 2,875 2.25 1.00 25.62 0.918 0.955 0.296 0.071 0.307 YES 2.8 12.2 453 16.3 N/A 1.596 0.19 0.44
32.50 7.88 0.09 1.08 clayey silt to silty clay -13.0 1.00 4 3,900 2,496 2,933 2.98 N/A N/A 0.909 N/A 0.296 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.44
33.50 10.13 0.18 1.78 clayey silt to silty clay -14.0 1.00 5 4,020 2,554 2,990 2.99 N/A N/A 0.901 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.44
34.50 14.62 0.20 1.35 sandy silt to clayey silt -15.0 1.00 6 4,140 2,611 3,048 2.78 N/A N/A 0.893 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.44
35.50 14.37 0.37 2.59 clayey silt to silty clay -16.0 1.00 7 4,260 2,669 3,106 2.95 N/A N/A 0.885 N/A 0.294 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.44
36.50 14.97 0.46 3.09 clayey silt to silty clay -17.0 1.00 7 4,380 2,726 3,163 2.98 N/A N/A 0.877 N/A 0.293 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.44
37.50 47.78 0.57 1.20 silty sand to sandy silt -18.0 1.66 26 4,500 2,784 3,221 1.97 1.27 84.92 0.869 0.893 0.292 0.137 0.559 YES 2.8 23.6 1,200 29.9 N/A 0.061 0.01 0.43
38.50 12.20 0.37 3.08 silty clay to clay -19.0 1.00 8 4,620 2,842 3,278 3.08 N/A N/A 0.861 N/A 0.291 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
39.50 10.58 0.29 2.78 silty clay to clay -20.0 1.00 7 4,740 2,899 3,336 3.12 N/A N/A 0.852 N/A 0.290 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
40.50 10.32 0.23 2.24 clayey silt to silty clay -21.0 1.00 5 4,860 2,957 3,394 3.08 N/A N/A 0.844 N/A 0.289 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
41.50 37.01 0.68 1.83 sandy silt to clayey silt -22.0 1.00 15 4,980 3,014 3,451 2.54 2.95 80.37 0.836 0.902 0.287 0.128 0.537 YES 2.8 14.1 598 18.5 N/A 1.150 0.14 0.29
42.50 32.33 0.99 3.06 clayey silt to silty clay -23.0 1.00 16 5,100 3,072 3,509 2.73 N/A N/A 0.828 N/A 0.286 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.29
43.50 57.98 1.02 1.77 silty sand to sandy silt -24.0 1.00 19 5,220 3,130 3,566 2.34 2.08 96.18 0.820 0.880 0.284 0.163 0.672 YES 2.8 17.3 901 22.4 N/A 0.123 0.01 0.28
44.50 67.35 1.30 1.93 silty sand to sandy silt -25.0 1.00 22 5,340 3,187 3,624 2.31 1.99 106.33 0.812 0.867 0.283 0.192 0.784 YES 2.8 19.5 1,131 25.0 N/A 0.087 0.01 0.26
45.50 140.32 1.92 1.37 sand to silty sand -26.0 1.00 35 5,460 3,245 3,682 1.97 1.27 139.73 0.804 0.831 0.281 0.334 1.316 NO N/A N/A N/A 29.6 N/A 0.060 0.01 0.26
46.50 104.55 0.60 0.57 sand -27.0 1.66 35 5,580 3,302 3,739 1.54 1.00 134.72 0.795 0.828 0.280 0.307 1.214 YES 0.0 25.3 1,200 25.3 N/A 0.084 0.01 0.25
47.50 48.68 0.51 1.05 silty sand to sandy silt -28.0 1.00 16 5,700 3,360 3,797 2.28 1.88 70.67 0.787 0.875 0.278 0.113 0.474 YES 2.8 14.6 642 19.1 N/A 0.417 0.05 0.20
48.50 36.22 0.61 1.70 sandy silt to clayey silt -29.0 1.00 14 5,820 3,418 3,854 2.56 3.09 74.92 0.779 0.878 0.276 0.119 0.506 YES 2.8 13.2 529 17.5 N/A 1.214 0.15 0.05
49.50 49.93 0.75 1.50 silty sand to sandy silt -30.0 1.00 17 5,940 3,475 3,912 2.37 2.18 82.47 0.771 0.867 0.274 0.132 0.558 YES 2.8 14.7 653 19.3 N/A 0.347 0.04 0.01
50.50 37.35 0.65 1.75 sandy silt to clayey silt -31.0 1.66 25 6,060 3,533 3,970 2.20 1.67 77.76 0.763 0.836 0.272 0.124 0.507 YES 2.8 20.4 1,200 26.1 N/A 0.077 0.01 0.00
51.50 17.12 0.46 2.68 clayey silt to silty clay -32.0 1.00 9 6,180 3,590 4,027 2.98 N/A N/A 0.755 N/A 0.270 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
52.50 14.99 0.31 2.11 clayey silt to silty clay -33.0 1.00 7 6,300 3,648 4,085 2.98 N/A N/A 0.747 N/A 0.268 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
53.50 15.17 0.26 1.71 clayey silt to silty clay -34.0 1.00 8 6,420 3,706 4,142 2.93 N/A N/A 0.739 N/A 0.266 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
54.50 14.72 0.34 2.34 clayey silt to silty clay -35.0 1.00 7 6,540 3,763 4,200 3.03 N/A N/A 0.730 N/A 0.264 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
55.50 15.32 0.36 2.37 clayey silt to silty clay -36.0 1.00 8 6,660 3,821 4,258 3.02 N/A N/A 0.722 N/A 0.262 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
56.50 16.47 0.43 2.61 clayey silt to silty clay -37.0 1.00 8 6,780 3,878 4,315 3.02 N/A N/A 0.714 N/A 0.260 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
57.50 20.08 0.33 1.67 sandy silt to clayey silt -38.0 1.00 8 6,900 3,936 4,373 2.83 N/A N/A 0.706 N/A 0.257 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
58.50 15.08 0.40 2.68 clayey silt to silty clay -39.0 1.00 8 7,020 3,994 4,430 3.07 N/A N/A 0.698 N/A 0.255 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
59.50 13.00 0.26 2.02 clayey silt to silty clay -40.0 1.00 7 7,140 4,051 4,488 3.07 N/A N/A 0.690 N/A 0.253 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
60.50 18.82 0.34 1.83 sandy silt to clayey silt -41.0 1.00 8 7,260 4,109 4,546 2.90 N/A N/A 0.682 N/A 0.250 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00

max= 1,200
min= 453
avg= 836
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT052 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 12.00 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 9.00 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 2.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 26.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 2.92 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 2.92 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **
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0.50 99.30 0.99 0.99 sand to silty sand 11.0 1.66 41 60 60 60 1.11 1.00 949.25 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 75.7 0.007 0.000 0.00 2.92
1.50 37.35 0.99 2.66 sandy silt to clayey silt 10.0 1.66 25 180 180 180 1.84 1.13 233.71 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 55.5 N/A N/A N/A 2.92
2.50 13.08 0.50 3.85 clay 9.0 1.00 13 300 269 300 2.48 2.68 158.13 0.994 1.000 0.231 0.448 2.589 NO N/A N/A N/A N/A N/A 0.000 0.00 2.92
3.50 7.10 0.32 4.49 clay 8.0 1.00 7 420 326 420 2.77 N/A N/A 0.992 N/A 0.265 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
4.50 6.42 0.24 3.69 clay 7.0 1.00 6 540 384 540 2.79 N/A N/A 0.990 N/A 0.289 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
5.50 9.08 0.28 3.02 silty clay to clay 6.0 1.00 6 660 442 660 2.65 N/A N/A 0.987 N/A 0.307 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
6.50 6.02 0.22 3.60 clay 5.0 1.00 6 780 499 780 2.88 N/A N/A 0.985 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
7.50 5.30 0.18 3.42 clay 4.0 1.00 5 900 557 900 2.94 N/A N/A 0.983 N/A 0.330 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
8.50 5.78 0.19 3.26 clay 3.0 1.00 6 1,020 614 1,020 2.92 N/A N/A 0.980 N/A 0.338 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
9.50 6.15 0.17 2.76 clay 2.0 1.00 6 1,140 672 1,109 2.88 N/A N/A 0.978 N/A 0.345 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
10.50 5.63 0.16 2.91 clay 1.0 1.00 6 1,260 730 1,166 2.95 N/A N/A 0.976 N/A 0.350 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
11.50 5.33 0.26 4.80 clay 0.0 1.00 5 1,380 787 1,224 3.13 N/A N/A 0.973 N/A 0.355 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
12.50 4.80 0.21 4.39 clay -1.0 1.00 5 1,500 845 1,282 3.17 N/A N/A 0.971 N/A 0.359 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
13.50 5.38 0.18 3.30 clay -2.0 1.00 5 1,620 902 1,339 3.07 N/A N/A 0.969 N/A 0.362 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
14.50 13.98 0.23 1.61 clayey silt to silty clay -3.0 1.66 12 1,740 960 1,397 2.30 1.95 65.02 0.966 1.000 0.364 0.106 0.387 YES 2.8 16.7 838 N/A N/A 0.000 0.00 2.92
15.50 3.95 0.08 1.98 clay -4.0 1.00 4 1,860 1,018 1,454 3.12 N/A N/A 0.964 N/A 0.366 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
16.50 3.78 0.06 1.44 sensitive fine grained -5.0 1.00 2 1,980 1,075 1,512 3.09 N/A N/A 0.962 N/A 0.368 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
17.50 4.40 0.07 1.61 sensitive fine grained -6.0 1.00 2 2,100 1,133 1,570 3.06 N/A N/A 0.959 N/A 0.370 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.92
18.50 10.05 0.07 0.71 sandy silt to clayey silt -7.0 1.00 4 2,220 1,190 1,627 2.56 3.09 45.82 0.957 1.000 0.371 0.088 0.317 YES 2.8 7.3 191 10.3 N/A 2.541 0.30 2.61
19.50 12.68 0.07 0.52 sandy silt to clayey silt -8.0 1.00 5 2,340 1,248 1,685 2.47 2.62 42.03 0.955 1.000 0.372 0.085 0.305 YES 2.8 8.3 231 11.6 N/A 2.343 0.28 2.33
20.50 17.41 0.08 0.47 sandy silt to clayey silt -9.0 1.66 12 2,460 1,306 1,742 2.04 1.00 35.69 0.952 1.000 0.373 0.080 0.285 YES 2.8 15.2 694 19.8 N/A 1.372 0.16 2.17
21.50 6.22 0.07 1.12 sensitive fine grained -10.0 1.00 3 2,580 1,363 1,800 2.90 N/A N/A 0.950 N/A 0.374 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.17
22.50 5.13 0.04 0.74 sensitive fine grained -11.0 1.00 3 2,700 1,421 1,858 2.92 N/A N/A 0.948 N/A 0.375 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.17
23.50 6.55 0.08 1.16 sensitive fine grained -12.0 1.00 3 2,820 1,478 1,915 2.91 N/A N/A 0.945 N/A 0.375 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.17
24.50 78.00 0.73 0.94 sand to silty sand -13.0 1.00 20 2,940 1,536 1,973 1.94 1.23 109.15 0.943 1.000 0.375 0.201 0.714 YES 1.3 21.0 1,200 23.1 N/A 1.041 0.12 2.04
25.50 127.10 1.87 1.47 sand to silty sand -14.0 1.00 32 3,060 1,594 2,030 1.92 1.20 171.45 0.941 1.000 0.376 N/A N/A NO N/A N/A N/A 35.6 N/A 0.036 0.00 2.04
26.50 66.67 1.30 1.94 silty sand to sandy silt -15.0 1.00 22 3,180 1,651 2,088 2.21 1.69 124.08 0.938 1.000 0.376 0.258 0.915 YES 2.8 24.5 1,200 31.1 N/A 0.073 0.01 2.03
27.50 55.60 0.60 1.08 silty sand to sandy silt -16.0 1.00 19 3,300 1,709 2,146 2.11 1.48 88.87 0.936 1.000 0.376 0.145 0.516 YES 2.8 20.7 1,200 26.5 N/A 0.161 0.02 2.01
28.50 51.23 0.80 1.56 silty sand to sandy silt -17.0 1.66 28 3,420 1,766 2,203 1.94 1.22 110.46 0.934 1.000 0.376 0.205 0.729 YES 2.8 29.7 1,200 37.3 N/A 0.022 0.00 2.01
29.50 23.58 0.22 0.94 sandy silt to clayey silt -18.0 1.00 9 3,540 1,824 2,261 2.41 2.37 58.54 0.931 1.000 0.376 0.099 0.350 YES 2.8 11.7 414 15.6 N/A 1.814 0.22 1.79
30.50 50.57 0.30 0.58 sand to silty sand -19.0 1.00 13 3,660 1,882 2,318 2.02 1.33 69.11 0.926 1.000 0.375 0.111 0.394 YES 1.3 13.1 516 14.8 N/A 1.900 0.23 1.56
31.50 26.97 0.22 0.82 silty sand to sandy silt -20.0 1.00 9 3,780 1,939 2,376 2.34 2.09 57.33 0.918 1.000 0.372 0.098 0.350 YES 2.8 11.0 373 14.9 N/A 1.889 0.23 1.33
32.50 15.73 0.13 0.81 sandy silt to clayey silt -21.0 1.00 6 3,900 1,997 2,434 2.56 3.12 49.08 0.909 1.000 0.369 0.091 0.328 YES 2.8 8.5 239 11.8 N/A 2.310 0.28 1.06
33.50 66.23 0.65 0.98 sand to silty sand -22.0 1.00 17 4,020 2,054 2,491 2.06 1.38 90.39 0.901 0.992 0.367 0.149 0.537 YES 1.3 16.2 791 18.0 N/A 1.545 0.19 0.87
34.50 91.12 0.87 0.95 sand to silty sand -23.0 1.00 23 4,140 2,112 2,549 1.94 1.23 109.25 0.893 0.982 0.364 0.201 0.724 YES 1.3 21.5 1,200 23.6 N/A 0.621 0.07 0.80
35.50 109.57 1.06 0.96 sand to silty sand -24.0 1.00 27 4,260 2,170 2,606 1.89 1.18 123.98 0.885 0.971 0.361 0.257 0.922 YES 1.3 25.3 1,200 27.6 N/A 0.096 0.01 0.79
36.50 211.85 2.87 1.36 sand to silty sand -25.0 1.00 53 4,380 2,227 2,664 1.79 1.10 220.68 0.877 0.958 0.359 N/A N/A NO N/A N/A N/A 50.6 N/A 0.000 0.00 0.79
37.50 253.80 3.97 1.56 sand to silty sand -26.0 1.00 63 4,500 2,285 2,722 1.79 1.10 261.27 0.869 0.948 0.356 N/A N/A NO N/A N/A N/A 59.5 N/A 0.000 0.00 0.79
38.50 268.83 4.21 1.57 sand to silty sand -27.0 1.00 67 4,620 2,342 2,779 1.78 1.09 271.31 0.861 0.939 0.353 N/A N/A NO N/A N/A N/A 62.3 N/A 0.000 0.00 0.79
39.50 271.32 4.40 1.62 sand to silty sand -28.0 1.00 68 4,740 2,400 2,837 1.79 1.10 272.83 0.852 0.930 0.350 N/A N/A NO N/A N/A N/A 62.2 N/A 0.000 0.00 0.79
40.50 140.67 2.48 1.76 silty sand to sandy silt -29.0 1.66 78 4,860 2,458 2,894 1.70 1.04 217.80 0.844 0.921 0.347 N/A N/A NO N/A N/A N/A 82.5 N/A 0.000 0.00 0.79
41.50 56.64 0.79 1.40 silty sand to sandy silt -30.0 1.66 31 4,980 2,515 2,952 1.93 1.22 102.23 0.836 0.917 0.344 0.179 0.637 YES 2.8 28.5 1,200 35.9 N/A 0.030 0.00 0.78
42.50 10.05 0.23 2.23 clayey silt to silty clay -31.0 1.00 5 5,100 2,573 3,010 3.07 N/A N/A 0.828 N/A 0.341 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.78
43.50 44.48 0.48 1.07 silty sand to sandy silt -32.0 1.00 15 5,220 2,630 3,067 2.27 1.87 72.40 0.820 0.931 0.338 0.115 0.423 YES 2.8 14.8 659 19.4 N/A 1.325 0.16 0.62
44.50 57.98 0.58 1.00 silty sand to sandy silt -33.0 1.00 19 5,340 2,688 3,125 2.16 1.58 78.89 0.812 0.917 0.335 0.126 0.458 YES 2.8 18.3 1,003 23.6 N/A 0.251 0.03 0.59
45.50 30.63 0.43 1.41 sandy silt to clayey silt -34.0 1.00 12 5,460 2,746 3,182 2.52 2.87 69.25 0.804 0.929 0.332 0.111 0.413 YES 2.8 12.5 473 16.7 N/A 1.647 0.20 0.40
46.50 34.40 0.29 0.83 silty sand to sandy silt -35.0 1.66 19 5,580 2,803 3,240 2.02 1.33 63.96 0.795 0.907 0.329 0.104 0.383 YES 2.8 17.7 946 22.9 N/A 0.318 0.04 0.36
47.50 11.43 0.22 1.85 clayey silt to silty clay -36.0 1.00 6 5,700 2,861 3,298 3.00 N/A N/A 0.787 N/A 0.326 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.36
48.50 10.08 0.15 1.48 clayey silt to silty clay -37.0 1.00 5 5,820 2,918 3,355 3.02 N/A N/A 0.779 N/A 0.323 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.36
49.50 26.98 0.33 1.23 sandy silt to clayey silt -38.0 1.00 11 5,940 2,976 3,413 2.56 3.09 61.97 0.771 0.918 0.320 0.102 0.391 YES 2.8 11.1 374 14.9 N/A 1.855 0.22 0.13
50.50 22.52 0.48 2.11 sandy silt to clayey silt -39.0 1.00 9 6,060 3,034 3,470 2.77 N/A N/A 0.763 N/A 0.317 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.13
51.50 23.28 0.45 1.93 sandy silt to clayey silt -40.0 1.00 9 6,180 3,091 3,528 2.74 N/A N/A 0.755 N/A 0.314 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.13
52.50 20.74 0.64 3.02 clayey silt to silty clay -41.0 1.00 10 6,300 3,149 3,586 2.91 N/A N/A 0.747 N/A 0.311 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.13
53.50 17.70 0.57 3.16 clayey silt to silty clay -42.0 1.00 9 6,420 3,206 3,643 2.99 N/A N/A 0.739 N/A 0.308 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.13
54.50 27.90 0.71 2.52 sandy silt to clayey silt -43.0 1.00 11 6,540 3,264 3,701 2.76 N/A N/A 0.730 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.13
55.50 48.17 1.06 2.19 sandy silt to clayey silt -44.0 1.00 19 6,660 3,322 3,758 2.52 2.87 94.47 0.722 0.867 0.301 0.158 0.608 YES 2.8 16.9 858 21.9 N/A 0.198 0.02 0.11
56.50 66.10 0.99 1.50 silty sand to sandy silt -45.0 1.00 22 6,780 3,379 3,816 2.26 1.84 93.45 0.714 0.855 0.298 0.156 0.597 YES 2.8 18.8 1,054 24.1 N/A 0.098 0.01 0.10
57.50 46.38 1.09 2.34 sandy silt to clayey silt -46.0 1.00 19 6,900 3,437 3,874 2.56 3.09 95.59 0.706 0.862 0.295 0.161 0.629 YES 2.8 16.1 787 21.0 N/A 0.287 0.03 0.06
58.50 43.50 0.87 2.00 sandy silt to clayey silt -47.0 1.00 17 7,020 3,494 3,931 2.54 3.01 86.03 0.698 0.863 0.292 0.139 0.550 YES 2.8 15.2 699 19.9 N/A 0.456 0.05 0.01
59.50 36.70 0.96 2.61 sandy silt to clayey silt -48.0 1.66 24 7,140 3,552 3,989 2.32 2.00 91.16 0.690 0.836 0.288 0.150 0.582 YES 2.8 20.0 1,187 25.7 N/A 0.085 0.01 0.00
60.50 16.43 0.60 3.67 silty clay to clay -49.0 1.00 11 7,260 3,610 4,046 3.09 N/A N/A 0.682 N/A 0.285 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00

max= 1,200
min= 191
avg= 797
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT054 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 15.30 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 12.30 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 5.30 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 24.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 2.25 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 2.25 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth
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(ft)

Average
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Resistance
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(Lunne, et al., 1997)
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Cyclic
Stress
Ratio

++
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Ratio

CRR7.5
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Liqefaction

+++
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Corrected
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Cyclic
Shear
Strain

c (%)

Vol.
Strain

 v (%)

Layer
Settlemen

t

Si (in.)
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e
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Profile

(in.)

0.50 68.05 0.64 0.95 sand to silty sand 14.3 1.00 17 60 60 60 1.48 1.00 392.89 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 32.8 0.010 0.009 0.00 2.25
1.50 74.52 1.04 1.40 silty sand to sandy silt 13.3 1.00 25 180 180 180 1.74 1.06 264.26 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 55.7 0.014 0.000 0.00 2.25
2.50 70.53 0.73 1.04 sand to silty sand 12.3 1.00 18 300 300 300 1.73 1.06 192.71 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 33.9 0.021 0.019 0.00 2.25
3.50 50.92 0.94 1.84 silty sand to sandy silt 11.3 1.66 28 420 420 420 1.75 1.07 196.89 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A 62.3 0.020 0.000 0.00 2.25
4.50 17.27 0.59 3.40 silty clay to clay 10.3 1.00 12 540 540 540 2.52 2.88 132.69 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.25
5.50 12.13 0.36 2.97 silty clay to clay 9.3 1.00 8 660 648 660 2.64 N/A N/A 0.987 N/A 0.209 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.25
6.50 6.58 0.20 2.96 clay 8.3 1.00 7 780 705 780 2.88 N/A N/A 0.985 N/A 0.227 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.25
7.50 6.63 0.21 3.18 clay 7.3 1.00 7 900 763 900 2.92 N/A N/A 0.983 N/A 0.241 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.25
8.50 5.25 0.12 2.32 silty clay to clay 6.3 1.00 4 1,020 820 1,020 2.95 N/A N/A 0.980 N/A 0.254 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.25
9.50 5.53 0.14 2.50 clay 5.3 1.00 6 1,140 878 1,140 2.97 N/A N/A 0.978 N/A 0.264 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.25
10.50 5.89 0.14 2.43 silty clay to clay 4.3 1.00 4 1,260 936 1,260 2.96 N/A N/A 0.976 N/A 0.273 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.25
11.50 5.50 0.12 2.24 silty clay to clay 3.3 1.00 4 1,380 993 1,380 2.98 N/A N/A 0.973 N/A 0.281 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.25
12.50 5.93 0.14 2.27 silty clay to clay 2.3 1.00 4 1,500 1,051 1,488 2.98 N/A N/A 0.971 N/A 0.288 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.25
13.50 7.47 0.20 2.63 silty clay to clay 1.3 1.00 5 1,620 1,108 1,545 2.94 N/A N/A 0.969 N/A 0.294 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.25
14.50 6.20 0.19 3.04 clay 0.3 1.00 6 1,740 1,166 1,603 3.06 N/A N/A 0.966 N/A 0.300 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.25
15.50 14.57 0.20 1.34 sandy silt to clayey silt -0.7 1.00 6 1,860 1,224 1,660 2.55 3.03 63.82 0.964 1.000 0.305 0.104 0.456 YES 2.8 9.2 270 12.7 N/A 2.182 0.26 1.99
16.50 14.28 0.16 1.13 sandy silt to clayey silt -1.7 1.66 9 1,980 1,281 1,718 2.27 1.85 54.60 0.962 1.000 0.309 0.095 0.411 YES 2.8 13.0 511 17.2 N/A 1.499 0.18 1.81
17.50 4.67 0.08 1.73 sensitive fine grained -2.7 1.00 2 2,100 1,339 1,776 3.09 N/A N/A 0.959 N/A 0.313 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.81
18.50 5.12 0.06 1.24 sensitive fine grained -3.7 1.00 3 2,220 1,396 1,833 3.00 N/A N/A 0.957 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.81
19.50 6.02 0.06 0.98 sensitive fine grained -4.7 1.00 3 2,340 1,454 1,891 2.89 N/A N/A 0.955 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.81
20.50 5.41 0.04 0.75 sensitive fine grained -5.7 1.00 3 2,460 1,512 1,948 2.90 5.75 38.38 0.952 N/A 0.322 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.81
21.50 5.78 0.04 0.70 sensitive fine grained -6.7 1.00 3 2,580 1,569 2,006 2.88 5.48 38.01 0.950 N/A 0.325 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.81
22.50 5.82 0.02 0.38 sensitive fine grained -7.7 1.00 3 2,700 1,627 2,064 2.79 4.71 32.00 0.948 N/A 0.327 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.81
23.50 5.98 0.03 0.42 sensitive fine grained -8.7 1.00 3 2,820 1,684 2,121 2.81 4.83 32.89 0.945 N/A 0.329 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.81
24.50 6.35 0.01 0.16 sensitive fine grained -9.7 1.00 3 2,940 1,742 2,179 2.68 3.82 26.92 0.943 N/A 0.331 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.81
25.50 27.37 0.13 0.48 silty sand to sandy silt -10.7 1.00 9 3,060 1,800 2,236 2.21 1.70 49.09 0.941 1.000 0.333 0.091 0.365 YES 2.8 11.4 397 15.4 N/A 1.811 0.22 1.59
26.50 73.22 0.65 0.89 sand to silty sand -11.7 1.00 18 3,180 1,857 2,294 1.98 1.27 96.76 0.938 1.000 0.334 0.164 0.656 YES 1.3 18.4 1,020 20.4 N/A 1.182 0.14 1.45
27.50 107.97 1.06 0.98 sand to silty sand -12.7 1.00 27 3,300 1,915 2,352 1.88 1.17 128.90 0.936 1.000 0.335 0.279 1.110 YES 1.3 26.2 1,200 28.6 N/A 0.081 0.01 1.44
28.50 218.17 2.48 1.14 sand -13.7 1.00 44 3,420 1,972 2,409 1.71 1.04 228.89 0.934 1.000 0.337 N/A N/A NO N/A N/A N/A 39.8 N/A 0.002 0.00 1.44
29.50 233.58 2.94 1.26 sand -14.7 1.00 47 3,540 2,030 2,467 1.72 1.05 244.26 0.931 0.994 0.338 N/A N/A NO N/A N/A N/A 42.1 N/A 0.000 0.00 1.44
30.50 202.17 2.90 1.43 sand to silty sand -15.7 1.66 84 3,660 2,088 2,524 1.50 1.00 327.64 0.926 0.983 0.338 N/A N/A NO N/A N/A N/A 80.6 N/A 0.000 0.00 1.44
31.50 91.94 1.81 1.97 silty sand to sandy silt -16.7 1.66 51 3,780 2,145 2,582 1.84 1.14 167.25 0.918 0.972 0.336 N/A N/A NO N/A N/A N/A 58.6 N/A 0.000 0.00 1.44
32.50 9.68 0.21 2.13 clayey silt to silty clay -17.7 1.00 5 3,900 2,203 2,640 3.01 N/A N/A 0.909 N/A 0.335 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.44
33.50 10.93 0.14 1.25 clayey silt to silty clay -18.7 1.00 5 4,020 2,260 2,697 2.84 N/A N/A 0.901 N/A 0.333 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.44
34.50 9.03 0.15 1.64 clayey silt to silty clay -19.7 1.00 5 4,140 2,318 2,755 2.99 N/A N/A 0.893 N/A 0.332 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.44
35.50 8.82 0.12 1.34 clayey silt to silty clay -20.7 1.00 4 4,260 2,376 2,812 2.97 N/A N/A 0.885 N/A 0.330 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.44
36.50 26.65 0.32 1.20 sandy silt to clayey silt -21.7 1.00 11 4,380 2,433 2,870 2.50 2.75 63.25 0.877 0.957 0.328 0.104 0.403 YES 2.8 11.7 415 15.7 N/A 1.764 0.21 1.23
37.50 73.80 0.64 0.87 sand to silty sand -22.7 1.00 18 4,500 2,491 2,928 2.02 1.33 88.17 0.869 0.938 0.326 0.144 0.551 YES 1.3 16.6 831 18.5 N/A 1.394 0.17 1.06
38.50 104.85 1.00 0.96 sand to silty sand -23.7 1.00 26 4,620 2,548 2,985 1.93 1.22 113.06 0.861 0.919 0.325 0.214 0.810 YES 1.3 22.8 1,200 25.0 N/A 0.116 0.01 1.05
39.50 61.57 1.06 1.72 silty sand to sandy silt -24.7 1.00 21 4,740 2,606 3,043 2.28 1.88 101.37 0.852 0.922 0.323 0.177 0.675 YES 2.8 19.4 1,127 25.0 N/A 0.111 0.01 1.03
40.50 73.67 0.69 0.94 sand to silty sand -25.7 1.00 18 4,860 2,664 3,100 2.06 1.38 88.22 0.844 0.921 0.320 0.144 0.551 YES 1.3 16.1 786 18.0 N/A 1.435 0.17 0.86
41.50 90.73 0.89 0.98 sand to silty sand -26.7 1.66 38 4,980 2,721 3,158 1.69 1.03 132.53 0.836 0.884 0.318 0.296 1.099 YES 1.3 31.2 1,200 33.8 N/A 0.041 0.00 0.85
42.50 20.33 0.52 2.52 clayey silt to silty clay -27.7 1.00 10 5,100 2,779 3,215 2.82 N/A N/A 0.828 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.85
43.50 15.63 0.32 2.01 clayey silt to silty clay -28.7 1.00 8 5,220 2,836 3,273 2.88 N/A N/A 0.820 N/A 0.314 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.85
44.50 24.57 0.22 0.89 silty sand to sandy silt -29.7 1.00 8 5,340 2,894 3,331 2.51 2.84 52.96 0.812 0.929 0.312 0.094 0.373 YES 2.8 9.1 268 12.6 N/A 2.191 0.26 0.59
45.50 17.48 0.19 1.06 sandy silt to clayey silt -30.7 1.00 7 5,460 2,951 3,388 2.70 N/A N/A 0.804 N/A 0.309 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.59
46.50 28.32 0.70 2.45 sandy silt to clayey silt -31.7 1.00 11 5,580 3,009 3,446 2.72 N/A N/A 0.795 N/A 0.307 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.59
47.50 69.18 1.01 1.45 silty sand to sandy silt -32.7 1.00 23 5,700 3,067 3,503 2.22 1.72 96.05 0.787 0.875 0.304 0.162 0.623 YES 2.8 20.2 1,200 25.9 N/A 0.089 0.01 0.58
48.50 127.83 0.72 0.56 sand -33.7 1.00 26 5,820 3,124 3,561 1.76 1.08 110.23 0.779 0.864 0.302 0.205 0.781 YES 0.0 19.2 1,097 19.2 N/A 1.174 0.14 0.44
49.50 178.62 0.64 0.36 sand -34.7 1.00 36 5,940 3,182 3,619 1.53 1.00 141.61 0.771 0.836 0.299 0.344 1.282 YES 0.0 26.6 1,200 26.6 N/A 0.083 0.01 0.43
50.50 167.72 0.54 0.32 sand -35.7 1.00 34 6,060 3,239 3,676 1.54 1.00 131.78 0.763 0.835 0.297 0.293 1.100 YES 0.0 24.7 1,200 24.7 N/A 0.094 0.01 0.42
51.50 140.88 0.55 0.39 sand -36.7 1.00 28 6,180 3,297 3,734 1.65 1.00 109.73 0.755 0.843 0.294 0.203 0.776 YES 0.0 20.6 1,200 20.6 N/A 0.353 0.04 0.38
52.50 117.41 0.37 0.32 sand -37.7 1.00 23 6,300 3,355 3,791 1.68 1.00 90.66 0.747 0.852 0.292 0.149 0.582 YES 0.0 17.1 879 17.1 N/A 1.449 0.17 0.20
53.50 124.77 0.52 0.41 sand -38.7 1.00 25 6,420 3,412 3,849 1.71 1.00 95.52 0.739 0.844 0.289 0.161 0.627 YES 0.0 18.0 974 18.0 N/A 1.264 0.15 0.05
54.50 114.97 1.01 0.88 sand to silty sand -39.7 1.00 29 6,540 3,470 3,907 1.93 1.22 106.23 0.730 0.829 0.286 0.191 0.740 YES 1.3 21.9 1,200 24.1 N/A 0.094 0.01 0.04
55.50 162.95 1.33 0.82 sand -40.7 1.00 33 6,660 3,527 3,964 1.79 1.10 135.07 0.722 0.815 0.284 0.309 1.185 YES 0.0 23.1 1,200 23.1 N/A 0.098 0.01 0.03
56.50 184.97 0.80 0.43 sand -41.7 1.00 37 6,780 3,585 4,022 1.59 1.00 138.15 0.714 0.800 0.281 0.325 1.235 YES 0.0 26.1 1,200 26.1 N/A 0.080 0.01 0.02
57.50 169.50 1.23 0.72 sand -42.7 1.66 56 6,900 3,643 4,079 1.44 1.00 207.95 0.706 0.787 0.278 N/A N/A NO N/A N/A N/A 39.3 N/A 0.004 0.00 0.02
58.50 79.53 1.41 1.77 silty sand to sandy silt -43.7 1.00 27 7,020 3,700 4,137 2.26 1.83 106.93 0.698 0.820 0.275 0.194 0.770 YES 2.8 21.2 1,200 27.1 N/A 0.072 0.01 0.01
59.50 49.45 0.95 1.93 silty sand to sandy silt -44.7 1.66 27 7,140 3,758 4,195 2.14 1.53 91.28 0.690 0.814 0.273 0.151 0.601 YES 2.8 21.6 1,200 27.6 N/A 0.069 0.01 0.00
60.50 12.78 0.29 2.29 clayey silt to silty clay -45.7 1.00 6 7,260 3,815 4,252 3.10 N/A N/A 0.682 N/A 0.270 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00

max= 1,200
min= 268
avg= 957
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT056 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 15.40 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 12.40 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 5.40 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 14.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 1.20 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.01 inches <--- Dry or Unsaturated Sands

Total: 1.21 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth
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++
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+++
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c (%)
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e
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0.50 32.82 0.11 0.33 silty sand to sandy silt 14.4 1.00 11 60 60 60 1.40 1.00 189.47 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 27.3 0.010 0.012 0.00 1.21
1.50 23.25 0.27 1.15 sandy silt to clayey silt 13.4 1.00 9 180 180 180 2.04 1.35 104.63 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 24.0 N/A N/A N/A 1.21
2.50 25.53 0.23 0.89 silty sand to sandy silt 12.4 1.00 9 300 300 300 2.02 1.33 87.89 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 22.4 0.024 0.035 0.00 1.20
3.50 18.52 0.22 1.18 sandy silt to clayey silt 11.4 1.00 7 420 420 420 2.27 1.86 74.98 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A 20.1 N/A N/A N/A 1.20
4.50 34.65 1.06 3.05 clayey silt to silty clay 10.4 1.00 17 540 540 540 2.37 2.20 146.78 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.20
5.50 23.42 0.79 3.37 clayey silt to silty clay 9.4 1.66 19 660 654 660 2.24 1.78 120.64 0.987 1.000 0.207 0.243 1.566 NO N/A N/A N/A N/A N/A 0.000 0.00 1.20
6.50 11.70 0.22 1.91 clayey silt to silty clay 8.4 1.00 6 780 711 780 2.56 3.10 78.67 0.985 1.000 0.225 0.125 0.744 YES 2.8 12.2 448 N/A N/A 0.000 0.00 1.20
7.50 8.12 0.10 1.23 clayey silt to silty clay 7.4 1.00 4 900 769 900 2.62 N/A N/A 0.983 N/A 0.239 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.20
8.50 6.65 0.08 1.13 sensitive fine grained 6.4 1.00 3 1,020 827 1,020 2.70 N/A N/A 0.980 N/A 0.252 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.20
9.50 7.02 0.18 2.61 silty clay to clay 5.4 1.00 5 1,140 884 1,140 2.89 N/A N/A 0.978 N/A 0.262 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.20
10.50 5.40 0.12 2.26 silty clay to clay 4.4 1.00 4 1,260 942 1,260 2.97 N/A N/A 0.976 N/A 0.271 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.20
11.50 5.78 0.03 0.49 sensitive fine grained 3.4 1.00 3 1,380 999 1,380 2.66 3.72 36.22 0.973 N/A 0.280 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.20
12.50 5.75 0.02 0.41 sensitive fine grained 2.4 1.00 3 1,500 1,057 1,494 2.65 3.67 34.06 0.971 N/A 0.287 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.20
13.50 9.27 0.19 2.03 clayey silt to silty clay 1.4 1.00 5 1,620 1,115 1,551 2.79 N/A N/A 0.969 N/A 0.293 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.20
14.50 11.95 0.24 1.98 clayey silt to silty clay 0.4 1.00 6 1,740 1,172 1,609 2.71 N/A N/A 0.966 N/A 0.298 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.20
15.50 7.88 0.11 1.34 clayey silt to silty clay -0.6 1.00 4 1,860 1,230 1,667 2.79 N/A N/A 0.964 N/A 0.303 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.20
16.50 14.50 0.16 1.09 sandy silt to clayey silt -1.6 1.00 6 1,980 1,287 1,724 2.52 2.87 57.87 0.962 1.000 0.308 0.098 0.425 YES 2.8 9.0 263 12.5 N/A 2.209 0.27 0.94
17.50 30.38 0.29 0.95 silty sand to sandy silt -2.6 1.66 17 2,100 1,345 1,782 1.95 1.24 76.08 0.959 1.000 0.312 0.121 0.518 YES 2.8 20.6 1,200 26.3 N/A 0.089 0.01 0.93
18.50 9.13 0.09 0.94 clayey silt to silty clay -3.6 1.00 5 2,220 1,403 1,839 2.70 N/A N/A 0.957 N/A 0.315 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
19.50 6.02 0.06 0.97 sensitive fine grained -4.6 1.00 3 2,340 1,460 1,897 2.90 N/A N/A 0.955 N/A 0.318 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
20.50 6.13 0.03 0.44 sensitive fine grained -5.6 1.00 3 2,460 1,518 1,955 2.77 4.50 33.89 0.952 N/A 0.321 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
21.50 5.73 0.01 0.17 sensitive fine grained -6.6 1.00 3 2,580 1,575 2,012 2.70 3.96 27.17 0.950 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
22.50 5.90 0.01 0.17 sensitive fine grained -7.6 1.00 3 2,700 1,633 2,070 2.69 3.94 27.07 0.948 N/A 0.326 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
23.50 5.80 0.01 0.17 sensitive fine grained -8.6 1.00 3 2,820 1,691 2,127 2.71 4.10 26.97 0.945 N/A 0.328 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
24.50 7.20 0.01 0.12 sensitive fine grained -9.6 1.00 4 2,940 1,748 2,185 2.59 3.29 26.24 0.943 1.000 0.330 0.072 0.291 YES 5.0 8.4 236 N/A N/A 0.000 0.00 0.93
25.50 6.22 0.01 0.16 sensitive fine grained -10.6 1.00 3 3,060 1,806 2,243 2.70 3.99 26.80 0.941 N/A 0.332 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
26.50 8.27 0.01 0.10 sensitive fine grained -11.6 1.00 4 3,180 1,863 2,300 2.55 3.02 26.31 0.938 1.000 0.333 0.072 0.288 YES 5.0 8.9 254 N/A N/A 0.000 0.00 0.93
27.50 37.08 0.09 0.24 sand to silty sand -12.6 1.00 9 3,300 1,921 2,358 1.99 1.00 37.84 0.936 1.000 0.334 0.082 0.325 YES 1.3 9.9 305 11.4 N/A 2.371 0.28 0.64
28.50 123.80 1.29 1.04 sand to silty sand -13.6 1.00 31 3,420 1,979 2,415 1.85 1.15 142.99 0.934 1.000 0.336 0.352 1.399 NO N/A N/A N/A 32.0 N/A 0.057 0.01 0.64
29.50 175.17 2.50 1.43 sand to silty sand -14.6 1.00 44 3,540 2,036 2,473 1.85 1.14 198.55 0.931 0.993 0.337 N/A N/A NO N/A N/A N/A 43.8 N/A 0.000 0.00 0.64
30.50 188.88 3.11 1.65 sand to silty sand -15.6 1.00 47 3,660 2,094 2,531 1.88 1.17 215.68 0.926 0.982 0.337 N/A N/A NO N/A N/A N/A 46.5 N/A 0.000 0.00 0.64
31.50 178.76 2.65 1.48 sand to silty sand -16.6 1.66 74 3,780 2,151 2,588 1.55 1.00 285.37 0.918 0.971 0.335 N/A N/A NO N/A N/A N/A 70.7 N/A 0.000 0.00 0.64
32.50 83.45 1.58 1.90 silty sand to sandy silt -17.6 1.66 46 3,900 2,209 2,646 1.86 1.16 152.17 0.909 0.961 0.334 0.408 1.565 NO N/A N/A N/A 53.1 N/A 0.000 0.00 0.64
33.50 10.73 0.20 1.82 clayey silt to silty clay -18.6 1.00 5 4,020 2,267 2,703 2.94 N/A N/A 0.901 N/A 0.333 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.64
34.50 8.05 0.06 0.73 sensitive fine grained -19.6 1.00 4 4,140 2,324 2,761 2.88 N/A N/A 0.893 N/A 0.331 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.64
35.50 8.37 0.07 0.76 clayey silt to silty clay -20.6 1.00 4 4,260 2,382 2,819 2.88 N/A N/A 0.885 N/A 0.329 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.64
36.50 8.18 0.09 1.03 clayey silt to silty clay -21.6 1.00 4 4,380 2,439 2,876 2.96 N/A N/A 0.877 N/A 0.327 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.64
37.50 7.80 0.06 0.79 sensitive fine grained -22.6 1.00 4 4,500 2,497 2,934 2.94 N/A N/A 0.869 N/A 0.326 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.64
38.50 13.40 0.25 1.83 clayey silt to silty clay -23.6 1.00 7 4,620 2,555 2,991 2.89 N/A N/A 0.861 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.64
39.50 58.43 0.50 0.86 sand to silty sand -24.6 1.00 15 4,740 2,612 3,049 2.12 1.48 75.91 0.852 0.933 0.322 0.121 0.467 YES 1.3 13.2 523 14.9 N/A 1.859 0.22 0.41
40.50 145.95 1.63 1.11 sand to silty sand -25.6 1.00 36 4,860 2,670 3,107 1.87 1.16 146.73 0.844 0.891 0.320 0.374 1.390 NO N/A N/A N/A 33.2 N/A 0.046 0.01 0.41
41.50 128.70 1.17 0.91 sand to silty sand -26.6 1.66 53 4,980 2,727 3,164 1.55 1.00 182.48 0.836 0.883 0.318 N/A N/A NO N/A N/A N/A 46.9 N/A 0.000 0.00 0.41
42.50 57.77 0.86 1.49 silty sand to sandy silt -27.6 1.66 32 5,100 2,785 3,222 1.96 1.25 101.44 0.828 0.883 0.315 0.177 0.661 YES 2.8 27.9 1,200 35.1 N/A 0.032 0.00 0.40
43.50 10.65 0.09 0.82 sandy silt to clayey silt -28.6 1.00 4 5,220 2,843 3,279 2.85 N/A N/A 0.820 N/A 0.313 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.40
44.50 9.50 0.06 0.59 sandy silt to clayey silt -29.6 1.00 4 5,340 2,900 3,337 2.85 5.24 37.68 0.812 N/A 0.311 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.40
45.50 9.58 0.04 0.41 sandy silt to clayey silt -30.6 1.00 4 5,460 2,958 3,395 2.80 4.75 33.93 0.804 N/A 0.309 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.40
46.50 9.27 0.06 0.62 sandy silt to clayey silt -31.6 1.00 4 5,580 3,015 3,452 2.89 5.56 37.86 0.795 N/A 0.306 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.40
47.50 8.80 0.07 0.72 clayey silt to silty clay -32.6 1.00 4 5,700 3,073 3,510 2.95 N/A N/A 0.787 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.40
48.50 11.25 0.14 1.21 clayey silt to silty clay -33.6 1.00 6 5,820 3,131 3,567 2.94 N/A N/A 0.779 N/A 0.301 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.40
49.50 10.58 0.12 1.11 clayey silt to silty clay -34.6 1.00 5 5,940 3,188 3,625 2.96 N/A N/A 0.771 N/A 0.299 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.40
50.50 8.93 0.09 0.93 clayey silt to silty clay -35.6 1.00 4 6,060 3,246 3,683 3.02 N/A N/A 0.763 N/A 0.296 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.40
51.50 9.38 0.13 1.34 clayey silt to silty clay -36.6 1.00 5 6,180 3,303 3,740 3.08 N/A N/A 0.755 N/A 0.294 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.40
52.50 9.87 0.18 1.78 clayey silt to silty clay -37.6 1.00 5 6,300 3,361 3,798 3.12 N/A N/A 0.747 N/A 0.291 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.40
53.50 17.12 0.35 1.99 clayey silt to silty clay -38.6 1.00 9 6,420 3,419 3,855 2.91 N/A N/A 0.739 N/A 0.288 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.40
54.50 41.43 0.64 1.53 silty sand to sandy silt -39.6 1.00 14 6,540 3,476 3,913 2.49 2.73 74.80 0.730 0.878 0.286 0.119 0.487 YES 2.8 12.7 485 16.8 N/A 1.443 0.17 0.23
55.50 34.18 0.59 1.72 sandy silt to clayey silt -40.6 1.00 14 6,660 3,534 3,971 2.60 N/A N/A 0.722 N/A 0.283 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
56.50 45.73 0.59 1.29 silty sand to sandy silt -41.6 1.00 15 6,780 3,591 4,028 2.37 2.19 74.86 0.714 0.866 0.280 0.119 0.490 YES 2.8 13.5 554 17.9 N/A 1.191 0.14 0.09
57.50 49.22 0.61 1.23 silty sand to sandy silt -42.6 1.00 16 6,900 3,649 4,086 2.33 2.06 75.14 0.706 0.858 0.278 0.119 0.493 YES 2.8 14.3 616 18.8 N/A 0.477 0.06 0.03
58.50 112.23 0.91 0.81 sand to silty sand -43.6 1.00 28 7,020 3,707 4,143 1.93 1.22 100.30 0.698 0.815 0.275 0.174 0.688 YES 1.3 20.8 1,200 22.9 N/A 0.096 0.01 0.02
59.50 87.65 1.27 1.45 silty sand to sandy silt -44.6 1.00 29 7,140 3,764 4,201 2.17 1.61 102.57 0.690 0.808 0.272 0.180 0.715 YES 2.8 23.0 1,200 29.2 N/A 0.060 0.01 0.01
60.50 65.28 0.75 1.15 silty sand to sandy silt -45.6 1.00 22 7,260 3,822 4,259 2.22 1.72 81.09 0.682 0.829 0.269 0.130 0.532 YES 2.8 17.7 946 22.9 N/A 0.094 0.01 0.00

max= 1,200
min= 236
avg= 674
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT057 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 14.60 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 11.60 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 4.60 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 24.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 2.80 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 2.80 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth

During Test
(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
Sleeve

Friction

fs-avg (tsf)

Average
Friction

Ratio
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(Lunne, et al., 1997)
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Ic
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Correction
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Kc

Corrected
Tip
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Reduction
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rd
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K

Cyclic
Stress
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++
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Cyclic
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Factor of
Safety

Against
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+++
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y ?

SPT Blow
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Correction

 Ncorr.

Fines
Corrected
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Residual
Shear
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Sr (psf)

Fines
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Cyclic
Shear
Strain

c (%)

Vol.
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 v (%)

Layer
Settlemen

t

Si (in.)

Cumulativ
e
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Profile

(in.)

0.50 64.60 0.82 1.26 silty sand to sandy silt 13.6 1.00 22 60 60 60 1.60 1.00 372.97 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 48.9 0.008 0.000 0.00 2.80
1.50 44.37 0.60 1.35 silty sand to sandy silt 12.6 1.00 15 180 180 180 1.87 1.17 172.41 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 35.2 0.016 0.014 0.00 2.80
2.50 62.97 0.73 1.16 silty sand to sandy silt 11.6 1.00 21 300 300 300 1.80 1.11 179.71 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 47.8 0.019 0.000 0.00 2.80
3.50 41.70 0.83 2.00 sandy silt to clayey silt 10.6 1.00 17 420 420 420 2.15 1.54 140.37 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A 39.0 N/A N/A N/A 2.80
4.50 45.55 1.24 2.72 sandy silt to clayey silt 9.6 1.00 18 540 540 540 2.25 1.81 158.58 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A 42.2 N/A N/A N/A 2.80
5.50 22.92 0.63 2.76 clayey silt to silty clay 8.6 1.00 11 660 604 660 2.49 2.72 113.47 0.987 1.000 0.224 0.216 1.283 YES 2.8 22.3 1,200 N/A N/A 0.000 0.00 2.80
6.50 13.93 0.18 1.28 sandy silt to clayey silt 7.6 1.00 6 780 661 780 2.48 2.66 64.48 0.985 1.000 0.242 0.105 0.580 YES 2.8 11.7 417 15.7 N/A 1.209 0.15 2.65
7.50 13.87 0.11 0.79 sandy silt to clayey silt 6.6 1.00 6 900 719 900 2.39 2.28 52.70 0.983 1.000 0.256 0.094 0.488 YES 2.8 11.1 374 14.9 N/A 1.649 0.20 2.46
8.50 16.27 0.24 1.50 sandy silt to clayey silt 5.6 1.00 7 1,020 777 1,020 2.49 2.72 70.93 0.980 1.000 0.268 0.113 0.564 YES 2.8 11.9 430 15.9 N/A 1.488 0.18 2.28
9.50 11.02 0.27 2.41 clayey silt to silty clay 4.6 1.00 6 1,140 834 1,140 2.69 N/A N/A 0.978 N/A 0.278 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.28
10.50 10.70 0.25 2.34 clayey silt to silty clay 3.6 1.00 5 1,260 892 1,260 2.71 N/A N/A 0.976 N/A 0.287 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.28
11.50 12.87 0.19 1.47 clayey silt to silty clay 2.6 1.00 6 1,380 949 1,380 2.54 3.00 67.46 0.973 1.000 0.294 0.109 0.492 YES 2.8 10.5 342 N/A N/A 0.000 0.00 2.28
12.50 31.27 0.23 0.75 silty sand to sandy silt 1.6 1.66 17 1,500 1,007 1,444 1.83 1.00 72.96 0.971 1.000 0.301 0.116 0.515 YES 2.8 23.1 1,200 29.4 N/A 0.066 0.01 2.27
13.50 15.30 0.27 1.76 clayey silt to silty clay 0.6 1.00 8 1,620 1,065 1,501 2.56 3.08 75.70 0.969 1.000 0.307 0.120 0.524 YES 2.8 11.6 411 N/A N/A 0.000 0.00 2.27
14.50 18.33 0.24 1.31 sandy silt to clayey silt -0.4 1.00 7 1,740 1,122 1,559 2.49 2.69 65.95 0.966 1.000 0.312 0.107 0.457 YES 2.8 11.1 377 15.0 N/A 1.838 0.22 2.05
15.50 21.15 0.44 2.10 sandy silt to clayey silt -1.4 1.66 14 1,860 1,180 1,617 2.25 1.80 81.89 0.964 1.000 0.316 0.131 0.553 YES 2.8 18.4 1,015 23.7 N/A 0.153 0.02 2.03
16.50 6.48 0.16 2.46 silty clay to clay -2.4 1.00 4 1,980 1,237 1,674 3.01 N/A N/A 0.962 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.03
17.50 6.52 0.14 2.14 silty clay to clay -3.4 1.00 4 2,100 1,295 1,732 2.99 N/A N/A 0.959 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 2.03
18.50 18.17 0.14 0.79 sandy silt to clayey silt -4.4 1.66 12 2,220 1,353 1,789 2.11 1.00 36.58 0.957 1.000 0.327 0.080 0.329 YES 2.8 15.5 728 20.3 N/A 1.162 0.14 1.89
19.50 8.62 0.13 1.48 clayey silt to silty clay -5.4 1.00 4 2,340 1,410 1,847 2.82 N/A N/A 0.955 N/A 0.329 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.89
20.50 6.94 0.14 2.06 silty clay to clay -6.4 1.00 5 2,460 1,468 1,905 3.00 N/A N/A 0.952 N/A 0.332 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.89
21.50 6.25 0.04 0.67 sensitive fine grained -7.4 1.00 3 2,580 1,525 1,962 2.83 5.04 38.58 0.950 N/A 0.334 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.89
22.50 6.15 0.03 0.44 sensitive fine grained -8.4 1.00 3 2,700 1,583 2,020 2.78 4.61 33.82 0.948 N/A 0.336 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.89
23.50 7.32 0.07 0.99 sensitive fine grained -9.4 1.00 4 2,820 1,641 2,077 2.86 N/A N/A 0.945 N/A 0.338 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.89
24.50 6.67 0.02 0.35 sensitive fine grained -10.4 1.00 3 2,940 1,698 2,135 2.73 4.25 32.01 0.943 N/A 0.340 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.89
25.50 7.68 0.04 0.50 sensitive fine grained -11.4 1.00 4 3,060 1,756 2,193 2.74 4.26 36.11 0.941 N/A 0.341 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.89
26.50 7.38 0.01 0.16 sensitive fine grained -12.4 1.00 4 3,180 1,813 2,250 2.63 3.48 27.69 0.938 N/A 0.342 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.89
27.50 10.43 0.04 0.40 sandy silt to clayey silt -13.4 1.00 4 3,300 1,871 2,308 2.59 3.27 35.89 0.936 1.000 0.343 0.080 0.311 YES 2.8 6.7 173 9.7 N/A 2.647 0.32 1.57
28.50 19.40 0.09 0.44 silty sand to sandy silt -14.4 1.00 6 3,420 1,929 2,365 2.35 1.00 19.76 0.934 1.000 0.344 0.066 0.258 YES 2.8 8.7 249 12.1 N/A 2.265 0.27 1.30
29.50 58.08 0.22 0.38 sand to silty sand -15.4 1.66 24 3,540 1,986 2,423 1.60 1.00 96.50 0.931 1.000 0.345 0.164 0.632 YES 1.3 23.2 1,200 25.4 N/A 0.148 0.02 1.28
30.50 19.48 0.14 0.72 sandy silt to clayey silt -16.4 1.00 8 3,660 2,044 2,481 2.46 2.55 49.17 0.926 0.996 0.345 0.091 0.350 YES 2.8 9.8 301 13.4 N/A 2.070 0.25 1.03
31.50 48.89 0.38 0.77 silty sand to sandy silt -17.4 1.00 16 3,780 2,101 2,538 2.12 1.48 70.72 0.918 0.986 0.343 0.113 0.433 YES 2.8 17.3 900 22.4 N/A 0.875 0.10 0.93
32.50 116.87 1.60 1.37 sand to silty sand -18.4 1.66 48 3,900 2,159 2,596 1.66 1.01 187.65 0.909 0.970 0.342 N/A N/A NO N/A N/A N/A 47.0 N/A 0.000 0.00 0.93
33.50 53.45 1.06 1.99 silty sand to sandy silt -19.4 1.66 29 4,020 2,217 2,653 2.03 1.33 112.22 0.901 0.962 0.340 0.211 0.798 YES 2.8 28.4 1,200 35.7 N/A 0.031 0.00 0.93
34.50 8.52 0.11 1.33 clayey silt to silty clay -20.4 1.00 4 4,140 2,274 2,711 2.97 N/A N/A 0.893 N/A 0.338 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
35.50 8.92 0.10 1.06 clayey silt to silty clay -21.4 1.00 4 4,260 2,332 2,769 2.91 N/A N/A 0.885 N/A 0.336 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
36.50 9.33 0.14 1.49 clayey silt to silty clay -22.4 1.00 5 4,380 2,389 2,826 2.97 N/A N/A 0.877 N/A 0.334 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
37.50 8.55 0.10 1.18 clayey silt to silty clay -23.4 1.00 4 4,500 2,447 2,884 2.97 N/A N/A 0.869 N/A 0.332 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
38.50 8.90 0.14 1.52 clayey silt to silty clay -24.4 1.00 4 4,620 2,505 2,941 3.02 N/A N/A 0.861 N/A 0.330 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
39.50 9.65 0.13 1.29 clayey silt to silty clay -25.4 1.00 5 4,740 2,562 2,999 2.95 N/A N/A 0.852 N/A 0.328 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
40.50 12.03 0.17 1.37 clayey silt to silty clay -26.4 1.00 6 4,860 2,620 3,057 2.88 N/A N/A 0.844 N/A 0.326 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
41.50 15.33 0.20 1.28 sandy silt to clayey silt -27.4 1.00 6 4,980 2,677 3,114 2.76 N/A N/A 0.836 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
42.50 14.73 0.24 1.62 clayey silt to silty clay -28.4 1.00 7 5,100 2,735 3,172 2.84 N/A N/A 0.828 N/A 0.321 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
43.50 21.02 0.44 2.09 sandy silt to clayey silt -29.4 1.00 8 5,220 2,793 3,229 2.77 N/A N/A 0.820 N/A 0.319 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
44.50 20.45 0.46 2.21 sandy silt to clayey silt -30.4 1.00 8 5,340 2,850 3,287 2.80 N/A N/A 0.812 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
45.50 20.95 0.57 2.70 clayey silt to silty clay -31.4 1.00 10 5,460 2,908 3,345 2.85 N/A N/A 0.804 N/A 0.314 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
46.50 27.90 1.14 4.04 silty clay to clay -32.4 1.00 19 5,580 2,965 3,402 2.86 N/A N/A 0.795 N/A 0.311 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
47.50 38.10 1.90 4.95 clay -33.4 1.00 38 5,700 3,023 3,460 2.81 N/A N/A 0.787 N/A 0.309 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.93
48.50 41.47 0.94 2.25 sandy silt to clayey silt -34.4 1.00 17 5,820 3,081 3,517 2.56 3.08 92.48 0.779 0.892 0.306 0.154 0.597 YES 2.8 15.3 708 20.0 N/A 1.073 0.13 0.80
49.50 31.82 0.95 2.96 clayey silt to silty clay -35.4 1.00 16 5,940 3,138 3,575 2.74 N/A N/A 0.771 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.80
50.50 39.75 0.93 2.32 sandy silt to clayey silt -36.4 1.00 16 6,060 3,196 3,633 2.59 3.28 91.81 0.763 0.886 0.301 0.152 0.597 YES 2.8 14.6 644 19.2 N/A 1.168 0.14 0.66
51.50 50.58 1.09 2.15 sandy silt to clayey silt -37.4 1.00 20 6,180 3,253 3,690 2.45 2.53 100.34 0.755 0.869 0.298 0.174 0.676 YES 2.8 17.7 944 22.9 N/A 0.143 0.02 0.64
52.50 71.21 0.85 1.19 sand to silty sand -38.4 1.00 18 6,300 3,311 3,748 2.17 1.60 88.54 0.747 0.873 0.295 0.145 0.570 YES 1.3 14.3 621 16.1 N/A 1.626 0.20 0.44
53.50 62.25 1.50 2.41 sandy silt to clayey silt -39.4 1.00 25 6,420 3,369 3,805 2.42 2.38 114.28 0.739 0.847 0.293 0.219 0.845 YES 2.8 20.9 1,200 26.7 N/A 0.081 0.01 0.43
54.50 176.72 2.76 1.56 sand to silty sand -40.4 1.66 73 6,540 3,426 3,863 1.64 1.00 222.94 0.730 0.806 0.290 N/A N/A NO N/A N/A N/A 57.7 N/A 0.000 0.00 0.43
55.50 68.08 1.61 2.37 sandy silt to clayey silt -41.4 1.66 45 6,660 3,484 3,921 2.07 1.41 120.18 0.722 0.801 0.287 0.241 0.898 YES 2.8 35.0 1,200 43.6 N/A 0.000 0.00 0.43
56.50 16.08 0.45 2.75 clayey silt to silty clay -42.4 1.00 8 6,780 3,541 3,978 3.02 N/A N/A 0.714 N/A 0.284 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
57.50 18.58 0.40 2.14 clayey silt to silty clay -43.4 1.00 9 6,900 3,599 4,036 2.90 N/A N/A 0.706 N/A 0.282 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
58.50 26.37 0.43 1.60 sandy silt to clayey silt -44.4 1.00 11 7,020 3,657 4,093 2.69 N/A N/A 0.698 N/A 0.279 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
59.50 39.08 0.63 1.60 silty sand to sandy silt -45.4 1.00 13 7,140 3,714 4,151 2.55 3.01 73.91 0.690 0.870 0.276 0.118 0.495 YES 2.8 11.8 425 15.9 N/A 1.570 0.19 0.25
60.50 30.82 0.36 1.16 silty sand to sandy silt -46.4 1.00 10 7,260 3,772 4,209 2.57 3.12 59.77 0.682 0.881 0.273 0.100 0.430 YES 2.8 9.9 305 13.5 N/A 2.054 0.25 0.00

max= 1,200
min= 173
avg= 690
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT059 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 18.70 ft
  GWT Elev. During Test 3.00 ft           GWT Depth During Test, Zw  = 15.70 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 8.70 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 14.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 1.53 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.01 inches <--- Dry or Unsaturated Sands

Total: 1.54 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth

During Test
(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
Sleeve

Friction

fs-avg (tsf)

Average
Friction

Ratio

Rf-avg (%)
Soil Behavior Type

(Robertson et al., 1983)

Bottom of 
Layer

Elevation
(ft)

Thin Layer 
Correction Factor

(Lunne, et al., 1997)

Equiv. SPT
Blow Count

N60(blows/ft)

Total
Vert.
Stress

v (psf)

Effective
Vert.
Stress

(Design)

v' (psf)

Effective
Vert.
Stress
(Test)

v' (psf)

Soil
Behavior

Type
Index

Ic

Fines
Correction

Factor

Kc

Corrected
Tip

Resistance

qc1Ncs

Shear
Stress

Reduction
Coeff.

rd

Correction
for High

Overburden
Stress

K

Cyclic
Stress
Ratio

++

CSR

Cyclic
Res.

Ratio

CRR7.5

Factor of
Safety

Against
Liqefaction

+++

FS

Liquef
y ?

SPT Blow
Count

Correction

 Ncorr.

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Residual
Shear

Strength

Sr (psf)

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Cyclic
Shear
Strain

c (%)

Vol.
Strain

 v (%)

Layer
Settlemen

t

Si (in.)

Cumulativ
e

Settlement
Profile

(in.)

0.50 60.80 0.32 0.52 sand to silty sand 17.7 1.00 15 60 60 60 1.31 1.00 351.03 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 29.6 0.010 0.010 0.00 1.54
1.50 58.72 0.39 0.66 sand to silty sand 16.7 1.00 15 180 180 180 1.57 1.00 195.72 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 28.7 0.017 0.019 0.00 1.54
2.50 37.82 0.24 0.62 silty sand to sandy silt 15.7 1.00 13 300 300 300 1.79 1.10 107.70 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 30.7 0.022 0.022 0.00 1.54
3.50 33.95 0.18 0.52 silty sand to sandy silt 14.7 1.00 11 420 420 420 1.85 1.15 85.04 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A 28.1 0.027 0.029 0.00 1.53
4.50 37.25 0.71 1.89 sandy silt to clayey silt 13.7 1.00 15 540 540 540 2.20 1.68 120.19 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A 35.4 N/A N/A N/A 1.53
5.50 26.37 0.63 2.38 sandy silt to clayey silt 12.7 1.00 11 660 660 660 2.42 2.38 109.19 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A 26.5 N/A N/A N/A 1.53
6.50 17.62 0.19 1.07 sandy silt to clayey silt 11.7 1.00 7 780 780 780 2.38 2.23 62.91 0.985 N/A 0.205 N/A N/A NO N/A N/A N/A 18.5 N/A N/A N/A 1.53
7.50 15.18 0.22 1.45 sandy silt to clayey silt 10.7 1.00 6 900 900 900 2.53 2.94 66.61 0.983 N/A 0.204 N/A N/A NO N/A N/A N/A 15.9 N/A N/A N/A 1.53
8.50 13.40 0.17 1.27 sandy silt to clayey silt 9.7 1.00 5 1,020 1,020 1,020 2.57 3.17 59.42 0.980 N/A 0.204 N/A N/A NO N/A N/A N/A 14.0 N/A N/A N/A 1.53
9.50 18.52 0.09 0.50 sandy silt to clayey silt 8.7 1.00 7 1,140 1,090 1,140 2.27 1.86 46.68 0.978 1.000 0.213 0.089 0.558 YES 2.8 12.6 481 16.8 N/A 0.126 0.02 1.52
10.50 14.87 0.14 0.95 sandy silt to clayey silt 7.7 1.00 6 1,260 1,148 1,260 2.49 2.74 53.70 0.976 1.000 0.223 0.094 0.565 YES 2.8 10.3 328 14.0 N/A 1.457 0.17 1.34
11.50 15.62 0.17 1.09 sandy silt to clayey silt 6.7 1.00 6 1,380 1,205 1,380 2.51 2.84 57.19 0.973 1.000 0.232 0.097 0.561 YES 2.8 10.3 329 14.0 N/A 1.646 0.20 1.15
12.50 28.37 0.37 1.31 sandy silt to clayey silt 5.7 1.66 19 1,500 1,263 1,500 2.04 1.35 79.93 0.971 1.000 0.240 0.127 0.709 YES 2.8 24.5 1,200 31.0 N/A 0.044 0.01 1.14
13.50 8.37 0.12 1.45 clayey silt to silty clay 4.7 1.00 4 1,620 1,320 1,620 2.80 N/A N/A 0.969 N/A 0.247 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 1.14
14.50 19.70 0.39 2.00 sandy silt to clayey silt 3.7 1.00 8 1,740 1,378 1,740 2.57 3.13 81.46 0.966 1.000 0.254 0.130 0.685 YES 2.8 11.2 386 15.1 N/A 1.569 0.19 0.95
15.50 22.53 0.37 1.63 sandy silt to clayey silt 2.7 1.66 15 1,860 1,436 1,860 2.20 1.66 73.08 0.964 1.000 0.260 0.116 0.597 YES 2.8 18.3 1,004 23.6 N/A 0.087 0.01 0.94
16.50 8.07 0.18 2.29 silty clay to clay 1.7 1.00 5 1,980 1,493 1,930 2.96 N/A N/A 0.962 N/A 0.265 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.94
17.50 5.80 0.13 2.22 silty clay to clay 0.7 1.00 4 2,100 1,551 1,988 3.10 N/A N/A 0.959 N/A 0.270 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.94
18.50 6.63 0.12 1.89 silty clay to clay -0.3 1.00 4 2,220 1,608 2,045 3.02 N/A N/A 0.957 N/A 0.275 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.94
19.50 15.90 0.16 1.03 sandy silt to clayey silt -1.3 1.00 6 2,340 1,666 2,103 2.55 3.01 54.84 0.955 1.000 0.279 0.095 0.456 YES 2.8 9.0 261 12.4 N/A 2.217 0.27 0.68
20.50 9.73 0.13 1.32 clayey silt to silty clay -2.3 1.00 5 2,460 1,724 2,160 2.80 N/A N/A 0.952 N/A 0.283 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
21.50 8.10 0.23 2.89 silty clay to clay -3.3 1.00 5 2,580 1,781 2,218 3.07 N/A N/A 0.950 N/A 0.286 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
22.50 6.15 0.07 1.13 sensitive fine grained -4.3 1.00 3 2,700 1,839 2,276 2.99 N/A N/A 0.948 N/A 0.289 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
23.50 5.75 0.03 0.48 sensitive fine grained -5.3 1.00 3 2,820 1,896 2,333 2.88 5.48 32.80 0.945 N/A 0.292 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
24.50 7.72 0.08 1.01 sensitive fine grained -6.3 1.00 4 2,940 1,954 2,391 2.89 N/A N/A 0.943 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
25.50 7.48 0.07 0.88 sensitive fine grained -7.3 1.00 4 3,060 2,012 2,448 2.89 N/A N/A 0.941 N/A 0.298 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
26.50 7.57 0.06 0.80 sensitive fine grained -8.3 1.00 4 3,180 2,069 2,506 2.87 N/A N/A 0.938 N/A 0.300 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
27.50 6.80 0.02 0.27 sensitive fine grained -9.3 1.00 3 3,300 2,127 2,564 2.77 4.49 29.19 0.936 N/A 0.302 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
28.50 7.47 0.06 0.81 sensitive fine grained -10.3 1.00 4 3,420 2,184 2,621 2.90 N/A N/A 0.934 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
29.50 6.42 0.01 0.21 sensitive fine grained -11.3 1.00 3 3,540 2,242 2,679 2.78 4.63 27.24 0.931 N/A 0.306 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
30.50 6.30 0.03 0.51 sensitive fine grained -12.3 1.00 3 3,660 2,300 2,736 2.92 5.91 33.52 0.926 N/A 0.306 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
31.50 6.13 0.02 0.26 sensitive fine grained -13.3 1.00 3 3,780 2,357 2,794 2.85 5.22 28.30 0.918 N/A 0.306 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
32.50 7.08 0.01 0.17 sensitive fine grained -14.3 1.00 4 3,900 2,415 2,852 2.75 4.34 26.66 0.909 N/A 0.305 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
33.50 7.90 0.07 0.87 sensitive fine grained -15.3 1.00 4 4,020 2,472 2,909 2.94 N/A N/A 0.901 N/A 0.305 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
34.50 11.10 0.10 0.92 sandy silt to clayey silt -16.3 1.00 4 4,140 2,530 2,967 2.81 N/A N/A 0.893 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
35.50 8.95 0.12 1.39 clayey silt to silty clay -17.3 1.00 4 4,260 2,588 3,024 2.99 N/A N/A 0.885 N/A 0.303 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
36.50 8.03 0.07 0.90 sensitive fine grained -18.3 1.00 4 4,380 2,645 3,082 2.96 N/A N/A 0.877 N/A 0.302 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
37.50 8.92 0.11 1.25 clayey silt to silty clay -19.3 1.00 4 4,500 2,703 3,140 2.99 N/A N/A 0.869 N/A 0.301 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
38.50 9.40 0.06 0.66 sandy silt to clayey silt -20.3 1.00 4 4,620 2,760 3,197 2.85 5.22 38.53 0.861 N/A 0.300 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
39.50 16.47 0.21 1.26 sandy silt to clayey silt -21.3 1.00 7 4,740 2,818 3,255 2.74 N/A N/A 0.852 N/A 0.298 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
40.50 15.17 0.24 1.58 sandy silt to clayey silt -22.3 1.00 6 4,860 2,876 3,312 2.83 N/A N/A 0.844 N/A 0.297 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
41.50 17.71 0.39 2.19 clayey silt to silty clay -23.3 1.00 9 4,980 2,933 3,370 2.86 N/A N/A 0.836 N/A 0.295 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
42.50 21.82 0.61 2.76 clayey silt to silty clay -24.3 1.00 11 5,100 2,991 3,428 2.84 N/A N/A 0.828 N/A 0.294 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
43.50 26.73 1.00 3.71 clayey silt to silty clay -25.3 1.00 13 5,220 3,048 3,485 2.85 N/A N/A 0.820 N/A 0.292 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
44.50 20.58 0.59 2.86 clayey silt to silty clay -26.3 1.00 10 5,340 3,106 3,543 2.88 N/A N/A 0.812 N/A 0.290 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
45.50 18.78 0.20 1.03 sandy silt to clayey silt -27.3 1.00 8 5,460 3,164 3,600 2.68 N/A N/A 0.804 N/A 0.288 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
46.50 20.37 0.61 2.97 clayey silt to silty clay -28.3 1.00 10 5,580 3,221 3,658 2.91 N/A N/A 0.795 N/A 0.287 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.68
47.50 62.70 0.39 0.62 sand to silty sand -29.3 1.00 16 5,700 3,279 3,716 2.06 1.38 67.67 0.787 0.882 0.285 0.109 0.450 YES 1.3 12.8 498 14.6 N/A 1.868 0.22 0.45
48.50 34.98 0.64 1.84 sandy silt to clayey silt -30.3 1.00 14 5,820 3,336 3,773 2.59 3.25 77.52 0.779 0.885 0.283 0.123 0.515 YES 2.8 13.0 509 17.2 N/A 1.346 0.16 0.29
49.50 110.05 0.85 0.78 sand to silty sand -31.3 1.00 28 5,940 3,394 3,831 1.91 1.20 101.04 0.771 0.838 0.281 0.176 0.701 YES 1.3 21.2 1,200 23.3 N/A 0.096 0.01 0.28
50.50 209.07 0.63 0.30 sand -32.3 1.00 42 6,060 3,452 3,888 1.45 1.00 159.14 0.763 0.804 0.279 0.455 1.751 NO N/A N/A N/A 30.0 N/A 0.057 0.01 0.27
51.50 159.57 0.35 0.22 sand -33.3 1.00 32 6,180 3,509 3,946 1.50 1.00 120.46 0.755 0.818 0.276 0.243 0.957 YES 0.0 22.7 1,200 22.7 N/A 0.097 0.01 0.26
52.50 152.01 0.45 0.30 sand -34.3 1.00 30 6,300 3,567 4,004 1.58 1.00 113.83 0.747 0.818 0.274 0.217 0.864 YES 0.0 21.5 1,200 21.5 N/A 0.131 0.02 0.25
53.50 155.73 0.68 0.44 sand -35.3 1.66 52 6,420 3,624 4,061 1.35 1.00 191.54 0.739 0.788 0.272 N/A N/A NO N/A N/A N/A 36.2 N/A 0.021 0.00 0.24
54.50 62.98 0.66 1.05 sand to silty sand -36.3 1.00 16 6,540 3,682 4,119 2.20 1.67 77.71 0.730 0.859 0.270 0.124 0.525 YES 1.3 12.3 458 14.0 N/A 1.965 0.24 0.01
55.50 94.80 0.92 0.97 sand to silty sand -37.3 1.66 39 6,660 3,740 4,176 1.73 1.06 121.23 0.722 0.783 0.268 0.246 0.960 YES 1.3 28.5 1,200 31.0 N/A 0.049 0.01 0.00
56.50 24.02 0.30 1.26 sandy silt to clayey silt -38.3 1.00 10 6,780 3,797 4,234 2.68 N/A N/A 0.714 N/A 0.265 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
57.50 19.02 0.22 1.16 sandy silt to clayey silt -39.3 1.00 8 6,900 3,855 4,292 2.77 N/A N/A 0.706 N/A 0.263 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
58.50 28.63 0.38 1.33 sandy silt to clayey silt -40.3 1.00 11 7,020 3,912 4,349 2.63 N/A N/A 0.698 N/A 0.260 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
59.50 26.22 0.33 1.27 sandy silt to clayey silt -41.3 1.00 10 7,140 3,970 4,407 2.66 N/A N/A 0.690 N/A 0.258 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
60.50 19.10 0.44 2.28 clayey silt to silty clay -42.3 1.00 10 7,260 4,028 4,464 2.94 N/A N/A 0.682 N/A 0.256 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00

max= 1,200
min= 261
avg= 732
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT060 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 14.60 ft
  GWT Elev. During Test -2.00 ft           GWT Depth During Test, Zw  = 16.60 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 4.60 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 12.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 0.52 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 0.52 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **
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0.50 19.68 0.09 0.44 silty sand to sandy silt 13.6 1.00 7 60 60 60 1.66 1.00 113.64 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 18.4 0.012 0.022 0.00 0.52
1.50 39.48 0.28 0.70 silty sand to sandy silt 12.6 1.00 13 180 180 180 1.72 1.05 138.48 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 31.8 0.017 0.016 0.00 0.52
2.50 84.72 0.42 0.50 sand to silty sand 11.6 1.00 21 300 300 300 1.46 1.00 218.74 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 40.2 0.020 0.000 0.00 0.52
3.50 95.70 0.53 0.55 sand to silty sand 10.6 1.00 24 420 420 420 1.50 1.00 208.83 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A 45.1 0.023 0.000 0.00 0.52
4.50 108.37 0.84 0.77 sand to silty sand 9.6 1.00 27 540 540 540 1.60 1.00 208.55 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A 50.8 0.025 0.000 0.00 0.52
5.50 59.78 0.54 0.90 sand to silty sand 8.6 1.00 15 660 604 660 1.85 1.15 124.94 0.987 1.000 0.224 0.261 1.554 NO N/A N/A N/A 29.1 N/A 0.050 0.01 0.51
6.50 63.75 0.50 0.78 sand to silty sand 7.6 1.00 16 780 661 780 1.81 1.11 123.43 0.985 1.000 0.242 0.255 1.408 NO N/A N/A N/A 29.2 N/A 0.053 0.01 0.51
7.50 55.93 0.65 1.16 silty sand to sandy silt 6.6 1.66 31 900 719 900 1.67 1.02 156.81 0.983 1.000 0.256 0.439 2.288 NO N/A N/A N/A 60.2 N/A 0.000 0.00 0.51
8.50 6.58 0.26 3.88 clay 5.6 1.00 7 1,020 777 1,020 2.98 N/A N/A 0.980 N/A 0.268 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.51
9.50 6.73 0.14 2.03 silty clay to clay 4.6 1.00 4 1,140 834 1,140 2.83 N/A N/A 0.978 N/A 0.278 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.51
10.50 19.70 0.59 2.99 clayey silt to silty clay 3.6 1.00 10 1,260 892 1,260 2.57 3.13 112.87 0.976 1.000 0.287 0.214 0.995 YES 2.8 15.2 699 N/A N/A 0.000 0.00 0.51
11.50 11.53 0.27 2.34 clayey silt to silty clay 2.6 1.00 6 1,380 949 1,380 2.70 N/A N/A 0.973 N/A 0.294 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.51
12.50 6.02 0.25 4.20 clay 1.6 1.00 6 1,500 1,007 1,500 3.11 N/A N/A 0.971 N/A 0.301 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.51
13.50 14.68 0.28 1.93 clayey silt to silty clay 0.6 1.00 7 1,620 1,065 1,620 2.60 3.30 77.84 0.969 1.000 0.307 0.124 0.539 YES 2.8 11.0 367 N/A N/A 0.000 0.00 0.51
14.50 30.67 0.30 0.96 silty sand to sandy silt -0.4 1.66 17 1,740 1,122 1,740 1.92 1.20 81.60 0.966 1.000 0.312 0.131 0.559 YES 2.8 20.9 1,200 26.8 N/A 0.086 0.01 0.50
15.50 10.13 0.24 2.34 clayey silt to silty clay -1.4 1.00 5 1,860 1,180 1,860 2.81 N/A N/A 0.964 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.50
16.50 6.68 0.09 1.27 sensitive fine grained -2.4 1.00 3 1,980 1,237 1,980 2.85 N/A N/A 0.962 N/A 0.320 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.50
17.50 4.78 0.02 0.42 sensitive fine grained -3.4 1.00 2 2,100 1,295 2,044 2.81 4.90 32.48 0.959 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.50
18.50 4.55 0.02 0.44 sensitive fine grained -4.4 1.00 2 2,220 1,353 2,101 2.86 5.31 32.41 0.957 N/A 0.327 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.50
19.50 5.38 0.02 0.33 sensitive fine grained -5.4 1.00 3 2,340 1,410 2,159 2.76 4.45 31.14 0.955 N/A 0.329 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.50
20.50 7.77 0.15 1.89 clayey silt to silty clay -6.4 1.00 4 2,460 1,468 2,217 2.94 N/A N/A 0.952 N/A 0.332 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.50
21.50 9.65 0.11 1.05 clayey silt to silty clay -7.4 1.00 5 2,580 1,525 2,274 2.74 N/A N/A 0.950 N/A 0.334 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.50
22.50 12.27 0.23 1.80 clayey silt to silty clay -8.4 1.00 6 2,700 1,583 2,332 2.77 N/A N/A 0.948 N/A 0.336 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.50
23.50 113.27 0.60 0.53 sand -9.4 1.00 23 2,820 1,641 2,389 1.67 1.02 127.27 0.945 1.000 0.338 0.272 1.073 YES 0.0 20.7 1,200 20.7 N/A 1.157 0.14 0.36
24.50 99.23 0.63 0.64 sand to silty sand -10.4 1.00 25 2,940 1,698 2,447 1.77 1.08 116.81 0.943 1.000 0.340 0.228 0.897 YES 1.3 23.8 1,200 26.0 N/A 0.106 0.01 0.34
25.50 68.52 1.31 1.92 silty sand to sandy silt -11.4 1.00 23 3,060 1,756 2,505 2.21 1.68 122.83 0.941 1.000 0.341 0.252 0.988 YES 2.8 23.2 1,200 29.5 N/A 0.076 0.01 0.33
26.50 41.15 0.75 1.83 sandy silt to clayey silt -12.4 1.66 27 3,180 1,813 2,562 2.06 1.38 98.86 0.938 1.000 0.342 0.170 0.662 YES 2.8 26.9 1,200 33.9 N/A 0.044 0.01 0.33
27.50 11.00 0.31 2.85 silty clay to clay -13.4 1.00 7 3,300 1,871 2,620 2.97 N/A N/A 0.936 N/A 0.343 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.33
28.50 51.33 0.72 1.40 silty sand to sandy silt -14.4 1.00 17 3,420 1,929 2,677 2.23 1.74 91.02 0.934 1.000 0.344 0.150 0.582 YES 2.8 17.6 933 22.7 N/A 0.589 0.07 0.26
29.50 61.30 0.41 0.66 sand to silty sand -15.4 1.66 25 3,540 1,986 2,735 1.68 1.00 101.85 0.931 1.000 0.345 0.178 0.689 YES 1.3 23.0 1,200 25.2 N/A 0.156 0.02 0.24
30.50 13.80 0.36 2.59 clayey silt to silty clay -16.4 1.00 7 3,660 2,044 2,793 2.89 N/A N/A 0.926 N/A 0.345 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.24
31.50 50.23 0.51 1.02 silty sand to sandy silt -17.4 1.66 28 3,780 2,101 2,850 1.86 1.16 93.76 0.918 0.982 0.343 0.157 0.598 YES 2.8 26.0 1,200 32.9 N/A 0.052 0.01 0.23
32.50 14.47 0.32 2.20 clayey silt to silty clay -18.4 1.00 7 3,900 2,159 2,908 2.84 N/A N/A 0.909 N/A 0.342 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.23
33.50 61.22 0.32 0.52 sand to silty sand -19.4 1.66 25 4,020 2,217 2,965 1.66 1.00 96.28 0.901 0.965 0.340 0.163 0.618 YES 1.3 22.1 1,200 24.3 N/A 0.187 0.02 0.21
34.50 16.90 0.27 1.61 sandy silt to clayey silt -20.4 1.00 7 4,140 2,274 3,023 2.72 N/A N/A 0.893 N/A 0.338 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
35.50 10.35 0.19 1.89 clayey silt to silty clay -21.4 1.00 5 4,260 2,332 3,081 2.97 N/A N/A 0.885 N/A 0.336 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
36.50 10.93 0.28 2.59 silty clay to clay -22.4 1.00 7 4,380 2,389 3,138 3.03 N/A N/A 0.877 N/A 0.334 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
37.50 14.53 0.42 2.88 clayey silt to silty clay -23.4 1.00 7 4,500 2,447 3,196 2.95 N/A N/A 0.869 N/A 0.332 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
38.50 11.98 0.42 3.54 silty clay to clay -24.4 1.00 8 4,620 2,505 3,253 3.09 N/A N/A 0.861 N/A 0.330 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
39.50 9.60 0.33 3.40 clay -25.4 1.00 10 4,740 2,562 3,311 3.18 N/A N/A 0.852 N/A 0.328 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
40.50 16.77 0.64 3.82 silty clay to clay -26.4 1.00 11 4,860 2,620 3,369 2.99 N/A N/A 0.844 N/A 0.326 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
41.50 13.70 0.35 2.53 clayey silt to silty clay -27.4 1.00 7 4,980 2,677 3,426 2.97 N/A N/A 0.836 N/A 0.324 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
42.50 10.45 0.26 2.46 clayey silt to silty clay -28.4 1.00 5 5,100 2,735 3,484 3.09 N/A N/A 0.828 N/A 0.321 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
43.50 10.80 0.26 2.36 clayey silt to silty clay -29.4 1.00 5 5,220 2,793 3,541 3.07 N/A N/A 0.820 N/A 0.319 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
44.50 14.23 0.34 2.30 clayey silt to silty clay -30.4 1.00 7 5,340 2,850 3,599 2.96 N/A N/A 0.812 N/A 0.316 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
45.50 10.73 0.31 2.73 silty clay to clay -31.4 1.00 7 5,460 2,908 3,657 3.14 N/A N/A 0.804 N/A 0.314 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
46.50 9.87 0.22 2.10 clayey silt to silty clay -32.4 1.00 5 5,580 2,965 3,714 3.12 N/A N/A 0.795 N/A 0.311 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.21
47.50 31.07 0.48 1.50 sandy silt to clayey silt -33.4 1.00 12 5,700 3,023 3,772 2.56 3.11 70.89 0.787 0.911 0.309 0.113 0.445 YES 2.8 11.8 426 15.9 N/A 1.703 0.20 0.01
48.50 283.85 1.57 0.55 gravelly sand to sand -34.4 1.00 47 5,820 3,081 3,829 1.47 1.00 228.71 0.779 0.841 0.306 N/A N/A NO N/A N/A N/A 34.2 N/A 0.037 0.00 0.00
49.50 578.80 0.00 0.00 gravelly sand to sand -35.4 1.00 96 5,940 3,138 3,887 2.68 3.85 1,590.87 0.771 N/A 0.304 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00

max= 1,200
min= 367
avg= 1,002
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT062 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 23.00 ft
  GWT Elev. During Test -2.00 ft           GWT Depth During Test, Zw  = 25.00 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 13.00 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 11.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 0.77 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.02 inches <--- Dry or Unsaturated Sands

Total: 0.79 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth
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(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
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Friction
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(Lunne, et al., 1997)
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Soil
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Ic

Fines
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rd
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Overburden
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K

Cyclic
Stress
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++
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Cyclic
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+++

FS
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Correction

 Ncorr.

Fines
Corrected
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Shear
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Cyclic
Shear
Strain

c (%)

Vol.
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 v (%)

Layer
Settlemen

t

Si (in.)
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e
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Profile

(in.)

0.50 205.77 1.04 0.51 sand 22.0 1.00 41 60 60 60 1.01 1.00 1,188.00 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 70.0 0.007 0.000 0.00 0.79
1.50 162.27 1.86 1.15 sand to silty sand 21.0 1.00 41 180 180 180 1.48 1.00 540.89 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 74.8 0.013 0.000 0.00 0.79
2.50 189.85 2.20 1.16 sand 20.0 1.00 38 300 300 300 1.50 1.00 490.19 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 64.5 0.017 0.000 0.00 0.79
3.50 213.83 1.53 0.72 sand 19.0 1.00 43 420 420 420 1.34 1.00 466.62 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A 72.7 0.019 0.000 0.00 0.79
4.50 219.92 0.89 0.40 sand 18.0 1.00 44 540 540 540 1.18 1.00 423.23 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A 74.8 0.022 0.000 0.00 0.79
5.50 172.27 1.00 0.58 sand 17.0 1.00 34 660 660 660 1.40 1.00 299.88 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A 58.6 0.026 0.000 0.00 0.79
6.50 98.57 0.99 1.00 sand to silty sand 16.0 1.00 25 780 780 780 1.76 1.08 170.68 0.985 N/A 0.205 N/A N/A NO N/A N/A N/A 43.9 0.031 0.000 0.00 0.79
7.50 60.80 0.56 0.92 sand to silty sand 15.0 1.00 15 900 900 900 1.92 1.21 109.67 0.983 N/A 0.204 N/A N/A NO N/A N/A N/A 26.2 0.039 0.047 0.01 0.78
8.50 55.45 0.39 0.70 sand to silty sand 14.0 1.00 14 1,020 1,020 1,020 1.91 1.20 92.87 0.980 N/A 0.204 N/A N/A NO N/A N/A N/A 22.8 0.043 0.062 0.01 0.77
9.50 35.88 0.58 1.61 silty sand to sandy silt 13.0 1.66 20 1,140 1,140 1,140 1.99 1.28 100.93 0.978 N/A 0.203 N/A N/A NO N/A N/A N/A 36.5 0.039 0.032 0.00 0.77
10.50 7.77 0.12 1.52 clayey silt to silty clay 12.0 1.00 4 1,260 1,260 1,260 2.82 N/A N/A 0.976 N/A 0.203 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
11.50 6.40 0.03 0.39 sensitive fine grained 11.0 1.00 3 1,380 1,380 1,380 2.68 3.89 32.86 0.973 N/A 0.202 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
12.50 8.98 0.05 0.56 sandy silt to clayey silt 10.0 1.66 6 1,500 1,500 1,500 2.36 2.17 37.27 0.971 N/A 0.202 N/A N/A NO N/A N/A N/A 13.2 N/A N/A N/A 0.77
13.50 3.95 0.02 0.51 sensitive fine grained 9.0 1.00 2 1,620 1,589 1,620 2.98 6.52 30.62 0.969 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
14.50 3.87 0.02 0.43 sensitive fine grained 8.0 1.00 2 1,740 1,646 1,740 2.98 6.55 29.32 0.966 N/A 0.212 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
15.50 3.65 0.01 0.27 sensitive fine grained 7.0 1.00 2 1,860 1,704 1,860 2.96 6.33 26.04 0.964 N/A 0.219 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
16.50 4.45 0.02 0.41 sensitive fine grained 6.0 1.00 2 1,980 1,762 1,980 2.93 6.04 29.54 0.962 N/A 0.225 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
17.50 15.98 0.32 2.03 clayey silt to silty clay 5.0 1.00 8 2,100 1,819 2,100 2.72 N/A N/A 0.959 N/A 0.230 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
18.50 9.67 0.23 2.38 silty clay to clay 4.0 1.00 6 2,220 1,877 2,220 2.97 N/A N/A 0.957 N/A 0.235 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
19.50 10.45 0.26 2.48 silty clay to clay 3.0 1.00 7 2,340 1,934 2,340 2.95 N/A N/A 0.955 N/A 0.240 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
20.50 7.46 0.14 1.88 silty clay to clay 2.0 1.00 5 2,460 1,992 2,460 3.03 N/A N/A 0.952 N/A 0.245 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
21.50 5.72 0.06 1.03 sensitive fine grained 1.0 1.00 3 2,580 2,050 2,580 3.03 N/A N/A 0.950 N/A 0.249 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
22.50 8.90 0.14 1.54 clayey silt to silty clay 0.0 1.00 4 2,700 2,107 2,700 2.94 N/A N/A 0.948 N/A 0.253 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
23.50 10.45 0.06 0.59 sandy silt to clayey silt -1.0 1.00 4 2,820 2,165 2,820 2.69 3.94 38.82 0.945 N/A 0.256 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
24.50 16.15 0.27 1.68 sandy silt to clayey silt -2.0 1.00 6 2,940 2,222 2,940 2.73 N/A N/A 0.943 N/A 0.259 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.77
25.50 28.30 0.43 1.53 sandy silt to clayey silt -3.0 1.00 11 3,060 2,280 3,029 2.51 2.81 72.03 0.941 0.971 0.263 0.115 0.566 YES 2.8 12.0 436 16.0 N/A 1.410 0.17 0.60
26.50 20.83 0.68 3.26 clayey silt to silty clay -4.0 1.00 10 3,180 2,338 3,086 2.82 N/A N/A 0.938 N/A 0.265 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.60
27.50 78.68 1.08 1.37 silty sand to sandy silt -5.0 1.00 26 3,300 2,395 3,144 2.11 1.48 106.34 0.936 0.940 0.268 0.192 0.897 YES 2.8 23.7 1,200 30.1 N/A 0.054 0.01 0.60
28.50 188.78 0.56 0.29 sand -6.0 1.00 38 3,420 2,453 3,202 1.42 1.00 170.47 0.934 0.922 0.271 N/A N/A NO N/A N/A N/A 29.8 N/A 0.056 0.01 0.59
29.50 212.07 1.30 0.61 sand -7.0 1.00 42 3,540 2,510 3,259 1.56 1.00 189.29 0.931 0.913 0.273 N/A N/A NO N/A N/A N/A 33.2 N/A 0.038 0.00 0.58
30.50 250.87 0.79 0.32 gravelly sand to sand -8.0 1.00 42 3,660 2,568 3,317 1.34 1.00 221.39 0.926 0.905 0.274 N/A N/A NO N/A N/A N/A 32.5 N/A 0.042 0.01 0.58
31.50 191.36 0.75 0.39 sand -9.0 1.00 38 3,780 2,626 3,374 1.49 1.00 167.01 0.918 0.897 0.275 N/A N/A NO N/A N/A N/A 29.5 N/A 0.059 0.01 0.57
32.50 158.78 0.55 0.34 sand -10.0 1.66 53 3,900 2,683 3,432 1.24 1.00 226.98 0.909 0.889 0.275 N/A N/A NO N/A N/A N/A 40.1 N/A 0.000 0.00 0.57
33.50 52.02 0.53 1.02 silty sand to sandy silt -11.0 1.00 17 4,020 2,741 3,490 2.21 1.68 74.74 0.901 0.918 0.275 0.119 0.529 YES 2.8 15.9 767 20.8 N/A 0.172 0.02 0.55
34.50 56.05 0.32 0.58 sand to silty sand -12.0 1.00 14 4,140 2,798 3,547 2.05 1.38 65.17 0.893 0.922 0.275 0.106 0.473 YES 1.3 11.9 426 13.5 N/A 2.050 0.25 0.31
35.50 42.77 0.48 1.12 silty sand to sandy silt -13.0 1.00 14 4,260 2,856 3,605 2.31 1.98 70.76 0.885 0.917 0.275 0.113 0.503 YES 2.8 13.4 544 17.7 N/A 1.148 0.14 0.17
36.50 45.28 0.62 1.37 silty sand to sandy silt -14.0 1.00 15 4,380 2,914 3,662 2.34 2.10 78.67 0.877 0.910 0.274 0.125 0.555 YES 2.8 14.0 588 18.4 N/A 1.000 0.12 0.05
37.50 48.08 1.10 2.28 sandy silt to clayey silt -15.0 1.66 32 4,500 2,971 3,720 2.15 1.55 101.29 0.869 0.866 0.274 0.177 0.746 YES 2.8 26.2 1,200 33.0 N/A 0.039 0.00 0.04
38.50 15.25 0.37 2.46 clayey silt to silty clay -16.0 1.00 8 4,620 3,029 3,778 2.95 N/A N/A 0.861 N/A 0.273 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.04
39.50 14.87 0.37 2.48 clayey silt to silty clay -17.0 1.00 7 4,740 3,086 3,835 2.96 N/A N/A 0.852 N/A 0.272 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.04
40.50 14.20 0.41 2.88 clayey silt to silty clay -18.0 1.00 7 4,860 3,144 3,893 3.03 N/A N/A 0.844 N/A 0.271 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.04
41.50 11.71 0.34 2.92 silty clay to clay -19.0 1.00 8 4,980 3,202 3,950 3.12 N/A N/A 0.836 N/A 0.271 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.04
42.50 14.27 0.40 2.82 clayey silt to silty clay -20.0 1.00 7 5,100 3,259 4,008 3.03 N/A N/A 0.828 N/A 0.270 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.04
43.50 15.57 0.54 3.51 silty clay to clay -21.0 1.00 10 5,220 3,317 4,066 3.06 N/A N/A 0.820 N/A 0.268 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.04
44.50 42.62 0.73 1.71 silty sand to sandy silt -22.0 1.66 24 5,340 3,374 4,123 2.14 1.53 83.03 0.812 0.853 0.267 0.133 0.568 YES 2.8 19.2 1,100 24.7 N/A 0.083 0.01 0.03
45.50 15.93 0.40 2.52 clayey silt to silty clay -23.0 1.00 8 5,460 3,432 4,181 2.98 N/A N/A 0.804 N/A 0.266 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.03
46.50 30.27 0.58 1.93 sandy silt to clayey silt -24.0 1.00 12 5,580 3,490 4,238 2.66 N/A N/A 0.795 N/A 0.265 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.03
47.50 113.07 1.47 1.30 sand to silty sand -25.0 1.00 28 5,700 3,547 4,296 2.05 1.36 115.87 0.787 0.828 0.263 0.225 0.943 YES 1.3 20.6 1,200 22.7 N/A 0.092 0.01 0.02
48.50 180.27 0.98 0.54 sand -26.0 1.66 60 5,820 3,605 4,354 1.34 1.00 222.32 0.779 0.790 0.262 N/A N/A NO N/A N/A N/A 40.5 N/A 0.000 0.00 0.02
49.50 51.97 1.20 2.31 sandy silt to clayey silt -27.0 1.00 21 5,940 3,662 4,411 2.53 2.92 96.32 0.771 0.844 0.260 0.163 0.706 YES 2.8 16.8 853 21.8 N/A 0.096 0.01 0.01
50.50 36.23 0.96 2.66 sandy silt to clayey silt -28.0 1.00 14 6,060 3,720 4,469 2.70 N/A N/A 0.763 N/A 0.259 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
51.50 19.75 0.56 2.86 clayey silt to silty clay -29.0 1.00 10 6,180 3,778 4,526 2.95 N/A N/A 0.755 N/A 0.257 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
52.50 16.60 0.35 2.11 clayey silt to silty clay -30.0 1.00 8 6,300 3,835 4,584 2.95 N/A N/A 0.747 N/A 0.255 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
53.50 15.45 0.31 2.01 clayey silt to silty clay -31.0 1.00 8 6,420 3,893 4,642 2.98 N/A N/A 0.739 N/A 0.253 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
54.50 16.48 0.24 1.47 sandy silt to clayey silt -32.0 1.00 7 6,540 3,950 4,699 2.88 N/A N/A 0.730 N/A 0.252 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.01
55.50 73.55 1.18 1.61 silty sand to sandy silt -33.0 1.00 25 6,660 4,008 4,757 2.27 1.87 96.99 0.722 0.812 0.250 0.165 0.716 YES 2.8 18.7 1,049 24.1 N/A 0.081 0.01 0.00
56.50 359.00 2.36 0.66 gravelly sand to sand -34.0 1.00 60 6,780 4,066 4,814 1.49 1.00 251.80 0.714 0.753 0.248 N/A N/A NO N/A N/A N/A 38.6 N/A 0.007 0.00 0.00
57.50 471.80 3.13 0.66 gravelly sand to sand -35.0 1.00 79 6,900 4,123 4,872 1.41 1.00 328.59 0.706 0.749 0.246 N/A N/A NO N/A N/A N/A 50.4 N/A 0.000 0.00 0.00

max= 1,200
min= 426
avg= 851
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. B-CPT063 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 23.20 ft
  GWT Elev. During Test -2.00 ft           GWT Depth During Test, Zw  = 25.20 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 13.20 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 12.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 0.37 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.00 inches <--- Dry or Unsaturated Sands

Total: 0.37 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth

During Test
(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
Sleeve

Friction

fs-avg (tsf)
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Friction
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(Lunne, et al., 1997)
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v' (psf)

Effective
Vert.
Stress
(Test)

v' (psf)

Soil
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Tip
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rd
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Overburden
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K

Cyclic
Stress
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++
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Cyclic
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CRR7.5
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Safety

Against
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+++

FS

Liquef
y ?

SPT Blow
Count

Correction

 Ncorr.

Fines
Corrected
SPT Blow 
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(N1)60cs

Residual
Shear

Strength

Sr (psf)

Fines
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SPT Blow 
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(N1)60cs

Cyclic
Shear
Strain

c (%)

Vol.
Strain

 v (%)

Layer
Settlemen

t

Si (in.)

Cumulativ
e

Settlement
Profile

(in.)

0.50 56.22 0.63 1.12 silty sand to sandy silt 22.2 1.00 19 60 60 60 1.59 1.00 324.57 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 43.2 0.009 0.000 0.00 0.37
1.50 78.40 1.41 1.80 silty sand to sandy silt 21.2 1.00 26 180 180 180 1.81 1.12 291.72 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 58.3 0.014 0.000 0.00 0.37
2.50 47.15 1.11 2.34 sandy silt to clayey silt 20.2 1.00 19 300 300 300 2.11 1.47 179.18 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 43.5 N/A N/A N/A 0.37
3.50 59.10 1.31 2.21 sandy silt to clayey silt 19.2 1.00 24 420 420 420 2.07 1.41 181.67 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A 53.2 N/A N/A N/A 0.37
4.50 90.68 2.68 2.96 sandy silt to clayey silt 18.2 1.00 36 540 540 540 2.09 1.44 251.10 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A 79.0 N/A N/A N/A 0.37
5.50 50.78 0.71 1.39 silty sand to sandy silt 17.2 1.00 17 660 660 660 2.05 1.37 120.74 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A 39.5 0.029 0.022 0.00 0.37
6.50 94.05 1.15 1.22 sand to silty sand 16.2 1.66 39 780 780 780 1.53 1.00 249.36 0.985 N/A 0.205 N/A N/A NO N/A N/A N/A 67.8 0.027 0.000 0.00 0.37
7.50 9.90 0.37 3.72 clay 15.2 1.00 10 900 900 900 2.86 N/A N/A 0.983 N/A 0.204 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.37
8.50 7.13 0.10 1.36 clayey silt to silty clay 14.2 1.00 4 1,020 1,020 1,020 2.77 N/A N/A 0.980 N/A 0.204 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.37
9.50 6.95 0.06 0.82 sensitive fine grained 13.2 1.00 3 1,140 1,140 1,140 2.71 4.08 43.18 0.978 N/A 0.203 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.37
10.50 5.81 0.05 0.90 sensitive fine grained 12.2 1.00 3 1,260 1,260 1,260 2.84 N/A N/A 0.976 N/A 0.203 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.37
11.50 4.42 0.02 0.44 sensitive fine grained 11.2 1.00 2 1,380 1,380 1,380 2.87 5.37 31.34 0.973 N/A 0.202 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.37
12.50 4.47 0.02 0.37 sensitive fine grained 10.2 1.00 2 1,500 1,500 1,500 2.86 5.36 29.72 0.971 N/A 0.202 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.37
13.50 4.90 0.03 0.54 sensitive fine grained 9.2 1.00 2 1,620 1,601 1,620 2.90 5.70 33.00 0.969 N/A 0.204 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.37
14.50 4.85 0.02 0.41 sensitive fine grained 8.2 1.00 2 1,740 1,659 1,740 2.87 5.46 30.45 0.966 N/A 0.211 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.37
15.50 4.98 0.02 0.39 sensitive fine grained 7.2 1.00 2 1,860 1,716 1,860 2.87 5.43 30.33 0.964 N/A 0.217 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.37
16.50 5.38 0.01 0.24 sensitive fine grained 6.2 1.00 3 1,980 1,774 1,980 2.79 4.67 27.53 0.962 N/A 0.223 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.37
17.50 75.22 1.76 2.34 sandy silt to clayey silt 5.2 1.00 30 2,100 1,832 2,100 2.24 1.78 139.55 0.959 1.000 0.229 0.333 1.941 NO N/A N/A N/A 40.2 N/A 0.000 0.00 0.37
18.50 52.78 1.78 3.37 clayey silt to silty clay 4.2 1.66 44 2,220 1,889 2,220 2.16 1.57 140.90 0.957 1.000 0.234 0.340 1.941 NO N/A N/A N/A N/A N/A 0.000 0.00 0.37
19.50 23.03 0.59 2.57 clayey silt to silty clay 3.2 1.00 12 2,340 1,947 2,340 2.67 N/A N/A 0.955 N/A 0.239 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.37
20.50 20.53 0.51 2.50 clayey silt to silty clay 2.2 1.00 10 2,460 2,004 2,460 2.71 N/A N/A 0.952 N/A 0.243 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.37
21.50 27.05 0.95 3.51 clayey silt to silty clay 1.2 1.00 14 2,580 2,062 2,580 2.72 N/A N/A 0.950 N/A 0.247 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.37
22.50 51.63 1.02 1.98 silty sand to sandy silt 0.2 1.00 17 2,700 2,120 2,700 2.34 2.07 103.93 0.948 0.983 0.251 0.184 0.964 YES 2.8 17.6 936 22.8 N/A 0.088 0.01 0.36
23.50 149.02 0.98 0.66 sand -0.8 1.00 30 2,820 2,177 2,820 1.68 1.02 146.17 0.945 0.969 0.255 0.370 1.880 NO N/A N/A N/A 25.1 N/A 0.077 0.01 0.35
24.50 141.30 0.58 0.41 sand -1.8 1.00 28 2,940 2,235 2,940 1.58 1.00 133.67 0.943 0.961 0.258 0.302 1.501 NO N/A N/A N/A 23.3 N/A 0.087 0.01 0.34
25.50 152.65 0.57 0.38 sand -2.8 1.00 31 3,060 2,292 3,041 1.54 1.00 142.58 0.941 0.950 0.261 0.350 1.697 NO N/A N/A N/A 24.8 N/A 0.081 0.01 0.33
26.50 169.92 0.73 0.43 sand -3.8 1.00 34 3,180 2,350 3,099 1.53 1.00 156.75 0.938 0.939 0.264 0.438 2.079 NO N/A N/A N/A 27.3 N/A 0.068 0.01 0.32
27.50 184.73 0.63 0.34 sand -4.8 1.00 37 3,300 2,408 3,156 1.45 1.00 168.37 0.936 0.928 0.267 N/A N/A NO N/A N/A N/A 29.4 N/A 0.057 0.01 0.32
28.50 149.45 0.45 0.30 sand -5.8 1.00 30 3,420 2,465 3,214 1.51 1.00 134.61 0.934 0.927 0.269 0.307 1.408 NO N/A N/A N/A 23.6 N/A 0.090 0.01 0.31
29.50 171.27 1.18 0.69 sand -6.8 1.00 34 3,540 2,523 3,272 1.67 1.02 155.02 0.931 0.914 0.272 0.426 1.913 NO N/A N/A N/A 26.8 N/A 0.073 0.01 0.30
30.50 121.12 0.43 0.36 sand -7.8 1.00 24 3,660 2,580 3,329 1.64 1.00 106.63 0.926 0.921 0.273 0.193 0.867 YES 0.0 18.8 1,057 18.8 N/A 0.421 0.05 0.25
31.50 75.84 0.56 0.73 sand to silty sand -8.8 1.00 19 3,780 2,638 3,387 1.98 1.28 84.27 0.918 0.924 0.273 0.136 0.611 YES 1.3 15.9 765 17.8 N/A 1.126 0.14 0.11
32.50 52.93 0.61 1.15 silty sand to sandy silt -9.8 1.00 18 3,900 2,696 3,444 2.23 1.74 79.17 0.909 0.921 0.274 0.126 0.567 YES 2.8 16.2 798 21.1 N/A 0.147 0.02 0.09
33.50 48.85 0.64 1.31 silty sand to sandy silt -10.8 1.66 27 4,020 2,753 3,502 1.98 1.28 88.23 0.901 0.897 0.274 0.144 0.629 YES 2.8 23.2 1,200 29.4 N/A 0.059 0.01 0.09
34.50 12.33 0.26 2.12 clayey silt to silty clay -11.8 1.00 6 4,140 2,811 3,560 2.97 N/A N/A 0.893 N/A 0.274 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
35.50 12.28 0.33 2.70 clayey silt to silty clay -12.8 1.00 6 4,260 2,868 3,617 3.04 N/A N/A 0.885 N/A 0.273 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
36.50 14.52 0.49 3.38 silty clay to clay -13.8 1.00 10 4,380 2,926 3,675 3.04 N/A N/A 0.877 N/A 0.273 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
37.50 14.38 0.35 2.44 clayey silt to silty clay -14.8 1.00 7 4,500 2,984 3,732 2.96 N/A N/A 0.869 N/A 0.273 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
38.50 14.13 0.34 2.45 clayey silt to silty clay -15.8 1.00 7 4,620 3,041 3,790 2.98 N/A N/A 0.861 N/A 0.272 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
39.50 19.23 0.43 2.27 clayey silt to silty clay -16.8 1.00 10 4,740 3,099 3,848 2.84 N/A N/A 0.852 N/A 0.271 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.09
40.50 50.43 0.87 1.73 silty sand to sandy silt -17.8 1.00 17 4,860 3,156 3,905 2.38 2.24 89.86 0.844 0.888 0.270 0.147 0.646 YES 2.8 14.8 665 19.4 N/A 0.279 0.03 0.05
41.50 196.71 1.68 0.85 sand -18.8 1.66 65 4,980 3,214 3,963 1.41 1.00 256.93 0.836 0.827 0.269 N/A N/A NO N/A N/A N/A 46.3 N/A 0.000 0.00 0.05
42.50 80.42 1.54 1.92 silty sand to sandy silt -19.8 1.66 44 5,100 3,272 4,020 1.94 1.23 128.32 0.828 0.821 0.268 0.276 1.129 YES 2.8 34.1 1,200 42.6 N/A 0.000 0.00 0.05
43.50 23.93 0.58 2.43 sandy silt to clayey silt -20.8 1.00 10 5,220 3,329 4,078 2.80 N/A N/A 0.820 N/A 0.267 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
44.50 170.13 1.48 0.87 sand -21.8 1.00 34 5,340 3,387 4,136 1.79 1.10 143.49 0.812 0.825 0.266 0.355 1.467 NO N/A N/A N/A 23.7 N/A 0.088 0.01 0.04
45.50 174.05 1.26 0.73 sand -22.8 1.66 58 5,460 3,444 4,193 1.42 1.00 219.60 0.804 0.805 0.265 N/A N/A NO N/A N/A N/A 39.8 N/A 0.001 0.00 0.04
46.50 74.67 1.33 1.79 silty sand to sandy silt -23.8 1.00 25 5,580 3,502 4,251 2.27 1.87 105.30 0.795 0.841 0.264 0.189 0.802 YES 2.8 19.9 1,172 25.5 N/A 0.078 0.01 0.03
47.50 57.80 0.95 1.64 silty sand to sandy silt -24.8 1.00 19 5,700 3,560 4,308 2.34 2.09 90.53 0.787 0.855 0.262 0.149 0.648 YES 2.8 15.9 767 20.8 N/A 0.125 0.01 0.02
48.50 58.50 1.94 3.31 sandy silt to clayey silt -25.8 1.66 39 5,820 3,617 4,366 2.23 1.73 124.71 0.779 0.796 0.261 0.260 1.061 YES 2.8 29.0 1,200 36.5 N/A 0.019 0.00 0.02
49.50 28.33 0.67 2.39 sandy silt to clayey silt -26.8 1.00 11 5,940 3,675 4,424 2.76 N/A N/A 0.771 N/A 0.259 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.02
50.50 21.35 0.49 2.30 sandy silt to clayey silt -27.8 1.00 9 6,060 3,732 4,481 2.86 N/A N/A 0.763 N/A 0.258 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.02
51.50 20.38 0.40 1.97 sandy silt to clayey silt -28.8 1.00 8 6,180 3,790 4,539 2.85 N/A N/A 0.755 N/A 0.256 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.02
52.50 20.34 0.38 1.89 sandy silt to clayey silt -29.8 1.00 8 6,300 3,848 4,596 2.84 N/A N/A 0.747 N/A 0.254 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.02
53.50 97.75 1.93 1.98 silty sand to sandy silt -30.8 1.00 33 6,420 3,905 4,654 2.23 1.75 122.40 0.739 0.793 0.253 0.251 1.050 YES 2.8 24.2 1,200 30.6 N/A 0.048 0.01 0.01
54.50 352.53 1.37 0.39 gravelly sand to sand -31.8 1.66 97 6,540 3,963 4,712 1.04 1.00 414.67 0.730 0.761 0.251 N/A N/A NO N/A N/A N/A 63.4 N/A 0.000 0.00 0.01
55.50 73.55 1.18 1.61 silty sand to sandy silt -32.8 1.00 25 6,660 4,020 4,769 2.27 1.87 96.92 0.722 0.812 0.249 0.165 0.717 YES 2.8 18.7 1,046 24.1 N/A 0.081 0.01 0.00
56.50 359.00 2.36 0.66 gravelly sand to sand -33.8 1.00 60 6,780 4,078 4,827 1.49 1.00 251.41 0.714 0.752 0.247 N/A N/A NO N/A N/A N/A 38.5 N/A 0.007 0.00 0.00
57.50 471.80 3.13 0.66 gravelly sand to sand -34.8 1.00 79 6,900 4,136 4,884 1.41 1.00 328.10 0.706 0.748 0.245 N/A N/A NO N/A N/A N/A 50.3 N/A 0.000 0.00 0.00

max= 1,200
min= 665
avg= 1,000
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EVALUATION OF LIQUEFACTION POTENTIAL AND EARTHQUAKE-INDUCED SETTLEMENTS USING CPT DATA (METHOD 2)
(Engineer: Curt Scheyhing)

PROJECT INFORMATION REFERENCES
  Project Name Ballona Wetlands Restoration +    Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF Workshops (Edited by: T.L. Youd and I.M. Idriss, 2001)

  Project No. LA-962A ++  CSR = 0.65 Amax (v/v') rd

  Location Los Angeles +++ FS = (CRR7.5/CSR) MSF KK where CRR7.5 is evaluated from direct CPT data, K =1.0 and MSF = 1.33
  Exploration No. A-CPT065 *      Residual strength values of liquefied soils are evaluated from converted SPT blow counts using the median curve  by Seed & Harder (1990) 

**    Ground settlements are evaluated from converted SPT blow counts using the method developed by Tokimatsu and Seed (1987).
GENERAL INPUT DATA Note: This analysis asssumes level ground condition and depth of liquefiable soils does not change.

  Ground Surf. Elev. During Test 20.50 ft
  GWT Elev. During Test 0.00 ft           GWT Depth During Test, Zw  = 20.50 ft below ground surface        
  GWT Elev.  For Design 10.00 ft   GWT Depth  For Design, Zwd = 10.50 ft below ground surface        
  Total Soil Unit Weight, t 120.00 pcf
  Earthquake Magnitude, Meq 6.70 *** SUMMARY OF RESULTS ***
  Peak Ground Acceleration, Amax 0.32 g   Total Thickness of Liquefiable Soils = 14.00 feet
  Required Factor of Safety 1.30   Earthquake-Induced Settlements:

    - Liquefaction-Induced Settlement = 0.90 inches <--- Saturated Sands
    - Seismic Compaction Settlement  = 0.01 inches <--- Dry or Unsaturated Sands

Total: 0.91 inches

INPUT SOIL PROFILE (CPT DATA) SOIL LIQUEFACTION POTENTIAL ANALYSIS (1996 NCEER & 1998 NCEER/NSF WORKSHOPS) + RESIDUAL STRENGTH * GROUND SETTLEMENT **

Soil
Depth

During Test
(ft)

Average
Cone Tip

Resistance

qt-avg (tsf)

Average
Sleeve

Friction

fs-avg (tsf)

Average
Friction

Ratio

Rf-avg (%)
Soil Behavior Type

(Robertson et al., 1983)

Bottom of 
Layer

Elevation
(ft)

Thin Layer 
Correction Factor

(Lunne, et al., 1997)

Equiv. SPT
Blow Count

N60(blows/ft)

Total
Vert.
Stress

v (psf)

Effective
Vert.
Stress

(Design)

v' (psf)

Effective
Vert.
Stress
(Test)

v' (psf)

Soil
Behavior

Type
Index

Ic

Fines
Correction

Factor

Kc

Corrected
Tip

Resistance

qc1Ncs

Shear
Stress

Reduction
Coeff.

rd

Correction
for High

Overburden
Stress

K

Cyclic
Stress
Ratio

++

CSR

Cyclic
Res.

Ratio

CRR7.5

Factor of
Safety

Against
Liqefaction

+++

FS

Liquef
y ?

SPT Blow
Count

Correction

 Ncorr.

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Residual
Shear

Strength

Sr (psf)

Fines
Corrected
SPT Blow 

Count

(N1)60cs

Cyclic
Shear
Strain

c (%)

Vol.
Strain

 v (%)

Layer
Settlemen

t

Si (in.)

Cumulativ
e

Settlement
Profile

(in.)

0.50 26.90 0.57 2.12 sandy silt to clayey silt 19.5 1.00 11 60 60 60 2.01 1.31 203.42 0.999 N/A 0.208 N/A N/A NO N/A N/A N/A 27.0 N/A N/A N/A 0.91
1.50 55.69 0.49 0.89 sand to silty sand 18.5 1.00 14 180 180 180 1.68 1.02 189.55 0.997 N/A 0.207 N/A N/A NO N/A N/A N/A 27.3 0.018 0.020 0.00 0.91
2.50 36.25 0.22 0.61 silty sand to sandy silt 17.5 1.00 12 300 300 300 1.80 1.11 103.89 0.994 N/A 0.207 N/A N/A NO N/A N/A N/A 29.7 0.022 0.023 0.00 0.90
3.50 65.50 1.15 1.75 silty sand to sandy silt 16.5 1.00 22 420 420 420 1.97 1.26 180.16 0.992 N/A 0.206 N/A N/A NO N/A N/A N/A 49.5 0.022 0.000 0.00 0.90
4.50 84.23 2.30 2.73 sandy silt to clayey silt 15.5 1.66 56 540 540 540 1.78 1.09 292.39 0.990 N/A 0.206 N/A N/A NO N/A N/A N/A 118.8 N/A N/A N/A 0.90
5.50 33.06 1.10 3.32 clayey silt to silty clay 14.5 1.00 17 660 660 660 2.44 2.50 143.77 0.987 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.90
6.50 17.83 0.61 3.41 silty clay to clay 13.5 1.00 12 780 780 780 2.60 N/A N/A 0.985 N/A 0.205 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.90
7.50 22.29 0.69 3.11 clayey silt to silty clay 12.5 1.00 11 900 900 900 2.60 3.33 110.54 0.983 N/A 0.204 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.90
8.50 16.36 0.59 3.63 silty clay to clay 11.5 1.00 11 1,020 1,020 1,020 2.71 N/A N/A 0.980 N/A 0.204 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.90
9.50 17.40 0.57 3.25 clayey silt to silty clay 10.5 1.00 9 1,140 1,140 1,140 2.69 N/A N/A 0.978 N/A 0.203 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.90
10.50 19.30 0.56 2.90 clayey silt to silty clay 9.5 1.00 10 1,260 1,260 1,260 2.65 N/A N/A 0.976 N/A 0.203 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.90
11.50 15.28 0.46 3.00 clayey silt to silty clay 8.5 1.00 8 1,380 1,318 1,380 2.75 N/A N/A 0.973 N/A 0.212 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.90
12.50 10.95 0.13 1.22 clayey silt to silty clay 7.5 1.00 5 1,500 1,375 1,500 2.67 N/A N/A 0.971 N/A 0.220 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.90
13.50 6.66 0.11 1.63 silty clay to clay 6.5 1.00 4 1,620 1,433 1,620 2.94 N/A N/A 0.969 N/A 0.228 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.90
14.50 15.78 0.22 1.37 sandy silt to clayey silt 5.5 1.00 6 1,740 1,490 1,740 2.58 3.19 62.77 0.966 1.000 0.235 0.103 0.586 YES 2.8 9.6 289 13.1 N/A 2.023 0.24 0.66
15.50 30.86 0.41 1.33 silty sand to sandy silt 4.5 1.00 10 1,860 1,548 1,860 2.35 2.14 74.92 0.964 1.000 0.241 0.119 0.660 YES 2.8 13.5 548 17.8 N/A 0.200 0.02 0.64
16.50 17.25 0.20 1.13 sandy silt to clayey silt 3.5 1.66 11 1,980 1,606 1,980 2.24 1.77 56.31 0.962 1.000 0.247 0.097 0.523 YES 2.8 14.3 616 18.8 N/A 0.170 0.02 0.62
17.50 5.76 0.18 3.04 clay 2.5 1.00 6 2,100 1,663 2,100 3.20 N/A N/A 0.959 N/A 0.252 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.62
18.50 36.88 0.37 0.99 silty sand to sandy silt 1.5 1.00 12 2,220 1,721 2,220 2.24 1.77 70.25 0.957 1.000 0.257 0.112 0.583 YES 2.8 14.5 632 19.0 N/A 0.198 0.02 0.59
19.50 40.47 0.34 0.85 silty sand to sandy silt 0.5 1.00 13 2,340 1,778 2,340 2.17 1.60 68.77 0.955 1.000 0.261 0.110 0.563 YES 2.8 15.3 705 20.0 N/A 0.163 0.02 0.57
20.50 43.19 0.36 0.84 silty sand to sandy silt -0.5 1.66 24 2,460 1,836 2,460 1.85 1.14 85.45 0.952 1.000 0.265 0.138 0.694 YES 2.8 24.3 1,200 30.8 N/A 0.050 0.01 0.57
21.50 17.62 0.25 1.40 sandy silt to clayey silt -1.5 1.66 12 2,580 1,894 2,518 2.31 1.98 59.38 0.950 1.000 0.269 0.099 0.493 YES 2.8 13.2 526 17.5 N/A 1.130 0.14 0.43
22.50 6.42 0.09 1.39 sensitive fine grained -2.5 1.00 3 2,700 1,951 2,575 3.03 N/A N/A 0.948 N/A 0.273 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
23.50 6.11 0.10 1.56 sensitive fine grained -3.5 1.00 3 2,820 2,009 2,633 3.09 N/A N/A 0.945 N/A 0.276 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
24.50 6.13 0.07 1.20 sensitive fine grained -4.5 1.00 3 2,940 2,066 2,690 3.04 N/A N/A 0.943 N/A 0.279 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
25.50 5.71 0.09 1.48 sensitive fine grained -5.5 1.00 3 3,060 2,124 2,748 3.13 N/A N/A 0.941 N/A 0.282 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
26.50 5.57 0.08 1.34 sensitive fine grained -6.5 1.00 3 3,180 2,182 2,806 3.13 N/A N/A 0.938 N/A 0.284 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
27.50 5.80 0.08 1.29 sensitive fine grained -7.5 1.00 3 3,300 2,239 2,863 3.12 N/A N/A 0.936 N/A 0.287 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
28.50 7.64 0.16 2.11 silty clay to clay -8.5 1.00 5 3,420 2,297 2,921 3.11 N/A N/A 0.934 N/A 0.289 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.43
29.50 19.05 0.18 0.93 sandy silt to clayey silt -9.5 1.66 13 3,540 2,354 2,978 2.24 1.77 51.42 0.931 0.961 0.291 0.093 0.408 YES 2.8 13.1 521 17.4 N/A 1.385 0.17 0.27
30.50 6.72 0.17 2.52 silty clay to clay -10.5 1.00 4 3,660 2,412 3,036 3.23 N/A N/A 0.926 N/A 0.292 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
31.50 13.37 0.30 2.22 clayey silt to silty clay -11.5 1.00 7 3,780 2,470 3,094 2.91 N/A N/A 0.918 N/A 0.292 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
32.50 12.38 0.32 2.62 clayey silt to silty clay -12.5 1.00 6 3,900 2,527 3,151 2.99 N/A N/A 0.909 N/A 0.292 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.27
33.50 32.07 0.45 1.40 silty sand to sandy silt -13.5 1.00 11 4,020 2,585 3,209 2.48 2.65 70.18 0.901 0.946 0.292 0.112 0.485 YES 2.8 11.2 385 15.1 N/A 1.780 0.21 0.05
34.50 28.96 1.06 3.65 clayey silt to silty clay -14.5 1.00 14 4,140 2,642 3,266 2.77 N/A N/A 0.893 N/A 0.291 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
35.50 36.69 0.95 2.59 sandy silt to clayey silt -15.5 1.00 15 4,260 2,700 3,324 2.60 N/A N/A 0.885 N/A 0.290 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
36.50 20.27 0.58 2.87 clayey silt to silty clay -16.5 1.66 17 4,380 2,758 3,382 2.53 2.94 77.48 0.877 0.917 0.290 0.123 0.521 YES 2.8 15.7 746 N/A N/A 0.000 0.00 0.05
37.50 7.82 0.21 2.69 silty clay to clay -17.5 1.00 5 4,500 2,815 3,439 3.23 N/A N/A 0.869 N/A 0.289 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
38.50 9.09 0.32 3.56 clay -18.5 1.00 9 4,620 2,873 3,497 3.24 N/A N/A 0.861 N/A 0.288 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
39.50 10.33 0.32 3.10 silty clay to clay -19.5 1.00 7 4,740 2,930 3,554 3.16 N/A N/A 0.852 N/A 0.287 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
40.50 18.55 0.58 3.13 clayey silt to silty clay -20.5 1.00 9 4,860 2,988 3,612 2.93 N/A N/A 0.844 N/A 0.286 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
41.50 33.35 0.74 2.23 sandy silt to clayey silt -21.5 1.00 13 4,980 3,046 3,670 2.63 N/A N/A 0.836 N/A 0.284 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
42.50 33.73 0.82 2.43 sandy silt to clayey silt -22.5 1.00 13 5,100 3,103 3,727 2.65 N/A N/A 0.828 N/A 0.283 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.05
43.50 105.27 1.54 1.46 sand to silty sand -23.5 1.00 26 5,220 3,161 3,785 2.08 1.43 119.44 0.820 0.861 0.282 0.238 0.972 YES 1.3 20.5 1,200 22.5 N/A 0.104 0.01 0.04
44.50 184.64 1.29 0.70 sand -24.5 1.66 61 5,340 3,218 3,842 1.38 1.00 240.99 0.812 0.827 0.280 N/A N/A NO N/A N/A N/A 44.1 N/A 0.000 0.00 0.04
45.50 76.78 0.80 1.04 sand to silty sand -25.5 1.66 32 5,460 3,276 3,900 1.80 1.10 109.68 0.804 0.838 0.279 0.203 0.814 YES 1.3 24.1 1,200 26.4 N/A 0.078 0.01 0.03
46.50 19.24 0.65 3.39 clayey silt to silty clay -26.5 1.00 10 5,580 3,334 3,958 2.97 N/A N/A 0.795 N/A 0.277 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.03
47.50 39.81 1.45 3.63 clayey silt to silty clay -27.5 1.00 20 5,700 3,391 4,015 2.73 N/A N/A 0.787 N/A 0.275 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.03
48.50 47.75 1.18 2.48 sandy silt to clayey silt -28.5 1.66 32 5,820 3,449 4,073 2.20 1.67 100.66 0.779 0.825 0.274 0.175 0.704 YES 2.8 25.0 1,200 31.6 N/A 0.047 0.01 0.02
49.50 18.15 0.52 2.85 clayey silt to silty clay -29.5 1.00 9 5,940 3,506 4,130 2.97 N/A N/A 0.771 N/A 0.272 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.02
50.50 16.72 0.35 2.07 clayey silt to silty clay -30.5 1.00 8 6,060 3,564 4,188 2.93 N/A N/A 0.763 N/A 0.270 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.02
51.50 16.28 0.30 1.83 clayey silt to silty clay -31.5 1.00 8 6,180 3,622 4,246 2.91 N/A N/A 0.755 N/A 0.268 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.02
52.50 16.18 0.43 2.65 clayey silt to silty clay -32.5 1.00 8 6,300 3,679 4,303 3.01 N/A N/A 0.747 N/A 0.266 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.02
53.50 19.80 0.57 2.89 clayey silt to silty clay -33.5 1.00 10 6,420 3,737 4,361 2.96 N/A N/A 0.739 N/A 0.264 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.02
54.50 44.30 1.01 2.28 sandy silt to clayey silt -34.5 1.00 18 6,540 3,794 4,418 2.59 3.29 90.11 0.730 0.847 0.262 0.148 0.639 YES 2.8 14.7 655 19.3 N/A 0.204 0.02 0.00
55.50 30.03 0.98 3.25 clayey silt to silty clay -35.5 1.00 15 6,660 3,852 4,476 2.84 N/A N/A 0.722 N/A 0.260 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
56.50 21.87 0.76 3.46 clayey silt to silty clay -36.5 1.00 11 6,780 3,910 4,534 2.98 N/A N/A 0.714 N/A 0.258 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
57.50 15.90 0.41 2.57 clayey silt to silty clay -37.5 1.00 8 6,900 3,967 4,591 3.04 N/A N/A 0.706 N/A 0.255 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
58.50 14.87 0.32 2.16 clayey silt to silty clay -38.5 1.00 7 7,020 4,025 4,649 3.03 N/A N/A 0.698 N/A 0.253 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
59.50 16.99 0.35 2.08 clayey silt to silty clay -39.5 1.00 8 7,140 4,082 4,706 2.97 N/A N/A 0.690 N/A 0.251 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00
60.50 30.12 0.61 2.02 sandy silt to clayey silt -40.5 1.00 12 7,260 4,140 4,764 2.73 N/A N/A 0.682 N/A 0.249 N/A N/A NO N/A N/A N/A N/A N/A N/A N/A 0.00

max= 1,200
min= 289
avg= 744
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Addition of Terms

Input Parameters ‐16.71

Magnitude M: 6.7 10.26

Distance R 13 ‐0.16

Ro: 2 0.00

R*: 15 ‐1.66

Freeface Ratio (%) W: 1 0.00

Cumulative Thickness (m) T15: 6.1 0.42

Average Fine Contents F15: 35 6.19

Mean Grain Size (mm) D50: 0.1 0.56

log (DH): ‐1.10

DH: 0.08 meter

0.26 feet

3 inches

= 10 feet

El. +5 ft

El. ‐5 ft

= 1000 feet

W = 100 x 10 / 1000 = 1

PLATE E-30



Addition of Terms

Input Parameters ‐16.71

Magnitude M: 6.7 10.26

Distance R 13 ‐0.16

Ro: 2 0.00

R*: 15 ‐1.66

Freeface Ratio (%) W: 3.3 0.31

Cumulative Thickness (m) T15: 6.1 0.42

Average Fine Contents F15: 35 6.19

Mean Grain Size (mm) D50: 0.1 0.56

log (DH): ‐0.79

DH: 0.16 meter

0.53 feet

6 inches

= 10 feet

El. +5 ft

El. ‐5 ft

= 300 feet

W = 100 x 10 / 300 = 3.3

PLATE E-31



Freefield Lateral Spreading versus Distance from Channel
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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: 

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

 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 
 
  
 
 



Field Permeability Test Data

Boring A-HSA066

5 foot deep hole Average Permeability: K ~= 1.5 x 10^-3 cm/s
(8 inch diameter hole)

Time 
(min)

Reading 
(inches)

Drop in 
Water

(inches)

Height of 
Water 

(inches)

Rate of 
Descent 
(in/min)

K 
(in/min)

K 
(cm/s)

0 0 -14
0.5 14 0 46 0.00 0.00000 0.00000

1 14 0 46 1.00 0.04396 0.00186
2 15 1 45 1.00 0.04495 0.00190
3 16 2 44 0.00 0.00000 0.00000
4 16 2 44 1.00 0.04598 0.00195
5 17 3 43 0.80 0.03810 0.00161

7.5 19 5 41 1.20 0.06079 0.00257
10 22 8 38 0.60 0.03290 0.00139
15 25 11 35

10 foot deep hole Average Permeability: K ~= 3.2 x 10^-4 cm/s
(8 inch diameter hole)

Time 
(min)

Reading 
(inches)

Drop in 
Water

(inches)

Height of 
Water 

(inches)

Rate of 
Descent 
(in/min)

K 
(in/min)

K 
(cm/s)

0 0 -7
0.5 7 0 113 2.00 0.03556 0.00151

1 8 1 112 2.00 0.03604 0.00153
2 10 3 110 1.00 0.01826 0.00077
3 11 4 109 1.00 0.01843 0.00078
4 12 5 108 1.00 0.01860 0.00079
5 13 6 107 0.40 0.00751 0.00032

7.5 14 7 106 0.40 0.00758 0.00032
10 15 8 105 0.40 0.00769 0.00033
15 17 10 103

Source: ftp://ftp.fao.org/fi/CDrom/FAO_Training/FAO_Training/General/x6706e/x6706e09.htm

PLATE F-1



Field Permeability Test Data

Boring A-HSA064

5 foot deep hole Average Permeability: K ~= 7.5 x 10^-4 cm/s
(8 inch diameter hole)

Time 
(min)

Reading 
(inches)

Drop in 
Water

(inches)

Height of 
Water 

(inches)

Rate of 
Descent 
(in/min)

K 
(in/min)

K 
(cm/s)

0 0
0.5 6 0 54 2.00 0.07477 0.00317

1 7 1 53 1.00 0.03810 0.00161
2 8 2 52 1.00 0.03884 0.00164
3 9 3 51 1.00 0.03961 0.00168
4 10 4 50 1.00 0.04041 0.00171
5 11 5 49 0.40 0.01650 0.00070

7.5 12 6 48 0.80 0.03405 0.00144
10 14 8 46 0.40 0.01778 0.00075
15 16 10 44

10 foot deep hole Average Permeability: K ~= 7.5 x 10^-4 cm/s
(8 inch diameter hole)

Time 
(min)

Reading 
(inches)

Drop in 
Water

(inches)

Height of 
Water 

(inches)

Rate of 
Descent 
(in/min)

K 
(in/min)

K 
(cm/s)

0 0
0.5 6 0 114 136.00 3.63023 0.15368

1 74 68 46 0.00 0.00000 0.00000
2 74 68 46 0.00 0.00000 0.00000
3 74 68 46 0.00 0.00000 0.00000
4 74 68 46 0.00 0.00000 0.00000
5 74 68 46 0.00 0.00000 0.00000

7.5 74 68 46 0.00 0.00000 0.00000
10 74 68 46 0.40 0.01778 0.00075
15 76 70 44

Source: ftp://ftp.fao.org/fi/CDrom/FAO_Training/FAO_Training/General/x6706e/x6706e09.htm
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Hydraulic Gradient – Steady State Condition at Existing North Area A Levee after Excavation and Prior to Breach ( i=0.195; FS > 5) 
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Hydraulic Gradient – Steady State Condition at West Area B Levee ( i=0.27; FS > 3.7) 
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Transient Water Level for Tidal Changed over a Period of One Week 
 

PLATE F-5



‐1

0

1

2

3

4

5

6

7

0 24 48 72 96 120 144 168

Time (Hours)

Ti
d
e
 E
le
va
ti
o
n
 (
M
LL
W
)

 
 

Typical Tidal Changes in Water Level in Santa Monica Bay Over One Week - Used in Seepage Analysis 
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Stage 1 – Steady State at Average Tide Hide Prior to Tidal Fluctuations in the Analysis 
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 Stage 2 – First Peak – 4th Hour 
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 Stage 4 – Second Valley – 23th Hour 
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Stage 5 – Third Peak – 29th Hour 
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Stage 9 – Fourth Valley – 47th Hour 
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Stage 12 – Sixth Peak – 66th Hour 
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Stage 17 – Sixth Peak – 97th Hour 
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 Stage 20 – Tenth Peak – 116th Hour 
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Stage 25 – Twelfth Valley – 147th Hour 
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Stage 29 – Fourtheenth Valley – 170th Hour 
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Transient Water Level for a 10 day Flood Condition: 
1) Steady State is reached with Water Level at El. +3 feet 

2) 10-Day Flood with Water Level at El. +18 feet 
3) Water Level droped to El. +3 feet 
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Stage 1 – Steady State Water Levels Prior to Flood 
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Stage 2 – One hour after the start of the Flood 
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Stage 3 – Two hours after the start of the Flood 
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Stage 4 – Four hours after the start of the Flood 
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Stage 5 – Eight hours after the start of the Flood 

PLATE F-22



 

 
 
 
 

Stage 6 – 12 hours after the start of the Flood 
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Stage 7 – 24 hours after the start of the Flood 
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Stage 8 – 48 hours after the start of the Flood 
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Stage 9 – 4 days after the start of the Flood 
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Stage 10 – 10 days after the start of the Flood (End of Flood) 
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Stage 11 – 10 days after the 10-day Flood 
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Stage 12 – 20 days after the 10-day Flood 

PLATE F-29
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APPENDIX G 
SLOPE STABILITY 

G.1 Summary of Contents 

This appendix includes the following: 

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

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

method 
 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.  

 Comparison of FLAC SLOPE results with RocScience Slide v.5 Results 
 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/v’)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/v’)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.    
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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: 
 
 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). 

 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). 

 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). 

 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’) 
 



Table G-1: East Area A Static Profile

From To
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, c = 200 psf

Table G-2: East Area A Seismic Profile

From To
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, c = 200 psf

Cohesion
(psf)

Total Unit 
Weight
(pcf)

Total Unit 
Weight
(pcf)

Post-Liquefaction 
Strength

(psf)Layer

Elevation (feet)
Friction 
Angle 

(Degrees)
Cohesion

(psf)

Layer

Elevation (feet)
Friction 
Angle 

(Degrees)
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Table G-3: West Area A Static Profile

From To
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, c = 200 psf

Table G-4: West Area A Seismic Profile

From To
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, c = 200 psf

Layer

Elevation (feet)
Friction 
Angle 

(Degrees)

Layer

Elevation (feet)
Friction 
Angle 

(Degrees)
Cohesion

(psf)

Cohesion
(psf)

Total Unit 
Weight
(pcf)

Total Unit 
Weight
(pcf)

Post-Liquefaction 
Strength

(psf)
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Table G-5: East Ballona Creek Static Profile

From To
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, c = 0 psf

Table G-6: East Ballona Creek Seismic Profile

From To
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, c = 0 psf

Cohesion
(psf)

Total Unit 
Weight
(pcf)

Total Unit 
Weight
(pcf)

Post-Liquefaction 
Strength

(psf)Layer

Elevation (feet)
Friction 
Angle 

(Degrees)
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(psf)

Layer

Elevation (feet)
Friction 
Angle 

(Degrees)
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Table G-7: East Area B Static Profile

From To
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, c = 0 psf

Table G-8: East Area B Seismic Profile

From To
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, c = 0 psf

Total Unit 
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Total Unit 
Weight
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Post-Liquefaction 
Strength
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Elevation (feet)
Friction 
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(psf)

Layer

Elevation (feet)
Friction 
Angle 

(Degrees)
Cohesion

(psf)
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Table G-9: West Area B Static Profile

From To
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, c = 0 psf
2) Undrained shear strength underneath the levee is higher due levee surcharge

Table G-10: West Area B Seismic Profile

From To
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, c = 0 psf
2) Undrained shear strength underneath the levee is higher due levee surcharge
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Friction 
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Table G-11: Area C Static Profile

From To
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, c = 200 psf

Table G-12: Area C Seismic Profile

From To
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, c = 200 psf

Post-Liquefaction 
Strength

(psf)
Cohesion

(psf)

Cohesion
(psf)

Total Unit 
Weight
(pcf)

Total Unit 
Weight
(pcf)

Layer

Elevation (feet)
Friction 
Angle 

(Degrees)

Layer

Elevation (feet)
Friction 
Angle 

(Degrees)
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Area A ‐ Undrained Shear Strength 
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           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 ‐ Undrained Shear Strength 
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            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 ‐ 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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Soil Strength Parameters for Fill Soils (Unsaturated)
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Phi = 25, C = 500 psf (See Plate B1‐3d)

Phi = 28, C = 400 psf (See Plate B1‐3f)

Phi = 34, C = 200 psf (See Plate B1‐3b)

Phi = 17, C = 800 psf (See Plate B1‐3g)

Phi = 31, C = 300 psf (See Plate B1‐3p)
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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 B1‐3d)

Phi = 28, C = 400 psf (See Plate B1‐3f)

Phi = 34, C = 200 psf (See Plate B1‐3b)

Phi = 17, C = 800 psf (See Plate B1‐3g)

Phi = 31, C = 300 psf (See Plate B1‐3p)
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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.

PLATE G-11



E
LE

V
A

TI
O

N
 (F

T)

-20

20

10

0

-10

-30

-40

-50

-20

20

10

0

-10

-30

-40

-50

E
LE

V
A

TI
O

N
 (F

T)

A-CPT001
A-CPT004

A-CPT007 A-CPT010

A-CPT012

A-CPT014

A-CPT025

-60 -60

VER. 1" = 10'

HOR. =N.T.S.

0

GRAPHIC SCALE

5' 10'

LIQ FILL

Sr=300 psf

LIQ SAND
Sr =300 psf

(N1)60CS
= 11

(N1)60CS
= 13

LIQ FILL

Sr=300 psf

Sr =400 psf

Sr =500 psf (N1)60CS
= 15

Sr =400 psf

(N1)60CS
= 13








































 














B-CPT031 B-CPT034
B-CPT035

B-CPT037

B-CPT045

-20

20

10

0

-10

-30

-40

-50

E
LE

V
A

TI
O

N
 (F

T)

-60

-70

E
LE

V
A

TI
O

N
 (F

T)

-20

20

10

0

-10

-30

-40

-50

-60

-70

B-CPT040

VER. 1" = 10'

HOR. =N.T.S.

0

GRAPHIC SCALE

5' 10'

LIQ FILL

Sr=300 psf
(N1)60CS

= 11

LIQ SAND
Sr =300 psf

(N1)60CS
= 11

LIQ SAND
Sr =300 psf

LIQ SAND
Sr =300 psf

(N1)60CS
= 11

(N1)60CS
= 11







































 














B-CPT052

B-CPT054 B-CPT056
B-CPT057

B-CPT059

A-CPT021

A-CPT022
B-CPT050 A-CPT025

E
LE

V
A

TI
O

N
 (F

T)

-20

20

10

0

-10

-30

-40

-50

-60

-20

20

10

0

-10

-30

-40

-50

E
LE

V
A

TI
O

N
 (F

T)

-60

VER. 1" = 10'

HOR. =N.T.S.

0

GRAPHIC SCALE

5' 10'

LIQ SAND
Sr=300 psf

Sr =550 psf

(N1)60CS
> 16_



















































E
LE

V
A

TI
O

N
 (F

T)

-20

20

10

0

-10

-30

-40

-50

E
LE

V
A

TI
O

N
 (F

T)

-20

20

10

0

-10

-30

-40

-50

30 30

C-CPT062

0 200 400 600

C-CPT063

0 200 400 600

0 200 400 600

C-CPT060

VER. 1" = 10'

HOR. =N.T.S.

0

GRAPHIC SCALE

5' 10'

SOUTH NORTH

(N1)60CS
= 13Sr =400 psf

Sr =500 psf (N1)60CS
= 15

K. Madamba2/28/2013
PROJECT NUMBER:DATE:

SCALE:

DRAWN BY:

APPROVED BY:

FIGURE NUMBER:

REVISION:

370 Amapola Ave.
Suite 212
Torrance, CA. 90501

GROUP DELTA
CONSULTANTS, INC

REVISION:
BALLONA WETLANDS RESTORATION PROJECT

LOS ANGELES, CA

L962A

AS SHOWN

G-15

P. Kashighandi

LEGEND
NOTE

(1)  SOME CPT'S ARE SHOWN PROJECTED.

(2)  THE CROSS SECTION IS BASED ON GEOLOGIC INTERPRETATION
OF CONDITIONS ENCOUNTERED AT EXPLORATION LOCATIONS.
ACTUAL CONDITIONS MAY VARY BETWEEN EXPLORATIONS.

LIQUEFIED LAYERS WITHIN
AREA C

3/5/2013



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165

-10

0

10

20

2090
2144
2195
2246
2296
2344
2392
2439
2485
2530
2575
2620
2664
2709
2752

2034
2078
2123
2167
2211
2256
2300
2344
2388
2432
2476
2520
2564
2608
2652

2058
2108
2157
2205
2254
2302
2350
2397
2444
2491
2538
2584
2630
2676
2722

1693
1748
1802
1856
1908
1961
2012
2063
2114
2165
2215
2265
2315
2365
2414

1298
1355
1413
1470
1528
1585
1643
1700
1757
1814
1872
1929
1986
2043
2099

902
963

1024
1086
1149
1212
1275
1339
1402
1466
1530
1594
1658
1722
1785

1617
1674
1731
1787
1843
1899
1955
2011
2066
2121
2175
2230
2284
2338
2391

1138
1196
1253
1311
1369
1427
1485
1543
1601
1659
1718
1776
1834
1892
1951

666
727
790
852
915
979

1042
1106
1169
1233
1297
1361
1425
1488
1552

538
595
653
710
768
826
883
941
998

1056
1114
1171
1229
1286
1344

538
595
653
710
768
826
883
941
998

1056
1114
1171
1229
1286
1344

Stresses under West Area B Levees
PLATE G-16



Undrained Shear Strength Gain Due to Surcharging Under West Area B Levees using SHANSEP
PLATE G-17



Center of Embankment
Elev. Depth v' init. OCR p  v' 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 v' init. OCR p  v' 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

PLATE G-18



Water Side Edge of Crest
Elev. Depth v' init. OCR p  v' 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 v' init. OCR p  v' 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

PLATE G-19



20 foot Dry Side of Crest
Elev. Depth v' init. OCR p  v' 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 v' init. OCR p  v' 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



20 foot Water Side of Crest
Elev. Depth v' init. OCR p  v' 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        

40 foot Water Side of Crest
Elev. Depth v' init. OCR p  v' 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



60 foot Water Side of Crest
Elev. Depth v' init. OCR p  v' 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



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  11:07

Factor of Safety  3.39
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JOB TITLE : Section A-A' - End of Construction

Group Delta Consultants
Ballona Wetlands
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FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  11:04

Factor of Safety  3.39

User-defined Groups
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JOB TITLE : Section A-A' - End of Construction - Input

Group Delta Consultants
Ballona Wetlands
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FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  11:09

Factor of Safety  3.35
Shear Strain Rate Contours
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JOB TITLE : Section A-A' - High Water Short Term

Group Delta Consultants
Ballona Wetlands

PLATE G-25



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  11:04

Factor of Safety  3.35
User-defined Groups

User:Sand
'User:Stiff Clay'
'User:Soft Clay'
User:Fill
User:Embankment

Boundary plot
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Net Applied Forces
max vector =    1.247E+03
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JOB TITLE : Section A-A' - High Water Short Term - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-26



FLAC/SLOPE (Version 7.00)

LEGEND

    5-Mar-13  14:14

Factor of Safety  5.21

Shear Strain Rate Contours
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JOB TITLE : Section A-A' - High Water Long Term (Steady State)

Group Delta Consultants
Ballona Wetlands
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FLAC/SLOPE (Version 7.00)

LEGEND

    5-Mar-13  14:22

Factor of Safety  5.21

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Soft Clay'
User:Fill
User:Embankment

Boundary plot
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Net Applied Forces

max vector =    9.947E+02
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JOB TITLE : Section A-A' - High Water Long Term (Steady State) - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-28



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  13:49

Factor of Safety  2.38

Shear Strain Rate Contours
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JOB TITLE : Section A-A' - Post Liquefaction

Group Delta Consultants
Ballona Wetlands

PLATE G-29



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  13:50

Factor of Safety  2.38

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Liq Sand'
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'User:Liq Fill'
User:Embankment

Boundary plot
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Net Applied Forces

max vector =    1.536E+02
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JOB TITLE : Section A-A' - Post Liquefaction Input

Group Delta Consultants
Ballona Wetlands

PLATE G-30



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Mar-13  14:07

Factor of Safety  1.03

Shear Strain Rate Contours
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JOB TITLE : Section A-A' - Ky=0.09

Group Delta Consultants
Ballona Wetlands

PLATE G-31



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Mar-13  14:07

Factor of Safety  1.03

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Liq Sand'
'User:Soft Clay'
'User:Liq Fill'
User:Embankment
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JOB TITLE : Section A-A' - Ky=0.09 Input

Group Delta Consultants
Ballona Wetlands

PLATE G-32



Newmark Displacements using Bray and Rathje (1998):
Section A‐A'

Site Input

PGA,rock = 0.25 g

M = 6.6

r = 13 km

ky = 0.09 32.185 2.89665

Sliding Mass Input

Vs = 150 m/s assumed

Thickness, H = 13.7 m

45 ft

Output

Tm = 0.49 sec

D5‐95 = 10.5 sec

Ts = 0.37 sec

NRF = 1.15

Ts/Tm =  0.75

kmax/(PGA,rock*NRF) 0.67

kmax = 0.19

ky / kmax = 0.47

Displacement, u = 4 cm 0.1 feet 1.4 inches

PLATE G-33



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  14:08

Factor of Safety  3.51

Shear Strain Rate Contours
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JOB TITLE : Section B-B' - End of Construction

Group Delta Consultants
Ballona Wetlands

PLATE G-34



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  14:08

Factor of Safety  3.51

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Soft Clay'
User:Fill
User:Embankment
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JOB TITLE : Section B-B' - End of Construction - Input

Group Delta Consultants
Ballona Wetlands
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FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  14:24

Factor of Safety  4.32
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JOB TITLE : Section B-B' - High Water Short Term

Group Delta Consultants
Ballona Wetlands
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FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  14:25

Factor of Safety  4.32

User-defined Groups
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0  1E  2

Water Table

Net Applied Forces

max vector =    1.713E+03

0  5E  3

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500
(*10^2)

JOB TITLE : Section B-B' - High Water Short Term - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-37



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  14:36

Factor of Safety  2.38

Shear Strain Rate Contours
        1.00E-06
        2.00E-06
        3.00E-06
        4.00E-06
        5.00E-06

Contour interval=  1.00E-06
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    2.098E+02

0  5E  2 -2.500

-1.500

-0.500

 0.500

 1.500

 2.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500
(*10^2)

JOB TITLE : Section B-B' - Post Liquefaction

Group Delta Consultants
Ballona Wetlands

PLATE G-38



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  14:37

Factor of Safety  2.38

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Liq Sand'
'User:Soft Clay'
'User:Liq Fill'
User:Embankment

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    2.098E+02

0  5E  2

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500
(*10^2)

JOB TITLE : Section B-B' - Post Liquefaction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-39



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Mar-13  14:11

Factor of Safety  1.01

Shear Strain Rate Contours
        2.50E-07
        5.00E-07
        7.50E-07
        1.00E-06
        1.25E-06
        1.50E-06
        1.75E-06
        2.00E-06

Contour interval=  2.50E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500
(*10^2)

JOB TITLE : Section B-B' - Ky=0.08

Group Delta Consultants
Ballona Wetlands

PLATE G-40



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Mar-13  14:12

Factor of Safety  1.01

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Liq Sand'
'User:Soft Clay'
'User:Liq Fill'
User:Embankment

Boundary plot

0  1E  2

Water Table

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500
(*10^2)

JOB TITLE : Section B-B' - Ky=0.08 Input

Group Delta Consultants
Ballona Wetlands

PLATE G-41



Newmark Displacements using Bray and Rathje (1998):
Section B‐B'

Site Input

PGA,rock = 0.25 g

M = 6.6

r = 13 km

ky = 0.08 32.185 2.5748

Sliding Mass Input

Vs = 150 m/s assumed

Thickness, H = 15.3 m

50 ft

Output

Tm = 0.49 sec

D5‐95 = 10.5 sec

Ts = 0.41 sec

NRF = 1.15

Ts/Tm =  0.83

kmax/(PGA,rock*NRF) 0.62

kmax = 0.18

ky / kmax = 0.45

Displacement, u = 4 cm 0.1 feet 1.5 inches

PLATE G-42



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  16:16

Factor of Safety  3.45

Shear Strain Rate Contours
        2.00E-07
        4.00E-07
        6.00E-07
        8.00E-07
        1.00E-06
        1.20E-06

Contour interval=  2.00E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section C-C' -End of Construction

Group Delta Consultants
Ballona Wetlands

PLATE G-43



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  16:17

Factor of Safety  3.45

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Soft Clay'
User:Fill
User:Embankment

Boundary plot

0  1E  2

Water Table

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section C-C' -End of Construction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-44



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  17:38

Factor of Safety  5.28

Shear Strain Rate Contours
        2.50E-08
        5.00E-08
        7.50E-08
        1.00E-07
        1.25E-07
        1.50E-07
        1.75E-07
        2.00E-07

Contour interval=  2.50E-08
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    8.486E+02

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section C-C' - High Water Short Term

Group Delta Consultants
Ballona Wetlands

PLATE G-45



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  17:38

Factor of Safety  5.28

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Soft Clay'
User:Fill
User:Embankment

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    8.486E+02

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section C-C' - High Water Short Term - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-46



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  18:09

Factor of Safety  2.42

Shear Strain Rate Contours
        2.50E-07
        5.00E-07
        7.50E-07
        1.00E-06
        1.25E-06
        1.50E-06

Contour interval=  2.50E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section C-C' - Post Liquefaction

Group Delta Consultants
Ballona Wetlands

PLATE G-47



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  18:09

Factor of Safety  2.42

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Liq Sand Deep'
'User:Liq Sand 2'
'User:Soft Clay'
'User:Liq Sand Shallow'
'User:Liq Fill'
User:Fill
User:Embankment

Boundary plot

0  1E  2

Water Table

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section C-C' - Post Liquefaction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-48



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  19:11

Factor of Safety  0.99

Shear Strain Rate Contours
        2.50E-07
        5.00E-07
        7.50E-07
        1.00E-06
        1.25E-06
        1.50E-06
        1.75E-06

Contour interval=  2.50E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section C-C' - Ky=0.1

Group Delta Consultants
Ballona Wetlands

PLATE G-49



FLAC/SLOPE (Version 7.00)

LEGEND

   26-Feb-13  19:14

Factor of Safety  0.99

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Liq Sand Deep'
'User:Liq Sand 2'
'User:Soft Clay'
'User:Liq Sand Shallow'
'User:Liq Fill'
User:Fill
User:Embankment

Boundary plot

0  1E  2

Water Table

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section C-C' - Ky=0.1 nput

Group Delta Consultants
Ballona Wetlands

PLATE G-50



Newmark Displacements using Bray and Rathje (1998):
Section C‐C'

Site Input

PGA,rock = 0.25 g

M = 6.6

r = 13 km

ky = 0.1

Sliding Mass Input

Vs = 150 m/s assumed

Thickness, H = 12.2 m

40 ft

Output

Tm = 0.49 sec

D5‐95 = 10.5 sec

Ts = 0.33 sec

NRF = 1.15

Ts/Tm =  0.67

kmax/(PGA,rock*NRF) 0.74

kmax = 0.21

ky / kmax = 0.47

Displacement, u = 4 cm 0.1 feet 1.5 inches

PLATE G-51



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13   9:18

Factor of Safety  1.49

Shear Strain Rate Contours
        1.00E-06
        2.00E-06
        3.00E-06
        4.00E-06
        5.00E-06
        6.00E-06
        7.00E-06
        8.00E-06

Contour interval=  1.00E-06
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.366E+03

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section D-D' - End of Construction

Group Delta Consultants
Ballona Wetlands

PLATE G-52



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13   9:18

Factor of Safety  1.49

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Soft Clay'
User:Fill

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.366E+03

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section D-D' - End of Construction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-53



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13   9:19

Factor of Safety  2.28

Shear Strain Rate Contours
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06
        3.00E-06
        3.50E-06
        4.00E-06

Contour interval=  5.00E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    2.733E+03

0  5E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section D-D' - High Water Short Term

Group Delta Consultants
Ballona Wetlands

PLATE G-54



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13   9:20

Factor of Safety  2.28

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Soft Clay'
User:Fill

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    2.733E+03

0  5E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section D-D' - High Water Short Term - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-55



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13   9:21

Factor of Safety  1.29

Shear Strain Rate Contours
        2.50E-07
        5.00E-07
        7.50E-07
        1.00E-06
        1.25E-06
        1.50E-06
        1.75E-06
        2.00E-06

Contour interval=  2.50E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    2.050E+03

0  5E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section D-D' - Post Liquefaction

Group Delta Consultants
Ballona Wetlands

PLATE G-56



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13   9:22

Factor of Safety  1.29

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Liq Sand Deep'
'User:Liq Sand 2'
'User:Soft Clay'
'User:Liq Sand Shallow'
User:LiqFill
User:Fill

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    2.050E+03

0  5E  3 -1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section D-D' - Post Liquefaction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-57



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13   9:25

Factor of Safety  1.00

Shear Strain Rate Contours
        1.00E-07
        2.00E-07
        3.00E-07
        4.00E-07
        5.00E-07
        6.00E-07
        7.00E-07
        8.00E-07

Contour interval=  1.00E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    2.052E+03

0  5E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section D-D' - Ky=0.05

Group Delta Consultants
Ballona Wetlands

PLATE G-58



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13   9:24

Factor of Safety  1.00

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Liq Sand Deep'
'User:Liq Sand 2'
'User:Soft Clay'
'User:Liq Sand Shallow'
User:LiqFill
User:Fill

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    2.052E+03

0  5E  3 -1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section D-D' - Ky=0.05 - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-59



Newmark Displacements using Bray and Rathje (1998):
Section D‐D'

Site Input

PGA,rock = 0.25 g

M = 6.6

r = 13 km

ky = 0.05 32.185 1.60925

Sliding Mass Input

Vs = 137 m/s assumed

Thickness, H = 8.2 m

27 ft

Output

Tm = 0.49 sec

D5‐95 = 10.5 sec

Ts = 0.24 sec

NRF = 1.15

Ts/Tm =  0.49

kmax/(PGA,rock*NRF) 0.93

kmax = 0.27

ky / kmax = 0.19

Displacement, u = 47 cm 1.5 feet 18.4 inches

PLATE G-60



  FLAC (Version 7.00)

LEGEND

    5-Mar-13  17:21
  step     33918
 -1.944E+01 <x<  3.694E+02
 -2.149E+02 <y<  1.739E+02

Factor of Safety  0.98

Max. shear strain-rate
        0.00E+00
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06
        3.00E-06
        3.50E-06
        4.00E-06
        4.50E-06

Contour interval=  5.00E-07
Extrap. by averaging
Boundary plot

0  1E  2

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section D-D' - Ground Improvement with DSM (ky=0.07)

Group Delta Consultants
Ballona Wetlands

PLATE G-61



  FLAC (Version 7.00)

LEGEND

    5-Mar-13  17:20
  step         0
 -1.944E+01 <x<  3.694E+02
 -2.149E+02 <y<  1.739E+02

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Liq Sand Deep'
'User:Liq Sand 2'
'User:Soft Clay'
'User:Liq Sand Shallow'
User:LiqFill
User:Fill
User:DSM

Net Applied Forces

max vector =    1.301E+03

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section D-D' - Ground Improvement with DSM (ky=0.07) - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-62



FLAC/SLOPE (Version 7.00)

LEGEND

    4-Mar-13  17:38

Factor of Safety  1.57

Shear Strain Rate Contours
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06
        3.00E-06
        3.50E-06

Contour interval=  5.00E-07
(zero contour omitted)
Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    1.718E+03

0  5E  3

-3.500

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

 3.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500  6.500  7.500
(*10^2)

JOB TITLE : Section E-E' - End of Construction

Group Delta Consultants
Ballona Wetlands

PLATE G-63



FLAC/SLOPE (Version 7.00)

LEGEND

    4-Mar-13  17:39

Factor of Safety  1.57

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Med Sand'
'User:Soft Clay'
Fill:Fill
User:Embankment

Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    1.718E+03

0  5E  3

-3.500

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

 3.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500  6.500  7.500
(*10^2)

JOB TITLE : Section E-E' - End of Construction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-64



FLAC/SLOPE (Version 7.00)

LEGEND

    4-Mar-13  17:37

Factor of Safety  2.07

Shear Strain Rate Contours
        1.00E-06
        2.00E-06
        3.00E-06
        4.00E-06
        5.00E-06
        6.00E-06
        7.00E-06

Contour interval=  1.00E-06
(zero contour omitted)
Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    3.779E+03

0  1E  4

-3.500

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

 3.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500  6.500  7.500
(*10^2)

JOB TITLE : Section E-E' - High Water Short Term

Group Delta Consultants
Ballona Wetlands

PLATE G-65



FLAC/SLOPE (Version 7.00)

LEGEND

    4-Mar-13  17:37

Factor of Safety  2.07

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Med Sand'
'User:Soft Clay'
Fill:Fill
User:Embankment

Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    3.779E+03

0  1E  4

-3.500

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

 3.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500  6.500  7.500
(*10^2)

JOB TITLE : Section E-E' - High Water Short Term - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-66



FLAC/SLOPE (Version 7.00)

LEGEND

    4-Mar-13  17:40

Factor of Safety  1.33

Shear Strain Rate Contours
        2.50E-07
        5.00E-07
        7.50E-07
        1.00E-06
        1.25E-06
        1.50E-06
        1.75E-06
        2.00E-06

Contour interval=  2.50E-07
(zero contour omitted)
Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    2.061E+03

0  5E  3

-3.500

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

 3.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500  6.500  7.500
(*10^2)

JOB TITLE : Section E-E' - Post Liquefaction

Group Delta Consultants
Ballona Wetlands

PLATE G-67



FLAC/SLOPE (Version 7.00)

LEGEND

    4-Mar-13  17:40

Factor of Safety  1.33

User-defined Groups
User:Sand
'User:Stiff Clay'
'Fill:Liq Sand 2'
'User:Soft Clay'
'Fill:Liq Fill'
User:Embankment

Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    2.061E+03

0  5E  3

-3.500

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

 3.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500  6.500  7.500
(*10^2)

JOB TITLE : Section E-E' - Post Liquefaction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-68



FLAC/SLOPE (Version 7.00)

LEGEND

    4-Mar-13  17:42

Factor of Safety  0.98

Shear Strain Rate Contours
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06
        3.00E-06
        3.50E-06
        4.00E-06

Contour interval=  5.00E-07
(zero contour omitted)
Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    2.068E+03

0  5E  3

-3.500

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

 3.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500  6.500  7.500
(*10^2)

JOB TITLE : Section E-E' - Ky=0.08

Group Delta Consultants
Ballona Wetlands

PLATE G-69



FLAC/SLOPE (Version 7.00)

LEGEND

    4-Mar-13  17:43

Factor of Safety  0.98

User-defined Groups
User:Sand
'User:Stiff Clay'
'Fill:Liq Sand 2'
'User:Soft Clay'
'Fill:Liq Fill'
User:Embankment

Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    2.068E+03

0  5E  3

-3.500

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

 3.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500  6.500  7.500
(*10^2)

JOB TITLE : Section E-E' - Ky=0.08 - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-70



Newmark Displacements using Bray and Rathje (1998):
Section E‐E'

Site Input

PGA,rock = 0.25 g

M = 6.6

r = 13 km

ky = 0.08 32.185 2.5748

Sliding Mass Input

Vs = 137 m/s assumed

Thickness, H = 6.1 m

20 ft

Output

Tm = 0.49 sec

D5‐95 = 10.5 sec

Ts = 0.18 sec

NRF = 1.15

Ts/Tm =  0.36

kmax/(PGA,rock*NRF) 1.18

kmax = 0.34

ky / kmax = 0.24

Displacement, u = 40 cm 1.3 feet 15.6 inches

PLATE G-71



  FLAC (Version 7.00)

LEGEND

    5-Mar-13  17:17
  step     13290
 -4.167E+01 <x<  7.917E+02
 -4.317E+02 <y<  4.017E+02

Factor of Safety  1.00

Max. shear strain-rate
        0.00E+00
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06

Contour interval=  5.00E-07
Extrap. by averaging
Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    2.061E+03

0  5E  3

-3.500

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

 3.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500  6.500  7.500
(*10^2)

JOB TITLE : Section E-E' - Ground Improvement with DSM (ky=0.08)

Group Delta Consultants
Ballona Wetlands

PLATE G-72



  FLAC (Version 7.00)

LEGEND

    5-Mar-13  17:16
  step     13290
 -4.167E+01 <x<  7.917E+02
 -4.317E+02 <y<  4.017E+02

User-defined Groups
User:Sand
'User:Stiff Clay'
'Fill:Liq Sand 2'
'User:Soft Clay'
'Fill:Liq Fill'
User:Embankment
User:DSM

Net Applied Forces

max vector =    2.061E+03

0  5E  3

-3.500

-2.500

-1.500

-0.500

 0.500

 1.500

 2.500

 3.500

(*10^2)

 0.500  1.500  2.500  3.500  4.500  5.500  6.500  7.500
(*10^2)

JOB TITLE : Section E-E' - Ground Improvement with DSM (ky=0.08) - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-73



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  20:06

Factor of Safety  2.19

Shear Strain Rate Contours
        1.00E-06
        2.00E-06
        3.00E-06
        4.00E-06
        5.00E-06

Contour interval=  1.00E-06
(zero contour omitted)
Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    3.123E+03

0  1E  4

-4.000

-2.000

 0.000

 2.000

 4.000

(*10^2)

 0.100  0.300  0.500  0.700  0.900
(*10^3)

JOB TITLE : Section F-F' - End of Construction

Group Delta Consultants
Torrance, CA

PLATE G-74



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  20:05

Factor of Safety  2.19

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Med Sand'
'User:Soft Clay'
User:Embankment
Fill:Fill

Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    3.123E+03

0  1E  4
-4.000

-2.000

 0.000

 2.000

 4.000

(*10^2)

 0.100  0.300  0.500  0.700  0.900
(*10^3)

JOB TITLE : Section F-F' - End of Construction - Input

Group Delta Consultants
Torrance, CA

PLATE G-75



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  19:52

Factor of Safety  2.19

Shear Strain Rate Contours
        2.00E-06
        4.00E-06
        6.00E-06
        8.00E-06
        1.00E-05

Contour interval=  2.00E-06
(zero contour omitted)
Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    6.322E+03

0  2E  4

-4.000

-2.000

 0.000

 2.000

 4.000

(*10^2)

 0.100  0.300  0.500  0.700  0.900
(*10^3)

JOB TITLE : Section F-F' - High Water Short Term

Group Delta Consultants
Torrance, CA

PLATE G-76



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  19:52

Factor of Safety  2.19

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Med Sand'
'User:Soft Clay'
User:Embankment
Fill:Fill

Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    6.322E+03

0  2E  4
-4.000

-2.000

 0.000

 2.000

 4.000

(*10^2)

 0.100  0.300  0.500  0.700  0.900
(*10^3)

JOB TITLE : Section F-F' - High Water Short Term - Input

Group Delta Consultants
Torrance, CA

PLATE G-77



FLAC/SLOPE (Version 7.00)

LEGEND

    4-Mar-13  17:45

Factor of Safety  1.59

Shear Strain Rate Contours
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06
        3.00E-06
        3.50E-06
        4.00E-06
        4.50E-06

Contour interval=  5.00E-07
(zero contour omitted)
Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    2.342E+03

-4.000

-2.000

 0.000

 2.000

 4.000

(*10^2)

 0.100  0.300  0.500  0.700  0.900
(*10^3)

JOB TITLE : Section F-F' - Post Liquefaction

Group Delta Consultants
Ballona Wetlands

PLATE G-78



FLAC/SLOPE (Version 7.00)

LEGEND

    4-Mar-13  17:46

Factor of Safety  1.59

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Liq Sand Deep'
'User:Soft Clay'
'User:Liq Sand'
User:Embankment

Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    2.342E+03

0  5E  3
-4.000

-2.000

 0.000

 2.000

 4.000

(*10^2)

 0.100  0.300  0.500  0.700  0.900
(*10^3)

JOB TITLE : Section F-F' - Post Liquefaction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-79



FLAC/SLOPE (Version 7.00)

LEGEND

    4-Mar-13  17:48

Factor of Safety  0.96

Shear Strain Rate Contours
        1.00E-06
        2.00E-06
        3.00E-06
        4.00E-06
        5.00E-06
        6.00E-06

Contour interval=  1.00E-06
(zero contour omitted)
Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    2.354E+03

0  5E  3

-4.000

-2.000

 0.000

 2.000

 4.000

(*10^2)

 0.100  0.300  0.500  0.700  0.900
(*10^3)

JOB TITLE : Section F-F' - Ky=0.10

Group Delta Consultants
Ballona Wetlands

PLATE G-80



FLAC/SLOPE (Version 7.00)

LEGEND

    4-Mar-13  17:48

Factor of Safety  0.96

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Liq Sand Deep'
'User:Soft Clay'
'User:Liq Sand'
User:Embankment

Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    2.354E+03

0  5E  3
-4.000

-2.000

 0.000

 2.000

 4.000

(*10^2)

 0.100  0.300  0.500  0.700  0.900
(*10^3)

JOB TITLE : Section F-F' - Ky=0.10 - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-81



Newmark Displacements using Bray and Rathje (1998):
Section F‐F'

Site Input

PGA,rock = 0.25 g

M = 6.6

r = 13 km

ky = 0.1 32.185 3.2185

Sliding Mass Input

Vs = 200 m/s assumed

Thickness, H = 16.8 m

55 ft

Output

Tm = 0.49 sec

D5‐95 = 10.5 sec

Ts = 0.34 sec

NRF = 1.15

Ts/Tm =  0.69

kmax/(PGA,rock*NRF) 0.72

kmax = 0.21

ky / kmax = 0.49

Displacement, u = 3 cm 0.1 feet 1.3 inches

PLATE G-82



FLAC/SLOPE (Version 7.00)

LEGEND

   21-Feb-13  14:43

Factor of Safety  2.55
Shear Strain Rate Contours
        2.50E-07
        5.00E-07
        7.50E-07
        1.00E-06
        1.25E-06
        1.50E-06
        1.75E-06
        2.00E-06

Contour interval=  2.50E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table
-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

 1.750

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250  3.750
(*10^2)

JOB TITLE : Section G-G' - End of Construction

Group Delta Consultants
Ballona Wetlands

PLATE G-83



FLAC/SLOPE (Version 7.00)

LEGEND

   21-Feb-13  14:45

Factor of Safety  2.55
User-defined Groups

User:Sand
'User:Med Clay'
'User:Med Sand'
'User:Soft Clay'
Fill:Fill
User:Embankment

Boundary plot

0  1E  2

Water Table

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

 1.750

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250  3.750
(*10^2)

JOB TITLE : Section G-G' - End of Construction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-84



FLAC/SLOPE (Version 7.00)

LEGEND

   21-Feb-13  14:42

Factor of Safety  2.73
Shear Strain Rate Contours
        2.00E-07
        4.00E-07
        6.00E-07
        8.00E-07
        1.00E-06
        1.20E-06

Contour interval=  2.00E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table
Net Applied Forces
max vector =    2.041E+03

0  5E  3
-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

 1.750

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250  3.750
(*10^2)

JOB TITLE : Section G-G' - High Water Short Term

Group Delta Consultants
Ballona Wetlands

PLATE G-85



FLAC/SLOPE (Version 7.00)

LEGEND

   21-Feb-13  14:40

Factor of Safety  2.73
User-defined Groups

User:Sand
'User:Med Clay'
'User:Med Sand'
'User:Soft Clay'
Fill:Fill
User:Embankment

Boundary plot

0  1E  2

Water Table
Net Applied Forces
max vector =    2.041E+03

0  5E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

 1.750

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250  3.750
(*10^2)

JOB TITLE : Section G-G' - High Water Short Term - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-86



FLAC/SLOPE (Version 7.00)

LEGEND

    5-Mar-13  14:24

Factor of Safety  3.42

Shear Strain Rate Contours
        2.50E-07
        5.00E-07
        7.50E-07
        1.00E-06
        1.25E-06
        1.50E-06

Contour interval=  2.50E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.326E+03

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

 1.750

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250  3.750
(*10^2)

JOB TITLE : Section G-G' - High Water Long Term (Steady State)

Group Delta Consultants
Ballona Wetlands

PLATE G-87



FLAC/SLOPE (Version 7.00)

LEGEND

    5-Mar-13  14:24

Factor of Safety  3.42

User-defined Groups
User:Sand
'User:Med Clay'
'User:Med Sand'
'User:Soft Clay'
Fill:Fill
User:Embankment

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.326E+03

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

 1.750

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250  3.750
(*10^2)

JOB TITLE : Section G-G' - High Water Long Term (Steady State) - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-88



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  19:01

Factor of Safety  1.79

Shear Strain Rate Contours
        5.00E-08
        1.00E-07
        1.50E-07
        2.00E-07
        2.50E-07
        3.00E-07

Contour interval=  5.00E-08
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    6.479E+02

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

 1.750

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250  3.750
(*10^2)

JOB TITLE : Section G-G' - Post Liquefaction

Group Delta Consultants
Torrance, CA

PLATE G-89



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  19:01

Factor of Safety  1.79

User-defined Groups
User:Sand
'User:Med Clay'
'User:Liq Sand'
'User:Soft Clay'
'Liq Fill:Liq Fill'
User:Embankment

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    6.479E+02

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

 1.750

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250  3.750
(*10^2)

JOB TITLE : Section G-G' - Post Liquefaction - Input

Group Delta Consultants
Torrance, CA

PLATE G-90



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  19:26

Factor of Safety  0.98

Shear Strain Rate Contours
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06
        3.00E-06

Contour interval=  5.00E-07
(zero contour omitted)
Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    3.377E+03

0  1E  4

-4.000

-2.000

 0.000

 2.000

 4.000

(*10^2)

 1.000  3.000  5.000  7.000  9.000
(*10^2)

JOB TITLE : Section G-G' - Ky=0.05

Group Delta Consultants
Torrance, CA

PLATE G-91



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  19:25

Factor of Safety  0.98

User-defined Groups
User:Sand
'User:Med Clay'
'User:Liq Sand'
'User:Soft Clay'
'Liq Fill:Liq Fill'
User:Embankment

Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    3.377E+03

0  1E  4

-4.000

-2.000

 0.000

 2.000

 4.000

(*10^2)

 1.000  3.000  5.000  7.000  9.000
(*10^2)

JOB TITLE : Section G-G' - Ky=0.05 - Input

Group Delta Consultants
Torrance, CA

PLATE G-92



Newmark Displacements using Bray and Rathje (1998):
Section G‐G'

Site Input

PGA,rock = 0.25 g

M = 6.6

r = 13 km

ky = 0.05 32.185 1.60925

Sliding Mass Input

Vs = 150 m/s assumed

Thickness, H = 18.3 m

60 ft

Output

Tm = 0.49 sec

D5‐95 = 10.5 sec

Ts = 0.49 sec

NRF = 1.15

Ts/Tm =  1.00

kmax/(PGA,rock*NRF) 0.54

kmax = 0.15

ky / kmax = 0.33

Displacement, u = 9 cm 0.3 feet 3.5 inches

PLATE G-93



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  13:52
  step     18280
 -2.778E+01 <x<  5.278E+02
 -2.953E+02 <y<  2.603E+02

Factor of Safety  1.94

Max. shear strain-rate
        0.00E+00
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06
        3.00E-06
        3.50E-06

Contour interval=  5.00E-07
Extrap. by averaging
Boundary plot

0  1E  2

Water Table

-2.000

-1.000

 0.000

 1.000

 2.000

(*10^2)

 0.500  1.500  2.500  3.500  4.500
(*10^2)

JOB TITLE : Section H-H' - End of Construction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-94



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  13:49
  step         0
 -2.778E+01 <x<  5.278E+02
 -2.953E+02 <y<  2.603E+02

User-defined Groups
User:Sand
'User:Med Sand'
'S:Stiff Clay'
'User:V Soft Clay'
Fill:Fill
'User:Clay 400'
User:Embankment
'User:Soft Clay'

-2.000

-1.000

 0.000

 1.000

 2.000

(*10^2)

 0.500  1.500  2.500  3.500  4.500
(*10^2)

JOB TITLE : Section H-H' - End of Construction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-95



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  19:06
  step     20150
 -2.778E+01 <x<  5.278E+02
 -2.953E+02 <y<  2.603E+02

Factor of Safety  1.87

Max. shear strain-rate
        0.00E+00
        2.50E-06
        5.00E-06
        7.50E-06
        1.00E-05
        1.25E-05

Contour interval=  2.50E-06
Extrap. by averaging
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.892E+03

0  5E  3

-2.000

-1.000

 0.000

 1.000

 2.000

(*10^2)

 0.500  1.500  2.500  3.500  4.500
(*10^2)

JOB TITLE : Section H-H' - High Water Short Term

Group Delta Consultants
Ballona Wetlands

PLATE G-96



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  19:09
  step     20150
 -2.778E+01 <x<  5.278E+02
 -2.953E+02 <y<  2.603E+02

User-defined Groups
User:Sand
'User:Med Sand'
'S:Stiff Clay'
'User:V Soft Clay'
Fill:Fill
'User:Clay 400'
User:Embankment
'User:Soft Clay'

Net Applied Forces

max vector =    1.892E+03

0  5E  3

-2.000

-1.000

 0.000

 1.000

 2.000

(*10^2)

 0.500  1.500  2.500  3.500  4.500
(*10^2)

JOB TITLE : Section H-H' - High Water Short Term - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-97



  FLAC (Version 7.00)

LEGEND

   26-Mar-13  14:19
  step     28268
 -2.778E+01 <x<  5.278E+02
 -2.953E+02 <y<  2.603E+02

Factor of Safety  1.24

Max. shear strain-rate
        0.00E+00
        1.00E-06
        2.00E-06
        3.00E-06
        4.00E-06
        5.00E-06
        6.00E-06
        7.00E-06

Contour interval=  1.00E-06
Extrap. by averaging
Boundary plot

0  1E  2

Water Table

-2.000

-1.000

 0.000

 1.000

 2.000

(*10^2)

 0.500  1.500  2.500  3.500  4.500
(*10^2)

JOB TITLE : Section H-H' - Post Liquefaction

Group Delta Consultants
Ballona Wetlands

PLATE G-98



  FLAC (Version 7.00)

LEGEND

   26-Mar-13  14:21
  step     28268
 -2.778E+01 <x<  5.278E+02
 -2.953E+02 <y<  2.603E+02

User-defined Groups
User:Sand
'User:Liq Sand Deep'
'S:Stiff Clay'
'User:Liq Sand'
'User:V Soft Clay'
'User:Liq Fill'
User:Clay400
User:Embankment
'User:Soft Clay'

-2.000

-1.000

 0.000

 1.000

 2.000

(*10^2)

 0.500  1.500  2.500  3.500  4.500
(*10^2)

JOB TITLE : Section H-H' - Post Liquefaction Input

Group Delta Consultants
Ballona Wetlands

PLATE G-99



  FLAC (Version 7.00)

LEGEND

   26-Mar-13  14:24
  step     24768
 -2.778E+01 <x<  5.278E+02
 -2.953E+02 <y<  2.603E+02

Factor of Safety  0.99

Max. shear strain-rate
        0.00E+00
        2.50E-08
        5.00E-08
        7.50E-08
        1.00E-07
        1.25E-07
        1.50E-07
        1.75E-07
        2.00E-07

Contour interval=  2.50E-08
Extrap. by averaging
Boundary plot

0  1E  2

Water Table

-2.000

-1.000

 0.000

 1.000

 2.000

(*10^2)

 0.500  1.500  2.500  3.500  4.500
(*10^2)

JOB TITLE : Section H-H' - Ky=0.04

Group Delta Consultants
Ballona Wetlands

PLATE G-100



  FLAC (Version 7.00)

LEGEND

   26-Mar-13  14:22
  step     24768
 -2.778E+01 <x<  5.278E+02
 -2.953E+02 <y<  2.603E+02

User-defined Groups
User:Sand
'User:Liq Sand Deep'
'S:Stiff Clay'
'User:Liq Sand'
'User:V Soft Clay'
'User:Liq Fill'
User:Clay400
User:Embankment
'User:Soft Clay'

-2.000

-1.000

 0.000

 1.000

 2.000

(*10^2)

 0.500  1.500  2.500  3.500  4.500
(*10^2)

JOB TITLE : Section H-H' - Ky=0.04 - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-101



Newmark Displacements using Bray and Rathje (1998):
Section H‐H'

Site Input

PGA,rock = 0.25 g

M = 6.6

r = 13 km

ky = 0.04 32.185 1.2874

Sliding Mass Input

Vs = 110 m/s assumed

Thickness, H = 16.8 m

55 ft

Output

Tm = 0.49 sec

D5‐95 = 10.5 sec

Ts = 0.61 sec

NRF = 1.15

Ts/Tm =  1.25

kmax/(PGA,rock*NRF) 0.45

kmax = 0.13

ky / kmax = 0.31

Displacement, u = 8 cm 0.3 feet 3.3 inches

PLATE G-102



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  14:56
  step     10281
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

Factor of Safety  1.68

Max. shear strain-rate
        0.00E+00
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06
        3.00E-06
        3.50E-06

Contour interval=  5.00E-07
Extrap. by averaging
Boundary plot

0  1E  2

Water Table -1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section I-I' - End of Construction

Group Delta Consultants
Ballona Wetlands

PLATE G-103



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  14:57
  step     10281
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

User-defined Groups
User:Sand
'User:Med Sand'
'S:Stiff Clay'
'User:V Soft Clay'
Fill:Fill
User:Clay400
User:Embankment
'User:Soft Clay'

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section I-I' - End of Construction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-104



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  14:37
  step     21996
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

Factor of Safety  1.61

Max. shear strain-rate
        0.00E+00
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06

Contour interval=  5.00E-07
Extrap. by averaging
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.874E+03

0  5E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section I-I' - High Water Short Term

Group Delta Consultants
Ballona Wetlands

PLATE G-105



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  14:38
  step     21996
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

User-defined Groups
User:Sand
'User:Med Sand'
'S:Stiff Clay'
'User:V Soft Clay'
Fill:Fill
User:Clay400
User:Embankment
'User:Soft Clay'

Grid plot

0  1E  2

Net Applied Forces

max vector =    1.874E+03

0  5E  3
-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section I-I' - High Water Short Term - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-106



FLAC/SLOPE (Version 7.00)

LEGEND

    5-Mar-13  14:26

Factor of Safety  2.29

Shear Strain Rate Contours
        2.50E-07
        5.00E-07
        7.50E-07
        1.00E-06
        1.25E-06
        1.50E-06
        1.75E-06
        2.00E-06

Contour interval=  2.50E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.327E+03

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section I-I' - High Water Long Term (Steady State)

Group Delta Consultants
Ballona Wetlands

PLATE G-107



FLAC/SLOPE (Version 7.00)

LEGEND

    5-Mar-13  14:27

Factor of Safety  2.29

User-defined Groups
User:Sand
'User:Med Sand'
'S:Stiff Clay'
'User:Soft Clay'
Fill:Fill
User:Embankment

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.327E+03

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section I-I' - High Water Long Term (Steady State) - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-108



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  15:15
  step      9213
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

Factor of Safety  1.17

Max. shear strain-rate
        0.00E+00
        2.00E-07
        4.00E-07
        6.00E-07
        8.00E-07
        1.00E-06

Contour interval=  2.00E-07
Extrap. by averaging
Boundary plot

0  1E  2

Water Table

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section I-I' - Post Liquefaction

Group Delta Consultants
Ballona Wetlands

PLATE G-109



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  15:17
  step         0
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

User-defined Groups
User:Sand
User:LiqSandDeep
'S:Stiff Clay'
User:LiqSand
'User:V Soft Clay'
Fill:LiqFill
User:Clay400
User:Embankment
'User:Soft Clay'

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section I-I' - Post Liquefaction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-110



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  15:23
  step     30986
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

Factor of Safety  1.00

Max. shear strain-rate
        0.00E+00
        1.00E-07
        2.00E-07
        3.00E-07
        4.00E-07
        5.00E-07
        6.00E-07
        7.00E-07
        8.00E-07
        9.00E-07

Contour interval=  1.00E-07
Extrap. by averaging
Boundary plot

0  1E  2
-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section I-I' - Ky=0.04

Group Delta Consultants
Ballona Wetlands

PLATE G-111



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  15:25
  step         0
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

User-defined Groups
User:Sand
User:LiqSandDeep
'S:Stiff Clay'
User:LiqSand
'User:V Soft Clay'
Fill:LiqFill
User:Clay400
User:Embankment
'User:Soft Clay'

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section I-I' - Ky=0.04 - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-112



Newmark Displacements using Bray and Rathje (1998):
Section I‐I'

Site Input

PGA,rock = 0.25 g

M = 6.6

r = 13 km

ky = 0.04

Sliding Mass Input

Vs = 110 m/s assumed

Thickness, H = 15.3 m

50 ft

Output

Tm = 0.49 sec

D5‐95 = 10.5 sec

Ts = 0.55 sec

NRF = 1.15

Ts/Tm =  1.14

kmax/(PGA,rock*NRF) 0.48

kmax = 0.14

ky / kmax = 0.29

Displacement, u = 11 cm 0.4 feet 4.3 inches

PLATE G-113



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  15:27
  step     16426
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

Factor of Safety  2.09

Max. shear strain-rate
        0.00E+00
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06
        3.00E-06
        3.50E-06
        4.00E-06

Contour interval=  5.00E-07
Extrap. by averaging
Boundary plot

0  1E  2

Water Table
-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section J-J' - End of Construction

Group Delta Consultants
Ballona Wetlands

PLATE G-114



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  15:30
  step         0
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

User-defined Groups
User:Sand
'User:Med Sand'
'S:Stiff Clay'
'User:V Soft Clay'
Fill:Fill
User:Clay400
User:Embankment
'User:Soft Clay'

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section J-J' - End of Construction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-115



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  16:12
  step      8130
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

Factor of Safety  2.48

Max. shear strain-rate
        0.00E+00
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06

Contour interval=  5.00E-07
Extrap. by averaging
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.636E+03

0  5E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section J-J' - High Water Short Term

Group Delta Consultants
Ballona Wetlands

PLATE G-116



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  15:37
  step      1860
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

User-defined Groups
User:Sand
'User:Med Sand'
'S:Stiff Clay'
'User:V Soft Clay'
Fill:Fill
User:Clay400
User:Embankment
'User:Soft Clay'

Net Applied Forces

max vector =    1.636E+03

0  5E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section J-J' - High Water Short Term - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-117



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  15:33
  step     19390
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

Factor of Safety  1.47

Max. shear strain-rate
        0.00E+00
        2.00E-07
        4.00E-07
        6.00E-07
        8.00E-07
        1.00E-06

Contour interval=  2.00E-07
Extrap. by averaging
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    6.801E+02

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section J-J' - Post Liquefaction

Group Delta Consultants
Ballona Wetlands

PLATE G-118



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  15:34
  step      2710
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

User-defined Groups
User:Sand
User:LiqSandDeep
'S:Stiff Clay'
User:LiqSand
'User:V Soft Clay'
Fill:LiqFill
User:Clay400
User:Embankment
'User:Soft Clay'

Net Applied Forces

max vector =    6.801E+02

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section J-J' - Post Liquefaction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-119



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  15:35
  step     27420
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

Factor of Safety  1.01

Max. shear strain-rate
        0.00E+00
        1.00E-07
        2.00E-07
        3.00E-07
        4.00E-07
        5.00E-07
        6.00E-07
        7.00E-07
        8.00E-07

Contour interval=  1.00E-07
Extrap. by averaging
Boundary plot

0  1E  2

Water Table
-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section J-J' - Ky=0.05

Group Delta Consultants
Ballona Wetlands

PLATE G-120



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  15:36
  step     27420
 -1.944E+01 <x<  3.694E+02
 -2.119E+02 <y<  1.769E+02

User-defined Groups
User:Sand
User:LiqSandDeep
'S:Stiff Clay'
User:LiqSand
'User:V Soft Clay'
Fill:LiqFill
User:Clay400
User:Embankment
'User:Soft Clay'

Net Applied Forces

max vector =    6.801E+02

0  2E  3

-1.750

-1.250

-0.750

-0.250

 0.250

 0.750

 1.250

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section J-J' - Ky=0.05 - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-121



Newmark Displacements using Bray and Rathje (1998):
Section J‐J'

Site Input

PGA,rock = 0.25 g

M = 6.6

r = 13 km

ky = 0.05

Sliding Mass Input

Vs = 110 m/s assumed

Thickness, H = 15.3 m

50 ft

Output

Tm = 0.49 sec

D5‐95 = 10.5 sec

Ts = 0.55 sec

NRF = 1.15

Ts/Tm =  1.14

kmax/(PGA,rock*NRF) 0.48

kmax = 0.14

ky / kmax = 0.36

Displacement, u = 6 cm 0.2 feet 2.4 inches

PLATE G-122



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  16:15
  step     33610
 -1.667E+01 <x<  3.167E+02
 -1.872E+02 <y<  1.462E+02

Factor of Safety  1.58

Max. shear strain-rate
        0.00E+00
        2.00E-08
        4.00E-08
        6.00E-08
        8.00E-08
        1.00E-07

Contour interval=  2.00E-08
Extrap. by averaging
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.327E+03

0  2E  3

-1.500

-1.000

-0.500

 0.000

 0.500

 1.000

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750
(*10^2)

JOB TITLE : Section K-K' - End of Construction

Group Delta Consultants
Ballona Wetlands

PLATE G-123



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  16:17
  step       670
 -1.667E+01 <x<  3.167E+02
 -1.872E+02 <y<  1.462E+02

User-defined Groups
User:Sand
'User:Med Sand'
'S:Stiff Clay'
'User:V Soft Clay'
Fill:Fill
User:Embankment
'User:Clay 400'
'User:Soft Clay'

Net Applied Forces

max vector =    1.327E+03

0  2E  3

-1.500

-1.000

-0.500

 0.000

 0.500

 1.000

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750
(*10^2)

JOB TITLE : Section K-K' - End of Construction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-124



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  17:26
  step     41778
 -1.667E+01 <x<  3.167E+02
 -1.872E+02 <y<  1.462E+02

Factor of Safety  2.13

Max. shear strain-rate
        0.00E+00
        1.00E-07
        2.00E-07
        3.00E-07
        4.00E-07
        5.00E-07
        6.00E-07

Contour interval=  1.00E-07
Extrap. by averaging
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    2.389E+03

-1.500

-1.000

-0.500

 0.000

 0.500

 1.000

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750
(*10^2)

JOB TITLE : Section K-K' - High Water Short Term

Group Delta Consultants
Ballona Wetlands

PLATE G-125



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  16:24
  step         0
 -1.667E+01 <x<  3.167E+02
 -1.872E+02 <y<  1.462E+02

User-defined Groups
User:Sand
'User:Med Sand'
'S:Stiff Clay'
'User:V Soft Clay'
Fill:Fill
User:Embankment
User:Clay400
'User:Soft Clay'

Net Applied Forces

max vector =    2.389E+03

0  5E  3

-1.500

-1.000

-0.500

 0.000

 0.500

 1.000

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750
(*10^2)

JOB TITLE : Section K-K' - High Water Short Term - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-126



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  16:18
  step     24366
 -1.667E+01 <x<  3.167E+02
 -1.872E+02 <y<  1.462E+02

Factor of Safety  1.26

Max. shear strain-rate
        0.00E+00
        1.00E-07
        2.00E-07
        3.00E-07
        4.00E-07
        5.00E-07
        6.00E-07

Contour interval=  1.00E-07
Extrap. by averaging
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.327E+03

-1.500

-1.000

-0.500

 0.000

 0.500

 1.000

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750
(*10^2)

JOB TITLE : Section K-K' - Post Liquefaction

Group Delta Consultants
Ballona Wetlands

PLATE G-127



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  16:19
  step       550
 -1.667E+01 <x<  3.167E+02
 -1.872E+02 <y<  1.462E+02

User-defined Groups
User:Sand
User:SandLiqDeep
'S:Stiff Clay'
Fill:SandLiq
'User:V Soft Clay'
Fill:FillLiq
User:Embankment
User:Clay400
'User:Soft Clay'

Net Applied Forces

max vector =    1.327E+03

0  2E  3

-1.500

-1.000

-0.500

 0.000

 0.500

 1.000

(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750
(*10^2)

JOB TITLE : Section K-K' - Post Liquefaction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-128



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  16:21
  step     34246
 -1.667E+01 <x<  3.167E+02
 -1.872E+02 <y<  1.462E+02

Factor of Safety  1.01

Max. shear strain-rate
        0.00E+00
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06

Contour interval=  5.00E-07
Extrap. by averaging
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.327E+03

0  2E  3

-1.500

-1.000

-0.500

 0.000

 0.500

 1.000

(*10^2)
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JOB TITLE : Section K-K' - Ky=0.04

Group Delta Consultants
Ballona Wetlands

PLATE G-129



  FLAC (Version 7.00)

LEGEND

   27-Feb-13  16:20
  step       550
 -1.667E+01 <x<  3.167E+02
 -1.872E+02 <y<  1.462E+02

User-defined Groups
User:Sand
User:SandLiqDeep
'S:Stiff Clay'
Fill:SandLiq
'User:V Soft Clay'
Fill:FillLiq
User:Embankment
User:Clay400
'User:Soft Clay'

Net Applied Forces

max vector =    1.327E+03

0  2E  3
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(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750
(*10^2)

JOB TITLE : Section K-K' - Ky=0.04 - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-130



Newmark Displacements using Bray and Rathje (1998):
Section K‐K'

Site Input

PGA,rock = 0.25 g

M = 6.6

r = 13 km

ky = 0.04 32.185 1.2874

Sliding Mass Input

Vs = 100 m/s assumed

Thickness, H = 12.2 m

40 ft

Output

Tm = 0.49 sec

D5‐95 = 10.5 sec

Ts = 0.49 sec

NRF = 1.15

Ts/Tm =  1.00

kmax/(PGA,rock*NRF) 0.54

kmax = 0.15

ky / kmax = 0.26

Displacement, u = 15 cm 0.5 feet 5.9 inches

PLATE G-131



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  14:43

Factor of Safety  1.60
Shear Strain Rate Contours
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06

Contour interval=  5.00E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table
Net Applied Forces
max vector =    1.366E+03

0  2E  3
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(*10^2)

JOB TITLE : Section L-L' - End of Construction

Group Delta Consultants
Ballona Wetlands

PLATE G-132



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  14:46

Factor of Safety  1.60

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Med Sand'
'User:Soft Clay'
User:Fill

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.366E+03

0  2E  3
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(*10^2)
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(*10^2)

JOB TITLE : Section L-L' - End of Construction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-133



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  14:49

Factor of Safety  2.26

Shear Strain Rate Contours
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06
        3.00E-06
        3.50E-06

Contour interval=  5.00E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    3.006E+03

0  1E  4
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JOB TITLE : Section L-L' - High Water Short Term

Group Delta Consultants
Ballona Wetlands

PLATE G-134



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  14:48

Factor of Safety  2.26

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Med Sand'
'User:Soft Clay'
User:Fill

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    3.006E+03

0  1E  4
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 1.750
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 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section L-L' - High Water Short Term - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-135



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  15:01

Factor of Safety  1.40

Shear Strain Rate Contours
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06
        3.00E-06
        3.50E-06

Contour interval=  5.00E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    2.050E+03

0  5E  3
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JOB TITLE : Section L-L' - Post Liquefaction

Group Delta Consultants
Ballona Wetlands

PLATE G-136



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  15:03

Factor of Safety  1.40

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Liq Sand 2'
'User:Liq Sand'
'User:Med Sand'
'User:Soft Clay'
User:Fill

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    2.050E+03

0  5E  3

-1.750
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 1.750
(*10^2)

 0.250  0.750  1.250  1.750  2.250  2.750  3.250
(*10^2)

JOB TITLE : Section L-L' - Post Liquefaction - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-137



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  14:53

Factor of Safety  0.99

Shear Strain Rate Contours
        1.00E-07
        2.00E-07
        3.00E-07
        4.00E-07
        5.00E-07
        6.00E-07
        7.00E-07

Contour interval=  1.00E-07
(zero contour omitted)
Boundary plot

0  1E  2

Net Applied Forces

max vector =    2.056E+03

0  5E  3 -1.750
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JOB TITLE : Section L-L' - Ky=0.08

Group Delta Consultants
Ballona Wetlands

PLATE G-138



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Feb-13  15:05

Factor of Safety  0.99

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Liq Sand 2'
'User:Liq Sand'
'User:Med Sand'
'User:Soft Clay'
User:Fill

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    2.056E+03
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JOB TITLE : Section L-L' - Ky=0.08 - Input

Group Delta Consultants
Ballona Wetlands

PLATE G-139



Newmark Displacements using Bray and Rathje (1998):
Section L‐L'

Site Input

PGA,rock = 0.25 g

M = 6.6

r = 13 km

ky = 0.08

Sliding Mass Input

Vs = 200 m/s assumed

Thickness, H = 10.1 m

33 ft

Output

Tm = 0.49 sec

D5‐95 = 10.5 sec

Ts = 0.20 sec

NRF = 1.15

Ts/Tm =  0.41

kmax/(PGA,rock*NRF) 1.07

kmax = 0.31

ky / kmax = 0.26

Displacement, u = 30 cm 1.0 feet 11.7 inches

PLATE G-140



FLAC/SLOPE (Version 7.00)

LEGEND

    5-Mar-13  14:09

Factor of Safety  1.46

Shear Strain Rate Contours
        2.50E-07
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        7.50E-07
        1.00E-06
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        1.50E-06
        1.75E-06
        2.00E-06

Contour interval=  2.50E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.666E+03
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JOB TITLE : Existing North Levee during Meander Channel Excavation - 60 foot berm

Group Delta Consultants
Ballona Wetlands

PLATE G-141



FLAC/SLOPE (Version 7.00)

LEGEND

    5-Mar-13  14:10

Factor of Safety  1.46

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Soft Clay'
Fill:Fill

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.666E+03
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(*10^2)

JOB TITLE : Existing North Levee during Meander Channel Excavation - 60 foot berm - Inp

Group Delta Consultants
Ballona Wetlands

PLATE G-142



FLAC/SLOPE (Version 7.00)

LEGEND

    5-Mar-13  14:09

Factor of Safety  1.51

Shear Strain Rate Contours
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06

Contour interval=  5.00E-07
(zero contour omitted)
Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.874E+03
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-2.000

-1.500

-1.000

-0.500

 0.000

 0.500

 1.000

 1.500

(*10^2)
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(*10^2)

JOB TITLE : Existing North Levee during Meander Channel Excavation - 70 foot berm

Group Delta Consultants
Ballona Wetlands

PLATE G-143



FLAC/SLOPE (Version 7.00)

LEGEND

    5-Mar-13  14:08

Factor of Safety  1.51

User-defined Groups
User:Sand
'User:Stiff Clay'
'User:Soft Clay'
Fill:Fill

Boundary plot

0  1E  2

Water Table

Net Applied Forces

max vector =    1.874E+03
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(*10^2)

JOB TITLE : Existing North Levee during Meander Channel Excavation - 70 foot berm - Inp

Group Delta Consultants
Ballona Wetlands

PLATE G-144



FS = 3.39
From FLAC SLOPE

FS = 3.46

From Slide

Section A-A’ – End of Construction

Percent Difference = 2.2%

Comparison of FLAC SLOPE and RocScience Slide Results
PLATE G-145



FS = 3.35
From FLAC SLOPE

FS = 3.32

From Slide

Section A-A’ – High Water Short Term

Percent Difference = 0.9%

Comparison of FLAC SLOPE and RocScience Slide Results
PLATE G-146



FS = 1.79
From FLAC SLOPE

FS = 1.74

From Slide

Section G-G’ – Post Liquefaction

Percent Difference = 2.8%

Comparison of FLAC SLOPE and RocScience Slide Results
PLATE G-147



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Mar-13  15:13

Factor of Safety  0.97

Shear Strain Rate Contours
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06
        3.00E-06
        3.50E-06
        4.00E-06

Contour interval=  5.00E-07
(zero contour omitted)
Boundary plot
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Net Applied Forces

max vector =    8.604E+02
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JOB TITLE : Section E ky =0.06 - Groundwater at El +7, Channel Water at Low Tide El. 0

Group Delta Consultants
Ballona Wetlands

PLATE G-148



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Mar-13  15:13

Factor of Safety  0.97

User-defined Groups
User:Sand
'User:Stiff Clay'
'Fill:Liq Sand 2'
'User:Soft Clay'
'Fill:Liq Fill'
User:Embankment

Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    8.604E+02

0  2E  3
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(*10^2)

JOB TITLE : Section E ky =0.06 - GW at El +7, Channel Water at Low Tide El. 0 _ Input

Group Delta Consultants
Ballona Wetlands

PLATE G-149



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Mar-13  15:19

Factor of Safety  0.99

Shear Strain Rate Contours
        5.00E-07
        1.00E-06
        1.50E-06
        2.00E-06
        2.50E-06
        3.00E-06
        3.50E-06
        4.00E-06

Contour interval=  5.00E-07
(zero contour omitted)
Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    1.379E+03
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JOB TITLE : Section E ky =0.08 - Groundwater at El +3, Channel Water at Avg tide El +3

Group Delta Consultants
Ballona Wetlands

PLATE G-150



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Mar-13  15:17

Factor of Safety  0.99

User-defined Groups
User:Sand
'User:Stiff Clay'
'Fill:Liq Sand 2'
'User:Soft Clay'
'Fill:Liq Fill'
User:Embankment

Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    1.379E+03
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 0.500  1.500  2.500  3.500  4.500  5.500  6.500  7.500
(*10^2)

JOB TITLE : Section E ky =0.08 - GW at El +3, Channel Water at Avg tide El +3 _ Input

Group Delta Consultants
Ballona Wetlands

PLATE G-151



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Mar-13  15:14

Factor of Safety  1.01

Shear Strain Rate Contours
        2.50E-07
        5.00E-07
        7.50E-07
        1.00E-06
        1.25E-06

Contour interval=  2.50E-07
(zero contour omitted)
Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    8.610E+02
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(*10^2)

JOB TITLE : Section E ky =0.07 - Groundwater at El +3, Channel Water at Low Tide El. 0

Group Delta Consultants
Ballona Wetlands

PLATE G-152



FLAC/SLOPE (Version 7.00)

LEGEND

   27-Mar-13  15:15

Factor of Safety  1.01

User-defined Groups
User:Sand
'User:Stiff Clay'
'Fill:Liq Sand 2'
'User:Soft Clay'
'Fill:Liq Fill'
User:Embankment

Boundary plot

0  2E  2

Water Table

Net Applied Forces

max vector =    8.610E+02
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(*10^2)

JOB TITLE : Section E ky =0.07 - GW at El +3, Channel Water at Low Tide El. 0 _ Input

Group Delta Consultants
Ballona Wetlands

PLATE G-153
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APPENDIX H 
SETTLEMENT 

H.1 Summary of Contents 

This appendix includes the following: 

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



Variation of Cc / (1+eo) with Depth in Area A
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Note: 1) Correlation based on Moisture Content is derived from experience at Playa Vista and Similar Soils:

                 Cc / (1+eo) = Mc x 0.0028 + 0.0112

            2) Correlation based on Liquid Limit is based on Terzaghi and Peck (1967):

                 Cc / (1+eo) = 0.009 x (LL ‐ 10) / (1+eo)

PLATE H-1



Variation of OCR with Depth in Area A
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PLATE H-2



Variation of Cc / (1+eo) with Depth in Area B
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Note: 1) Correlation based on Moisture Content is derived from experience at Playa Vista and Similar Soils:

                 Cc / (1+eo) = Mc x 0.0028 + 0.0112

             2) Correlation based on Liquid Limit is based on Terzaghi and Peck (1967):

                 Cc / (1+eo) = 0.009 x (LL ‐ 10) / (1+eo)

PLATE H-3



Variation of OCR with Depth in Area B
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PLATE H-4



Variation of Cc / (1+eo) with Depth in Area C
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Note: 1) Correlation based on Moisture Content is derived from experience at Playa Vista and Similar Soils:

                 Cc / (1+eo) = Mc x 0.0028 + 0.0112

             2) Correlation based on Liquid Limit is based on Terzaghi and Peck (1967):

                 Cc / (1+eo) = 0.009 x (LL ‐ 10) / (1+eo)

PLATE H-5



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

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

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

Max 
Settlement 

per foot of Fill 
(inches)

Area B

Settlement (inches)
Approximate 
Embankment 

Height
(feet)SectionArea

PLATE H-6



Settlement away from Protected Side Toe

0

1

2

3

4

5

6

0 5 10 15 20 25 30 35 40 45 50

Distance from Toe (feet)

Se
tt
le
m
en

t 
(i
n
ch
es
)

Section A‐A' Section B‐B' Section C‐C' Section F‐F'

Section H‐H' Section I‐I' Surcharge Area B Surcharge Area C


L

/L = 1/480

PLATE H-7



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: 20      Levee Crest Width: 20      feet
M: 45      Dry Side Slope HorizontalDist: 45      feet
N: NA Distance to Levee Toe: NA feet
O: 150   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 2   Z 2   Z 2    % 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

PLATE H-8



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: 20      Levee Crest Width: 20      feet
M: 45      Dry Side Slope HorizontalDist: 45      feet
N: NA Distance to Levee Toe: NA feet
O: 150   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 2   Z 2   Z 2    % 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



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION:

Load, Q 1,680 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 2.14 inches 0.15 inch per foot

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

Soil

Layer
Height  'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR 'p (psf) (psf) E or C (ksf) 1+e0 1+e0 Case (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

Stress 
Distribution

Ballona Wetlands Restoration Project LA‐962A

Loaded

 Area

Wet Side Toe

(2)

Depth (feet)

PLATE H-10



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Slope I‐I' of Area B

Load, Q 1,800 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 12.26 inches 0.82 inch per foot

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

Soil

Layer
Height  'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR 'p (psf) (psf) E or C (ksf) 1+e0 1+e0 Case (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

Loaded

 Area

1/3 of Height ‐ Wet Side

(2)

Depth (feet)
Stress 

Distribution

Ballona Wetlands Restoration Project LA‐962A

PLATE H-11



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Slope I‐I' of Area B

Load, Q 1,800 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 24.49 inches 1.63 inch per foot

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

Soil

Layer
Height  'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR 'p (psf) (psf) E or C (ksf) 1+e0 1+e0 Case (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

Loaded

 Area

2/3 of Height ‐ Wet Side

(2)

Depth (feet)
Stress 

Distribution

Ballona Wetlands Restoration Project LA‐962A

PLATE H-12



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Slope I‐I' of Area B

Load, Q 1,800 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 32.45 inches 2.16 inch per foot

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

Soil

Layer
Height  'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR 'p (psf) (psf) E or C (ksf) 1+e0 1+e0 Case (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

Loaded

 Area

Wet Side Edge of Crest

(2)

Depth (feet)
Stress 

Distribution

Ballona Wetlands Restoration Project LA‐962A

PLATE H-13



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Slope I‐I' of Area B

Load, Q 1,800 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 32.11 inches 2.14 inch per foot

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

Soil

Layer
Height  'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR 'p (psf) (psf) E or C (ksf) 1+e0 1+e0 Case (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

Loaded

 Area

Center of Levee

(2)

Depth (feet)
Stress 

Distribution

Ballona Wetlands Restoration Project LA‐962A

PLATE H-14



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Slope I‐I' of Area B

Load, Q 1,800 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 30.40 inches 2.03 inch per foot

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

Soil

Layer
Height  'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR 'p (psf) (psf) E or C (ksf) 1+e0 1+e0 Case (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

Loaded

 Area

Dry Side Edge of Crest

(2)

Depth (feet)
Stress 

Distribution

Ballona Wetlands Restoration Project LA‐962A

PLATE H-15



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Slope I‐I' of Area B

Load, Q 1,800 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 23.29 inches 1.55 inch per foot

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

Soil

Layer
Height  'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR 'p (psf) (psf) E or C (ksf) 1+e0 1+e0 Case (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

Loaded

 Area

2/3 of Height ‐ Dry Side

(2)

Depth (feet)
Stress 

Distribution

Ballona Wetlands Restoration Project LA‐962A

PLATE H-16



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Slope I‐I' of Area B

Load, Q 1,800 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 13.56 inches 0.90 inch per foot

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

Soil

Layer
Height  'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR 'p (psf) (psf) E or C (ksf) 1+e0 1+e0 Case (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

Loaded

 Area

1/3 of Height ‐ Dry Side

(2)

Depth (feet)
Stress 

Distribution

Ballona Wetlands Restoration Project LA‐962A

PLATE H-17



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Slope I‐I' of Area B

Load, Q 1,800 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 5.78 inches 0.39 inch per foot

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

Soil

Layer
Height  'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR 'p (psf) (psf) E or C (ksf) 1+e0 1+e0 Case (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

Loaded

 Area

Dry Side Toe

(2)

Depth (feet)
Stress 

Distribution

Ballona Wetlands Restoration Project LA‐962A

PLATE H-18



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Slope A‐A' of Area A

Load, Q 1,200 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 19.12 inches 1.91 inch per foot

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

Soil

Layer
Height γ σ'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR σ'p (psf) Δσ (psf) E or C (ksf) 1+e0 1+e0 Case ε (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

(2)

Depth (feet)
Stress 

Distribution

Ballona Wetlands Restoration Project

 Center of Levee

LA‐962A

Loaded

 Area

PLATE H-19



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Slope B‐B' of Area A

Load, Q 1,200 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 21.43 inches 2.14 inch per foot

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

Soil

Layer
Height γ σ'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR σ'p (psf) Δσ (psf) E or C (ksf) 1+e0 1+e0 Case ε (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

(2)

Depth (feet)
Stress 

Distribution

Ballona Wetlands Restoration Project

 Center of Levee

LA‐962A

Loaded

 Area

PLATE H-20



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Slope C‐C' of Area A

Load, Q 600 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 9.93 inches 1.99 inch per foot

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

Soil

Layer
Height γ σ'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR σ'p (psf) Δσ (psf) E or C (ksf) 1+e0 1+e0 Case ε (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

(2)

Depth (feet)
Stress 

Distribution

Ballona Wetlands Restoration Project

 Center of Levee

LA‐962A

Loaded

 Area

PLATE H-21



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Slope F‐F'

Load, Q 1,680 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 33.44 inches 2.39 inch per foot

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

Soil

Layer
Height  'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR 'p (psf) (psf) E or C (ksf) 1+e0 1+e0 Case (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

Stress 
Distribution

Ballona Wetlands Restoration Project LA‐962A

Loaded

 Area

Center of Levee

(2)

Depth (feet)

PLATE H-22



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Slope H‐H' of Area B

Load, Q 1,680 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 32.91 inches 2.35 inch per foot

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

Soil

Layer
Height  'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR 'p (psf) (psf) E or C (ksf) 1+e0 1+e0 Case (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

Stress 
Distribution

Ballona Wetlands Restoration Project LA‐962A

Loaded

 Area

Center of Levee

(2)

Depth (feet)

PLATE H-23



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION:

Load, Q 3,000 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 51.83 inches 2.07 inch per foot

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

Soil

Layer
Height  'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR 'p (psf) (psf) E or C (ksf) 1+e0 1+e0 Case (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

Stress 
Distribution

Ballona Wetlands Restoration Project LA‐962A

Loaded

 Area

Center of Surchage Area B

(2)

Depth (feet)

PLATE H-24



PROJECT NAME: PROJECT NUMBER:

PROBLEM DESCRIPTION: ‐ Area C Surcharge

Load, Q 3,600 psf (C)
Depth, D 0 ft must be at a layer boundary (D) TOTAL= 31.63 inches 1.05 inch per foot

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

Soil

Layer
Height γ σ'v

Compress
.

Type E Cr Cc OCR Strain Layer

Adjusted 
Layer

Layer top bottom center (feet) (pcf) (psf) OCR σ'p (psf) Δσ (psf) E or C (ksf) 1+e0 1+e0 Case ε (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

(2)

Depth (feet)
Stress 

Distribution

Ballona Wetlands Restoration Project

 Center of Levee

Loaded

 Area

LA‐962A

PLATE H-25
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PLATE H-28
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PLATE H-30
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PLATE H-33
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PLATE H-45



Group Delta Consultants, Inc.

Playa Vista Area D2 Surcharge Settlement Lots 1-6
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Group Delta Consultants, Inc.

Percent Consolidation vs Time
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t90 = 100 to 150 days

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

100 to 150 days
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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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Pile Type 14-inch Square Driven Pile
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Project L962A - Ballona Creek Wetlands Restoration Project

Pile Type 14-Diameter Auger Cast Displacement Piles

PLATE: J-2
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Lateral Deflection (inches)

14-inch Square Driven Pile - Fixed Head
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Bending Moment (in-kips)

14-inch Square Driven Pile - Fixed Head
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Shear Force (kips)

14-inch Square Driven Pile - Fixed Head
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Lateral Deflection (inches)

14-inch Square Driven Pile - Free Head
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Bending Moment (in-kips)

14-inch Square Driven Pile - Free Head
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Shear Force (kips)

14-inch Square Driven Pile - Free Head
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Lateral Deflection (inches)

14-inch Round Auger Cast Pile - Fixed Head
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Bending Moment (in-kips)

14-inch Round Auger Cast Pile - Fixed Head
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Shear Force (kips)

14-inch Round Auger Cast Pile - Fixed Head
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Lateral Deflection (inches)

14-inch Round Auger Cast Pile - Free Head
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Bending Moment (in-kips)

14-inch Round Auger Cast Pile - Free Head
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Shear Force (kips)

14-inch Round Auger Cast Pile - Free Head
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