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Attachment B 

 

Calculations 



Project: South Coast Plaza Village

Total Area(AC) 17.25

Total DCV (required) cf 14,519

Capture Efficiency Method

Drainage Area Area  (sf) Area  (AC)

Rainfall 

Depth (in) 

Pervious 

Area (sf)

Pervious 

Area (ac)

Impervious 

Area (ac)

Impervious 

ratio

C 

(0.75ximp+0.15)

TC (MIN) I1 QDESIGN (CFS) DCV(cf) 

(CxdxA) BMP USED

1 12370 0.28 0.281 1237 0.03 0.26 0.90 0.83 10 0.225 0.05 239 Filterra Unit

2 20135 0.46 0.281 2013 0.05 0.42 0.90 0.83 10 0.225 0.09 389 Filterra Unit

3 14306 0.33 0.281 1431 0.03 0.30 0.90 0.83 10 0.225 0.06 276 Filterra Unit

4 12091 0.28 0.281 1209 0.03 0.25 0.90 0.83 10 0.225 0.05 234 Filterra Unit

5 32730 0.75 0.281 3273 0.08 0.68 0.90 0.83 10 0.225 0.14 632 Filterra Unit

6 29173 0.67 0.281 2917 0.07 0.60 0.90 0.83 10 0.225 0.12 564 Filterra Unit

7 12709 0.29 0.281 1271 0.03 0.26 0.90 0.83 10 0.225 0.05 246 Filterra Unit

8 17129 0.39 0.281 1713 0.04 0.35 0.90 0.83 10 0.225 0.07 331 Filterra Unit

9 13438 0.31 0.281 1344 0.03 0.28 0.90 0.83 10 0.225 0.06 260 Filterra Unit

10 10158 0.23 0.281 1016 0.02 0.21 0.90 0.83 10 0.225 0.04 196 Filterra Unit

11 6967 0.16 0.281 697 0.02 0.14 0.90 0.83 10 0.225 0.03 135 Filterra Unit

12 8746 0.20 0.281 875 0.02 0.18 0.90 0.83 10 0.225 0.04 169 Filterra Unit

13 8860 0.20 0.281 886 0.02 0.18 0.90 0.83 10 0.225 0.04 171 Filterra Unit

14 12536 0.29 0.281 1254 0.03 0.26 0.90 0.83 10 0.225 0.05 242 Filterra Unit

15 27522 0.63 0.281 2752 0.06 0.57 0.90 0.83 10 0.225 0.12 532 Filterra Unit

16 10676 0.25 0.281 1068 0.02 0.22 0.90 0.83 10 0.225 0.05 206 Filterra Unit

A 43459 1.00 0.281 4346 0.10 0.90 0.90 0.83 10 0.225 0.19 840 MWS

B 36629 0.84 0.281 3663 0.08 0.76 0.90 0.83 10 0.225 0.16 708 MWS

C 58331 1.34 0.281 5833 0.13 1.21 0.90 0.83 10 0.225 0.25 1,127 MWS

D 86893 1.99 0.281 8689 0.20 1.80 0.90 0.83 10 0.225 0.37 1,679 MWS

E 40749 0.94 0.281 4075 0.09 0.84 0.90 0.83 10 0.225 0.17 787 MWS

F 48518 1.11 0.281 4852 0.11 1.00 0.90 0.83 10 0.225 0.21 937 MWS

G 129982 2.98 0.281 12998 0.30 2.69 0.90 0.83 10 0.225 0.55 2,511 MWS

H 57428 1.32 0.281 5743 0.13 1.19 0.90 0.83 10 0.225 0.24 1,109 MWS

Total 694,107 17.25 75,154 1.73 15.53 0.90 0.83 - - 3.20 14,519
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Orange County Technical Guidance Maps 
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Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Orange County and Part of Riverside County, 
California
Survey Area Data: Version 16, Sep 6, 2022

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Mar 14, 2022—Mar 
17, 2022

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

182 Omni silt loam, drained C 0.5 2.5%

184 Omni clay, drained C 18.5 97.5%

Totals for Area of Interest 19.0 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well 
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of 
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay 
layer at or near the surface, and soils that are shallow over nearly impervious 
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 
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Tie-break Rule: Higher
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Drainage Maps & Hydrology Narrative 
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17991 Fitch • Irvine, California  92614 • PHONE (949) 442-2442 • FAX (949) 476-8322 • www.nmggeotechnical.com 

April 28, 2021 
 

Project No. 21034-01 
 
 

To:  South Coast Plaza 
3315 Fairview Road  
Costa Mesa, California, 92626 

 
Attention:  Mr. Bryce Osborn, Director of Architecture and Planning 
 
Subject: Geotechnical Feasibility Study for Proposed Project at South Coast Plaza Village, 

Santa Ana, California 

INTRODUCTION and EXECUTIVE SUMMARY 

At your request and authorization, NMG Geotechnical, Inc. (NMG) has performed a 
geotechnical feasibility study for the subject site located at the northeast corner of Bear Street 
and Sunflower Avenue. (See Site Location Map, Figure 1.) The primary purpose of our study 
was to provide a summary of the geologic and geotechnical conditions, along with an evaluation 
of the feasibility of the planned project with respect to identified geotechnical constraints.  
 
Geologic Conditions 

• Deep alluvium below the site consists of interlayered sands, silts and clays with the upper 15 
to 20 feet being predominantly clays with relatively high expansion potential; 

• Groundwater is on the order of 10 to 20 feet below existing ground surface, with potential 
artesian conditions (the water table in the sand layer below the clay in under some pressure); 

• Site is in a mapped liquefaction hazard zone with confirmed liquefiable layers; 
• Site is not located within an Alquist-Priolo Fault Zone and no faults are mapped in the 

immediate site vicinity; and 
• Site will experience seismic shaking from earthquakes on nearby active faults. 
 
Geotechnical Constraints 
 
Seismic shaking, liquefaction induced ground settlement, shallow groundwater, settlement of the 
heavier structures, and expansive soil are the primary geotechnical design constraints. Heavier 
structures (towers and multi-level parking structures) will require either deep pile foundations or 
mat slab (raft) foundations with ground improvement, such as rammed aggregate piers or stone 
columns. Conventional foundations may be feasible for intermediate structures with ground 
improvements. Lighter structures may be supported on stiff shallow foundations. Groundwater 
and wet soil conditions will require proactive measures, such as local dewatering and soft ground 
stabilization for excavations deeper than approximately 10 feet.  
 
Based on our study, we conclude that the subject property is feasible for the planned 
development from a geotechnical viewpoint provided the recommendations herein are carried 
forward to the next phases of exploration, design and construction. 

~ ~~~hnical, Inc. 
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ATTACHMENTS 
 
Figure 1 - Site Location Map – Rear of Text 
Figure 2 - 1972 Historic Aerial Photograph– Rear of Text 
Figure 3 - Seismic Hazard Map – Rear of Text 
Figure 4 - Regional Fault Map– Rear of Text 
Plate 1 - Boring and CPT Location Map – In Pocket 
Plate 2 - Geologic Cross-Section A-A' – In-Pocket 
Appendix A - References 
Appendix B - Boring and CPT Logs with Shear Wave Velocities 
Appendix C - Liquefaction Analysis 
Appendix D - Seismic Analysis 

SCOPE OF SERVICES 

Our scope of services for this study included the following: 
 
• City of Santa Ana public archive search and review of acquired geotechnical reports; 

• Research and review of published and unpublished data/maps and our recent experience of 
this locale pertaining to the geologic conditions, including underlying soil types, recent and 
historic groundwater levels, and impacts of shallow groundwater on construction;  

• Review of available online historic aerial photographs and topographic maps dating back to 
1952; 

• Site reconnaissance to observe existing conditions, meet with South Coast Plaza (SCP) 
representatives and mark cone penetrometer (CPT) locations; 

• Clearance of potential underground utility conflicts with CPT locations through DigAlert and 
SCP Village facilities staff; 

• Advancement of six CPT probes to 50 and 120 feet below ground with shear wave velocity 
measurement in two 120-foot-deep probes; 

• Geologic analysis and development of Cross-Section A-A'; 

• Site seismicity analysis; 

• Liquefaction and settlement analyses using cone penetrometer (CPT) data; 

• Conceptual foundation alternative analysis; 

• Preparation of this report summarizing our findings, conclusions and recommendations. 
 
The references reviewed for this study are listed in Appendix A. The approximate CPT locations 
and historic borings by others are shown on Plate 1, the Boring and CPT Location Map (in 
pocket). Geologic Cross-Section A-A' is also included in pocket (Plate 2). CPT and boring logs 
are included in Appendix B. Liquefaction and seismic settlement analyses from the CPT data are 
included in Appendix C. Seismic analysis is attached in Appendix D. 
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SITE DESCRIPTION  
 
The subject site, referred to as South Coast Plaza Village (the Village) is located north of the 
main South Coast Plaza shopping mall. The location is shown on Figure 1, Site Location Map. 
The site is approximately 17.2-acres, bounded by Bear Street on the west, Sunflower Avenue on 
the south, a retail property on the east, and a residential development on the north. The site is 
currently occupied by a central main cluster of restaurant and retail buildings, a stand-alone 
restaurant (Morton's Steakhouse) next to Sunflower Avenue and a stand-alone theater at the 
southeast corner of the property. The theater and portions of the parking lot are separated from 
the main Village by South Plaza Drive, which traverses in a north south direction through the 
eastern portion of the site. The remainder of the site is paved parking, driveways and landscape 
areas. These features are also shown on the aerial photograph used for the base of our CPT and 
Boring Location Map, Plate 1. 

PROPOSED DEVELOPMENT 

We understand that the proposed project will include demolition of the existing retail and 
commercial buildings in order to construct new multi-story, multi-family residential buildings, 
with a combination of podium parking and one level of underground parking. Project concepts 
include four to five 25-story high-rise buildings. The exact location, configuration of the 
structures and other details of the project are in the conceptual stages. Site concepts we have 
reviewed show Plaza Drive remaining in its current general alignment.  

HISTORIC DATA AND GEOTECHNICAL REPORTS  

We researched three primary sources for historic data related to the site: published and internet 
data bases, NMG in-house archives, and City of Santa Ana public works archives. No reports 
were available from South Coast Plaza archives. Our research is summarized as follows: 
 
• Published and internet data bases include those of the State of California Geologic Survey 

(CGS), United States Geologic Survey (USGS), Geotracker (environmental data), NETR 
Historic Aerials, among other sources.  

• NMG archives yielded prior studies and reports related to demolition of the Planet 
Hollywood restaurant (current Morton's pad) and parking lot pavement rehabilitation. 
Parking lot related reports included both design and construction phase reports.  

• City of Santa Ana archives yielded the original geotechnical investigation report for the 
entire site by LeRoy Crandall and Associates (Crandall, 1973); the design investigation and 
as-graded reports for Morton's Steakhouse (Giles, 2001a, and 2001b); and a pile design 
report for a Planet Hollywood portico feature (Crandall, 1993).  

These data were used along with the CPT data to develop our site geologic model and 
understanding of the existing geotechnical conditions and constraints. The information is 
provided and referenced through this report. Appendix A has a complete listing of references.  
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SITE HISTORY 
 
The following site history is based on historic aerial photographs (NETR, 2021) and topographic 
maps (USGS, 2021): 
 
• Between 1892 and the 1950s, Sunflower Street and Bear Street were constructed. The 1892 

topographic map shows a marsh to the south and southeast of the site, but not onsite. There 
was a house at the northwest corner of the property, just offsite. The site appears to be 
undeveloped or possibly used for row crops. 

• The 1935 topographic map shows a ditch with water along the eastern property boundary. 

• Between 1952 and 1963, the historic aerials show the site was still undeveloped and possibly 
planted with row crops, and the offsite house is still visible. Sunflower and Bear Streets were 
in place as two-lane roads and the ditch was along the eastern property boundary. 

• The 1965 topographic map shows a building in the northwest corner of the subject property, 
to the southeast of the previously mentioned house. 

• The 1972 aerial photo shows the site was being graded and buildings were being constructed. 
It appeared that the central and northeast portion of the site had lighter soils, possibly 
imported sandy soils to raise grades and/or replace unsuitable native soils. (See Figure 2, a 
historic aerial photograph.)  It also shows the larger building in the northwest corner of the 
site. 

• The 1972 topographic map shows some buildings were constructed onsite with Plaza Drive 
in between, as well as the buildings in South Coast Plaza and the retail center to the east of 
the subject site.  

• By 1980, buildings for the Village were constructed in a similar configuration as today, 
except for the empty pad on the east side of South Plaza Drive (Figure 2), north of the 
theater. The large building in the northwest corner was still in place. 

• By 1995, the building in the northwest corner had been removed and replaced with a parking 
lot and a building was constructed on the empty pad.  

• By 2002, the building located along the southern central portion of the site had been replaced 
with the larger Morton's restaurant.  

• In 2013, the building on the pad north of the theater was demolished to create an empty pad, 
currently covered with turf. The site has remained relatively unchanged since then to the 
present. 
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SUMMARY OF GEOTECHNICAL CONDITIONS 
 
Regional Geologic Setting 
 
The subject site is located within the Peninsular Range Province of California, in the southeast 
portion of the Orange County Basin on the U.S. Geological Survey 7.5-minute Newport Beach 
Quadrangle. The site is underlain by 10 to 15 feet of Holocene-age alluvium and on the order of 
900 feet of Quaternary-age alluvium (CDMG, 1980).  
 
Earth Units and Soil Characteristics 
 
Prior studies at the Village have included borings to depths of 51 feet deep throughout the site 
and our CPTs were performed to depths of up to120 feet. The alluvium below the site consists 
primarily of clay and silt in the upper 15 to 20 feet, with local thin lenses of sandy alluvium. 
Below 20 feet, there is considerably more sand and sandy silt layers, with local thin layers of 
clay. The alluvium below a depth of 50 feet in CPTs is similar to interlayered sand and silt with 
some clay, but is generally much denser with layers of very dense stiff soil.  
 
Based on the U.S. Department of Agriculture soil mapping (1978), the near-surface native soils 
consist of the Omni Clay (CL/CH), which has a high shrink/swell potential, is highly corrosive to 
metals, and moderately corrosive to concrete. This soil is also categorized as having a low 
permeability and is in Hydrologic Group D. Please note there could be 2 to 3 feet of imported 
sandy soils overlying the native deposits that was placed during the original grading in the early 
1970s. 
 
Groundwater 
 
Groundwater was encountered during the original investigation by LeRoy Crandall in borings 
drilled at the site in 1973 at depths of 10 and 20 feet (Crandall, 1973). The 50-foot-deep borings 
were drilled with a rotary wash boring that included the use of drilling mud, so groundwater 
could not be recorded. Borings LRB-1, -11, -16, -20, -23 and -26 were drilled to depths of 18 to 
21 feet and left open for a period of time (1.5 to 15 hours), with groundwater levels rising 
between 2.5 to 5 feet. This indicates that the groundwater is under artesian pressures. The 
shallower borings, between 14 and 15 feet deep, encountered minor seepage at depths of 10 to 15 
feet. The potentiometric groundwater surface (the level to which groundwater rises in a well or 
boring which penetrates an aquifer, also called a piezometric surface) is shown on Cross-Section 
A-A' (Plate 2). The clayey alluvium may also be saturated; however, the permeability of the clay 
is so low that it acts as a confining layer. Once borings are drilled into the sandy layers, the 
permeability of the sands and the aquifer pressure causes the groundwater in the borings to rise 
given sufficient time.  
 
From our past experience at nearby sites, drilling into these sandy layers with artesian conditions 
can result in sand being forced up into the hollow drilling stem, causing the auger to seize up and 
bringing drilling to a standstill. To remove the auger, water needs to be added to the hollow-stem 
of the auger in order to create a sufficient hydraulic pressure head to counteract the hydraulic 
uplift and be able to remove sand out of the auger.  
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For Morton's, Giles drilled borings in 2001 that did not encounter groundwater to depths of 15 
feet (Giles, 2001a). One boring, GB-5, was drilled to a depth of 50 feet and reported groundwater 
at a depth of 19.5 feet. However, they did not leave the boring open to allow any time-dependent 
rise in the water level. 
 
Numerous borings and four groundwater wells were installed by Petroleum Industry Consultants 
(PIC) and Dames and Moore (D&M) for the former Sears Automotive Center at the north end of 
South Coast Plaza (PIC, 1989 and D&M, 1992a). Borings drilled by PIC to depths of 15 to 19 
feet did not encounter groundwater and one boring drilled to a depth of 25 feet encountered 
groundwater at a depth of 20 feet. Approximately half of the twenty borings drilled by D&M 
(1992a) to depths of 20 to 21 feet, locally encountered groundwater at depths of 20 to 21 feet. 
The four wells were drilled and installed at depths of 31 to 32 feet. Groundwater was 
encountered during drilling at depths of 20 to 21 feet, and after a few days, the potentiometric 
groundwater levels in the wells were at 15 to 19 feet deep (a rise of up to 6 feet). The direction of 
groundwater flow during the D&M investigation had a slight gradient of 0.001 toward the 
southwest. 
 
At another site located to the northeast of the subject site, numerous groundwater wells were 
installed and monitored between 1991 and 2015. The groundwater levels were found to fluctuate 
between 4 and 20.5 feet deep, with the shallowest levels being between December and March. 
 
NMG was the consultant on a project with similar geologic conditions near the intersection of 
MacArthur Boulevard and Main Street in Santa Ana. This development included a seven-story 
parking structure with one subterranean level. During construction, groundwater wells were 
ineffective dewatering because of the very low permeability of the clays. A perimeter trench was 
excavated and filled with gravel and pumped at the four corners during construction. In addition, 
the 5-foot-deep shear wall footing had standing water, and additional sump pumps had to be used 
for dewatering that excavation. The garage slab was a structural slab and the structural engineer 
calculated the hydrostatic uplift forces and found that dewatering around the perimeter of the 
building needed to continue until the seven stories were constructed.   
 
Seismicity, Faulting, and Seismic Hazards 
 
Based on background review, no known active faults are located within or adjacent to the subject 
site, nor is it located within an Alquist-Priolo Fault Rupture Hazard Zone (CGS, 2020). 
Therefore, the potential for primary ground rupture is considered very low at the site. The 
primary seismic hazard at the subject site is ground shaking due to a future earthquake on one of 
the major regional active faults and potential ground deformation due to liquefaction. 
 
Using the USGS de-aggregation computer program (USGS, 2021) and the site coordinates of 
33.6956 degrees north latitude and -117.8908 degrees west longitude, the closest major active 
faults to the site are the San Joaquin Hills Blind Thrust Fault located 4 km (2.5 miles) south of 
the site and the Newport-Inglewood Fault, approximately 8.8 km (5.5 miles) southwest of the 
site. The San Joaquin Hills Blind Thrust Fault with a moment magnitude of 7.15 is considered 
the controlling fault for this site. 
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The site is not located within a zone of earthquake induced landslide as mapped by the State; 
however, the site is mapped as having potentially liquefiable soil (CDMG, 1997). 
 
Tsunami and seiche are not considered secondary seismic hazards at this site due to the elevation 
and location.  
      
Liquefaction 
 
Liquefaction is a phenomenon when relatively loose granular soils below the water table 
"liquefy" during sufficiently strong seismic shaking or man-made ground vibrations. This can 
result in loss of bearing capacity, ground disturbance (sand boils), and/or ground settlement. For 
the design earthquake of magnitude 7.15, our liquefaction analysis using the CPT data indicates 
the site has low to moderate liquefaction potential. Total settlements on the order of 1 to 2 inches 
were calculated. The risk of bearing capacity loss and ground disturbance is low due to the clay 
layer that caps the site and the depth to the liquefaction prone layers. 
 
Static Settlement 
 
Preliminary settlement analysis for a conceptual 25-story residential tower was performed with 
software which uses the CPT data to estimate consolidation characteristics of the onsite soils. For 
the analysis, we assumed live and dead loads on the order of 125 to 150 pounds per square foot 
of floor area for the 25-story building with a 120-foot by 120-foot square footprint. With these 
assumptions, the analysis resulted in 1 to 2 inches of total settlements below a mat slab 
foundation. From our experience, settlements calculated using CPT data are very convenient and 
rapid but tend to underestimate total settlements compared to more conventional methods 
(borings to collect and test soil samples). However, for feasibility purposes, the order of 
magnitude values from these analyses are considered sufficient. 
 
Storm Water Treatment/Storage 
 
Predominantly, the subject site is underlain by fine-grained soil (clay and silt) in the upper 15 to 
20 feet, with low permeabilities. The soils are categorized as Hydrologic Class D soils (USDA, 
1978) and per the Orange County Technical Guidance Document for WQMP (2013), the site 
may be considered infeasible for infiltration. Because of the clay soils and the relatively shallow 
groundwater, the site is not suitable for treatment of storm water with onsite infiltration. 
Underground treatment and/or detention systems below approximately 15 to 20 feet may need to 
account for hydrostatic uplift (buoyant) forces due to the shallow groundwater.  
 
Existing Asphalt Pavements and Fill 
 
NMG has conducted a number of pavement studies for parking and driveway areas at the Village 
(NMG, 1995a, 1995b, 1996a, 1996b). The numerous shallow borings through the existing 
asphalt pavement sections determined the thickness of asphalt concrete (AC), aggregate base 
(AB), and where encountered, a sand subbase (SB) layer. AC thickness was generally 4 inches, 
with a few areas with as little as 2 inches and other areas with up to 7 inches. AB thicknesses 
were generally 4 to 6 inches, with as little as 3 inches and up to 9 inches is some areas. SB 
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consisting of imported sand with relatively high R-values was encountered in many but not all 
areas of the parking lot. It was generally 8 to 12 inches thick but as thin as 1 inch and as thick as 
32 inches in some areas. 
 
In addition to the imported SB under certain areas of asphalt pavement, existing buildings and 
some areas of adjacent concrete flatwork reportedly have 2 to 4 feet of imported sand fill, which 
was recommended to mitigate the expansive clays (Crandall, 1973, Giles, 2001a). 
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CONCLUSIONS AND RECOMMENDATIONS 
 

Based on our feasibility-level study, we conclude that the proposed development is feasible 
provided the geotechnical constraints described herein are mitigated. The primary geotechnical 
design constraints are potential settlements due to heavier structural loads, seismic shaking, 
seismically induced settlement, shallow groundwater, and near-surface clays with high expansion 
potential. The primary grading and construction phase issues will be the relatively shallow 
groundwater which will require local dewatering and inflow control for excavations deeper than 
approximately 15 to 20 feet (may vary across the site due to variation in geology). Seepage and 
saturated soil conditions will be encountered near or below 10 feet, which will require mitigation 
during construction. These and other conditions are discussed in more detail below. 

1. Foundation Types and Remedial Measures 

The site is underlain by moderately compressible soils as well as soil with low to moderate 
potential for seismically induced settlements. Structural foundation designs will depend on the 
structural loads and the settlement tolerance of the structures. The near-surface soil is also 
generally clayey with high expansion potentials. The expansion potentials will primarily impact 
the more lightly loaded structures and slabs-on-grade. Foundation considerations for three 
structure categories are as follows: 

High Rise Buildings and Multi-level Parking Structures: Structures with relatively large dead 
and live loads, such as the 25-story towers, will require settlement mitigation, both for static 
settlements on the order of several inches, and seismically induced settlements estimated to be on 
the order to 1 to 2 inches. The combined static and seismic settlements are expected to exceed 
the tolerances of such structures. Therefore, these structures will require either pile foundations 
on the order of 50 feet deep, or a mat/raft foundation over ground improvements. In-situ ground 
improvement options include rammed aggregate piers, stone columns, injection grouting, or deep 
soil mixing (lime or cement). Conceptually, ground improvements may need to extend 
approximately 30 feet below foundations. The planned underground parking will partially 
mitigate structural settlements (unloading of soil weight). The settlement constraints may also 
apply to parking structures with more than four levels above ground. 

Moderately Loaded Structures: Structures with more moderate loads, such as three- to five-
story buildings or parking structures with 4 or less levels may be supported on mat slabs, 
shallower piles, or conventional foundations over ground improvements. As with the heavier 
structures, one level of underground parking will partially mitigate structural settlements. The 
feasibility of these foundation options will depend on the structural loads and settlement 
tolerances of the structures. 

Lightly Loaded Structures: One- to three-story structures generally will not have the same 
settlement constraints as heavier structures. However, they will be more susceptible to adverse 
impacts of the expansive soils if they are constructed on-grade. (Mitigation of expansive soil 
with respect to foundations and slabs-on-grade will not apply to structures over one level of 
subterranean parking.) Where necessary, expansive soils are typically mitigated with extra stiff 
post-tensioned slabs-on-grade, ribbed (waffle-type) slabs-on-grade, or removal of three to five 
feet of the clay soil and replacement with granular soils having very low expansion potential. For 
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large areas, lime treatment of the upper 4 feet of soil is sometimes used to mitigate expansive 
soil.  

As the project details regarding structural information become more established, your consulting 
team, including experienced general contractor or construction manager, architect, and structural 
engineer, should evaluate the various foundation alternatives. A geotechnical specialty contractor 
should also be engaged to evaluate the feasibility, suitability, and economics of various ground 
improvement options for the above discussed structures at this site.  

2. Shallow Groundwater  

The relatively shallow groundwater at the site may impact subterranean foundation and slab-on-
grade design with respect to hydrostatic uplift forces for portions of structures below the design 
water table. If applicable, the forces are typically mitigated with the weight of structures and 
structural slabs. Floating slabs may not be feasible for subterranean structures if they are below 
the potentiometric groundwater surface.  

Excavations deeper than approximately 10 to 15 feet are likely to encounter groundwater 
seepage, and excavations deeper than 15 feet may encounter artesian conditions. Measures to 
manage or prevent inflows of water into excavations during construction will be necessary. Local 
experience indicates that dewatering wells (well points) will not be effective due to the relatively 
low permeability of the majority of soils at the site. Gravel filled cutoff trenches around 
excavations for subterranean parking structures with sump pumps have been employed 
successfully on nearby projects. For larger and deeper excavations, some type of in-situ cutoff 
walls, such as sheet piling, jet grouting, or mixed in-place soil cement walls, may be desirable if 
pumping and discharge of large volumes of groundwater to local storm drain or sewer system is 
problematic. 

At some point, we recommend installation of groundwater observation wells to verify the onsite 
conditions. Pumping tests should also be performed for design of foundation excavation 
dewatering systems and to estimate potential dewatering discharge volumes. The potential for 
ground settlement and associated potential impacts to adjacent areas caused by a prolonged 
lowering of the water table should also be evaluated, as needed. 

Local sump pumps are expected to be sufficient for control of groundwater in excavations for 
buried utilities, as those excavations are typically smaller and for shorter durations. 

3. Wet Soil Conditions  

Excavations within one to two feet of the groundwater table and deeper may encounter soft, wet 
soils which will require stabilization prior to construction of structures and heavier pipelines. 
Stabilization measures typically will involve a gravel layer on the order of one to several feet 
thick. Placing a geotextile or geogrid under the gravel will reduce the thickness of required 
gravel and also provide added bearing capacity for support of workers and equipment. Excavated 
soil may also be too wet for re-use as compacted fill without drying. 
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4. Seismicity 

The seismic parameters provided herein were used for our liquefaction analysis. These 
parameters may also be used for structures that have a fundamental period (T) of less than 0.96 
seconds (1.5 times Ts). The seismic response coefficient, Gs, should be determined per the 
parameters provided below and using the equation 12.8-2 in publication ASCE 7-16. For 
structures with fundamental periods of great than or equal to 0.96 seconds, ground motion hazard 
analysis per Section 21.2 of ASCE 7-16 will need to be performed. Time history analysis may 
also be needed based on discussions with and collaboration with the project structural engineer. 

Selected Seismic Design Parameters 
from 2019 CBC/ASCE 7-16 

Seismic Design 
Values 

Reference 

Latitude 33.6956 North   

Longitude 117.8908 West   

Controlling Seismic Source San Joaquin Hills USGS, 2021 

Distance to Controlling Seismic Source 2.5 mi (4.1 km) USGS, 2021 

Site Class per Table 20.3-1 of ASCE 7-16 D SEA/OSHPD, 2021 

Spectral Acceleration for Short Periods (Ss) 1.29 g SEA/OSHPD, 2021 

Spectral Accelerations for 1-Second Periods (S1) 0.46 g SEA/OSHPD, 2021 

Site Coefficient Fa, Table 11.4-1 of ASCE 7-16 1.0 SEA/OSHPD, 2021 

Site Coefficient Fv, Table 11.4-2 of ASCE 7-16 1.8  
Design Spectral Response Acceleration at Short 
Periods (SDS) from Equation 11.4-3 of ASCE 7-16 0.86 g SEA/OSHPD, 2021 

Design Spectral Response Acceleration at 1-Second 
Period (SD1) from Equation 11.4-4 of ASCE 7-16 0.55 g  

TS, SD1/ SDS, Section 11.4.6 of ASCE 7-16 0.64 sec  
TL, Long-Period Transition Period 8 sec SEA/OSHPD, 2021 
Peak Ground Acceleration Corrected for Site Class 
Effects (PGAM) from Equation 11.8-1 of ASCE 7-16 0.61 g SEA/OSHPD, 2021 

Seismic Design Category, Section 11.6 of ASCE 7-16 D  

5. Site Demolition 

Existing buried structures, foundations, utilities and pipelines and prior backfill should be 
removed, with resulting excavations backfilled with engineered fill. Fourteen 4-foot-diameter 
concrete piles from the old Planet Hollywood building were cut off approximately 8 feet below 
ground prior to construction of Morton's. The remnants of the piles may be encountered in 
excavations deeper than 8 feet. 

Aggregate derived from crushing concrete and existing AC, along with the existing AB from 
paved areas, may be suitable for stabilizing saturated excavation bottoms or as bedding under 
pipelines. Frequently, these materials can also be tested and classified for use as crushed 
miscellaneous base (CMB), which can be used for future pavements and below structural slabs-
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on-grade. However, onsite crushing and recycling is often not economical if onsite stockpile 
locations are not available. An experienced general contractor should be consulted in this matter. 

6. Remedial Grading  

Typically, three to five feet of newly compacted fill is recommended below structures at grade 
(not below ground), especially in areas where demolition activities may result in significant 
ground disturbance. Deeper remedial removals are not likely to add significant value from a 
structural design standpoint. For non-structural areas, less overexcavation and recompaction is 
generally recommended, on the order of two feet. Where deep utilities are to be removed, the 
backfill should be compacted with observation and testing by the geotechnical consultant. 

7. Additional Exploration, Testing, and Analyses 

Significant additional site exploration, soil testing, and analyses is recommended for design of 
the planned structures, other project elements, and for planning/estimating purposes. The 
recommended tasks, some of which have been mentioned in prior sections, are summarized as 
follows: 
a) Groundwater observation wells (minimum of three locations) should be installed and 

monitored for a minimum of one year. The locations should have multiple wells with varying 
depths to study the potential for perched water tables and artesian pressures. 

b) Once the water table conditions are better understood from the observation wells, 
groundwater pumping tests should be performed sometime before construction in order to 
estimate flows and assist in evaluating various groundwater control alternatives. 

c) Additional CPT probes and small-diameter borings should be performed across the site to 
refine the geologic model of the interlayered soils. Some of the CPTs and borings should be 
sited specifically at the high-rise tower locations when the tower locations are finalized. 

d) Soil samples collected from the borings should be tested for various engineering soil 
properties, especially with respect to settlement potential, to be used for structure specific 
settlement analysis. Tests to determine lateral earth pressures for underground structures, 
parameters for shallow and deep foundations, and soil properties for ground improvement 
analyses should also be performed. 

e) More rigorous liquefaction analysis and settlement analyses will be necessary with the 
additional data, along with more precise foundation loads provided by the project structural 
engineer. 

f) Additional seismic analysis will be necessary once more specific structure design 
information is available in order to provide the necessary parameters for structural design. 

g) As alluded to in prior sections, a team of design and construction professionals should 
collaborate from very early in the planning process to evaluate the alternatives for 
foundations, ground improvement to mitigate settlement and liquefaction, and groundwater 
control. 
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LIMITATIONS

This feasibility report has been prepared for the exclusive use of our client, South Coast Plaza,
within the specific scope of services requested by them for the South Coast Plaza Village project. 
This report or its contents should not be used or relied upon for other projects or purposes or by 
other parties without the written consent of South Coast Plaza and NMG. Our methodology for 
this study is based on local geotechnical standards of practice, care, and requirements of 
governing agencies for a given time. No warranty or guarantee, express or implied is given. 

The findings, conclusions, and recommendations are professional opinions based on 
interpretations and inferences made from limited geologic and engineering data from specific 
locations and depths, observed or collected at a given time. By nature, geologic conditions can be 
very different in between data points, and can also change over time. As a feasibility study, our 
conclusions and recommendations are not comprehensive with respect to design of the project 
and should be viewed only as broadly representative of the primary geotechnical issues. As 
already stated, significant additional geotechnical work will be require to provide conclusions 
and recommendations suitable for design of specific project elements including structures, 
pavements, storm water treatment systems, utilities, etc. 

NMG's expertise and scope of services did not include assessment of potential subsurface 
environmental contaminants or environmental health hazards.

If you have any questions regarding this report, please contact our office. We appreciate the 
opportunity to provide our services.

Respectfully submitted,

NMG GEOTECHNICAL, INC.

Ted Miyake, RCE 44864 Terri Wright, CEG 1342
Principal Engineer Principal Geologist

TM/TW/grd

Distribution: (1) Addressee (E-Mail)
(1) Mr. Jeff Reese, South Coast Plaza (E-Mail)
(1) Mr. Jason Poulsen, South Coast Plaza (E-Mail)

o. C 44864 
CEG No.1342 
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