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TECHNICAL MEMORANDUM 
To: Amanda Acuna and Lisa Kranitz, City of Gardena 

From: Bryant Yang 

Date: October 17, 2023 

Subject: Hydrology Study for 1610 W Artesia Boulevard Project Peer Review Update 

 
Kimley-Horn has conducted a follow-up third-party peer review of the Project’s Hydrology 
Study on behalf of the City of Gardena to verify that Kimley-Horn’s October 2, 2023 third-party 
peer review recommendations have been incorporated. The revised October 2023 Hydrology 
Study addressed the third-party peer review comments. The analysis, as revised, meets the 
applicable provisions of CEQA and the State CEQA Guidelines and is adequate for inclusion 
in the Project SCEA. 

Please do not hesitate to contact Bryant Yang at 213-631-5543 or Bryant.Yang@kimley-
horn.com with any questions. 
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TECHNICAL MEMORANDUM 
To: Amanda Acuna and Lisa Kranitz, City of Gardena 

From: Bryant Yang 

Date: October 17, 2023 

Subject: Low Impact Development Plan for 1610 W Artesia Boulevard Project Peer 
Review Update 

 
Kimley-Horn has conducted a follow-up third-party peer review of the Project’s Low Impact 
Development Plan (LID) on behalf of the City of Gardena to verify that Kimley-Horn’s October 
2, 2023 third-party peer review recommendations have been incorporated. The revised 
October 2023 LID addressed the third-party peer review comments. The analysis, as revised, 
meets the applicable provisions of CEQA and the State CEQA Guidelines and is adequate for 
inclusion in the Project SCEA. 

Please do not hesitate to contact Bryant Yang at 213-631-5543 or Bryant.Yang@kimley-
horn.com with any questions. 
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Section	1	 Purpose	and	Scope	

 

This hydrology study presents an analysis of the hydrologic effects of the development of 3.43-

acre commercial project in the City of Gardena. 

This hydrology study addresses runoff from the project site and its impact to the existing 

downstream drainage system.  The study includes calculations for the 50-year for the existing 

and proposed condition.  The study also details the general project characteristics, the design, 

criteria and methodology applied to the analysis of the project.   

This Hydrology Study fulfills the requirements of the Los Angeles County Hydrology Manual and 

the County of Los Angeles Department of Public Works. 

The plans and specifications in the Hydrology Study are not for construction purposes; the 

contractor shall refer to final approved construction documents for plans and specifications. 
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Section	2	 Project	Information	

2.1	 Project	Description	

 

The project consists of the redevelopment of an existing 3.43-acre area of a 

commercial/business center currently composed of a car wash and auto center.  The proposed 

project will consist of constructing of a 5-level apartment complex totaling approximately 360 

units.  The project also includes the construction of a basement level parking structure, leasing 

office, fitness club, and community pool. 

2.1.1	 Project	Location	

 

The project is in the City of Gardena, County of Los Angeles, California, as graphically shown in 

Figure 1, below. 

 

Figure 1 – Vicinity Map (Not To Scale) 
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2.2	 Hydrologic	Setting	

 

This section summarizes the project's size and location in the context of the larger watershed 

perspective, topography, soil and vegetation conditions, percent impervious area, natural and 

infrastructure drainage features, and other relevant hydrologic and environmental factors to be 

protected specific to the project area's watershed. 

2.2.1	 Watershed	

 

Drainage from the site exits via storm drain into the lined portion of the Dominguez Channel 

flowing east before making its way into the unlined Dominguez Channel Estuary, then flows 

southeast until reaching the Los Angeles River Consolidated Slip, eventually discharging into the 

Los Angeles/Long Beach Inner and Outer Harbor.  

2.2.2	 Existing	Topography	and	Facilities	

 

The site features a gradual slope from the northwest corner at Artesia Blvd down to the 

southeast corner of the property with a difference of roughly 8 feet.   

2.2.3	 Adjacent	Land	Use	

 

Per the latest Zoning Map, the project is zoned Very High Density Residential. The project area 

is bounded by Dominguez Channel to the south, Very High Density Residential to the west, and 

Artesia Mixed Use to the east.  

2.2.4	 Soil	Conditions	

 

The project site location is graphically shown on the Los Angeles County Department of Public 

Works (LACDPW) website which has been included in Appendix A of this report. The map shows 

the project to be in the soils classification 013, Ramona Loam. 

2.2.5	 Downstream	Conditions	

 

The project surface flows to a drop inlet connects to a private storm drain approximately 80 

feet south and exits the property through a headwall to the LACFCD Dominguez Channel. The 

Dominguez Channel flows east to west and bounds the southern property line.   
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2.2.6	 Impervious	Cover	

The existing site is approximately 93% impervious and is a developed parking lot and building. 

The proposed site is approximately 85% impervious and will decrease the impervious area in 

the developed condition, therefore no hydrologic peak flow mitigation is required. 

2.2.7	 Existing	Drainage	Patterns	

The site features a gradual slope from the northwest corner at Artesia Blvd down to the 

southeast corner of the property with a difference of roughly 8 feet.  The existing drainage 

pattern consists of overland flow to gutters that flow to the southeastern portion of the 

property and discharge to a single drop inlet.   

The existing Hydrology map is graphically shown in Appendix B. 

2.2.8	 Proposed	Drainage	Patterns	

The proposed project will maintain the existing drainage pattern with site runoff discharging to 

the existing site outlet which connects to the Dominguez channel. 

The proposed Hydrology map is graphically shown in Appendix C. 

Section	3	 Design	Criteria	and	Methodology	

 

This section summarizes the design criteria and methodology applied to the drainage analysis of 

the project site. The design criteria and methodology follow the LA County Hydrology Manual 

requirements. 

3.1	 Design	Criteria	

3.1.1	 Drainage	Design	Criteria	

 

The project storm drain facilities have been designed to conform to the Los Angeles County 

standards.  

3.1.2	 Runoff	Calculation	Method	

 

The Modified Rational Method per the Los Angeles County Department of Public Works 

Hydrology Manual, January 2006 is the methodology selected for the project.  LACDPW 

Modified Rational Method was utilized for the hydrologic analysis to calculate time of 

concentration and runoff discharge flow rates using Isohyet depths, impervious percentage, soil 

class, tributary area, slope and the distance of water travel. The County of LA has developed a 
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software called HydroCalc. HydroCalc allows the user to utilize a regression equation to 

calculate the time of concentration which simplifies routing and flow conveyance modeling as a 

function of the overall flow path length and slope of each sub-area.  HydroCalc uses a design 

storm and a time of concentration to calculate runoff at different times throughout the storm 

and produce a hydrograph for each area.  Design criteria utilized entered into HydroCalc is as 

follows: 

Design Storm   50-year storm event 

Precipitation Depth  5.9” 

50-year 24-hour provided by LACDPW 

Runoff Coefficient (C) Calculated HydroCalc provided by LACDPW, based on 

Imperviousness and soil group 013. 

 

3.1.3	 Runoff	Calculations	

 

The proposed runoff for this project is limited to 50 year, 24 hour storm event.  

The existing peak flow rate is 8.74 cfs. Proposed peak flow rate is 8.27 cfs. 

Difference in peak flow (Q���  ! "#"$%& − Q���  ()*$+*,-) 

8.27 (cfs2 − 8.74 (cfs2 = −0.47 (cfs2  

Section	4	 Hydrology	and	Drainage	Analysis	

 

This section summarizes the quantitative hydrologic analysis of the existing and proposed 

conditions of the site. 

4.1	 Drainage	Delineation	and	Hydraulic	Analysis	

 

The Appendix C section of this report contains the existing condition hydrology map, which 

shows the existing drainage subareas and quantifies the peak flow for 24-hour, 50-year storm 

event.  

A hydrology map for the proposed condition has also been provided in the Appendix D section 

of this report, depicting subareas and quantifies the peak flow for 24-hour, 50-year storm 

event. 
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4.2	 Summary	of	Results	

 

50 yr Storm Event Calculations 

Drainage Area Impervious % Area (ac) Q50 (cfs) 

Existing – A 93 3.44 8.74 

Proposed – A 85 3.44 8.27 

 

This study has determined the proposed peak flow rate will be 0.47cfs less than the existing 

peak flow rate, therefore the project will not increase runoff in the proposed developed 

condition.   
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Appendix	A	–	Soils	Identification	Map	

LA County Soils Map 
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Appendix	B	–	Existing	Hydrological	Condition	Map	

Existing Hydrological Condition 
See Attached Exhibit 
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Appendix	C	–	Proposed	Hydrological	Condition	Map	

Proposed Hydrological Condition 
See Attached Exhibit 
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Appendix	D	–	Existing	50-year	Storm	Event	Calculations	

Existing Condition 

50-year Storm Event Results Summary   
 

	

 	



Peak Flow Hydrologic Analysis
File location: C:/Users/RHaskin/Desktop/Z/1610 Artesia - Pre-A.pdf
Version: HydroCalc 1.0.3

Input Parameters
Project Name 1610 Artesia
Subarea ID Pre-A
Area (ac) 3.44
Flow Path Length (ft) 707.0
Flow Path Slope (vft/hft) 0.011
50-yr Rainfall Depth (in) 5.9
Percent Impervious 0.93
Soil Type 13
Design Storm Frequency 50-yr
Fire Factor 0
LID False

Output Results
Modeled (50-yr) Rainfall Depth (in) 5.9
Peak Intensity (in/hr) 2.8224
Undeveloped Runoff Coefficient (Cu) 0.9
Developed Runoff Coefficient (Cd) 0.9
Time of Concentration (min) 8.0
Clear Peak Flow Rate (cfs) 8.7382
Burned Peak Flow Rate (cfs) 8.7382
24-Hr Clear Runoff Volume (ac-ft) 1.4255
24-Hr Clear Runoff Volume (cu-ft) 62093.6366
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Appendix	E	–	Proposed	50-year	Storm	Event	Calculations	

 

 

 

 

 

 

 

 

Proposed Condition 

50-year Storm Event Results Summary 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



Peak Flow Hydrologic Analysis
File location: C:/Users/RHaskin/Desktop/Z/1610 Artesia - POST-A.pdf
Version: HydroCalc 1.0.3

Input Parameters
Project Name 1610 Artesia
Subarea ID POST-A
Area (ac) 3.44
Flow Path Length (ft) 710.0
Flow Path Slope (vft/hft) 0.006
50-yr Rainfall Depth (in) 5.9
Percent Impervious 0.85
Soil Type 13
Design Storm Frequency 50-yr
Fire Factor 0
LID False

Output Results
Modeled (50-yr) Rainfall Depth (in) 5.9
Peak Intensity (in/hr) 2.6704
Undeveloped Runoff Coefficient (Cu) 0.9
Developed Runoff Coefficient (Cd) 0.9
Time of Concentration (min) 9.0
Clear Peak Flow Rate (cfs) 8.2676
Burned Peak Flow Rate (cfs) 8.2676
24-Hr Clear Runoff Volume (ac-ft) 1.3294
24-Hr Clear Runoff Volume (cu-ft) 57908.2
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Appendix	F	–	Reference	Plans	and	Reports	

Reference Plans and Reports 
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MEMORANDUM 

To: Tommy Eckes- The Picerne Group 

CC: Ryan Haskin- Tait and Associates 

From:  Kling Consulting Group 

PN: 22027-01 

Date: October 6, 2023 

Re: 1610 W. Artesia Boulevard, Gardena, California. Low Impact Development (LID) 
report, City Plan Check Comments  

Our findings from subsurface exploration, laboratory testing, and geotechnical analyses were 
presented in our Preliminary Geotechnical report dated October 31, 2022. The findings 
concluded that the underlying soils at this site are susceptible to liquefaction.  It is our 
understanding that due to site constraints, the southeast corner of the site is the low point and 
therefore the one logical location to place the surface stormwater BMPs. Given the proximity 
and vertical orientation of this location to the basement walls, and in light of potential 
liquefaction, it is our opinion that an infiltration based BMP at this location and at ground 
level should not be allowed or considered.  In our professional opinion, these site conditions 
are not compatible with infiltrating water into the subsurface soils and performing percolation 
testing to confirm this opinion is considered unnecessary.   

Sincerely, 

KLING CONSULTING GROUP, INC. 

Henry Kling 

GE 2205, Expires 3/31/2024 



Preliminary Geotechnical Investigation 
Report for Feasibility Purposes, 1610 W. 
Artesia Boulevard, Gardena, California 

90248. 

PN 22027-00 
October 31, 2022 



18008 Sky Park Circle, Suite 250, Irvine, California 92614   (949) 797-6241    Fax (949) 797-6260 

October 31, 2022 PN 22027-00

Mr. Satish Lion 
The Picerne Group 
5000 Birch St., Suite 600 
Newport Beach, California 92660 

Subject: Preliminary Geotechnical Investigation Report for Feasibility Purposes, 
1610 W. Artesia Boulevard, Gardena, California 90248 

Dear Mr. Lion, 

At your request and authorization, Kling Consulting Group, Inc. (KCG) has performed a 
preliminary geotechnical investigation report for feasibility purposes at the subject 
property located at 1610 W. Artesia Boulevard, Gardena, California (see Figure 1 - Site 
Location Map). The purpose of our evaluation is to review site geologic/geotechnical 
conditions and assess constraints for the development of the site. Subsurface field 
exploration consisting of four Cone Penetrometer (CPT) soundings and one Hollow-Stem 
Auger (HSA) boring, was completed to characterize the site conditions, determine 
engineering properties and develop feasibility-level geotechnical conclusions and 
recommendations. We expect our findings, opinions and recommendations would assist 
in formulating preliminary costs and budgets for the project. 

We appreciate this opportunity to be of continued service and to work with you on this 
project. Should you have any questions regarding this report, please do not hesitate to 
call. 

Respectfully, 

KLING CONSULTING GROUP 

John C. Holder 
Staff Engineer 

Henry F. Kling  Jeffrey P. Blake 
Principal Geotechnical Engineer  Associate Engineering Geologist 
GE 2205 Expires 3/31/22  CEG 2248 Expires 10/31/23 

      Dist: (3) one electronic PDF   
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1.0 INTRODUCTION 

1.1 Purpose and Scope 

The purpose of our preliminary geotechnical investigation has been to evaluate 
subsurface conditions at the site relative to the proposed development and provide 
feasibility level geotechnical recommendations to aid in project planning. Our subsurface 
exploration consisted of four Cone-Penetrometer Soundings (CPTs) and one Hollow-
Stem Auger (HSA) boring located within the vicinity of the proposed development. The 
boring and CPT tests locations are shown on Figure 2 – Geotechnical Map.  

1.2 Site Description 

The subject property is located at 1610 W. Artesia Boulevard in Gardena, California. The 
site location (Longitude -118.305367°, Latitude 33.872132°) and surrounding area are 
presented on Figure 1. The Los Angeles County Office of the Assessor identifies the site 
as Assessor’s ID Number 6106-013-049.  

The subject site is currently occupied by two commercial buildings and is approximately 
3.8-acres in size. Existing residential and commercial properties surround the site. The 
site is bordered on the north by Artesia Boulevard, east and west by residential and 
commercial buildings, and south by the Dominguez Channel. According to the United 
States Geological Survey (USGS) 7.5-Minute Torrance Quadrangle (USGS, 2021), the 
site surface is generally flat. The approximate elevation on the site is 25 feet above mean 
sea level. 

Based on a review of historic aerial photos (NETR, 2022) dating back to 1952, it appears 
the site was originally used for agricultural purposes before being developed sometime 
between 1972 and 1980. The commercial developments established to the east and west 
of the site appear to have been built in this same time period. The Dominguez Channel 
appears to have been constructed prior to the exitising commercial developments between 
1952 and 1963.

1.3 Proposed Development 

Our understanding of the project is based on reviewing the TPG Stein Yield Study 
prepared by TCA Architects. The proposed development comprises a five story 
residential structure (podium) with one subterranean level planned. No other specific 
information is available regarding the proposed development at this time.  
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2.0 GEOLOGIC CONDITIONS 

2.1 Regional Geologic Setting 

The subject site is located within the Los Angeles Basin in Gardena, California. This area 
resides on the northwestern margin of the Peninsular Range Geomorphic Province. The 
Los Angeles Basin terminates abruptly, forming coastal hills and mesas associated with 
the Newport-Inglewood Uplift. The dominant geologic structures of the province, near 
the subject site, include the Newport-Inglewood-Rose Canyon fault zone to the northeast.   

Geological mapping of the area indicates near-surface native soil deposits consist of 
Pleistocene aged alluvial sediments comprised of varying sediments of sand and silt of 
valley deposits.  

2.2 Site Geologic Units 

The native soils underlying the surface of the subject site consist of Old Alluvial Valley 
Deposits of late Quaternary age. A general description of these alluvial deposits is 
presented as follows: 

Old Alluvial Valley Deposits (Qoa): The Pleistocene age alluvial deposits in the vicinity 
of the site are mapped as anticipated to consist of predominantly dense to very dense silty 
sand.  

2.3 Subsurface Conditions 

2.3.1 Asphalt and Base 

The site is mantled by asphalt concrete and aggregate base to a depths of between 2 – 4 
inches from the existing ground in the vicinity of borehole KHSA-1.  

2.3.2 Artifical Fill (Af) 

The site is underlain by artificial fill consisting of clayey sand and silty clay to a depth of 
10 feet below the ground surface within the vicinity of borehole KHSA-1, and CPT-1, 
CPT-2, CPT-3 and CPT-4. 

The silty clay and clayey sand are dark brown, moist and fine to medium grained. 
Concrete and brick debris of up to 1 foot in diameter were observed within the vicinity of 
KHSA-1 at a depth of 5 feet below ground surface. 

2.3.3 Old Alluvial Valley Deposits (Qoa) 

The site is underlain by Old Alluvial Valley Deposits of Quaternary age which was 
encountered during our subsurface exploration between depths of 10 to 50 feet below the 
ground surface.  
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The late to middle Pleistocene age alluvial deposits comprised primarily clayey sand and 
silty clay. The clayey sand and silty clay were generally brown, fine grained, and moist to 
saturated. The clayey sand ranged from loose to medium dense and the silty clay is stiff 
in nature.   

2.4 Groundwater 

Groundwater was encountered within the single hollow stem boring at a depth of 21.5 
feet below ground surface and in all CPT soundings based on pore water dissipation 
readings at depths between approximately 19 and 23 feet below the existing ground 
surface. The Los Angeles County Department of Public Works established Groundwater 
Level Data web application, indicates the nearest groundwater well in the vicinity of the 
subject site’s highest ever recorded depth to water table surface was 16 feet below ground 
surface (bgs) recorded in April 1978.  

According to the Seismic Hazard Zone Report for the Torrance 7.5-Minute Quadrangle, 
the historically highest groundwater level mapped for the subject site is 10 feet below 
ground surface (bgs).  

3.0 GEOTECHNICAL ENGINEERING 

3.1 Expansive Soil Characteristics 

Expansion Index (EI) laboratory testing on a shallow soil sample from KB-1 resulted in 
an Expansion Index of 57, which is considered “medium” expansion potential (EI 51-90) 
according to the CBC.   

3.2 Sulfate Content 

Sulfate testing was performed on representative samples of the soil. The soils tested 
during this investigation indicated a class "S0" sulfate per ACI-318 (Reference 2), with a 
soluble sulfate content of 147 ppm or 0.0147%. 

3.3 Moisture and Density 

Samples were retrieved at various depths below the ground surface from the hollow-stem 
boring location and used to determine in-place dry density and moisture content. 
Moisture results indicate the sampled soils have a moisture content of ranging from 14.3 
to 30.6 percent and a dry density ranging from 94.1 to 113.4 pcf. Laboratory test results 
of dry density and moisture content are recorded on the boring log in Appendix B. 

3.4 Surface Fault Rupture 

The subject site is not located within the State of California designated Fault-Rupture 
Hazard Zone (formerly known as Alquist-Priolo Zones), where a site-specific 
investigation to determine the locations of any active faults would be required.  
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However, the Southern California region is seismically active. Active and potentially 
active faults within Southern California can produce seismic shaking at the site. It is 
anticipated that the site will periodically experience ground acceleration due to exposure 
to moderate to large magnitude earthquakes occurring on distant faults. However, no 
active faults are known to exist at the site, and the risk of surface fault rupture is 
considered low. The closest active fault zone to the subject site is the Newport-
Inglewood-Rose Canyon Fault Zone, located approximately 2.5 miles to the northeast. 

3.5 Seismic Design Parameters 

Presented below are the site seismic parameters utilizing generic geologic, seismic, and 
geotechnical data gathered for the site and the SEAC Seismic Design Tool (Reference 
14). All structures should be designed for earthquake-induced strong ground motions in 
accordance with the 2019 CBC procedures utilizing the following parameters: 

2019 CBC Seismic Design Parameters 

Site Class (Soil Profile) D 
Latitude 33.872132 
Longitude -118.305367 
Short Period Spectral Acceleration, Ss:  1.771 
1-Second Period Spectral Acceleration, 
S1: 

0.63 

Site Coefficient, Fa: 1.0 
Site Coefficient, Fv: 1.7 
Maximum Considered Earthquake 
Spectral Response Acceleration, SMS: 

1.771 

Maximum Considered Earthquake 
Spectral Response Acceleration, SM1: 

1.071 

Design Spectral Response 
Acceleration, SDS: 

1.181 

Design Spectral Response 
Acceleration, SD1: 

0.714 

Site modified peak ground acceleration 
PGAM

0.845 

Seismic Design Category D 

Note: A site-specific ground motion analysis was not included in the scope of this 
investigation. Per ASCE 7-16, 11.4.8, structures on Site Class D with S1 greater than or 
equal to 0.2 may require Site-Specific Ground Motion Analysis. However, a site-specific 
ground motion analysis may not be required based on exceptions listed in ASCE 7-16, 
11.4.8. The project structural engineer should verify whether exceptions are valid for this 
site and if a Site-Specific Ground Motion Analysis is required.   
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3.6 Liquefaction Potential 

Based on our review of published geologic data, subsurface data, the presence of a 
shallow static groundwater table, and the overall relatively loose nature of shallower on-
site soils, it is our opinion that the site is susceptible to liquefaction. The state of 
California has also established a seismic hazard zone for liquefaction at the site. 

Liquefaction was evaluated in accordance with California Geologic Survey Guidelines 
for Evaluating and Mitigating Seismic Hazards in California, 2008 (Reference 7) based 
on site peak ground acceleration, earthquake magnitude, and source characteristics 
relative to the mapped maximum considered geometric mean (MCEG) peak ground 
acceleration. The parameters used in our analysis included a probabilistic 2,475-year 
modal earthquake of 7.3 magnitude and a corresponding peak ground acceleration 
adjusted for site class effects of 0.85 g. Our analysis was performed utilizing the software 
program “CLiq v.1.7” by GeoLogismiki (Reference 9). The results of our analysis are 
presented below in Section 3.6, and a summary of the liquefaction analysis is presented in 
Appendix C- Liquefaction and Seismic Settlement Analysis.  

The liquefaction analysis was performed utilizing a historic high groundwater level at 10-
feet as presented in The Seismic Hazard Zone Report for the Torrance 7.5-Minute 
Quadrangle, Los Angeles County, California (Appendix A). 

In addition, the analysis included the following parameters and assumptions: 
• Factor of Safety = 1.3 (Chapter 6 California Geologic Survey Guidelines for 

Evaluating and Mitigating Seismic Hazards in California) 
• “Dry” seismic settlements calculated (Section 3.5.5 Los Angeles Department of 

Public Works Manual for Preparation of Geotechnical Reports)
• Soil Behavior Type Index (Ic) = 2.6018. 
• Weighting factor for volumetric strain applied11. 
• Cn limit value applied. 

3.7 Seismically-Induced Settlement 

The liquefaction analyses results for seismically induced vertical ground settlement is 
presented below. The analysis was based on both existing conditions and with 10-foot 
basement excavation and assumed high ground water level of 10 feet below ground 
surface (bgs) . 

CPT Settlement Without 
Basement (Inches) 

Settlement With Basement
(Inches)  

1 1.30 1.0 
2 0.20 0.90 
3 1.50 1.40 
4 1.80 1.40 

The overall vertical settlement calculations include seismically induced “dry” settlements. 
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Based on this analysis, the seismic induced settlements range from approximately 0.2 
inches to 1.8 inches for existing conditions. It should be noted the majority of the vertical 
ground settlement (>1 inch) and up to approximately 1.6 inches occurs in the upper 20 
feet of the soil column. Vertical ground settlements at depths between 22 and 50 feet are 
less than 0.2 inches. Additionally, seismically induced differential settlement is variable 
across the site, with an estimated differential settlement of 1.3-inches over a horizontal 
distance of 170 feet (between CPT-2 and CPT-3). When seismic settlement is analyzed 
assuming the upper ten feet is excavated for the proposed basement, the calculated 
seismic settlement ranged from 0.9 inches to 1.4 inches between CPT-2 and CPT-3 with a 
differential of approximately 0.50 inches over 170 feet horizontally which is equivalent 
to approximately 0.3 inches over 100 feet. 

3.8 Seismically-Induced Lateral Displacements 

Lateral spreading, a phenomenon associated with seismically induced soil liquefaction, is 
the lateral displacement of soils due to inertial motion and lack of lateral support during 
or post liquefaction. Lateral spreading generally occurs on gently sloping ground or level 
ground with nearby free surface faces such as a drainage or stream channel. Dominguez 
Channel is considered a “free surface” in the vicinity of the site. As such, seismically 
induced lateral spreading was evaluated as part of the liquefaction assessment. 

In consideration of the close proximity to the concrete-lined Domingquez Channel and 
liquefaction settlement, the potential for lateral spreading to occur exists at the site. 
However, the exact amount of lateral spreading requires additional data and analysis 
beyond the scope of this preliminary investigation.  Nonetheless, we believe the impact to 
the proposed apartment development would be mostly limited to surface ground 
improvements. The magnitude of horizontal displacement from spreading would decrease 
at further distances from the channel. The proposed podium structure with one level of 
basement would likely resist lateral movement due to its structural integrity. More 
specific estimates of lateral spreading would be evaluated in the final (Supplemental) 
investigation.  

3.9 Seismically-Induced Landsliding 

The State of California Seismic Hazard Zone Map for the Torrance Quadrangle has not 
designated the subject site for landsliding hazard potential. The potential for seismically-
induced landsliding to occur at the site is considered very low due to the relatively flat 
topography and absence of significant slopes on or adjacent to the site. Slopes planned as 
part of the development should be engineered and constructed at a gradient of 2:1 
(horizontal: vertical) or flatter. 
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4.0 CONCLUSIONS 

The following preliminary conclusions are based upon our analysis and data review 
obtained during our subsurface field investigation. It is our opinion that the subject site is 
considered geotechnically suitable for the proposed development discussed above, 
provided the recommendations presented herein are implemented during design and 
construction.  Additional subsurface exploration, laboratory testing and geotechnical 
analysis should be performed to confirm site conditions and to finalize the geotechnical 
investigation report. 

• Based upon our review of the site, the underlying soils on-site are considered to have 
sufficient bearing capacity to support the proposed development, provided the 
preliminary recommendations herein are implemented. 

• Geroundwater was encountered in our Boring B-1 at a depth of approximately 21.5 feet 
belwo the exsiting ground surface. Apparent groundwater recorded with pore water 
dissipation measurements in the CPT Soundings was encountered in all of our tests at 
depths of between approximately 19 and 23 feet below the existing ground surface during 
our subsurface exploration. 

• Our geotechnical evaluation indicates that the upper 20 feet of the alluvial deposits that 
underlie the site are susceptible to liquefaction and seismic induced settlement due to a 
design-level earthquake incorporating the historical high groundwater level of 10 feet 
below existing grades (CGS, 1998). We estimate that liquefaction-induced vertical 
settlement for the subject apartment site would range from approximately 0.2 to 1.8 
inches, with approximately 1.6 inches of estimated differential settlement over 350 feet. 
However, the seismic settlement analyzed beneath the proposed basement ranged from 
0.9 inches to 1.4 inches resulting in differential settlement of 0.3 inches over 100 feet. 
This differential settlement of 0.3 inches over 100 feet should be incorporated into the 
overall design.  

• KCG’s professional opinion is that seismic and liquefaction-induced ground 
displacements can be mitigated by incorporating the differential settlement into the 
structural design of the building and employing a mat foundation system in the basement 
to support the proposed structure. 

• Seismically induced lateral spreading is likely to occur at the site during significant 
seismic events; however, the spreading would likely affect surface improvements more 
than the proposed podium structure. Further analysis during the supplemental 
investigation should better predict the actual magnitude and extent of spreading 

• Preliminarily, the soils underlying the site should be considered to have moderate 
expansion potential. 

• No active fault is known to exist at the site, and the risk of surface fault rupture is 
considered to be very low.  
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• The proposed development should not adversely affect neighboring properties if proper 
care is taken during the construction of proposed improvements. 

5.0 PRELIMINARY RECOMMENDATIONS 

Preliminary recommendations presented below are based on information obtained from 
the client, and the preliminary geotechnical information gathered and analyzed to date. 

5.1 Supplemental Subsurface Exploration 

During this preliminary investigation phase, our CPT Soundings were primarily 
utilized to analyze the susceptibility of the underlying soil to seismic induced 
settlement and liquefaction potential. Due to existing buildings and improvements, 
CPT and boring locations were limited to readily accessible areas. We recommend 
that a supplemental geotechnical investigation be performed that includes both 
additional CPT soundings and soil borings to further characterize subsurface 
conditions, confirm groundwater levels and perform additional laboratory testing 
on obtained soil samples collected. The supplemental investigation would further 
refine our conclusions and recommendations and to comply with the Los Angeles 
Department of Public Works Manual for Preparation of Geotechnical Reports.  

5.2 Earthwork Specifications 

All grading should be performed in accordance with the General Earthwork and 
Grading Specifications presented in Appendix E, unless specifically revised or 
amended below. Grading should also conform to all applicable governing agency 
requirements. Prior to the commencement of grading operations, all vegetation, 
organic topsoil, and man-made structures (i.e., tanks, pipes, fences, etc.) should be 
cleared and disposed of off-site. Any undocumented fill or backfill encountered 
should be removed and re-compacted. All areas receiving fill should be scarified to 
6 inches and/or over-excavated, moisture-conditioned between optimum moisture 
and two to four percent above optimum moisture content, and re-compacted to a 
minimum of 90 percent relative compaction as determined by ASTM D1557. Soil 
material excavated from the site should be adequate for re-use as compacted fill 
provided it is free of oversize rock, trash, vegetation, and other deleterious material. 
All earthwork and grading operations should be performed under the observation 
and testing of the geotechnical consultant of record. 

5.3 Preliminary Remedial Earthwork and Over-Excavation 

To provide uniform soil support for the proposed structures and reduce the 
potential for liquefaction induced settlement and settlement due to underlying 
potentially compressible soils, we recommend that the underlying soils be 



The Picerne Group PN 22027-00 
October 31, 2022 

S:\Projects\KCG\2022\22027-00 TPG-Stein_Gardena\22027-00 Picerne Gardena Preliminary Geo Report 10 22 (hk) (00000002).doc 

12

mitigated through ground improvement methods in those areas to receive buildings 
or other settlement-sensitive improvements, where not removed by planned 
excavations. It is our understanding that the proposed podium apartment structure 
would be supported entirely on a one-level parking basement. No remedial grading 
is anticipated for soil exposed after basement excavation is performed. 

Should any at-grade structures be planned, we preliminarily anticipate remedial 
earthwork would involve over-excavation of the upper soils to maintain a minimum 
thickness of at least five (5) feet of fill below finish grade elevation, or a minimum  
of two (2) feet below proposed footings, whichever is deeper. The removal depth 
may vary laterally. As such, the recommended excavation depth may vary; this will 
need to be observed during construction. At a minimum, the removals should 
extend laterally beyond the building footprint five feet, where practical. In 
proposed pavement or flatwork areas, the depth of the removals should extend at 
least 12-inches below existing grade, or 12-inches below finish subgrade 
(whichever is deeper). 

5.4 Preliminary Proposed Building Foundations Options 

All foundation criteria are considered minimum requirements that may be superseded by 
more stringent requirements from the architect, structural engineer, or governing 
agencies. The preliminary recommended geotechnical design parameters are being 
provided for conventional spread footings and reinforced mat slab foundation systems 
with remedial earthwork for the at-grade residential buildings, if any.

5.4.1 Residential Apartment Building 

5.4.1.1 Conventional Foundations   

The following preliminary geotechnical parameters are provided for design of proposed 
conventional foundations at one level subterreanean parking. In general, the insitu soil at 
one level deep should provide support for proposed foundations. An allowable bearing 
pressure of 4000 pounds per square foot for square pad and continuous footings may be 
assumed. The minimum width and depth for continuous and square pad footings should 
be 24 inches and  24 inches, respectively. The depth is relative to finish slab elevation. 
Bearing pressures may be increased by 250 pounds per square foot per additional foot of 
width or depth to a maximum allowable bearing pressure of 5000 pounds per square foot. 
A coefficient of friction of 0.38 may be used, along with a passive lateral resistance of 
250 pounds per square foot per foot of embedment. Footings should bear on either 
approved natural ground or compacted fill in the event localized areas of soft or disturbed 
soil is exposed after excavation. 
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 If normal code requirements are used for seismic design, the allowable bearing value and 
 coefficient of friction may be increased by 1/3 for short duration loads, such as the effect 
 of wind or seismic forces. Static settlement of foundations supporting the proposed one 
 three story buildings is not expected to exceed one inch and ¼-inch over fifty horizontal 
 feet.  

 If any utility lines are within a 1:1 (horizontal: vertical) projection from the bottom of a 
 footing, they may be within the influence zone of the proposed footing load. If this 
 condition exists, the proposed footing should be deepened so that the utility is outside the 
 zone of influence; the utility line could also be relocated or encased with concrete slurry. 
 These conditions should be evaluated on a case by case basis. 

5.4.1.2 Mat Foundation 

A rigid mat foundation may be used for upport of the building at one level of 
subterranean basement. In general, the insitu soil should provide adequate support for 
proposed mat foundation. The subgrade should be evaluated upon completion of 
basement excavation. Any localized areas of soft or disturbed soil should be removed and 
recompacted prior to foundation constructioin. Mat foundations should be properly 
reinforced to form a relatively rigid structural unit in accordance with the structural 
engineering design. For designing a mat foundation, we preliminarily recommend a 
modulus of subgrade reaction of 100 pounds per square inch per inch (pci).  This value 
can be further refined as part of the supplemental investigation. A maximum bearing 
pressure of 3000 psf is also recommended. For localized areas of higher pressure (often 
required for seismic design) further evaluation is warranted to evaluate the increase in 
pressure and resulting settlement.  

5.5 Settlement 

Static settlement of proposed foundations is dependent on the actual foundation system 
selected and actual bearing pressures. For preliminary planning purposes foundation 
settlement is expected to not exceed one inch in total and one-half inch differential over 
50 horizontal feet. Anticipated liquefaction and seismic-induced settlement for the overall 
site ranges froms 0.2 to 1.8 inches. However, after basement excavation and loading, the 
seismically induced settlement is expected on the order of 0.30 inches over 100 
horizontal feet. This is considered minor settlement, however it should be refined and 
verified during the recommended supplemental investigation. 

5.6 Footing Setbacks 

All footings should maintain a minimum 7-foot horizontal setback from the base of the 
footing to any descending slope. This distance is measured from the outside footing face 
at the bearing elevation. Footings should maintain a minimum horizontal setback of H/3 
(H=slope height) from the base of the footing to the descending slope face and should be 
no less than 7 feet, and it  need not be greater than 40 feet.  
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5.7 Slab-On-Grade 

These recommendations are considered minimum requirements that may be superseded 
by more stringent requirements from the architect, structural engineer, or governing 
agencies.  

Concrete slabs should be at least 4-inches in thickness. Actual slab thickness and 
reinforcement should be determined by the structural engineer based on structural loads 
and soil interaction. Our recommendations should be superseded by the recommendations 
of the structural engineer or architect.  

New slabs-on-grade should minimally conform to the design procedure contained in 
Section 1808 of the 2019 California Building Code. The project structural engineer 
should consider these recommendations as minimum requirements and modify these 
recommendations as appropriate. 

Slab subgrade soil moisture should be at least optimum moisture prior to placement of 
concrete or vapor barrier. If the moisture content of the existing subgrade soil is less than 
optimum, pre-saturation may be required to achieve optimum prior to placing the 
capillary layer or Stego.  

Interior concrete slab-on-grade floors (if any) should be at least 4-inches in thickness 
underlain by a minimum 4-inch capillary break using ½-inch open graded gravel or 
material approved by the geotechnical engineer. The 4-inch capillary layer should be 
underlain by a 15-mil Stego Wrap vapor retarder or equivalent product with a permeance 
rate of 0.012 perms (or less) and puncture resistance of Class “A” or “B” per ASTM E 
1745-11. As per the manufacturer recommendations, all seams should overlap a 
minimum of 6 inches and should be sealed in accordance with the specifications provided 
by the vapor retarder manufacturer. All penetrations must be sealed using a combination 
of Stego Wrap, Stego Tape and/or Stego Mastic or approved equivalent. The vapor 
retarder should be lapped downward a minimum of 12 inches where the vapor retarder 
encounters an interior footing or exterior thickened edge or footing. The vapor retarder 
must be placed on top of the capillary layer if it is expected to become wet prior to the 
concrete pour. If the capillary layer can be kept dry before pouring concrete, the vapor 
retarder may be placed under the capillary layer. The water-cement ratio of structural 
concrete should be not greater than 0.50. The actual slab thickness and reinforcement 
should be determined by the project structural engineer.  

If moisture-sensitive floor coverings are utilized, interior concrete slabs should be 
designed and constructed in accordance with the applicable floor manufacturer's 
specifications. The flooring installer should conduct all applicable testing to determine if 
concrete slabs have sufficiently cured to receive flooring materials. 

The basement slab on grade, if used exclusively for vehicular parking, may not require a 
moisture retarder. However, an aggregate layer of some thickness could be considered to 
reduce moisture vapor accumulating in the basement. 
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5.8 Retaining Walls  

General guidelines are provided below for retaining walls up to twelve feet in retained 
height. Please note that drainage recommendations are provided only as a means to create 
a drained condition behind proposed retaining walls. Surface drains should not be 
connected to retaining wall sub-drainage. These drains are not intended as a means of 
waterproofing. If moisture or salt deposition is not desired, or if stone facing, stucco, or 
paint is to be applied to the wall outer surface, the wall should be provided with suitable 
waterproofing. The waterproofing system for the wall should be designed by a qualified 
waterproofing consultant. Any waterproofing or drainage system damaged by soil 
placement and compaction efforts should be repaired prior to completion of backfilling. 
Foundations for proposed retaining and perimeter (non-retaining) walls which are to be 
founded into compacted fill materials may be designed utilizing an allowable bearing 
pressure as presented above for conventional foundations. 

Cantilevered retaining walls should be designed to resist equivalent fluid pressures as 
indicated in the tables below:

Case 1 – Select (Clean Sand) Backfill Condition1

Backfill 
Condition 
(Active) 

Equivalent 
Fluid Pressure 

(psf/ft) 

Level 35 

2:1 Slope 55 
1Assumes clean sand (Sand Equivalent >30) backfill see attached detail RW-1. 

Case 2 – Native Backfill Condition2

2Assumes drained native soil backfill see attached detail RW-1. 

Both the clean sand and native backfill conditions provided above assume a drained 
condition behind the proposed retaining wall. A backdrain consisting of 4-inch perforated 
plastic pipe SDR 35 or Schedule 40, encased in ¾-inch gravel wrapped in Mirafi 140N or 
equivalent filter fabric, and properly outletted. Details for retaining wall drainage are 
provided in our attached Retaining Wall Detail RW-1 (Appendix E). A seismic surcharge of 

Backfill 
Condition 
(Active) 

Equivalent 
Fluid Pressure 

(psf/ft) 

Level 55 

2:1 Slope 65 
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19H should be applied at mid-height of the wall, where H= the retained height of the wall 
greater than 6 feet.  

Additional surcharge loading considerations are not incorporated into the above values. If 
the project structural engineer wishes to incorporate additional loading due to these factors, 
the additional loads should be added to the values provided above. Foundations for 
proposed retaining walls may be designed by utilizing the recommendations for 
conventional foundations. However, when combining both frictional and passive lateral 
resistance, one or the other should be reduced by one-half. 

Active earth pressure can be assumed for temporary shoring systems such as H-beam and 
lagging that can safely deflect sufficiently to initiate an active pressure condition. More 
detailed recommendations and design parameters for shoring should be evaluated as part of 
the supplemental investigation based on selected shoring systems.  

5.8.1 Basement Walls 

 Basement walls should be designed for at-rest earth pressure. For preliminary design 
 purposes, an at-rest earth pressure should be assumed equal to 75 pounds per cubic foot.  
 Basement walls should be provided with backdrains consisting of drainage composites or 
 sand backfill in connection with an aggregate wrapped in filter fabric with 4-inch 
 diameter perforated pipe.  In general, the basement wall drainage system should be based 
 on the recommendation for drains presented in the previous section. 

5.9 Preliminary Pavement Design 

Pavement section design is provided below based on anticipated near surface soil 
conditions encountered during our investigation and assumed traffic loading. 

5.9.1 Asphalt Concrete Pavement 

R value testing was not performed as part of this investigation and should be performed 
during the supplemental investigation. However, we are assuming an R-Value of 30 for 
preliminary design purposes. 

Based on an assumed R-value of 30 the parameters below are provided for preliminary 
design purposes. Pavement sections were calculated for traffic indices of 4.0 and 5.5, 
which are commonly used for parking stalls and drive aisles subject to passenger vehicles 
and service trucks, respectively. However, the selection of actual traffic index should be 
the purview of the project civil or traffic engineer. 
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Pavement Section Design 

Location R-Value 
Traffic 
Index 

Multiple Layered 
Asphalt 
Concrete 
(inches) 

Aggregate Base* 
(inches) 

Parking Stall 30 4.0 3.0 6.0 
Drive Aisles 30 5.5 3.0 8.0 

*Aggregate base material should consist of Class 2 aggregate base materials or  
Crushed Miscellaneous Base (CMB). 

The upper 12 inches of the subgrade soils should be compacted to at least 90 percent of 
the laboratory maximum dry density (ASTM D1557). All base materials should be 
compacted to at least 95 percent of the laboratory maximum dry density (ASTM D1557). 

5.9.2 Portland Cement Concrete Pavement 

For preliminary design of concrete pavement, it is recommended that a concrete 
pavement section consisting of 6-inches of concrete underlain by at least 4-inches of 
either Class 2 aggregate base or crushed miscellaneous base (CMB) be used for 
preliminary design. Concrete Compressive strength should be 4000 psi or greater. 
Aggregate base material should be compacted to a minimum of 95 percent relative 
compaction as per ASTM D1557. Subgrade soil should be compacted to at least 90 
percent of the laboratory maximum dry density in accordance with ASTM D1557. If 
concrete crack control is desired, the slabs should be minimally reinforced with No. 4 
rebar, placed every 24 inches on center, both ways. A 10-foot square or less grid system 
should be used in the construction of continuous sections of concrete pavement or as 
recommended by the structural engineer. 

For trash enclosures, concrete pavement should consist of a minimum 8-inch thick 
concrete slab placed over a minimum of 6-inches of either Class 2 or crushed 
miscellaneous base material, compacted to 95 percent relative compaction. Concrete 
should have a minimum strength of 4000 psi and be reinforced with a minimum of No. 4 
bars placed at 24 inches on center, in each direction, positively supported (with concrete 
chairs or other devices) at mid-height in the slab. Crack control joints should be placed at 
a 10-foot maximum spacing in each direction in the slab or as recommended by the 
structural engineer. Concrete mix design should incorporate the recommendations 
presented in the slab on grade section of this report for improved geotechnical 
performance. 
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5.10 Exterior Flatwork 

The following general recommendations may be considered for concrete hardscape 
including expansive soils mitigation and may be superseded by the requirements of Los 
Angeles County. 

5.10.1 Sidewalk, Pedestrian Walkways 

Expansion 
Potential

Minimum
Concrete
Thickness 

Subgrade
Pre-Soaking Depth

Reinforcement
Joint *
Spacing

Medium 4 (Full) 120% of Optimum to 18” #3 @ 18" OC, EW 
4-5 Feet 

* Joints at curves and angle points are recommended. 

5.10.2 Driveways, Patios, Entryways 

Expansion 
Potential 

Minimum 
Concrete 
Thickness 

(in) 

Subgrade 
Pre-Soaking Depth 

Reinforcement Joint3

Spacing 
(Max) 

Medium

General Flatwork 
4 (Full) 

Driveways 
6 (Full) 

120% of Optimum to 
18” #3 @ 18" OC, EW 4-5 Feet

 3 Joints at curves and angle points are recommended. 

The above recommendations may be superseded by the project architect, structural 
engineer or the governing agency’s requirements. These recommendations are not 
intended to mitigate cracking caused by shrinkage and temperature warping. 

5.11 Drainage 

Positive drainage should be maintained away from any building or graded slope face and 
directed to suitable areas via non-erosive devices, as designed by the project civil 
engineer. For drainage over soil and paved areas immediately adjacent to structures, 
please refer to Section 1804.4 of the 2019 CBC. 
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5.12 Geotechnical Observation and Testing 

Geotechnical observation and testing should be conducted during the following stages of 
grading: 

• During all phases of rough and precise grading, footing excavations, etc. 

• During slab and flatwork subgrade pre-saturation and moisture conditioning. 

• During shoring system installation. 

• During utility trench excavation and compaction. 

• During placement of retaining wall sub-drainage, backfill, and compaction. 

For any unusual conditions encountered during grading.

6.0 PROFESSIONAL LIMITATIONS 

Geotechnical services are provided by KCG in accordance with generally accepted 
professional engineering and geologic practice in the area where these services are to be 
rendered. Client acknowledges that the present standard in the engineering and geologic 
and environmental profession does not include a guarantee of perfection and, except as 
expressly set forth in the conditions above, no warranty, expressed or implied, is 
extended by KCG. 

Geotechnical reports are based on the project description and proposed scope of work as 
described in the proposal. Our conclusions and recommendations are based on the results 
of the field, laboratory, and office studies, combined with an interpolation and 
extrapolation of soil conditions as described in the report. The results reflect our 
geotechnical interpretation of the limited direct evidence obtained. Our conclusions and 
recommendations are made contingent upon the opportunity for KCG to continue to 
provide geotechnical services beyond the scope in the proposal to include all geotechnical 
services. If parties other than KCG are engaged to provide such services, they must be 
notified that they will be required to assume complete responsibility for the geotechnical 
work of the project by concurring with the recommendations in our report or providing 
alternate recommendations. 

It is the reader's responsibility to verify the correct interpretation and intention of the 
recommendations presented herein. KCG assumes no responsibility for 
misunderstandings or improper interpretations that result in unsatisfactory or unsafe work 
products. It is the reader's further responsibility to acquire copies of any supplemental 
reports, addenda, or responses to public agency reviews that may supersede 
recommendations in this report. 
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@ 0.5 feet - Clayey Sand (SC): dark brown, medium grained,

@ 4.0 feet - trash debris including concrete and brick, up to 1 foot
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Driller:
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---
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LOG OF EXPLORATORY BORING ofSheet
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ATD
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Sample
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Tube

SOIL DESCRIPTION and CLASSIFICATION (USCS)

Static Water
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moist, medium dense.

@ 6.0 feet - Silty Clay (CL):  dark brown, moist, fat. 

19.2 111.2

22.2 104.3

@ 0 feet -  Asphalt: 3-4 inches thick

 Old Alluvial Valley Deposits (Qoa):

@ 12.5 feet - Clayey Sand (SC): brown, fine to medium grained, 
moist, medium dense.  

3

12

13

14.3 110.8

5

10

12

30.6 94.1

> 4.5

> 4.5

Artificial Fill (Af):

diameter

@ 10.0 feet - Silty Clay (CL):  dark brown, moist, fat, stiff. 

@ 15.0 feet - Clayey Sand (SC): brown, fine to medium grained, 
moist, medium dense.  

@ 20.0 feet - Clayey Sand (SC): brown, fine to medium grained, 
moist/almost wet.  

@ 22.5 feet - Clayey Sand (SC): brown, fine to medium grained, 
wet, medium dense.  

6

14

16

18.1 113.4
> 4.5

 1.50

 2.00

No recovery.

DS

CN

EI
SO4

[13]

[24]

[18]

[13]
Blow count in bracket represents (N1)60 value. 
LaCroix & Horn conversion factor of 0.64 used to convert California Sampler blow counts to SPT values.

Blowcount N/A.
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wet.  
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5

5
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@ 30.0 feet - Clayey Sand (SC): brown, fine to medium grained, 
wet, medium dense.  

@ 35.0 feet - Clayey Sand (SC): brown, fine to medium grained, 
wet, loose.  

@ 40.0 feet - Clayey Sand (SC): brown, fine to medium grained, 
wet, loose.  

25

@ 45.0 feet - Clayey Sand (SC): brown, fine to medium grained, 
wet, loose.  

24.2 102.9

24.8 102.3

1.50

[4]

[4]

[4]

[8]

Blow count in bracket represents (N1)60 value. 
LaCroix & Horn conversion factor of 0.64 used to convert California Sampler blow counts to SPT values.

Blowcount N/A.
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End of Boring @ 51.5 ft below ground surface.
Groundwater encountered @ 21.5 feet below ground surface.
No Caving

27.7 96.4

Blow count in bracket represents (N1)60 value. 
LaCroix & Horn conversion factor of 0.64 used to convert California Sampler blow counts to SPT values.

Blowcount N/A.
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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CPT: CPT-01

Location:
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SPT N60 Relative density

Dr (%)
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Relative density

Calculation parameters

Relative desnisty constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and qt

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data

Friction angle
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Friction angle
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.39 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-01

Location:
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Constrained Modulus Shear strength
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Shear strengthShear modulus
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Shear modulus Undrained strength ratio
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Undrained strength ratio OCR
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OCR

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: 14

OCR factor for clays, Nkt: 0.33

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Qtn (Robertson, 2009)

User defined estimation data
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.39 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-01

Location:
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Shear Wave velocity In-situ stress ratio

Ko

210

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

In-situ stress ratioState parameter
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State parameter Soil sensitivity
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Soil sensitivity Effective friction angle

Peak φ (degrees)
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Effective friction angle

Calculation parameters

Soil Sensitivity factor, NS: 7.00

User defined estimation data
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-02

Location:
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Tip resistance (tsf)
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Cone resistance Pore pressure
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Pore pressureSleeve friction

Friction (tsf)
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Sleeve friction

Cross correlation between qc & fs

20181614121086420-2-4-6-8-10-12-14-16-18-20
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Cross correlation between qc & fs

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-02

Location:

Cone resistance qt

Tip resistance (tsf)
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Cone resistance qt Pore pressure u
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1050-5

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Pore pressure uFriction ratio

Rf (%)

1086420

D
e
p
th

 (
ft

)

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Friction ratio SBT Index
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SBT Index Soil Behaviour Type

SBT (Robertson, 2010)
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Soil Behaviour Type

Clay  & silty  clay

Clay  & silty  clay

Silty  sand & sandy  silt
Sand & silty  sand

Clay  & silty  clay

Clay

Clay  & silty  clay
Silty  sand & sandy  silt
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Clay
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Clay  & silty  clay
Clay
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Clay

Clay  & silty  clay

Silty  sand & sandy  silt

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-02

Location:
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Norm. pore pressure ratioNorm. friction ratio

Fr (%)
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Norm. friction ratio SBTn Index
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SBTn Index Norm. Soil Behaviour Type

SBTn (Robertson 1990)
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-02

Location:
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SPT N60 Relative density
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Calculation parameters

Relative desnisty constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and qt

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-02

Location:
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Constrained Modulus Shear strength
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Shear modulus Undrained strength ratio
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Undrained strength ratio OCR
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OCR

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: 14

OCR factor for clays, Nkt: 0.33

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Qtn (Robertson, 2009)

User defined estimation data
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-02

Location:
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Shear Wave velocity In-situ stress ratio
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State parameter Soil sensitivity
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Soil sensitivity Effective friction angle

Peak φ (degrees)

20

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Effective friction angle

Calculation parameters

Soil Sensitivity factor, NS: 7.00

User defined estimation data
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-03

Location:
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Pore pressureSleeve friction

Friction (tsf)
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Sleeve friction

Cross correlation between qc & fs
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 10/31/2022, 11:22:31 AM 13

Project file: 



Project:

18008 Sky Park Circle, Suite 250
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Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-03

Location:
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SBT Index Soil Behaviour Type

SBT (Robertson, 2010)
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Soil Behaviour Type

Clay  & silty  clay

Clay
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SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-03

Location:
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Norm. pore pressure ratioNorm. friction ratio
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SBTn Index Norm. Soil Behaviour Type

SBTn (Robertson 1990)
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Norm. Soil Behaviour Type
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-03

Location:
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SPT N60 Relative density
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Relative density

Calculation parameters

Relative desnisty constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and qt

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data
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Friction angle
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Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-03

Location:

Constrained Modulus

M(CPT) (tsf)

1,000

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Constrained Modulus Shear strength
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Undrained strength ratio OCR
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Calculation parameters

Undrained shear strength cone factor for clays, Nkt: 14

OCR factor for clays, Nkt: 0.33

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Qtn (Robertson, 2009)

User defined estimation data
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Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-03

Location:
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Shear Wave velocity In-situ stress ratio
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In-situ stress ratioState parameter
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State parameter Soil sensitivity
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Soil sensitivity Effective friction angle
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Effective friction angle

Calculation parameters

Soil Sensitivity factor, NS: 7.00

User defined estimation data
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Total depth: 50.34 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-04

Location:
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Pore pressureSleeve friction

Friction (tsf)
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Sleeve friction

Cross correlation between qc & fs
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Cross correlation between qc & fs

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Total depth: 50.34 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-04

Location:

Cone resistance qt

Tip resistance (tsf)
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Cone resistance qt Pore pressure u
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Pore pressure uFriction ratio

Rf (%)
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Friction ratio SBT Index
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SBT Index Soil Behaviour Type

SBT (Robertson, 2010)
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Soil Behaviour Type

Clay  & silty  clay

Clay  & silty  clay
Silty  sand & sandy  silt
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SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Total depth: 50.34 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-04

Location:

Norm. cone resistance
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Norm. pore pressure ratioNorm. friction ratio

Fr (%)
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Norm. friction ratio SBTn Index
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SBTn Index Norm. Soil Behaviour Type

SBTn (Robertson 1990)
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Surface Elevation: 0.00 ft
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Location:
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Young's modulusSPT N60

N60 (blows/ft)

50403020100

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

SPT N60 Relative density

Dr (%)
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Relative density

Calculation parameters

Relative desnisty constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and qt

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data

Friction angle
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Friction angle
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.34 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-04

Location:
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Constrained Modulus Shear strength

Su (tsf)
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Su peak
Su remolded

Shear strengthShear modulus
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Shear modulus Undrained strength ratio

Su/σ',v
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Undrained strength ratio OCR
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OCR

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: 14

OCR factor for clays, Nkt: 0.33

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Qtn (Robertson, 2009)

User defined estimation data
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.34 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-04

Location:
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Shear Wave velocity In-situ stress ratio

Ko
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In-situ stress ratioState parameter

ψ
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State parameter Soil sensitivity

S
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Soil sensitivity Effective friction angle

Peak φ (degrees)
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Effective friction angle

Calculation parameters

Soil Sensitivity factor, NS: 7.00

User defined estimation data
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:: Permeability, k (m/s) ::
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:: Young's Modulus, Es (MPa) ::
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(applicable only to SBTn: 5, 6, 7 and 8
or Ic < Ic_cutoff)

:: Relative Density, Dr (%) ::

DR

tn

k

Q
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(applicable only to Ic < Ic_cutoff)

:: State Parameter, ψ ::

)log(Q0.330.56ψ cstn,⋅−=

:: Peak drained friction angle, φ (°) ::
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(applicable only to SBTn: 5, 6, 7 and 8)

:: 1-D constrained modulus, M (MPa) ::
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:: Small strain shear Modulus, Go (MPa) ::
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:: Shear Wave Velocity, Vs (m/s) ::
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:: Undrained peak shear strength, Su (kPa) ::
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:: Overconsolidation Ratio, OCR ::
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:: Remolded undrained shear strength, Su(rem) (kPa) ::

( ) sremu fS =

:: Unit Weight, g (kN/m³) ::

weightunit water gwhere

1.236)
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q
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t
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(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cutoff)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cutoff)

(applicable only to SBTn: 1, 2, 3, 4 and 9
or Ic > Ic_cutoff)

References

• Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Drilling & Testing, Inc., 5th Edition, November

2012

Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and assume
that all components are expressed in the same units.

• Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. J. 46(11): 1337–1355 (2009)

:: In situ Stress Ratio, Ko ::

'sin
O OCR)'sin(1K ϕϕ ⋅−=

:: Soil Sensitivity, St ::

r

S
t

F

N
S =

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cutoff)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cutoff)

:: Effective Stress Friction Angle, φ' (°) ::

( )tq
0.121
q

' logQB0.3360.256B29.5φ +⋅+⋅⋅°=

(applicable for 0.10<Bq<1.00)
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APPENDIX C 

SUMMARY OF LABORATORY TEST RESULTS 



PROJECT NO.: SOIL DESCRIPTIONS:

BORING NO./LOCATION  : DEPTH / ELEV. : LIQUID LIMIT  :

SPECIFIC GRAVITY : (Assumed) PLASTIC LIMIT:

REMARKS :

MOISTURE CONTENTSPECIMEN HEIGHT

( % ) RATIO

KB - 1

SATURATION

FINAL 0.9829 16.7 114.6

VOID

-

22027-00

( % ) ( PCF )

DK. BR. SILTY FINE SAND W/ TRACE OF CLAY (SM)

DRY DENSITY

CURVE

0.45997.3

85.0 0.484

CONSOLIDATION TEST

-15'

INITIAL 1.0000

2.68

(INCHES)

Tel: (949)797-6241    Fax: (949)797-6260     
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  Project Name  : Project No.  :

  Boring / Sample No   : Depth : 22.5' (ft.) Tested By : Date:

  Sample Descriptions  /  Classification    : DK. BROWN SANDY CLAY (CL)

Applied Normal Load             (ksf)

Lateral Displacement, dh  (in.)

Displacement Rate, dr ( in./min.)

Initial Final Initial Final Initial Final Elapsed Time of Test, te (min.)

Wet Weight of Soil + Ring    (gms) 186.93 186.77 189.19 188.86 194.16 193.3 Specimen :      Undisturbed    :

Dry Weight of Soil + Ring     (gms) 153.53 155.16 159.16      Remolded    :

Weight of Water                   (gms) - 46.54 - 47.28 - 45.81      Reconstituted  :

Weight of Ring                     (gms) - 44.36 - 43.93 - 44.78

Weight of Dry Soil                (gms) - 109.17 - 111.23 - 114.38

Moisture Content                   ( % ) 30.6 42.6 30.6 42.5 30.6 40.1 Cohesion,c   (psf)

Wet Density                           (pcf) 119.0 118.9 121.3 121.0 124.7 124.0 Friction Angle,  f

Dry Density                            (pcf) - 83.3 - 84.9 - 88.5

Specific Gravity,Gs      (Assumed)      Remarks    :

81.5 113.5 84.5 117.4 92.2 120.7

- 1.007 - 0.970 - 0.889

        8008 Sky Park Circle, Suite 250

        Irvine, Ca. 92614

0.05

7.20

PEAK

26

ULTIMATE

        Tel: (949)797-6241      Fax: (949)797-6260  
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Degree of Saturation,              (%)
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   PROJECT NAME   : PROJECT NUMBER   :

TESTED BY :    DATE :

SAMPLED BY:            DATE :

   SOIL DESCRIPTIONS / CLASSIFICATION  :

WET WT. OF SOIL + RING                    (g)

WEIGHT OF RING                                 (g)

WET WEIGHT OF SOIL                                (g)

FACTOR

WET DENSITY                                     (pcf)

DRY DENSITY                                    (pcf)

DEGREE OF SATURATION                 (%)

WET WEIGHT OF SOIL                            (g)

DRY WEIGHT OF SOIL                             (g)

MOISTURE CONTENT                       (%)

psf

WET WT. + RING          (g)

DRY WT. + RING          (g)

MOISTURE CONTENT (%)

SAMPLE LENGTH      (cm)

SAMPLE AREA       (cm2)

VOLUME                     (cc)

WT. OF RING               (g)

DRY DENSITY            (pcf)

SPEC.GRAVITY (assumed)

SATURATION             (%)

REMARKS  :

18008 Sky Park Circle, Suite 250

Irvine, Ca. 92614

Tel: (949)797-6241        Fax: (949)797-6260

22027-00

EXPANSION INDEX

4

RB

JH 30-Sep-22

592.63

204.36

388.27

604.39

204.36

TRIAL NUMBER

LOCATION :   SAMPLE NO. :

DK. BROWN CLAYEY SAND (SC)

1

144

DEFLECTION

( in. )

( UBC 18-2 )

0.371

SURCHARGE  :

FINAL DENSITY & SATURATION

% RETAINED ON #4 SIEVE

#DIV/0!
        E. I.  

400.03

#DIV/0!

PICERNE GARDENA

KB - 1 @ 0 - 5'

   TRACT NUMBER :

   LOT NUMBER :

11-Oct-22

10-Oct

0.314

0.369

( in. )

280.75294.19

8.6

0.3030

32

117.6 121.2

0.3030

   DATE
DIAL READING

10:25

10-Oct 8:00

319.52

11:00

11-Oct

108.3

#DIV/0!

2

0.057

307.42

RACK NO.  :

9.5

TIME (min.)

57   SO4 147 ppm

110.7

ELAPSED

MOISTURE DETERMINATION

   TIME



APPENDIX D 

LIQUEFACTION AND SEISMIC SETTLEMENT ANALYSIS 



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

Kling Consulting Group, Inc.

18008 Sky Park Circle, Suite 250

Irvine, CA 92614

www.klingconsultinggroup.com

CPT file : CPT-1

21.50 ft
10.00 ft
5
2.60
Based on SBT

Excavation:
Excavation depth:
Footing load:
Trans. detect. applied:
Kσ applied:

Yes
12.00 ft
2.00 tsf
Yes
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

All soils
Yes
50.00 ft
Method based
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SBTn Plot CRR plot

EXC A V A TED

CRR & CSR
0.60.40.20

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

CRR plot

During earthq.
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Friction Ratio

Mw=71/2, sigma'=1 atm base curve Summary of liquefaction potential

FS Plot

Factor of safety
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s

Friction Ratio

Rf (%)
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Friction Ratio Pore pressure

u (psi)
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Pore pressure

Insitu

SBT Plot

Ic(SBT)
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SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
181614121086420
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Soil Behaviour Type
Clay
Clay & silty clay
Silty sand & sandy silt
Clay & silty clay

Silty sand & sandy silt
Clay & silty clay

Clay & silty clay

Clay & silty clay

Clay
Clay & silty clay

Clay & silty clay

Clay
Clay

Clay & silty clay

Clay
Clay & silty clay

Silty sand & sandy silt

Sand & silty sand
Silty sand & sandy silt

Clay
Clay & silty clay

Clay & silty clay
Clay
Silty sand & sandy silt

Clay & silty clay

Silty sand & sandy silt

Clay & silty clay

Very dense/stiff soil
Clay

Clay & silty clay

Clay & silty clay

Very dense/stiff soil
Clay
Clay & silty clay
Silty sand & sandy silt

CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 10/27/2022, 9:56:28 AM 2
Project file: 

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained



This software is licensed to: Kling Consulting Group, Inc. CPT name: CPT-1
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Norm. friction ratio Nom. pore pressure ratio
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Nom. pore pressure ratio SBTn Plot

Ic (Robertson 1990)
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SBTn Plot Norm. Soil Behaviour Type

SBTn (Robertson 1990)
181614121086420

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Norm. Soil Behaviour Type
Clay & silty clay

Silty sand & sandy silt

Clay & silty clay
Sand & silty sand

Clay & silty clay

Very dense/stiff soil

Very dense/stiff soil

Clay & silty clay
Clay & silty clay

Clay & silty clay

Clay
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Very dense/stiff soil
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Very dense/stiff soil
Clay & silty clay
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Clay & silty clay

Clay

Clay & silty clay
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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SBTn Index Norm. cone resistance
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Norm. cone resistance Grain char. factor
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Grain char. factor Corrected norm. cone resistance
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Corrected norm. cone resistance
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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CRR plot
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CRR plot

During earthq.

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s
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FS Plot

During earthq.

LPI
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Vertical settlements Lateral displacements
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Lateral displacements
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F.S. color scheme LPI color schemeInput parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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L i q u e f a c t i o n  a n a l y s i s  s u m m a r y  p l o t s

CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 10/27/2022, 9:56:28 AM 6
Project file: 

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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Norm. cone resistance
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Grain char. factor Corrected norm. cone resistance
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Corrected norm. cone resistance SBTn Index

Ic (Robertson 1990)
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SBTn Index Liquefied Su/Sig'v
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Peak Su ratio
Liq. Su ratio

Liquefied Su/Sig'v
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

Kling Consulting Group, Inc.

18008 Sky Park Circle, Suite 250

Irvine, CA 92614

www.klingconsultinggroup.com

CPT file : CPT-2

21.50 ft
10.00 ft
5
2.60
Based on SBT

Excavation:
Excavation depth:
Footing load:
Trans. detect. applied:
Kσ applied:

Yes
12.00 ft
2.00 tsf
Yes
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

All soils
Yes
50.00 ft
Method based
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Cone resistance SBTn Plot
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CRR plot

During earthq.
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Friction Ratio

Mw=71/2, sigma'=1 atm base curve Summary of liquefaction potential

FS Plot

Factor of safety
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance
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Cone resistance
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Friction Ratio Pore pressure
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Pore pressure

Insitu

SBT Plot
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SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
181614121086420
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Soil Behaviour Type
Sand & silty sand
Silty sand & sandy silt

Clay & silty clay

Silty sand & sandy silt
Sand & silty sand

Clay & silty clay
Very dense/stiff soil
Clay & silty clay

Clay & silty clay
Silty sand & sandy silt

Silty sand & sandy silt
Clay

Silty sand & sandy silt
Clay & silty clay
Clay

Clay
Silty sand & sandy silt

Clay
Clay & silty clay
Clay & silty clay
Clay & silty clay
Clay & silty clay

Clay & silty clay
Silty sand & sandy silt
Clay & silty clay

Very dense/stiff soil
Clay & silty clay

Clay & silty clay

Very dense/stiff soil

Clay & silty clay

Very dense/stiff soil

Very dense/stiff soil
Clay

Clay & silty clay

Silty sand & sandy silt
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained
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Norm. cone resistance
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Norm. cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s  ( n o r m a l i z e d )

Norm. friction ratio

Fr (%)
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Norm. friction ratio Nom. pore pressure ratio

Bq
10.80.60.40.20-0.2
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Nom. pore pressure ratio SBTn Plot

Ic (Robertson 1990)
4321
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SBTn Plot Norm. Soil Behaviour Type

SBTn (Robertson 1990)
181614121086420
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Norm. Soil Behaviour Type
Sand & silty sand
Silty sand & sandy silt
Very dense/stiff soil
Silty sand & sandy silt
Silty sand & sandy silt

Sand & silty sand
Silty sand & sandy silt

Very dense/stiff soil
Clay & silty clay
Clay & silty clay
Clay & silty clay

Clay & silty clay
Clay & silty clay

Clay & silty clay
Clay & silty clay
Clay
Clay & silty clay

Clay & silty clay
Clay & silty clay

Clay

Clay & silty clay

Clay
Clay & silty clay
Silty sand & sandy silt
Clay & silty clay
Clay

Clay
Clay
Clay

Clay & silty clay

Clay

Clay & silty clay
Clay & silty clay
Clay & silty clay

Clay

Clay & silty clay

Clay

Clay & silty clay
Clay
Clay & silty clay
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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Total cone resistance
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Total cone resistance
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SBTn Index
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SBTn Index Norm. cone resistance
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Norm. cone resistance Grain char. factor

Kc
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Grain char. factor Corrected norm. cone resistance
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Corrected norm. cone resistance
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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CRR plot

EXCA V ATED

CRR & CSR
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CRR plot

During earthq.

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s

FS Plot

Factor of safety
21.510.50
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FS Plot

During earthq.

LPI

Liquefaction potential
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EXCA V A TED

Settlement (in)
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Vertical settlements Lateral displacements

EXC A V ATED

Displacement (in)
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Lateral displacements
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F.S. color scheme LPI color schemeInput parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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L i q u e f a c t i o n  a n a l y s i s  s u m m a r y  p l o t s
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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Norm. cone resistance
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Grain char. factor Corrected norm. cone resistance
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Corrected norm. cone resistance SBTn Index

Ic (Robertson 1990)
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SBTn Index Liquefied Su/Sig'v
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Peak Su ratio
Liq. Su ratio

Liquefied Su/Sig'v
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

Kling Consulting Group, Inc.

18008 Sky Park Circle, Suite 250

Irvine, CA 92614

www.klingconsultinggroup.com

CPT file : CPT-3

21.50 ft
10.00 ft
5
2.60
Based on SBT

Excavation:
Excavation depth:
Footing load:
Trans. detect. applied:
Kσ applied:

Yes
12.00 ft
2.00 tsf
Yes
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

All soils
Yes
50.00 ft
Method based

Cone resistance
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Cone resistance SBTn Plot

Ic (Robertson 1990)
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SBTn Plot CRR plot
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CRR plot

During earthq.
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Rf (%)
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Friction Ratio

Mw=71/2, sigma'=1 atm base curve Summary of liquefaction potential

FS Plot

Factor of safety
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance

qt (tsf)
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Cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s

Friction Ratio

Rf (%)
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Friction Ratio Pore pressure

u (psi)
1050-5-10
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Pore pressure

Insitu

SBT Plot

Ic(SBT)
4321
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SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
181614121086420
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Soil Behaviour Type
Sand & silty sand

Clay

Clay & silty clay

Silty sand & sandy silt
Silty sand & sandy silt
Silty sand & sandy silt

Silty sand & sandy silt

Clay & silty clay

Very dense/stiff soil
Silty sand & sandy silt
Clay
Clay
Clay
Clay & silty clay
Very dense/stiff soil
Clay & silty clay
Clay & silty clay
Clay & silty clay
Clay

Clay & silty clay

Clay
Clay & silty clay
Clay
Clay

Clay
Clay & silty clay
Clay & silty clay
Clay
Clay & silty clay
Silty sand & sandy silt

Clay & silty clay

Silty sand & sandy silt
Clay & silty clay
Very dense/stiff soil
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained
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Norm. cone resistance
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Norm. cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s  ( n o r m a l i z e d )

Norm. friction ratio

Fr (%)
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Norm. friction ratio Nom. pore pressure ratio

Bq
10.80.60.40.20-0.2
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Nom. pore pressure ratio SBTn Plot

Ic (Robertson 1990)
4321
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SBTn Plot Norm. Soil Behaviour Type

SBTn (Robertson 1990)
181614121086420
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Norm. Soil Behaviour Type
Sand

Clay & silty clay

Silty sand & sandy silt

Silty sand & sandy silt

Very dense/stiff soil

Silty sand & sandy silt
Very dense/stiff soil
Silty sand & sandy silt
Sand & silty sand
Clay & silty clay

Very dense/stiff soil
Silty sand & sandy silt
Clay
Clay
Clay
Clay & silty clay
Clay
Silty sand & sandy silt
Clay & silty clay

Clay

Clay & silty clay

Clay

Clay & silty clay

Clay

Clay & silty clay
Clay
Clay & silty clay

Clay

Clay & silty clay
Clay
Silty sand & sandy silt
Clay & silty clay
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft



This software is licensed to: Kling Consulting Group, Inc. CPT name: CPT-3

Total cone resistance
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Total cone resistance

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s  ( i n t e r m e d i a t e  r e s u l t s )

SBTn Index
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SBTn Index Norm. cone resistance
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Norm. cone resistance Grain char. factor

Kc
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Grain char. factor Corrected norm. cone resistance

Qtn,cs
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Corrected norm. cone resistance
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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CRR plot

EXCA V ATED

CRR & CSR
0.60.40.20

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

CRR plot

During earthq.

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s

FS Plot

Factor of safety
21.510.50
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FS Plot

During earthq.

LPI
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Vertical settlements Lateral displacements
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Lateral displacements
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F.S. color scheme LPI color schemeInput parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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L i q u e f a c t i o n  a n a l y s i s  s u m m a r y  p l o t s
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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Norm. cone resistance
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Grain char. factor

Kc
109876543210

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Grain char. factor Corrected norm. cone resistance

Qtn,cs
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Corrected norm. cone resistance SBTn Index

Ic (Robertson 1990)
4321
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SBTn Index Liquefied Su/Sig'v

Su/Sig'v
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Peak Su ratio
Liq. Su ratio

Liquefied Su/Sig'v
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

Kling Consulting Group, Inc.

18008 Sky Park Circle, Suite 250

Irvine, CA 92614

www.klingconsultinggroup.com

CPT file : CPT-4

21.50 ft
10.00 ft
5
2.60
Based on SBT

Excavation:
Excavation depth:
Footing load:
Trans. detect. applied:
Kσ applied:

Yes
12.00 ft
2.00 tsf
Yes
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

All soils
Yes
50.00 ft
Method based

Cone resistance
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Cone resistance SBTn Plot

Ic (Robertson 1990)
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SBTn Plot CRR plot
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CRR plot

During earthq.
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Friction Ratio

Mw=71/2, sigma'=1 atm base curve Summary of liquefaction potential

FS Plot

Factor of safety
21.510.50
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance

qt (tsf)
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Cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s

Friction Ratio

Rf (%)
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Friction Ratio Pore pressure

u (psi)
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Pore pressure

Insitu

SBT Plot

Ic(SBT)
4321
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SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
181614121086420
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Soil Behaviour Type
Sand & silty sand

Clay & silty clay

Silty sand & sandy silt

Silty sand & sandy silt
Clay & silty clay
Clay & silty clay

Clay & silty clay
Clay & silty clay
Clay

Clay

Clay & silty clay

Clay & silty clay
Clay & silty clay
Clay & silty clay
Clay & silty clay

Silty sand & sandy silt
Clay
Clay & silty clay

Clay & silty clay

Clay
Clay
Clay
Clay & silty clay
Very dense/stiff soil

Clay & silty clay
Clay & silty clay
Clay & silty clay

Clay & silty clay

Silty sand & sandy silt

Clay & silty clay
Silty sand & sandy silt

CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 10/27/2022, 9:56:34 AM 26
Project file: 

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained



This software is licensed to: Kling Consulting Group, Inc. CPT name: CPT-4

Norm. cone resistance
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Norm. cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s  ( n o r m a l i z e d )

Norm. friction ratio

Fr (%)
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Norm. friction ratio Nom. pore pressure ratio

Bq
10.80.60.40.20-0.2
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Nom. pore pressure ratio SBTn Plot

Ic (Robertson 1990)
4321
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SBTn Plot Norm. Soil Behaviour Type

SBTn (Robertson 1990)
181614121086420
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Norm. Soil Behaviour Type
Sand & silty sand

Silty sand & sandy silt
Very dense/stiff soil

Silty sand & sandy silt

Sand & silty sand
Silty sand & sandy silt
Clay & silty clay
Silty sand & sandy silt
Clay & silty clay

Clay & silty clay

Clay

Clay & silty clay
Clay

Clay
Clay & silty clay

Clay & silty clay
Clay & silty clay

Clay

Clay & silty clay

Clay

Clay & silty clay
Clay
Clay
Clay

Clay

Clay & silty clay

Clay

Clay & silty clay
Clay
Clay & silty clay

Clay
Clay & silty clay
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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Total cone resistance
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Total cone resistance
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SBTn Index
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SBTn Index Norm. cone resistance

Qtn
200150100500

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Norm. cone resistance Grain char. factor

Kc
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Grain char. factor Corrected norm. cone resistance

Qtn,cs
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Corrected norm. cone resistance
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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CRR plot
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CRR plot

During earthq.

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s

FS Plot

Factor of safety
21.510.50
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FS Plot

During earthq.

LPI

Liquefaction potential
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LPI Vertical settlements

EXCA V A TED

Settlement (in)
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Vertical settlements Lateral displacements

EXC A V ATED

Displacement (in)
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Lateral displacements
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F.S. color scheme LPI color schemeInput parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 10/27/2022, 9:56:34 AM 31
Project file: 

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft



This software is licensed to: Kling Consulting Group, Inc. CPT name: CPT-4

:: Liquefaction Potential Index calculation data ::
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Owner Certification 

Owner’s Name: Satish Lion  

Company  The Picerne Group 

Address 5000 Birch Street, Suite 600, Newport Beach, CA 92660 

Email  slion@picernegroup.com 

Telephone  949-910-3428 

This Low Impact Development (LID) Plan is intended to comply with the requirements of County of Los 

Angeles for CAS004001, ORDER NO R4-2012-0175 which includes the requirement for the preparation 

and implementation of a LID Plan.  

The undersigned, while owning the property/project described in the preceding paragraph, shall be 

responsible for the implementation and funding of this LID Plan and will ensure that this LID Plan is 

amended as appropriate to reflect up-to-date conditions on the site.  In addition, the property owner 

accepts responsibility for interim operation and maintenance of Stormwater BMPs until such time as this 

responsibility is formally transferred to a subsequent owner. This LID Plan will be reviewed with the 

facility operator, facility supervisors, employees, tenants, maintenance and service contractors, or any 

other party (or parties) having responsibility for implementing portions of this LID.  At least one copy of 

this LID Plan will be maintained at the project site or project office in perpetuity. The undersigned is 

authorized to certify and to approve implementation of this LID Plan.  The undersigned is aware that 

implementation of this LID Plan is enforceable under County of Los Angeles Water Quality Ordinance 

(Municipal Code Section CAS004001, ORDER NO R4-2012-0175). 

"I, the undersigned, certify under penalty of law that the provisions of this LID have been reviewed and 

accepted and that the LID will be transferred to future successors in interest." 

 

Owner’s 

Signature 

  

Date 

 
Click here to enter a date. 
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Company   Tait & Associates 

Address   701 N. Parkcenter Drive, Santa Ana, CA 92705 

Email   rhaskin@tait.com 

Telephone  714-560-8200 

I hereby certify that this Low Impact Development (LID) Plan is in compliance with, and meets the 

requirements of the National Pollutant Discharge Elimination System (NPDES) Municipal Separate Storm 

Sewer System (MS4) permit for stormwater and non-stormwater discharges from the MS4 within the 

coastal watersheds of Los Angeles County (CAS004001, Order No R4-2012-0175). 

 

I  certify   under  penalty  of  law  that  this  document  and  all  attachments  were  prepared   under  my 

jurisdiction or supervision  in accordance with a system designed to assure  that qualified personnel 

properly  gather  and  evaluate  the  information  submitted.  Based  on  my  inquiry  of  the  person  or 

persons who manage the system or those persons directly responsible for gathering the information, to 

the best of my knowledge and belief, the information submitted is true, accurate,  and complete. I am 

aware that there are significant penalties for submitting false information, including the possibility of fine 

and imprisonment for knowing violations 

Preparer 

Signature 

  

Date 
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A. LID REQUIREMENTS 

A.1 LID Background 
 

In 1987, The Federal Water Pollution Control Act (also referred to as the Clean Water Act [CWA] was 

amended to provide that the discharge of pollutants to waters of the United States from stormwater is 

effectively prohibited, unless the discharge is in compliance with a National Pollutant Discharge Elimination 

System (NPDES) Permit. The 1987 amendments to the CWA added Section 402 (p), which established a 

framework for regulating municipal, industrial and construction stormwater discharges under the NPDES 

program. In California, these permits are issued through the State Water Resources Control Board - 

(SWRCB) and the nine Regional Water Quality Control Boards. 

 

On November 8, 2012, the Regional Water Quality Control Board, Los Angeles Region (RWQCB), adopted 

Order No.R4-2012-0175. This Order is the NPDES Permit (NPDES No. CAS004001) for municipal stormwater 

and urban runoff discharges within the County of Los Angeles. 

 

As adopted in November 2012, the requirements of Order No. R4-2012-0175 (the "Permit') cover 84 cities 

and the unincorporated areas of Los Angeles County. Under the Permit, the Los Angeles County Flood 

Control District is designated as the Principal Permittee; the County of Los Angeles along with the 84 

incorporated cities is designated as Permittees.  

 

In compliance with the Permit, the Permittees have implemented a stormwater quality management 

program (SQMP) with the ultimate goal of accomplishing the requirements of the Permit and reducing the 

amount of pollutants in stormwater and urban runoff wherein new development/redevelopment projects 

are required to prepare a Low Impact Development (LID) report. 
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A.2 Designated Priority Project Categories 
 

The project is classified as category item(s) 1, 11a, and 11b as listed in Table 1 below and is therefore 

classified as a Designated Project. 

 

TABLE 1 

PROJECT PRIORITY CATEGORIES 

ITEM APPLICABLE DESCRIPTION 

 

1 

X All  development  projects  equal  to 1  acre  or greater  of  disturbed  area  that adds more than 

10,000 square feet of impervious surface area. 

2  Industrial parks 10,000 square feet or more of surface area. 

3  Commercial malls 10,000 square feet or more of surface area. 

4  Retail gasoline outlets with 5,000 square feet or more of surface area. 

5  Restaurants (Standard Industrial Classification (SIC) of 5812) with 5,000 Square feet or more of 

surface area. 

 

6 

 Parking lots with 5,000 square feet or more of impervious surface area, or with 25 or more parking 

spaces. 

 

 

7 

 Streets and roads construction of 10,000 square feet or more of impervious surface area. Street and 

road construction applies to standalone streets, roads, highways, and freeway projects, and also 

applies to streets within larger projects. 

 

8 

 Automotive service facilities (Standard Industrial Classification (SIC) of 5013, 

5014, 5511, 5541, 7532-7534 and 7536-7539) 5,000 square feet or more of surface area. 

 

9 

 Projects located in or directly adjacent to, or discharging directly to an 

Environmentally Sensitive Area (ESA), where the development will: 

  a. Discharge stormwater runoff that is likely to impact a sensitive biological species or habitat; 

and 

  b. Create 2,500 square feet or more of impervious surface area 

10  Single-family hillside homes. 

11  Redevelopment Projects: 

 x a. Land disturbing activity that results in the creation or addition or replacement of 5,000 

square feet or more of impervious surface area on an already developed site on Planning 

Priority Project categories. 

 x b. Where Redevelopment results in an alteration to more than fifty percent of impervious 

surfaces of a previously existing development, and the existing development was not subject 

to post-construction stormwater quality control requirements, the entire project must be 

mitigated. 

  c. Where Redevelopment results in an alteration of less than fifty percent of impervious 

surfaces of a previously existing development, and the existing development was not subject 

to post-construction stormwater quality control requirements, only the alteration must be 

mitigated, and not the entire development. 
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  d. Redevelopment does not include routine maintenance activities that are conducted to 

maintain original line and grade, hydraulic capacity, original purpose of facility or emergency 

redevelopment activity required to protect public health and safety. Impervious surface 

replacement, such as the reconstruction of parking lots and roadways which does not 

disturb additional area and maintains the original grade and alignment, is considered a 

routine maintenance activity. Redevelopment does not include the repaving of existing 

roads to maintain original line and grade. 

  e. Existing single-family dwelling and accessory structures are exempt from the Redevelopment 

requirements unless such projects create, add or replace 1,000 square feet of impervious 

surface area.  
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B. PROJECT AND SITE INFORMATION 

B.1 Project Site Summary 
 

The project consists of the redevelopment of an existing 3.43-acre area of a commercial/business center currently 

composed of a car wash and auto center.  The proposed project will consist of a 5-level apartment complex totaling 

approximately 360 units.  The project also includes the construction of a basement level parking structure, leasing 

office, fitness club, and community pool. The existing site features a gradual slope from the northwest corner at 

Artesia Blvd down to the southeast corner of the property with a difference of roughly 8 feet.  The existing drainage 

pattern consists of overland flow to gutters that flow to the southeastern portion of the property and discharge to a 

single drop inlet and private storm drain line that runs south approximately 80 feet to the concrete side wall of the 

Dominguez Channel. The proposed project will maintain the existing drainage pattern with overland flow to the 

southeast corner of the site. Stormwater will surface flow into a proprietary biofiltration treatment device.  The 

treatment device will have a pipe connection to the existing storm drain that runs to the Domiguez Channel that will 

convey all project runoff. 

 

Table B.1 

PROJECT INFORMATION 

Type of Project: Commercial (e.g., commercial, residential, etc.) 

Planning Area: County of Los Angeles 

Community Name: N/A  

Development Name: TPG Stein 

PROJECT LOCATION 

Latitude & Longitude (DMS): 33.87220748287393°, -118.30573998047986° 

Project Watershed and Sub-Watershed: Dominguez Channel/Long Beach Inner Harbor – Wilmington Drain 

APN(s): 6106-013-049 

Map Book and Page No.: N/A 

PROJECT CHARACTERISTICS 

Proposed or Potential Land Use(s) Commercial 

Development 

Area of Impervious Project Footprint (SF) 127,044 

Total Area of proposed Impervious Surfaces within the Project Limits (SF)/or Replacement x 

Does the project consist of offsite road improvements?  Y  N 

Does the project propose to construct unpaved roads?  Y  N 

Is the project part of a larger common plan of development (phased project)?  Y  N 

EXISTING SITE CHARACTERISTICS  

Total area of existing Impervious Surfaces within the project limits (SF)                                            138,658  

Are there any natural hydrologic features on the project site?  Y  N 

  

Total Project area = 149,602 sf 

Total Disturbed area = 149,602 sf 

Total Existing Impervious area = 138,658 sf 

Total Proposed Impervious area = 127,044 sf 
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B.2 Receiving Waters 

 

Table B.2 below lists the stormwater runoff discharge points from the project site, classified as either a storm 

drain system or receiving waters.  The table lists the receiving waters in order of travel, starting with the most 

upstream discharge point. 

 

Table B.2 

STORM DRAIN SYSTEM OR 

RECEIVING WATER 
EPA APPROVED 303(D) LIST IMPAIRMENTS 

DESIGNATED  

BENEFICIAL USES 

Dominguez Channel (lined 

portion above Vermont Ave) 

Copper (72474) , Lead (98867) , Toxicity (76424) , Zinc 

(68450) , Indicator Bacteria (68243) 
n/a 

Dominguez Channel Estuary 

(unlined portion below Vermont 

Ave) 

Benzo(a)anthracene (69189) , Benzo(a)pyrene (68354) , 

Chlordane (tissue) (98920) , Chrysene (C1-C4) (69124) , 

DDT (tissue & sediment) (99361) , Lead (70528) , PCBs 

(Polychlorinated biphenyls) (68139) , Phenanthrene 

(69111) , Pyrene (68839) , Toxicity (76061) , Benthic 

Community Effects (72640) , Copper (98921) , Dieldrin 

(tissue) (69913) , Indicator Bacteria (70163) 

Commercial and Sport Fishing, Estuarine 

Habitat, Marine Habitat, Migration of Aquatic 

Organisms, Navigation, Rare, Threatened, or 

Endangered Species, Spawning, Reproduction, 

and/or Early Development, Wildlife Habitat 

Los Angeles Harbor - 

Consolidated Slip 

Cadmium (sediment) (69589) , Chlordane (tissue & 

sediment) (69038) , Chromium (68144) , Copper 

(sediment) (68746) , DDT (tissue & sediment) (73200) , 

Dieldrin (68898) , Lead (sediment) (99089) , Mercury 

(sediment) (68647) , PCBs (Polychlorinated biphenyls) 

(tissue & sediment) (78282) , Toxaphene (tissue) 

(68148) , Zinc (sediment) (68286) , 2-

Methylnaphthalene (69972) , Benthic Community 

Effects (70615) , Benzo(a)pyrene (77763) , Chrysene 

(C1-C4) (72296) , Phenanthrene (68795) , Pyrene 

(70764) , Toxicity (77601) , Benzo(a)anthracene (69973) 

Commercial and Sport Fishing, Estuarine 

Habitat, Marine Habitat, Migration of Aquatic 

Organisms, Navigation, Rare, Threatened, or 

Endangered Species, Spawning, Reproduction, 

and/or Early Development, Wildlife Habitat 

Los Angeles/Long Beach Inner 

Harbor 

Copper (69723) , DDT 

(Dichlorodiphenyltrichloroethane) (68696) , PCBs 

(Polychlorinated biphenyls) (69055) , Toxicity (70284) , 

Zinc (99194) , Benthic Community Effects (68874) , 

Benzo(a)pyrene (76674) , Chrysene (C1-C4) (76126) 

Commercial and Sport Fishing, Estuarine 

Habitat, Marine Habitat, Migration of Aquatic 

Organisms, Navigation, Rare, Threatened, or 

Endangered Species, Spawning, Reproduction, 

and/or Early Development, Wildlife Habitat 

Los Angeles/Long Beach Outer 

Harbor (inside breakwater) 

DDT (Dichlorodiphenyltrichloroethane) (69745) , PCBs 

(Polychlorinated biphenyls) (69174) , Toxicity (100045) 

Commercial and Sport Fishing, Estuarine 

Habitat, Marine Habitat, Migration of Aquatic 

Organisms, Navigation, Rare, Threatened, or 

Endangered Species, Spawning, Reproduction, 

and/or Early Development, Wildlife Habitat 
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B.3 Geotechnical Conditions 
 

a. Topography 

 

Existing Drainage Condition: 

 

The site features a gradual slope from the northwest corner at Artesia Blvd down to the southeast corner of 

the property with a difference of roughly 8 feet.  The existing drainage pattern consists of overland flow to 

gutters that flow to the southeastern portion of the property and discharge to a single drop inlet.  The drop 

inlet connects to a private storm drain approximately 80 feet south and exits the property through a 

headwall to the LACFCD Dominguez Channel. The Dominguez Channel flows east and then south to the Los 

Angeles/Long Beach Harbor. 

 

Proposed Drainage Condition: 

 

The proposed project will maintain the existing drainage pattern with site runoff discharging to the existing 

site outlet which connects to the Dominguez channel.  

  

 

b. Soil Type: 

 

In accordance with Los Angeles County Public Works Soil Classification Maps, the project site is designated 

as soil classification 13. The referenced map is provided in Appendix 1. 

 

c. Groundwater: 

 

Per the Los Angeles County Department of Public Works establish Groundwater Level Data web application, 

groundwater per nearest groundwater well is at a depth of 16 feet below ground surface. Groundwater was 

encountered per boring at a depth of 21.5 feet below ground surface per Geotechnical Investigation 

prepared by Kling Consulting Ground, Inc. 

 

 

d. Other Geotechnical Issues: 

 
Table B.3.d 

OTHER GEOTECHNICAL ISSUES  

Collapsible Soil  Y  N 

Expansive Soil  Y  N 

Liquefaction  Y  N 
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B.4 Other Site Considerations 
 

a. Off-site Drainage: 

 

The project site does not anticipate any off-site run-on. 

 

Click here to enter text. 

 

b. Significant Ecological Areas (SEAs) 

 

The project’s Significant Ecological Areas (SEAs) are listed in Table B.4.b below and require a separate 

regulatory permit.   

 

Table B.4.b 

Agency Permit Required 

State Department of Fish and Game, 1602 Streambed Alteration Agreement  Y  N 

State Water Resources Control Board, Clean Water Act (CWA) Section 401 Water Quality Cert.  Y  N 

US Army Corps of Engineers, CWA Section 404 Permit  Y  N 

US Fish and Wildlife, Endangered Species Act Section 7 Biological Opinion  Y  N 

 

C. On-site utilities. 

All existing on-site utilities will be demolished and removed for the proposed development, except for the existing 

storm drain leaving the site at the southeast portion of the property. This storm drain will be re-used as the site runoff 

discharge location. 
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D. BEST MANAGEMENT PRACTICES 

D.1 Site Design Principles 

 

a. Natural Areas: 

 

Table c.1.a 

Natural Area Design Criteria  Implemented 

Preserve historically undisturbed areas.    Y  N  N/A 

Maintain surface flow patterns of undeveloped sites, including water body alignments, 

sizes and shapes 
 Y  N  N/A 

Reserve areas with high permeability soils for either open space or retention-based 

stormwater quality control measures. 
 Y  N  N/A 

Incorporate existing trees into site layout  Y  N  N/A 

Identify areas that may be restored or revegetated either during or post-construction    Y  N  N/A 

Identify and avoid areas susceptible to erosion and sediment loss.  Y  N  N/A 

Concentrate or cluster development on less sensitive areas of the project site, while 

leaving the remaining land in a natural, undisturbed state.  Less sensitive areas may 

include, but are not limited to, areas that are not adjacent to receiving waters or areas 

where erosion may be an issue. 

 Y  N  N/A 

Protect slopes from erosion by safely conveying stormwater runoff from the tops of 

slopes. 

 Y  N  N/A 

Limit clearing and grading of native vegetation at the project site to minimum amount 

needed to build lots, allow access, and provide fire protection.  

 Y  N  N/A 

Maintain existing topography and existing drainage divides to encourage dispersed 

flow. 

 Y  N  N/A 

Maximize trees and other vegetation at the project site by planting additional 

vegetation, clustering tree areas, and promoting use of native and/or drought tolerant 

plants. 

 Y  N  N/A 

Promote natural vegetation by using parking lot islands and other landscaped areas. 

Integrate vegetation-based stormwater quality control measures within 

parking lot islands and landscaped areas. 

 Y  N  N/A 

 

b. Minimize Land Disturbance: 

 

To maintain the native soil compaction and infiltration rates, the following measures shall be applied where 

practical on the construction site.  These measures are not to supersede compaction requirements 

associated with the applicable building codes. 

 

• Delineate and mark the development envelope for the project site on the site plan and physically 

demarcate the development envelope at the project site using temporary orange construction 

fencing or flagging. The development envelope is established by identifying the minimum area 
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needed to build lots, allow access, provide fire protection, and protect and buffer sensitive features 

such as streams, floodplains, steep slopes, and wetlands. Concentrate building and paved areas on 

the least permeable soils, with the least intact habitat. 

• Restrict equipment access and construction equipment storage to the development envelope. 

• Consider soil amendments to restore permeability and organic content. 

 

c. Minimize Impervious Area: 

 

The project will comply with all applicable building and fire codes and ordinances. Additional consideration 

was given to minimize the project site impervious area by implementing the following site designs where 

applicable and site feasible: 

 

• Use minimum allowable roadway and sidewalk cross sections, driveway lengths, and parking stall 

sizes. 

• Use two-track/ribbon alleyways/driveways or shared driveways. 

• Include landscape islands in cul-de-sacs streets (where approved). Consider alternatives to cul-de-

sacs to increase connectivity. 

• Reduce building and parking lot footprints. Building footprints may be reduced by building taller. 

• Use pervious pavement material, such as modular paving blocks, turf blocks, porous concrete and 

asphalt, brick, and gravel or cobble, to accommodate overflow parking, if feasible. 

• Cluster buildings and paved areas to maximize pervious area. 

• Maximize tree preservation or tree planting. 

• Avoid compacting or paving over soils with high infiltration rates (see Minimize Land Disturbance 

section). 

• Use vegetated swales to convey stormwater runoff instead of paved gutters. 

• Build compactly at redevelopment sites to avoid disturbing natural and agricultural lands and to 

reduce per capita impacts. 

 

d. Protect and Restore Natural Areas: 

 

If feasible, and consistent with applicable General Plan or Local Area Plan policies, for the project site, the 

following design features or elements must be included: 

 

• Preserve historically undisturbed areas. Identify and cordon off streams and their buffers, 

floodplains, wetlands, and steep slopes. 

• Maintain surface flow patterns of undeveloped sites, including water body alignments, sizes, and 

shapes. 

• Reserve areas with high permeability soils for either open space or retention-based stormwater 

quality control measures. 

• Incorporate existing tree into site layout. 

• Identify areas that may be restored or revegetated either during or post-construction. 

• Identify and avoid areas susceptible to erosion and sediment loss. 

• Concentrate or cluster development on less sensitive areas of the project site, while leaving the 

remaining land in a natural state, undisturbed state. Less sensitive areas may include, but are not 

limited to, areas that are not adjacent to receiving waters or areas where erosion may be an issue. 
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• Protect slopes from erosion by safely conveying stormwater runoff from the tops of slopes. 

o Vegetate slopes with native or drought-tolerant species. 

o Ensure slope protection practices conform to the applicable local erosion and sediment 

control standards and design standards. The design criteria described in this section are 

intended to enhance and be consistent with these local standards. 

• Limit clearing and grading of native vegetation at the project site to the minimum amount needed 

to build lots, allow access, and provide fire protection. 

• Maintain existing topography and existing drainage divides to encourage dispersed flow. 

• Maximize trees and other vegetation at the project site by planting additional vegetation, clustering 

tree areas, and promoting use of native and/or drought-tolerant plants. 

• Promote natural vegetation by using parking lot islands and other landscaped areas. Integrate 

vegetation-based stormwater quality control measures within parking lot islands and landscaped 

areas.  
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D.2 Source Control Measures 

 

Per the Los Angeles County Public Works Low Impact Development Manual, the following source control 

measures shall be implemented in the project design and as listed per LID Manual Table 5-1, also 

referenced in Appendix 9. 

 

Fact sheets for each of the source control measures listed in Table C.2 below can be found in Appendix 9.  

The source controls shall be designed and implemented in accordance with these fact sheets. 

 

Table C.2 

Source Control Measures  Implemented 

Storm drain message and signage (S-1)    Y  N  N/A 

Outdoor Material Storage Areas (S-2)  Y  N  N/A 

Outdoor Trash Storage/Waste Handling Areas (S-3)  Y  N  N/A 

Outdoor Loading/Unloading Dock Areas (S-4)  Y  N  N/A 

Outdoor Vehicle/Equipment Repair/Maintenance Areas (S-5)    Y  N  N/A 

Outdoor Vehicle/Equipment/Accessory Wash Areas (S-6)  Y  N  N/A 

Fuel & Maintenance Areas (S-7)  Y  N  N/A 

Landscape Irrigation Practices (S-8)  Y  N  N/A 

Building Materials (S-9)   Y  N  N/A 

Animal Care and Handling Facilities (S-10)  Y  N  N/A 

Outdoor Horticulture Areas (S-11)  Y  N  N/A 
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E. STORMWATER QUALITY DESIGN VOLUME CALCULATION  
 

The design storm, from which the Stormwater Quality Design Volume (SWQDv) is calculated, is defined as 

the greater of: 

 

The 0.75-inch, 24 hour storm rain event, or 

The 85th percentile, 24 hour rain event as determined from Los Angeles County 85th percentile precipitation 

isoheytal map, as provided in Appendix 5.  

 

D.1 Project Rainfall Depth: 
 

85th Percentile, 24 Hour Rain Event = 0.9 Inches 

 

D.2 Project Calculated SWQDv: 

 

Per County of Los Angeles HydroCalc Program, the input and output values as calculated for the site 

SWQDv is provided in Appendix 5.  

 

Below is a provided summary of the SWQDv calculated. 

Table D.2 

DMA NAME OR ID AREA (SQFT) SOIL TYPE FLOW PATH PERCENT 

IMPERVIOUS 

SWQDv tc 

A 149,682       13 700 85 8694 34 

 

 

  TOTAL SWQDv= 8694  
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F. STORMWATER QUALITY CONTROL MEASURES –LID BMPs 
 

Stormwater Quality Control Measures must be designed and implemented to detain the calculated SWQDv 

in the following order: 

 

1) Infiltration (On-site Retention) 

2) Runoff Harvest and Use 

3) On-site biofiltration, off-site groundwater replenishment, off-site infiltration and/or bioretention, 

and off-site retrofit.   

 

Additionally, pretreatment must be provided for stormwater quality control measures whose function 

may be adversely affected by sediment or other pollutants. 
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E.1 Infiltration (On-Site Retention): 
 

 

Table E.1  

Infiltration Infeasibility    

The corrected in-situ infiltration rate is less than 0.3 inches per hour, as 

determined according to the most recent GMED Policy GS 200.1, and it is not 

technically feasible to amend the in-situ soils to attain an infiltration rate 

necessary to achieve reliable infiltration. *SEE NOTE BELOW 

 Y  N 

Locations where the seasonal high groundwater level is within 10 feet of the 

surface, as determined according to the most recent GMED Policy GS 200.1; 
 Y  N 

Locations within 100 feet of a groundwater well used for drinking water;  Y  N 

Brownfield development sites where infiltration poses a risk of pollutant 

mobilization; 
 Y  N 

Other locations where pollutant mobilization is a documented concern (e.g., at 

or near properties that are contaminated or store hazardous substances 

underground); 

 Y  N 

Locations with potential geotechnical hazards; *SEE NOTE BELOW  Y  N 

Smart growth and infill or redevelopment locations where the density and/or 

nature of the project would create significant difficulty for compliance with the 

onsite retention requirement; 

 Y  N 

Locations where infiltration may adversely impact biological resources; or  Y  N 

Locations where infiltration may cause health and safety concerns.  Y  N 

Other:__________  Y  N 

 

If yes has been checked for any of the above questions, then infiltration BMPs will not be used for the site 

and Harvest and Use will be assessed next for site feasibility.  Additional Infiltration Infeasibility narrative is 

provided below.  

 

If no has been checked for all above questions, then site infiltration is feasible and Table E.2 below lists the 

implemented Infiltration based BMPs.  

 

Additional Infiltration Infeasibility Narrative: 

 

*NOTE:  Statement from the Geotechnial Engineer reads as follows:  

Our findings from subsurface exploration, laboratory testing, and geotechnical analyses were  

presented in our Preliminary Geotechnical report dated October 31, 2022. The findings  

concluded that the underlying soils at this site are susceptible to liquefaction.  It is our  

understanding that due to site constraints, the southeast corner of the site is the low point and  

therefore the one logical location to place the surface stormwater BMPs. Given the proximity  

and vertical orientation of this location to the basement walls, and in light of potential  

liquefaction, it is our opinion that an infiltration based BMP at this location and at ground  

level should not be allowed or considered.  In our professional opinion, these site conditions  

are not compatible with infiltrating water into the subsurface soils and performing percolation  

testing to confirm this opinion is considered unnecessary. 
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Implemented Infiltration BMPs 

Table E.1 

Infiltration based BMPs  Implemented 

Bioretention (RET-1)   Y  N 

Infiltration Basin (RET-2)  Y  N 

Infiltration Trench (RET-3)  Y  N 

Dry Well (RET-4)  Y  N 

Permeable Pavement without an Underdrain (RET-5)  Y  N 

Other:_________________  Y  N 

 

Infiltration BMP Narrative: 

Infiltration is assumed to be infeasible for this project site.  
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E.2 Runoff Harvest and Reuse Assessment:  

Does the site capture 100% of the SWQDv through Infiltration based BMPs as listed above?   Y  N 

If yes has been checked, Harvest and Reuse BMP assessment is not required.   

If no has been checked, Harvest and Reuse assessment is required.  See feasibility analysis provided in Appendix 4.  

The following Harvest and Use BMPs have been implemented on-site. 

 

A. Harvest and Reuse- Indoor Use 

 

Per the 2014 California Department of Public Health Regulations Related to Recycled Water- Article 5. Dual 

Plumbed Recycled Water Systems 60313 (a), no person other than a recycled water agency shall deliver 

recycled water to a dual plumbed facility.  In conclusion, the reuse of water for internal plumbing use is 

considered infeasible per the CDPH Regulations. 

 

B. Harvest and Reuse- Outdoor Use (Irrigation) 

 

Table E.2B 

Capture and Use Infeasibility    

Projects that would not provide sufficient irrigation or (where permitted) 

domestic grey water demand for use of stored stormwater runoff due to limited 

landscaping or extensive use of low water use plant palettes in landscaped 

areas;  

In order to implement successful stormwater capture and reuse, the project 

should have sufficient amount of landscape planting in order to support the 

reuse of stormwater runoff.  The proposed site includes minor landscaping 

along the perimeter of the project and will utilize drought tolerant planting.  

The available area is too small for capture and use implementation, leaving no 

space for above or underground storage tanks. 

 Y  N 

Projects that are required to use recycled water for landscape irrigation;  Y  N 

Projects in which the harvest and use of stormwater runoff would conflict with 

local, state, or federal ordinances or building codes; 
 Y  N 

Locations where storage facilities may cause potential geotechnical hazards as 

outlined in the geotechnical report; or 
 Y  N 

Locations where storage facilities may cause health and safety concerns.  Y  N 

 

If yes has been checked for any of the above questions, then Harvest and Use BMPs will not be used for the 

site and Alternative Compliance is required.   

 

If no has been checked for all above questions, then site Capture and Use is feasible and Table E 2.B below 

lists the implemented Capture and Use BMPs.  

 

Implemented Capture and Use BMPs 

Table E. 2.B 

Harvest & Use BMPs Implemented 

Rain Barrel/Cistern (RET-6)  Y  N 
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Green Roof (RET-7)  Y  N 

Other: _____________________  Y  N 

 
Additional Capture and Use Narrative: 

Capture and Use BMPs are considered infeasible. 

E.3 Alternative Compliance: 

Does the site capture 100% of the SWQDv through Infiltration and/or  

Runoff Harvest and Use based BMPs as listed above?        Y  N 

 

If yes has been checked, Alternative Compliance is not required.   

If no has been checked, Alternative Compliance is required.   

 

A. Implemented Alternative Compliance Measures: 

Table E.3.A 

Alternative Compliance Measures  Implemented 

On-site biofiltration of 1.5 times the volume of the SWQDv that is not reliably retained 

on-site;  

 

Biofiltration system treating 8694 x 1.5 =  13041 CF 

 Y  N 

On-site treatment and off-site infiltration/bioretention for the volume of the SWQDv 

that is not reliably retained on-site 
 Y  N 

Replenishment of groundwater supplies that have a designated beneficial use in 

the Water Quality Control Plan: Los Angeles Region, Basin Plan for the Coastal 

Watersheds of Los Angeles and Ventura Counties (Basin Plan), which was most 

recently adopted in June 1994 by the Regional Water Board and subsequently 

amended; or 

 Y  N 

On-site treatment and off-site infiltration/bioretention or stormwater runoff harvest 

and use of the volume of SWQDv that is not reliably retained on-site through 

retrofit an existing development with similar land uses as the project. 

 Y  N 

Other:   Y  N 

 

Acceptable Alternative Compliance BMPs are listed and implemented on-site as listed below in Table E.3.B.    

 

On-site Biofiltration and Vegetation based Stormwater Quality Control Measures  Implemented 

Biofiltration (BIO-1)  Y  N 

Stormwater Planter (VEG-1)  Y  N 

Tree-well Filter (VEG-2)  Y  N 

Vegetated Filter Strips (VEG-3)  Y  N 

Vegetated Swales (VEG-4)  Y  N 
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Table E.3.B 

 

Other:    Y  N 
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Additional Alternative Compliance Narrative: 

A Biofiltration device such as Modular Wetlands or Filterra is proposed to treat project stormwater. 

 

 

E.4 Pretreatment BMPs:  

Is pretreatment required for the project site?        Y  N 

 

If yes has been checked, the following Pretreatment BMPs will be implemented on-site.   

 

Table E.4 

Treatment-based Stormwater Quality Control Measures   

Sand Filters (T-1)  Y  N 

Constructed Wetlands (T-2)  Y  N 

Extended Detention Basins (T-3)  Y  N 

Wet Pond (T-4)  Y  N 

Permeable Pavement with an Underdrain (T-5)  Y  N 

Proprietary Devices (T-6)  Y  N 

Other:______________________  Y  N 
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G.  HYDROMODIFICATION  
 
Projects may be exempt from implementation of hydromodication control measures where assessment of 

downstream channel conditions and proposed discharge hydrology indicate the adverse hydromodiciation 

effects to beneficial uses of natural drainage systems are unlikely.  

 

Table F.1 

Exemptions  

The replacement, maintenance, or repair of an existing permitted publicly-maintained 

flood control facility, storm drain, or transportation network 
 Y  N 

Redevelopment of a previously developed site in an urbanized area that does not 

increase the effective impervious area or decrease the infiltration capacity of pervious 

areas compared to the pre-project conditions 

 

______93__% Pre Development Imperviousness 

______85__% Post Development Imperviousness 

 Y  N 

Projects that have any increased discharge directly or through a storm drain to a sump, 

lake, area under tidal influence, into a waterway that has an estimated hundred year 

peak flow of 25,000 cfs or more, or other receiving water that is not susceptible to 

hydromodification impacts 

 Y  N 

Projects that discharge directly or through a storm drain into concrete or otherwise 

engineered channel (channelized or armored with rip-rap, shotcrete), which in turn, 

discharge into receiving water that is not susceptible to hydromodification impacts. 

 

___________ Receiving water 

___________ Receiving water 

___________ Receiving water 

(Reference Appendix 10 for map showing receiving waters) 

 Y  N 

Non-designated project disturbing less than 1 acre or creating less than 10,000 square 

feet of new impervious area; or 

 Y  N 

Single-family homes that incorporate LID BMPs in accordance with the LID Standards 

Manual  

 Y  N 

 

If yes has been checked, Hydromodification control measures are not required. Refer to additional Hydromodification 

exemption narrative given below.   

If no has been checked, Hydromodification control measures are required and must meet the design criteria set forth 

by the Los Angeles County LID Manual and as given below. 

 

Additional Hydromodification Exemption Narrative: 
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H. STORMWATER BMP MAINTENANCE   
 

Maintenance Plan Requirements 

 

A Maintenance Plan is provided in Appendix X for each individual stormwater BMP. 

The Maintenance plan includes the following items: 

 

Table G.1 

Maintenance Plan  

Operation plan and schedule, including a site map  Y  N 

Maintenance and cleaning activities and schedule  Y  N 

Equipment and resource requirements necessary to operate and maintain stormwater 

quality control measure 
 Y  N 

Responsible party for operation and maintenance.   Y  N 

 
Table G.2 

Site Map  

Provide a site map showing boundaries of the site, acreage, and drainage 

patterns/contour lines.  Show each discharge location from the project site and any 

drainage flowing onto the site.  Distinguish between pervious and impervious surfaces 

on the map. 

 Y  N 

Identify locations of existing and proposed storm drain facilities, private sanitary sewer 

systems, and grade breaks for purposes of pollution preventions. 
 Y  N 

With a legend, identify locations of expected sources of pollution generation (e.g. 

outdoor work and storage areas, heavy traffic areas, delivery areas, trash enclosures, 

fueling areas, industrial clarifies, and wash-racks). Identify any areas having 

contaminated soil or where pollutants are stored or have been stored/disposed of in 

the past.   

 Y  N 

With a legend, indicate types and locations of stormwater quality control measures that 

will be built to permanently control stormwater pollution, including Global Positioning 

System X and Y coordinates.  Distinguish between pollution prevention, treatment, 

sewer diversion, and contaminated devices.   

 Y  N 

 
Table G.3 

Baseline Descriptions  

List property owners and persons responsible for operation and maintenance of the on-

site stormwater quality control measures.  Include phone numbers and addresses. 
 Y  N 

Identify the intended method of funding (i.e., homeowners association fees) for 

operation, inspection, routine maintenance, and upkeep of stormwater quality control 

measures. 

 Y  N 

List all permanent stormwater quality control measures. Provide a brief description of 

each stormwater quality control measure and, if appropriate, fact sheets or additional 
 Y  N 
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information. 

A written description and checklist of all maintenance and waste disposal activities that 

will be performed. Distinguish between the maintenance appropriate for a 2-year 

establishment period and expected long-term maintenance. For example, maintenance 

requirements for vegetation in a constructed wetland may be more intensive during the 

first few years until the vegetation is established. The post-establishment maintenance 

plan must address maintenance needs (e.g., pruning, irrigation, weeding) for a larger, 

more stable system. Include maintenance performance procedures for facility 

components that require relatively unique maintenance knowledge, such as specific 

plant removal/replacement, landscape features, or constructed wetland maintenance. 

These procedures must provide sufficient detail to a person unfamiliar with 

maintenance to perform the activity or identify the specific skills or knowledge to 

perform and document the maintenance. 

 Y  N 

A description of site inspection procedures and documentation system, 

including recordkeeping and retention requirements. 

 Y  N 

An inspection and maintenance schedule, preferably in the form of a table or matrix, for 

each activity for all facility components. The schedule must show how it will satisfy the 

specified level of performance and how maintenance/inspection activities relate to 

storm events and seasonal issues. 

 Y  N 

Identification of equipment and materials required to perform maintenance.  Y  N 

As appropriate, list all housekeeping procedures for prohibiting illicit discharges or 

potential illicit discharges to the storm drain system. Identify housekeeping BMPs that 

reduce maintenance of stormwater quality control measures. 

 Y  N 

 
Table G.4 

Spill Plan  

Provide emergency notification procedures (phone and agency/persons to 

contact). 
 Y  N 

As appropriate for site, provide emergency containment and cleaning 

procedures. 
 Y  N 

Note downstream receiving waters, wetlands, or SEAs that may be affected by 

spills or chronic untreated discharges. 
 Y  N 

As appropriate, create an emergency sampling procedure for spills. Emergency 

sampling can protect the property owner from erroneous liability for downstream 

receiving area cleanups. 

 Y  N 

 
Identify appropriate persons to be properly trained and assure documentation of 

training.  Training should include: 

 

Table G.5 

Training   

Good housekeeping procedures defined in the Maintenance Plan;  Y  N 

Proper maintenance of all pollution mitigation devices  Y  N 



Low Impact Development Plan 
1610 Artesia

City of Gardena

 

 
 

26 
Tait & Associates 

Identification and cleanup procedures for spills and overflows  Y  N 

Large-scale spill or hazardous material response; and  Y  N 

Safety concerns when maintain devices and cleaning spills.  Y  N 

 
Table G.6 

Basic Inspection and Maintenance Activities    

Create and maintain on-site, a log for inspector names, dates, and stormwater quality 

control measure to be inspected and maintained. Provide a checklist for each inspection 

and maintenance category. 

 Y  N 

Perform and document annual testing of any mechanical or electrical devices prior to 

wet weather. 
 Y  N 

Report any significant changes in stormwater quality control measures to the site 

management. As appropriate, assure mechanical devices are working properly 

and/or landscaped plants are irrigated and nurtured to promote thick growth. 

 Y  N 

Note any significant maintenance requirements due to spills or unexpected 

discharges. 
 Y  N 

As appropriate, perform maintenance and replacement as scheduled or as needed in a 

timely manner to assure stormwater quality control measures are performing as 

designed and approved. 

 Y  N 

Assure unauthorized low-flow discharges from the property do not bypass stormwater 

quality control measures. 

 Y  N 

Perform an annual assessment of each pollution-generating operation and its 

associated stormwater quality control measures to determine if any part of the 

pollution reduction train can be improved. Annual assessment reports must be 

submitted to LACDPW. 

 Y  N 

 

Operational or facility conditions or changes that significantly affect the character or quantity of pollutants discharging 

into the stormwater quality control measures may require modifications to the Maintenance Plan and/or additional 

stormwater quality control measures. 

 

If future correction or modification of past stormwater quality control measures or procedures is required, the owner 

must obtain approval from LACDPW prior to commencing any work. Corrective measures or modifications must not 

cause discharges to bypass or otherwise impede existing stormwater quality control measures. 

 

Maintenance Agreement:  

 

Verification of maintenance provisions is required for all stormwater quality control measures. If required, 

verification, at a minimum, must include: 

Table G.7 

Verification of Maintenance Provisions     

The owner/developer’s signed statement accepting responsibility for inspection 

and maintenance until the responsibility is legally transferred. An example 

Owners Certification Statement is provided in Appendix G; and either 

 Y  N 

A signed statement from the public entity assuming responsibility for  Y  N 
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stormwater quality control measure inspection and maintenance and certifying 

that it meets all design standards; or 

Written conditions in the sales or lease agreement that require the recipient to 

assume responsibility for inspection and maintenance activities and to conduct 

a maintenance inspection at least once a year; or 

 Y  N 

Written text in project conditions, covenants, and restrictions for residential 

properties that assign maintenance responsibilities to a Home Owners 

Association for inspection and maintenance of stormwater quality control 

measures; or 

 Y  N 

A legally enforceable maintenance agreement that assigns responsibility 

for inspection and maintenance of stormwater quality control measures to 

the owner/operator. A Maintenance Agreement with LACDPW must be 

executed by the owner/operator before occupancy of the project is 

approved. 

 Y  N 
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CONSTRUCTION PLANS 
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MEMORANDUM 

To: Tommy Eckes- The Picerne Group 

CC: Ryan Haskin- Tait and Associates 

From:  Kling Consulting Group 

PN: 22027-01 

Date: October 6, 2023 

Re: 1610 W. Artesia Boulevard, Gardena, California. Low Impact Development (LID) 
report, City Plan Check Comments  

Our findings from subsurface exploration, laboratory testing, and geotechnical analyses were 
presented in our Preliminary Geotechnical report dated October 31, 2022. The findings 
concluded that the underlying soils at this site are susceptible to liquefaction.  It is our 
understanding that due to site constraints, the southeast corner of the site is the low point and 
therefore the one logical location to place the surface stormwater BMPs. Given the proximity 
and vertical orientation of this location to the basement walls, and in light of potential 
liquefaction, it is our opinion that an infiltration based BMP at this location and at ground 
level should not be allowed or considered.  In our professional opinion, these site conditions 
are not compatible with infiltrating water into the subsurface soils and performing percolation 
testing to confirm this opinion is considered unnecessary.   

Sincerely, 

KLING CONSULTING GROUP, INC. 

Henry Kling 

GE 2205, Expires 3/31/2024 



Preliminary Geotechnical Investigation 
Report for Feasibility Purposes, 1610 W. 
Artesia Boulevard, Gardena, California 

90248. 

PN 22027-00 
October 31, 2022 



18008 Sky Park Circle, Suite 250, Irvine, California 92614   (949) 797-6241    Fax (949) 797-6260 

October 31, 2022 PN 22027-00

Mr. Satish Lion 
The Picerne Group 
5000 Birch St., Suite 600 
Newport Beach, California 92660 

Subject: Preliminary Geotechnical Investigation Report for Feasibility Purposes, 
1610 W. Artesia Boulevard, Gardena, California 90248 

Dear Mr. Lion, 

At your request and authorization, Kling Consulting Group, Inc. (KCG) has performed a 
preliminary geotechnical investigation report for feasibility purposes at the subject 
property located at 1610 W. Artesia Boulevard, Gardena, California (see Figure 1 - Site 
Location Map). The purpose of our evaluation is to review site geologic/geotechnical 
conditions and assess constraints for the development of the site. Subsurface field 
exploration consisting of four Cone Penetrometer (CPT) soundings and one Hollow-Stem 
Auger (HSA) boring, was completed to characterize the site conditions, determine 
engineering properties and develop feasibility-level geotechnical conclusions and 
recommendations. We expect our findings, opinions and recommendations would assist 
in formulating preliminary costs and budgets for the project. 

We appreciate this opportunity to be of continued service and to work with you on this 
project. Should you have any questions regarding this report, please do not hesitate to 
call. 

Respectfully, 

KLING CONSULTING GROUP 

John C. Holder 
Staff Engineer 

Henry F. Kling  Jeffrey P. Blake 
Principal Geotechnical Engineer  Associate Engineering Geologist 
GE 2205 Expires 3/31/22  CEG 2248 Expires 10/31/23 

      Dist: (3) one electronic PDF   
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1.0 INTRODUCTION 

1.1 Purpose and Scope 

The purpose of our preliminary geotechnical investigation has been to evaluate 
subsurface conditions at the site relative to the proposed development and provide 
feasibility level geotechnical recommendations to aid in project planning. Our subsurface 
exploration consisted of four Cone-Penetrometer Soundings (CPTs) and one Hollow-
Stem Auger (HSA) boring located within the vicinity of the proposed development. The 
boring and CPT tests locations are shown on Figure 2 – Geotechnical Map.  

1.2 Site Description 

The subject property is located at 1610 W. Artesia Boulevard in Gardena, California. The 
site location (Longitude -118.305367°, Latitude 33.872132°) and surrounding area are 
presented on Figure 1. The Los Angeles County Office of the Assessor identifies the site 
as Assessor’s ID Number 6106-013-049.  

The subject site is currently occupied by two commercial buildings and is approximately 
3.8-acres in size. Existing residential and commercial properties surround the site. The 
site is bordered on the north by Artesia Boulevard, east and west by residential and 
commercial buildings, and south by the Dominguez Channel. According to the United 
States Geological Survey (USGS) 7.5-Minute Torrance Quadrangle (USGS, 2021), the 
site surface is generally flat. The approximate elevation on the site is 25 feet above mean 
sea level. 

Based on a review of historic aerial photos (NETR, 2022) dating back to 1952, it appears 
the site was originally used for agricultural purposes before being developed sometime 
between 1972 and 1980. The commercial developments established to the east and west 
of the site appear to have been built in this same time period. The Dominguez Channel 
appears to have been constructed prior to the exitising commercial developments between 
1952 and 1963.

1.3 Proposed Development 

Our understanding of the project is based on reviewing the TPG Stein Yield Study 
prepared by TCA Architects. The proposed development comprises a five story 
residential structure (podium) with one subterranean level planned. No other specific 
information is available regarding the proposed development at this time.  
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2.0 GEOLOGIC CONDITIONS 

2.1 Regional Geologic Setting 

The subject site is located within the Los Angeles Basin in Gardena, California. This area 
resides on the northwestern margin of the Peninsular Range Geomorphic Province. The 
Los Angeles Basin terminates abruptly, forming coastal hills and mesas associated with 
the Newport-Inglewood Uplift. The dominant geologic structures of the province, near 
the subject site, include the Newport-Inglewood-Rose Canyon fault zone to the northeast.   

Geological mapping of the area indicates near-surface native soil deposits consist of 
Pleistocene aged alluvial sediments comprised of varying sediments of sand and silt of 
valley deposits.  

2.2 Site Geologic Units 

The native soils underlying the surface of the subject site consist of Old Alluvial Valley 
Deposits of late Quaternary age. A general description of these alluvial deposits is 
presented as follows: 

Old Alluvial Valley Deposits (Qoa): The Pleistocene age alluvial deposits in the vicinity 
of the site are mapped as anticipated to consist of predominantly dense to very dense silty 
sand.  

2.3 Subsurface Conditions 

2.3.1 Asphalt and Base 

The site is mantled by asphalt concrete and aggregate base to a depths of between 2 – 4 
inches from the existing ground in the vicinity of borehole KHSA-1.  

2.3.2 Artifical Fill (Af) 

The site is underlain by artificial fill consisting of clayey sand and silty clay to a depth of 
10 feet below the ground surface within the vicinity of borehole KHSA-1, and CPT-1, 
CPT-2, CPT-3 and CPT-4. 

The silty clay and clayey sand are dark brown, moist and fine to medium grained. 
Concrete and brick debris of up to 1 foot in diameter were observed within the vicinity of 
KHSA-1 at a depth of 5 feet below ground surface. 

2.3.3 Old Alluvial Valley Deposits (Qoa) 

The site is underlain by Old Alluvial Valley Deposits of Quaternary age which was 
encountered during our subsurface exploration between depths of 10 to 50 feet below the 
ground surface.  
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The late to middle Pleistocene age alluvial deposits comprised primarily clayey sand and 
silty clay. The clayey sand and silty clay were generally brown, fine grained, and moist to 
saturated. The clayey sand ranged from loose to medium dense and the silty clay is stiff 
in nature.   

2.4 Groundwater 

Groundwater was encountered within the single hollow stem boring at a depth of 21.5 
feet below ground surface and in all CPT soundings based on pore water dissipation 
readings at depths between approximately 19 and 23 feet below the existing ground 
surface. The Los Angeles County Department of Public Works established Groundwater 
Level Data web application, indicates the nearest groundwater well in the vicinity of the 
subject site’s highest ever recorded depth to water table surface was 16 feet below ground 
surface (bgs) recorded in April 1978.  

According to the Seismic Hazard Zone Report for the Torrance 7.5-Minute Quadrangle, 
the historically highest groundwater level mapped for the subject site is 10 feet below 
ground surface (bgs).  

3.0 GEOTECHNICAL ENGINEERING 

3.1 Expansive Soil Characteristics 

Expansion Index (EI) laboratory testing on a shallow soil sample from KB-1 resulted in 
an Expansion Index of 57, which is considered “medium” expansion potential (EI 51-90) 
according to the CBC.   

3.2 Sulfate Content 

Sulfate testing was performed on representative samples of the soil. The soils tested 
during this investigation indicated a class "S0" sulfate per ACI-318 (Reference 2), with a 
soluble sulfate content of 147 ppm or 0.0147%. 

3.3 Moisture and Density 

Samples were retrieved at various depths below the ground surface from the hollow-stem 
boring location and used to determine in-place dry density and moisture content. 
Moisture results indicate the sampled soils have a moisture content of ranging from 14.3 
to 30.6 percent and a dry density ranging from 94.1 to 113.4 pcf. Laboratory test results 
of dry density and moisture content are recorded on the boring log in Appendix B. 

3.4 Surface Fault Rupture 

The subject site is not located within the State of California designated Fault-Rupture 
Hazard Zone (formerly known as Alquist-Priolo Zones), where a site-specific 
investigation to determine the locations of any active faults would be required.  
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However, the Southern California region is seismically active. Active and potentially 
active faults within Southern California can produce seismic shaking at the site. It is 
anticipated that the site will periodically experience ground acceleration due to exposure 
to moderate to large magnitude earthquakes occurring on distant faults. However, no 
active faults are known to exist at the site, and the risk of surface fault rupture is 
considered low. The closest active fault zone to the subject site is the Newport-
Inglewood-Rose Canyon Fault Zone, located approximately 2.5 miles to the northeast. 

3.5 Seismic Design Parameters 

Presented below are the site seismic parameters utilizing generic geologic, seismic, and 
geotechnical data gathered for the site and the SEAC Seismic Design Tool (Reference 
14). All structures should be designed for earthquake-induced strong ground motions in 
accordance with the 2019 CBC procedures utilizing the following parameters: 

2019 CBC Seismic Design Parameters 

Site Class (Soil Profile) D 
Latitude 33.872132 
Longitude -118.305367 
Short Period Spectral Acceleration, Ss:  1.771 
1-Second Period Spectral Acceleration, 
S1: 

0.63 

Site Coefficient, Fa: 1.0 
Site Coefficient, Fv: 1.7 
Maximum Considered Earthquake 
Spectral Response Acceleration, SMS: 

1.771 

Maximum Considered Earthquake 
Spectral Response Acceleration, SM1: 

1.071 

Design Spectral Response 
Acceleration, SDS: 

1.181 

Design Spectral Response 
Acceleration, SD1: 

0.714 

Site modified peak ground acceleration 
PGAM

0.845 

Seismic Design Category D 

Note: A site-specific ground motion analysis was not included in the scope of this 
investigation. Per ASCE 7-16, 11.4.8, structures on Site Class D with S1 greater than or 
equal to 0.2 may require Site-Specific Ground Motion Analysis. However, a site-specific 
ground motion analysis may not be required based on exceptions listed in ASCE 7-16, 
11.4.8. The project structural engineer should verify whether exceptions are valid for this 
site and if a Site-Specific Ground Motion Analysis is required.   
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3.6 Liquefaction Potential 

Based on our review of published geologic data, subsurface data, the presence of a 
shallow static groundwater table, and the overall relatively loose nature of shallower on-
site soils, it is our opinion that the site is susceptible to liquefaction. The state of 
California has also established a seismic hazard zone for liquefaction at the site. 

Liquefaction was evaluated in accordance with California Geologic Survey Guidelines 
for Evaluating and Mitigating Seismic Hazards in California, 2008 (Reference 7) based 
on site peak ground acceleration, earthquake magnitude, and source characteristics 
relative to the mapped maximum considered geometric mean (MCEG) peak ground 
acceleration. The parameters used in our analysis included a probabilistic 2,475-year 
modal earthquake of 7.3 magnitude and a corresponding peak ground acceleration 
adjusted for site class effects of 0.85 g. Our analysis was performed utilizing the software 
program “CLiq v.1.7” by GeoLogismiki (Reference 9). The results of our analysis are 
presented below in Section 3.6, and a summary of the liquefaction analysis is presented in 
Appendix C- Liquefaction and Seismic Settlement Analysis.  

The liquefaction analysis was performed utilizing a historic high groundwater level at 10-
feet as presented in The Seismic Hazard Zone Report for the Torrance 7.5-Minute 
Quadrangle, Los Angeles County, California (Appendix A). 

In addition, the analysis included the following parameters and assumptions: 
• Factor of Safety = 1.3 (Chapter 6 California Geologic Survey Guidelines for 

Evaluating and Mitigating Seismic Hazards in California) 
• “Dry” seismic settlements calculated (Section 3.5.5 Los Angeles Department of 

Public Works Manual for Preparation of Geotechnical Reports)
• Soil Behavior Type Index (Ic) = 2.6018. 
• Weighting factor for volumetric strain applied11. 
• Cn limit value applied. 

3.7 Seismically-Induced Settlement 

The liquefaction analyses results for seismically induced vertical ground settlement is 
presented below. The analysis was based on both existing conditions and with 10-foot 
basement excavation and assumed high ground water level of 10 feet below ground 
surface (bgs) . 

CPT Settlement Without 
Basement (Inches) 

Settlement With Basement
(Inches)  

1 1.30 1.0 
2 0.20 0.90 
3 1.50 1.40 
4 1.80 1.40 

The overall vertical settlement calculations include seismically induced “dry” settlements. 



The Picerne Group PN 22027-00 
October 31, 2022 

S:\Projects\KCG\2022\22027-00 TPG-Stein_Gardena\22027-00 Picerne Gardena Preliminary Geo Report 10 22 (hk) (00000002).doc 

9

Based on this analysis, the seismic induced settlements range from approximately 0.2 
inches to 1.8 inches for existing conditions. It should be noted the majority of the vertical 
ground settlement (>1 inch) and up to approximately 1.6 inches occurs in the upper 20 
feet of the soil column. Vertical ground settlements at depths between 22 and 50 feet are 
less than 0.2 inches. Additionally, seismically induced differential settlement is variable 
across the site, with an estimated differential settlement of 1.3-inches over a horizontal 
distance of 170 feet (between CPT-2 and CPT-3). When seismic settlement is analyzed 
assuming the upper ten feet is excavated for the proposed basement, the calculated 
seismic settlement ranged from 0.9 inches to 1.4 inches between CPT-2 and CPT-3 with a 
differential of approximately 0.50 inches over 170 feet horizontally which is equivalent 
to approximately 0.3 inches over 100 feet. 

3.8 Seismically-Induced Lateral Displacements 

Lateral spreading, a phenomenon associated with seismically induced soil liquefaction, is 
the lateral displacement of soils due to inertial motion and lack of lateral support during 
or post liquefaction. Lateral spreading generally occurs on gently sloping ground or level 
ground with nearby free surface faces such as a drainage or stream channel. Dominguez 
Channel is considered a “free surface” in the vicinity of the site. As such, seismically 
induced lateral spreading was evaluated as part of the liquefaction assessment. 

In consideration of the close proximity to the concrete-lined Domingquez Channel and 
liquefaction settlement, the potential for lateral spreading to occur exists at the site. 
However, the exact amount of lateral spreading requires additional data and analysis 
beyond the scope of this preliminary investigation.  Nonetheless, we believe the impact to 
the proposed apartment development would be mostly limited to surface ground 
improvements. The magnitude of horizontal displacement from spreading would decrease 
at further distances from the channel. The proposed podium structure with one level of 
basement would likely resist lateral movement due to its structural integrity. More 
specific estimates of lateral spreading would be evaluated in the final (Supplemental) 
investigation.  

3.9 Seismically-Induced Landsliding 

The State of California Seismic Hazard Zone Map for the Torrance Quadrangle has not 
designated the subject site for landsliding hazard potential. The potential for seismically-
induced landsliding to occur at the site is considered very low due to the relatively flat 
topography and absence of significant slopes on or adjacent to the site. Slopes planned as 
part of the development should be engineered and constructed at a gradient of 2:1 
(horizontal: vertical) or flatter. 
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4.0 CONCLUSIONS 

The following preliminary conclusions are based upon our analysis and data review 
obtained during our subsurface field investigation. It is our opinion that the subject site is 
considered geotechnically suitable for the proposed development discussed above, 
provided the recommendations presented herein are implemented during design and 
construction.  Additional subsurface exploration, laboratory testing and geotechnical 
analysis should be performed to confirm site conditions and to finalize the geotechnical 
investigation report. 

• Based upon our review of the site, the underlying soils on-site are considered to have 
sufficient bearing capacity to support the proposed development, provided the 
preliminary recommendations herein are implemented. 

• Geroundwater was encountered in our Boring B-1 at a depth of approximately 21.5 feet 
belwo the exsiting ground surface. Apparent groundwater recorded with pore water 
dissipation measurements in the CPT Soundings was encountered in all of our tests at 
depths of between approximately 19 and 23 feet below the existing ground surface during 
our subsurface exploration. 

• Our geotechnical evaluation indicates that the upper 20 feet of the alluvial deposits that 
underlie the site are susceptible to liquefaction and seismic induced settlement due to a 
design-level earthquake incorporating the historical high groundwater level of 10 feet 
below existing grades (CGS, 1998). We estimate that liquefaction-induced vertical 
settlement for the subject apartment site would range from approximately 0.2 to 1.8 
inches, with approximately 1.6 inches of estimated differential settlement over 350 feet. 
However, the seismic settlement analyzed beneath the proposed basement ranged from 
0.9 inches to 1.4 inches resulting in differential settlement of 0.3 inches over 100 feet. 
This differential settlement of 0.3 inches over 100 feet should be incorporated into the 
overall design.  

• KCG’s professional opinion is that seismic and liquefaction-induced ground 
displacements can be mitigated by incorporating the differential settlement into the 
structural design of the building and employing a mat foundation system in the basement 
to support the proposed structure. 

• Seismically induced lateral spreading is likely to occur at the site during significant 
seismic events; however, the spreading would likely affect surface improvements more 
than the proposed podium structure. Further analysis during the supplemental 
investigation should better predict the actual magnitude and extent of spreading 

• Preliminarily, the soils underlying the site should be considered to have moderate 
expansion potential. 

• No active fault is known to exist at the site, and the risk of surface fault rupture is 
considered to be very low.  
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• The proposed development should not adversely affect neighboring properties if proper 
care is taken during the construction of proposed improvements. 

5.0 PRELIMINARY RECOMMENDATIONS 

Preliminary recommendations presented below are based on information obtained from 
the client, and the preliminary geotechnical information gathered and analyzed to date. 

5.1 Supplemental Subsurface Exploration 

During this preliminary investigation phase, our CPT Soundings were primarily 
utilized to analyze the susceptibility of the underlying soil to seismic induced 
settlement and liquefaction potential. Due to existing buildings and improvements, 
CPT and boring locations were limited to readily accessible areas. We recommend 
that a supplemental geotechnical investigation be performed that includes both 
additional CPT soundings and soil borings to further characterize subsurface 
conditions, confirm groundwater levels and perform additional laboratory testing 
on obtained soil samples collected. The supplemental investigation would further 
refine our conclusions and recommendations and to comply with the Los Angeles 
Department of Public Works Manual for Preparation of Geotechnical Reports.  

5.2 Earthwork Specifications 

All grading should be performed in accordance with the General Earthwork and 
Grading Specifications presented in Appendix E, unless specifically revised or 
amended below. Grading should also conform to all applicable governing agency 
requirements. Prior to the commencement of grading operations, all vegetation, 
organic topsoil, and man-made structures (i.e., tanks, pipes, fences, etc.) should be 
cleared and disposed of off-site. Any undocumented fill or backfill encountered 
should be removed and re-compacted. All areas receiving fill should be scarified to 
6 inches and/or over-excavated, moisture-conditioned between optimum moisture 
and two to four percent above optimum moisture content, and re-compacted to a 
minimum of 90 percent relative compaction as determined by ASTM D1557. Soil 
material excavated from the site should be adequate for re-use as compacted fill 
provided it is free of oversize rock, trash, vegetation, and other deleterious material. 
All earthwork and grading operations should be performed under the observation 
and testing of the geotechnical consultant of record. 

5.3 Preliminary Remedial Earthwork and Over-Excavation 

To provide uniform soil support for the proposed structures and reduce the 
potential for liquefaction induced settlement and settlement due to underlying 
potentially compressible soils, we recommend that the underlying soils be 
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mitigated through ground improvement methods in those areas to receive buildings 
or other settlement-sensitive improvements, where not removed by planned 
excavations. It is our understanding that the proposed podium apartment structure 
would be supported entirely on a one-level parking basement. No remedial grading 
is anticipated for soil exposed after basement excavation is performed. 

Should any at-grade structures be planned, we preliminarily anticipate remedial 
earthwork would involve over-excavation of the upper soils to maintain a minimum 
thickness of at least five (5) feet of fill below finish grade elevation, or a minimum  
of two (2) feet below proposed footings, whichever is deeper. The removal depth 
may vary laterally. As such, the recommended excavation depth may vary; this will 
need to be observed during construction. At a minimum, the removals should 
extend laterally beyond the building footprint five feet, where practical. In 
proposed pavement or flatwork areas, the depth of the removals should extend at 
least 12-inches below existing grade, or 12-inches below finish subgrade 
(whichever is deeper). 

5.4 Preliminary Proposed Building Foundations Options 

All foundation criteria are considered minimum requirements that may be superseded by 
more stringent requirements from the architect, structural engineer, or governing 
agencies. The preliminary recommended geotechnical design parameters are being 
provided for conventional spread footings and reinforced mat slab foundation systems 
with remedial earthwork for the at-grade residential buildings, if any.

5.4.1 Residential Apartment Building 

5.4.1.1 Conventional Foundations   

The following preliminary geotechnical parameters are provided for design of proposed 
conventional foundations at one level subterreanean parking. In general, the insitu soil at 
one level deep should provide support for proposed foundations. An allowable bearing 
pressure of 4000 pounds per square foot for square pad and continuous footings may be 
assumed. The minimum width and depth for continuous and square pad footings should 
be 24 inches and  24 inches, respectively. The depth is relative to finish slab elevation. 
Bearing pressures may be increased by 250 pounds per square foot per additional foot of 
width or depth to a maximum allowable bearing pressure of 5000 pounds per square foot. 
A coefficient of friction of 0.38 may be used, along with a passive lateral resistance of 
250 pounds per square foot per foot of embedment. Footings should bear on either 
approved natural ground or compacted fill in the event localized areas of soft or disturbed 
soil is exposed after excavation. 
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 If normal code requirements are used for seismic design, the allowable bearing value and 
 coefficient of friction may be increased by 1/3 for short duration loads, such as the effect 
 of wind or seismic forces. Static settlement of foundations supporting the proposed one 
 three story buildings is not expected to exceed one inch and ¼-inch over fifty horizontal 
 feet.  

 If any utility lines are within a 1:1 (horizontal: vertical) projection from the bottom of a 
 footing, they may be within the influence zone of the proposed footing load. If this 
 condition exists, the proposed footing should be deepened so that the utility is outside the 
 zone of influence; the utility line could also be relocated or encased with concrete slurry. 
 These conditions should be evaluated on a case by case basis. 

5.4.1.2 Mat Foundation 

A rigid mat foundation may be used for upport of the building at one level of 
subterranean basement. In general, the insitu soil should provide adequate support for 
proposed mat foundation. The subgrade should be evaluated upon completion of 
basement excavation. Any localized areas of soft or disturbed soil should be removed and 
recompacted prior to foundation constructioin. Mat foundations should be properly 
reinforced to form a relatively rigid structural unit in accordance with the structural 
engineering design. For designing a mat foundation, we preliminarily recommend a 
modulus of subgrade reaction of 100 pounds per square inch per inch (pci).  This value 
can be further refined as part of the supplemental investigation. A maximum bearing 
pressure of 3000 psf is also recommended. For localized areas of higher pressure (often 
required for seismic design) further evaluation is warranted to evaluate the increase in 
pressure and resulting settlement.  

5.5 Settlement 

Static settlement of proposed foundations is dependent on the actual foundation system 
selected and actual bearing pressures. For preliminary planning purposes foundation 
settlement is expected to not exceed one inch in total and one-half inch differential over 
50 horizontal feet. Anticipated liquefaction and seismic-induced settlement for the overall 
site ranges froms 0.2 to 1.8 inches. However, after basement excavation and loading, the 
seismically induced settlement is expected on the order of 0.30 inches over 100 
horizontal feet. This is considered minor settlement, however it should be refined and 
verified during the recommended supplemental investigation. 

5.6 Footing Setbacks 

All footings should maintain a minimum 7-foot horizontal setback from the base of the 
footing to any descending slope. This distance is measured from the outside footing face 
at the bearing elevation. Footings should maintain a minimum horizontal setback of H/3 
(H=slope height) from the base of the footing to the descending slope face and should be 
no less than 7 feet, and it  need not be greater than 40 feet.  
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5.7 Slab-On-Grade 

These recommendations are considered minimum requirements that may be superseded 
by more stringent requirements from the architect, structural engineer, or governing 
agencies.  

Concrete slabs should be at least 4-inches in thickness. Actual slab thickness and 
reinforcement should be determined by the structural engineer based on structural loads 
and soil interaction. Our recommendations should be superseded by the recommendations 
of the structural engineer or architect.  

New slabs-on-grade should minimally conform to the design procedure contained in 
Section 1808 of the 2019 California Building Code. The project structural engineer 
should consider these recommendations as minimum requirements and modify these 
recommendations as appropriate. 

Slab subgrade soil moisture should be at least optimum moisture prior to placement of 
concrete or vapor barrier. If the moisture content of the existing subgrade soil is less than 
optimum, pre-saturation may be required to achieve optimum prior to placing the 
capillary layer or Stego.  

Interior concrete slab-on-grade floors (if any) should be at least 4-inches in thickness 
underlain by a minimum 4-inch capillary break using ½-inch open graded gravel or 
material approved by the geotechnical engineer. The 4-inch capillary layer should be 
underlain by a 15-mil Stego Wrap vapor retarder or equivalent product with a permeance 
rate of 0.012 perms (or less) and puncture resistance of Class “A” or “B” per ASTM E 
1745-11. As per the manufacturer recommendations, all seams should overlap a 
minimum of 6 inches and should be sealed in accordance with the specifications provided 
by the vapor retarder manufacturer. All penetrations must be sealed using a combination 
of Stego Wrap, Stego Tape and/or Stego Mastic or approved equivalent. The vapor 
retarder should be lapped downward a minimum of 12 inches where the vapor retarder 
encounters an interior footing or exterior thickened edge or footing. The vapor retarder 
must be placed on top of the capillary layer if it is expected to become wet prior to the 
concrete pour. If the capillary layer can be kept dry before pouring concrete, the vapor 
retarder may be placed under the capillary layer. The water-cement ratio of structural 
concrete should be not greater than 0.50. The actual slab thickness and reinforcement 
should be determined by the project structural engineer.  

If moisture-sensitive floor coverings are utilized, interior concrete slabs should be 
designed and constructed in accordance with the applicable floor manufacturer's 
specifications. The flooring installer should conduct all applicable testing to determine if 
concrete slabs have sufficiently cured to receive flooring materials. 

The basement slab on grade, if used exclusively for vehicular parking, may not require a 
moisture retarder. However, an aggregate layer of some thickness could be considered to 
reduce moisture vapor accumulating in the basement. 



The Picerne Group PN 22027-00 
October 31, 2022 

S:\Projects\KCG\2022\22027-00 TPG-Stein_Gardena\22027-00 Picerne Gardena Preliminary Geo Report 10 22 (hk) (00000002).doc 

15

5.8 Retaining Walls  

General guidelines are provided below for retaining walls up to twelve feet in retained 
height. Please note that drainage recommendations are provided only as a means to create 
a drained condition behind proposed retaining walls. Surface drains should not be 
connected to retaining wall sub-drainage. These drains are not intended as a means of 
waterproofing. If moisture or salt deposition is not desired, or if stone facing, stucco, or 
paint is to be applied to the wall outer surface, the wall should be provided with suitable 
waterproofing. The waterproofing system for the wall should be designed by a qualified 
waterproofing consultant. Any waterproofing or drainage system damaged by soil 
placement and compaction efforts should be repaired prior to completion of backfilling. 
Foundations for proposed retaining and perimeter (non-retaining) walls which are to be 
founded into compacted fill materials may be designed utilizing an allowable bearing 
pressure as presented above for conventional foundations. 

Cantilevered retaining walls should be designed to resist equivalent fluid pressures as 
indicated in the tables below:

Case 1 – Select (Clean Sand) Backfill Condition1

Backfill 
Condition 
(Active) 

Equivalent 
Fluid Pressure 

(psf/ft) 

Level 35 

2:1 Slope 55 
1Assumes clean sand (Sand Equivalent >30) backfill see attached detail RW-1. 

Case 2 – Native Backfill Condition2

2Assumes drained native soil backfill see attached detail RW-1. 

Both the clean sand and native backfill conditions provided above assume a drained 
condition behind the proposed retaining wall. A backdrain consisting of 4-inch perforated 
plastic pipe SDR 35 or Schedule 40, encased in ¾-inch gravel wrapped in Mirafi 140N or 
equivalent filter fabric, and properly outletted. Details for retaining wall drainage are 
provided in our attached Retaining Wall Detail RW-1 (Appendix E). A seismic surcharge of 

Backfill 
Condition 
(Active) 

Equivalent 
Fluid Pressure 

(psf/ft) 

Level 55 

2:1 Slope 65 
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19H should be applied at mid-height of the wall, where H= the retained height of the wall 
greater than 6 feet.  

Additional surcharge loading considerations are not incorporated into the above values. If 
the project structural engineer wishes to incorporate additional loading due to these factors, 
the additional loads should be added to the values provided above. Foundations for 
proposed retaining walls may be designed by utilizing the recommendations for 
conventional foundations. However, when combining both frictional and passive lateral 
resistance, one or the other should be reduced by one-half. 

Active earth pressure can be assumed for temporary shoring systems such as H-beam and 
lagging that can safely deflect sufficiently to initiate an active pressure condition. More 
detailed recommendations and design parameters for shoring should be evaluated as part of 
the supplemental investigation based on selected shoring systems.  

5.8.1 Basement Walls 

 Basement walls should be designed for at-rest earth pressure. For preliminary design 
 purposes, an at-rest earth pressure should be assumed equal to 75 pounds per cubic foot.  
 Basement walls should be provided with backdrains consisting of drainage composites or 
 sand backfill in connection with an aggregate wrapped in filter fabric with 4-inch 
 diameter perforated pipe.  In general, the basement wall drainage system should be based 
 on the recommendation for drains presented in the previous section. 

5.9 Preliminary Pavement Design 

Pavement section design is provided below based on anticipated near surface soil 
conditions encountered during our investigation and assumed traffic loading. 

5.9.1 Asphalt Concrete Pavement 

R value testing was not performed as part of this investigation and should be performed 
during the supplemental investigation. However, we are assuming an R-Value of 30 for 
preliminary design purposes. 

Based on an assumed R-value of 30 the parameters below are provided for preliminary 
design purposes. Pavement sections were calculated for traffic indices of 4.0 and 5.5, 
which are commonly used for parking stalls and drive aisles subject to passenger vehicles 
and service trucks, respectively. However, the selection of actual traffic index should be 
the purview of the project civil or traffic engineer. 
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Pavement Section Design 

Location R-Value 
Traffic 
Index 

Multiple Layered 
Asphalt 
Concrete 
(inches) 

Aggregate Base* 
(inches) 

Parking Stall 30 4.0 3.0 6.0 
Drive Aisles 30 5.5 3.0 8.0 

*Aggregate base material should consist of Class 2 aggregate base materials or  
Crushed Miscellaneous Base (CMB). 

The upper 12 inches of the subgrade soils should be compacted to at least 90 percent of 
the laboratory maximum dry density (ASTM D1557). All base materials should be 
compacted to at least 95 percent of the laboratory maximum dry density (ASTM D1557). 

5.9.2 Portland Cement Concrete Pavement 

For preliminary design of concrete pavement, it is recommended that a concrete 
pavement section consisting of 6-inches of concrete underlain by at least 4-inches of 
either Class 2 aggregate base or crushed miscellaneous base (CMB) be used for 
preliminary design. Concrete Compressive strength should be 4000 psi or greater. 
Aggregate base material should be compacted to a minimum of 95 percent relative 
compaction as per ASTM D1557. Subgrade soil should be compacted to at least 90 
percent of the laboratory maximum dry density in accordance with ASTM D1557. If 
concrete crack control is desired, the slabs should be minimally reinforced with No. 4 
rebar, placed every 24 inches on center, both ways. A 10-foot square or less grid system 
should be used in the construction of continuous sections of concrete pavement or as 
recommended by the structural engineer. 

For trash enclosures, concrete pavement should consist of a minimum 8-inch thick 
concrete slab placed over a minimum of 6-inches of either Class 2 or crushed 
miscellaneous base material, compacted to 95 percent relative compaction. Concrete 
should have a minimum strength of 4000 psi and be reinforced with a minimum of No. 4 
bars placed at 24 inches on center, in each direction, positively supported (with concrete 
chairs or other devices) at mid-height in the slab. Crack control joints should be placed at 
a 10-foot maximum spacing in each direction in the slab or as recommended by the 
structural engineer. Concrete mix design should incorporate the recommendations 
presented in the slab on grade section of this report for improved geotechnical 
performance. 
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5.10 Exterior Flatwork 

The following general recommendations may be considered for concrete hardscape 
including expansive soils mitigation and may be superseded by the requirements of Los 
Angeles County. 

5.10.1 Sidewalk, Pedestrian Walkways 

Expansion 
Potential

Minimum
Concrete
Thickness 

Subgrade
Pre-Soaking Depth

Reinforcement
Joint *
Spacing

Medium 4 (Full) 120% of Optimum to 18” #3 @ 18" OC, EW 
4-5 Feet 

* Joints at curves and angle points are recommended. 

5.10.2 Driveways, Patios, Entryways 

Expansion 
Potential 

Minimum 
Concrete 
Thickness 

(in) 

Subgrade 
Pre-Soaking Depth 

Reinforcement Joint3

Spacing 
(Max) 

Medium

General Flatwork 
4 (Full) 

Driveways 
6 (Full) 

120% of Optimum to 
18” #3 @ 18" OC, EW 4-5 Feet

 3 Joints at curves and angle points are recommended. 

The above recommendations may be superseded by the project architect, structural 
engineer or the governing agency’s requirements. These recommendations are not 
intended to mitigate cracking caused by shrinkage and temperature warping. 

5.11 Drainage 

Positive drainage should be maintained away from any building or graded slope face and 
directed to suitable areas via non-erosive devices, as designed by the project civil 
engineer. For drainage over soil and paved areas immediately adjacent to structures, 
please refer to Section 1804.4 of the 2019 CBC. 
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5.12 Geotechnical Observation and Testing 

Geotechnical observation and testing should be conducted during the following stages of 
grading: 

• During all phases of rough and precise grading, footing excavations, etc. 

• During slab and flatwork subgrade pre-saturation and moisture conditioning. 

• During shoring system installation. 

• During utility trench excavation and compaction. 

• During placement of retaining wall sub-drainage, backfill, and compaction. 

For any unusual conditions encountered during grading.

6.0 PROFESSIONAL LIMITATIONS 

Geotechnical services are provided by KCG in accordance with generally accepted 
professional engineering and geologic practice in the area where these services are to be 
rendered. Client acknowledges that the present standard in the engineering and geologic 
and environmental profession does not include a guarantee of perfection and, except as 
expressly set forth in the conditions above, no warranty, expressed or implied, is 
extended by KCG. 

Geotechnical reports are based on the project description and proposed scope of work as 
described in the proposal. Our conclusions and recommendations are based on the results 
of the field, laboratory, and office studies, combined with an interpolation and 
extrapolation of soil conditions as described in the report. The results reflect our 
geotechnical interpretation of the limited direct evidence obtained. Our conclusions and 
recommendations are made contingent upon the opportunity for KCG to continue to 
provide geotechnical services beyond the scope in the proposal to include all geotechnical 
services. If parties other than KCG are engaged to provide such services, they must be 
notified that they will be required to assume complete responsibility for the geotechnical 
work of the project by concurring with the recommendations in our report or providing 
alternate recommendations. 

It is the reader's responsibility to verify the correct interpretation and intention of the 
recommendations presented herein. KCG assumes no responsibility for 
misunderstandings or improper interpretations that result in unsatisfactory or unsafe work 
products. It is the reader's further responsibility to acquire copies of any supplemental 
reports, addenda, or responses to public agency reviews that may supersede 
recommendations in this report. 
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4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Total depth: 50.39 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-01

Location:
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SBTn Index Norm. Soil Behaviour Type

SBTn (Robertson 1990)
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Total depth: 50.39 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-01

Location:

Permeability

Ksbt (ft/s)

-91x10   -61x10    -31x10   

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Permeability Young's modulus

Es (tsf)

2,0001,0000

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Young's modulusSPT N60
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SPT N60 Relative density

Dr (%)
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Relative density

Calculation parameters

Relative desnisty constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and qt

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data
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Friction angle
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Total depth: 50.39 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-01

Location:
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Constrained Modulus Shear strength

Su (tsf)

1086420

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2
Su peak
Su remolded

Shear strengthShear modulus

Go (tsf)

2,0001,000

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Shear modulus Undrained strength ratio

Su/σ',v

21.510 .50

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Undrained strength ratio OCR
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OCR

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: 14

OCR factor for clays, Nkt: 0.33

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Qtn (Robertson, 2009)

User defined estimation data
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Total depth: 50.39 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-01

Location:
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In-situ stress ratioState parameter
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State parameter Soil sensitivity
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Soil sensitivity Effective friction angle
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Effective friction angle

Calculation parameters

Soil Sensitivity factor, NS: 7.00

User defined estimation data
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18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-02

Location:
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Pressure (psi)

1050-5

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Pore pressureSleeve friction
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Sleeve friction

Cross correlation between qc & fs
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Cross correlation between qc & fs

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-02

Location:

Cone resistance qt
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Pore pressure uFriction ratio

Rf (%)
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Friction ratio SBT Index
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SBT Index Soil Behaviour Type

SBT (Robertson, 2010)
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Soil Behaviour Type
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SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-02

Location:
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SBTn Index Norm. Soil Behaviour Type

SBTn (Robertson 1990)
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project:

18008 Sky Park Circle, Suite 250
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Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-02

Location:
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SPT N60 Relative density
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Calculation parameters

Relative desnisty constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and qt

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data
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Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown
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Undrained strength ratio OCR
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OCR

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: 14

OCR factor for clays, Nkt: 0.33

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Qtn (Robertson, 2009)

User defined estimation data
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-02

Location:
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Effective friction angle

Calculation parameters

Soil Sensitivity factor, NS: 7.00

User defined estimation data
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-03

Location:
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Pore pressureSleeve friction

Friction (tsf)
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Sleeve friction

Cross correlation between qc & fs
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Cross correlation between qc & fs

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-03

Location:

Cone resistance qt

Tip resistance (tsf)
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Cone resistance qt Pore pressure u
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Pore pressure uFriction ratio

Rf (%)
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Friction ratio SBT Index
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SBT Index Soil Behaviour Type

SBT (Robertson, 2010)
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Soil Behaviour Type

Clay  & silty  clay

Clay

Clay  & silty  clay

Silty  sand & sandy  silt
Silty  sand & sandy  silt
Silty  sand & sandy  silt

Clay  & silty  clay

Silty  sand & sandy  silt

Clay  & silty  clay
Very  dense/stif f  soil
Silty  sand & sandy  silt
Clay

Clay  & silty  clay

Clay  & silty  clay

Very  dense/stif f  soil
Clay  & silty  clay
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Clay  & silty  clay
Very  dense/stif f  soil

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-03

Location:

Norm. cone resistance
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Norm. pore pressure ratioNorm. friction ratio

Fr (%)
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Norm. friction ratio SBTn Index
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SBTn Index Norm. Soil Behaviour Type

SBTn (Robertson 1990)
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Norm. Soil Behaviour Type

Very  dense/stif f  soil

Very  dense/stif f  soil
Clay  & silty  clay
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Silty  sand & sandy  silt
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Clay
Silty  sand & sandy  silt
Clay  & silty  clay

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-03

Location:

Permeability

Ksbt (ft/s)

-91x10   -61x10    -31x10   

D
e
p
th

 (
ft

)

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Permeability Young's modulus
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SPT N60 Relative density
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Relative density

Calculation parameters

Relative desnisty constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and qt

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data

Friction angle
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Friction angle
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-03

Location:
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Constrained Modulus Shear strength
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Undrained strength ratio OCR
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OCR

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: 14

OCR factor for clays, Nkt: 0.33

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Qtn (Robertson, 2009)

User defined estimation data
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.27 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-03

Location:
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Shear Wave velocity In-situ stress ratio
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In-situ stress ratioState parameter
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State parameter Soil sensitivity
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Soil sensitivity Effective friction angle

Peak φ (degrees)

20

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Effective friction angle

Calculation parameters

Soil Sensitivity factor, NS: 7.00

User defined estimation data
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.34 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-04

Location:

Cone resistance

Tip resistance (tsf)

15010050

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Cone resistance Pore pressure
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Pore pressureSleeve friction

Friction (tsf)
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Sleeve friction

Cross correlation between qc & fs
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Cross correlation between qc & fs

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.34 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-04

Location:

Cone resistance qt

Tip resistance (tsf)
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Cone resistance qt Pore pressure u

Pressure (psi)
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Pore pressure uFriction ratio

Rf (%)
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Friction ratio SBT Index

Ic SBT
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SBT Index Soil Behaviour Type

SBT (Robertson, 2010)
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Soil Behaviour Type

Clay  & silty  clay

Clay  & silty  clay
Silty  sand & sandy  silt
Clay  & silty  clay

Silty  sand & sandy  silt

Silty  sand & sandy  silt

Clay

Silty  sand & sandy  silt
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Very  dense/stif f  soil
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Clay  & silty  clay

Silty  sand & sandy  silt

Clay  & silty  clay
Silty  sand & sandy  silt

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.34 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-04

Location:
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Norm. cone resistance Norm. pore pressure ratio
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Norm. pore pressure ratioNorm. friction ratio
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Norm. friction ratio SBTn Index
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SBTn Index Norm. Soil Behaviour Type

SBTn (Robertson 1990)
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Norm. Soil Behaviour Type

Very  dense/stif f  soil
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Clay  & silty  clay
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Clay
Clay  & silty  clay
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Clay  & silty  clay

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.34 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-04

Location:
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Permeability Young's modulus
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Young's modulusSPT N60
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SPT N60 Relative density

Dr (%)
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Relative density

Calculation parameters

Relative desnisty constant, CDr: 350.0Permeability: Based on SBTn

SPT N60: Based on Ic and qt

Young’s modulus: Based on variable alpha using Ic (Robertson, 2009)

Phi: Based on Kulhawy & Mayne (1990)

User defined estimation data

Friction angle
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Friction angle

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 10/31/2022, 11:22:32 AM 22

Project file: 



Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.34 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-04

Location:

Constrained Modulus
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1,5001,000500

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Constrained Modulus Shear strength

Su (tsf)
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Su peak
Su remolded

Shear strengthShear modulus

Go (tsf)
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Shear modulus Undrained strength ratio

Su/σ',v
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Undrained strength ratio OCR

OCR
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OCR

Calculation parameters

Undrained shear strength cone factor for clays, Nkt: 14

OCR factor for clays, Nkt: 0.33

Go: Based on variable alpha using Ic (Robertson, 2009)

Constrained modulus: Based on variable alpha using  Ic and Qtn (Robertson, 2009)

User defined estimation data
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Project:

18008 Sky Park Circle, Suite 250

Irvine, California 92614

www.klingconsultinggroup.com
Total depth: 50.34 ft, Date: 10/31/2022

Surface Elevation: 0.00 ft

Coords: X:0.00, Y:0.00

Cone Type: Uknown

Cone Operator: Uknown

CPT: CPT-04

Location:

Shear Wave velocity
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Shear Wave velocity In-situ stress ratio

Ko
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In-situ stress ratioState parameter

ψ
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State parameter Soil sensitivity

S
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Soil sensitivity Effective friction angle

Peak φ (degrees)
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Effective friction angle

Calculation parameters

Soil Sensitivity factor, NS: 7.00

User defined estimation data
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:: Permeability, k (m/s) ::

cI3.04-0.952
cc 10kthen1.00Iand3.27I ⋅=><

cI1.37--4.52
cc 10kthen3.27Iand4.00I ⋅=>≤

:: NSPT (blows per 30 cm) ::

cI0.28171.1268
a

c
60

10

1

P

q
N

⋅−
⋅








=

( )
cI0.28171.1268tn601

10

1
QN

⋅−
⋅=

:: Young's Modulus, Es (MPa) ::

1.68I0.55
vt

c100.015)σ(q +⋅⋅⋅−

(applicable only to SBTn: 5, 6, 7 and 8
or Ic < Ic_cutoff)

:: Relative Density, Dr (%) ::

DR

tn

k

Q
100 ⋅

(applicable only to Ic < Ic_cutoff)

:: State Parameter, ψ ::

)log(Q0.330.56ψ cstn,⋅−=

:: Peak drained friction angle, φ (°) ::

)log(Q1117.60φ tn⋅+=

(applicable only to SBTn: 5, 6, 7 and 8)

:: 1-D constrained modulus, M (MPa) ::

1.68I0.55
vtCPT

c

vtCPT

tntn

tn

c

c100.0188)σ(qM

2.20IIf

)σ(qαM

14Qfor Qα

14Qfor 14α

2.20IIf

+⋅⋅⋅−=

≤

−⋅=

≤=

>=

>

:: Small strain shear Modulus, Go (MPa) ::

1.68I0.55
vt0

c100.0188)σ(qG +⋅⋅⋅−=

:: Shear Wave Velocity, Vs (m/s) ::

0.50

0
s

ρ

G
V 








=

:: Undrained peak shear strength, Su (kPa) ::

( )

kt

vt
u

rkt

N

σq
S

defineduser or )log(F710.50N

−
=

⋅+=

:: Overconsolidation Ratio, OCR ::

tnOCR

1.25

r

0.20
tn

OC R

QkOCR

defineduser or 
))log(F7(10.500.25

Q
k

⋅=













⋅+⋅⋅
=

:: Remolded undrained shear strength, Su(rem) (kPa) ::

( ) sremu fS =

:: Unit Weight, g (kN/m³) ::

weightunit water gwhere

1.236)
p

q
log(0.36)log(R0.27gg

w

a

t
fw

=









+⋅+⋅⋅=

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cutoff)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cutoff)

(applicable only to SBTn: 1, 2, 3, 4 and 9
or Ic > Ic_cutoff)

References

• Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Drilling & Testing, Inc., 5th Edition, November

2012

Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and assume
that all components are expressed in the same units.

• Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. J. 46(11): 1337–1355 (2009)

:: In situ Stress Ratio, Ko ::

'sin
O OCR)'sin(1K ϕϕ ⋅−=

:: Soil Sensitivity, St ::

r

S
t

F

N
S =

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cutoff)

(applicable only to SBTn: 1, 2, 3, 4 and 9 or Ic > Ic_cutoff)

:: Effective Stress Friction Angle, φ' (°) ::

( )tq
0.121
q

' logQB0.3360.256B29.5φ +⋅+⋅⋅°=

(applicable for 0.10<Bq<1.00)
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APPENDIX C 

SUMMARY OF LABORATORY TEST RESULTS 



PROJECT NO.: SOIL DESCRIPTIONS:

BORING NO./LOCATION  : DEPTH / ELEV. : LIQUID LIMIT  :

SPECIFIC GRAVITY : (Assumed) PLASTIC LIMIT:

REMARKS :

MOISTURE CONTENTSPECIMEN HEIGHT

( % ) RATIO

KB - 1

SATURATION

FINAL 0.9829 16.7 114.6

VOID

-

22027-00

( % ) ( PCF )

DK. BR. SILTY FINE SAND W/ TRACE OF CLAY (SM)

DRY DENSITY

CURVE

0.45997.3

85.0 0.484

CONSOLIDATION TEST

-15'

INITIAL 1.0000

2.68

(INCHES)

Tel: (949)797-6241    Fax: (949)797-6260     

Irvine,  Ca. 92614        

18008 Sky Park Circle, Suite 250       
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  Project Name  : Project No.  :

  Boring / Sample No   : Depth : 22.5' (ft.) Tested By : Date:

  Sample Descriptions  /  Classification    : DK. BROWN SANDY CLAY (CL)

Applied Normal Load             (ksf)

Lateral Displacement, dh  (in.)

Displacement Rate, dr ( in./min.)

Initial Final Initial Final Initial Final Elapsed Time of Test, te (min.)

Wet Weight of Soil + Ring    (gms) 186.93 186.77 189.19 188.86 194.16 193.3 Specimen :      Undisturbed    :

Dry Weight of Soil + Ring     (gms) 153.53 155.16 159.16      Remolded    :

Weight of Water                   (gms) - 46.54 - 47.28 - 45.81      Reconstituted  :

Weight of Ring                     (gms) - 44.36 - 43.93 - 44.78

Weight of Dry Soil                (gms) - 109.17 - 111.23 - 114.38

Moisture Content                   ( % ) 30.6 42.6 30.6 42.5 30.6 40.1 Cohesion,c   (psf)

Wet Density                           (pcf) 119.0 118.9 121.3 121.0 124.7 124.0 Friction Angle,  f

Dry Density                            (pcf) - 83.3 - 84.9 - 88.5

Specific Gravity,Gs      (Assumed)      Remarks    :

81.5 113.5 84.5 117.4 92.2 120.7

- 1.007 - 0.970 - 0.889

        8008 Sky Park Circle, Suite 250

        Irvine, Ca. 92614

0.05

7.20

PEAK

26

ULTIMATE

        Tel: (949)797-6241      Fax: (949)797-6260  

Void Ratio

( ASTM D3080 )

DIRECT SHEAR

SANDY CLAY LOAD 4000 CLAYEY

LOAD 1000 & 2000

TEST

PICERNE GARDENA

KB - 1

1.0

-

X

1.416 2.448

22027-00

7-Oct-22RB

450 100

25

Degree of Saturation,              (%)

Thickness of Specimen,         (in.)

Shear Stress,(Ultimate)         (ksf)

Density and Saturation

1.00

Shear Stress,(Peak)              (ksf)

2.68

2.2800.600 1.080

SAND                                           

2.0 4.0
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   PROJECT NAME   : PROJECT NUMBER   :

TESTED BY :    DATE :

SAMPLED BY:            DATE :

   SOIL DESCRIPTIONS / CLASSIFICATION  :

WET WT. OF SOIL + RING                    (g)

WEIGHT OF RING                                 (g)

WET WEIGHT OF SOIL                                (g)

FACTOR

WET DENSITY                                     (pcf)

DRY DENSITY                                    (pcf)

DEGREE OF SATURATION                 (%)

WET WEIGHT OF SOIL                            (g)

DRY WEIGHT OF SOIL                             (g)

MOISTURE CONTENT                       (%)

psf

WET WT. + RING          (g)

DRY WT. + RING          (g)

MOISTURE CONTENT (%)

SAMPLE LENGTH      (cm)

SAMPLE AREA       (cm2)

VOLUME                     (cc)

WT. OF RING               (g)

DRY DENSITY            (pcf)

SPEC.GRAVITY (assumed)

SATURATION             (%)

REMARKS  :

18008 Sky Park Circle, Suite 250

Irvine, Ca. 92614

Tel: (949)797-6241        Fax: (949)797-6260

22027-00

EXPANSION INDEX

4

RB

JH 30-Sep-22

592.63

204.36

388.27

604.39

204.36

TRIAL NUMBER

LOCATION :   SAMPLE NO. :

DK. BROWN CLAYEY SAND (SC)

1

144

DEFLECTION

( in. )

( UBC 18-2 )

0.371

SURCHARGE  :

FINAL DENSITY & SATURATION

% RETAINED ON #4 SIEVE

#DIV/0!
        E. I.  

400.03

#DIV/0!

PICERNE GARDENA

KB - 1 @ 0 - 5'

   TRACT NUMBER :

   LOT NUMBER :

11-Oct-22

10-Oct

0.314

0.369

( in. )

280.75294.19

8.6

0.3030

32

117.6 121.2

0.3030

   DATE
DIAL READING

10:25

10-Oct 8:00

319.52

11:00

11-Oct

108.3

#DIV/0!

2

0.057

307.42

RACK NO.  :

9.5

TIME (min.)

57   SO4 147 ppm

110.7

ELAPSED

MOISTURE DETERMINATION

   TIME



APPENDIX D 

LIQUEFACTION AND SEISMIC SETTLEMENT ANALYSIS 



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

Kling Consulting Group, Inc.

18008 Sky Park Circle, Suite 250

Irvine, CA 92614

www.klingconsultinggroup.com

CPT file : CPT-1

21.50 ft
10.00 ft
5
2.60
Based on SBT

Excavation:
Excavation depth:
Footing load:
Trans. detect. applied:
Kσ applied:

Yes
12.00 ft
2.00 tsf
Yes
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

All soils
Yes
50.00 ft
Method based

Cone resistance
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Cone resistance SBTn Plot

Ic (Robertson 1990)
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SBTn Plot CRR plot
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CRR & CSR
0.60.40.20

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

CRR plot

During earthq.
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Rf (%)
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Friction Ratio

Mw=71/2, sigma'=1 atm base curve Summary of liquefaction potential

FS Plot

Factor of safety
21.510.50
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance
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Cone resistance
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Rf (%)
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Friction Ratio Pore pressure

u (psi)
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Pore pressure

Insitu

SBT Plot

Ic(SBT)
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SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
181614121086420
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Soil Behaviour Type
Clay
Clay & silty clay
Silty sand & sandy silt
Clay & silty clay

Silty sand & sandy silt
Clay & silty clay

Clay & silty clay

Clay & silty clay

Clay
Clay & silty clay

Clay & silty clay

Clay
Clay

Clay & silty clay

Clay
Clay & silty clay

Silty sand & sandy silt

Sand & silty sand
Silty sand & sandy silt

Clay
Clay & silty clay

Clay & silty clay
Clay
Silty sand & sandy silt

Clay & silty clay

Silty sand & sandy silt

Clay & silty clay

Very dense/stiff soil
Clay

Clay & silty clay

Clay & silty clay

Very dense/stiff soil
Clay
Clay & silty clay
Silty sand & sandy silt
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained
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Norm. cone resistance
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Norm. cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s  ( n o r m a l i z e d )

Norm. friction ratio

Fr (%)
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Norm. friction ratio Nom. pore pressure ratio

Bq
10.80.60.40.20-0.2
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Nom. pore pressure ratio SBTn Plot

Ic (Robertson 1990)
4321
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SBTn Plot Norm. Soil Behaviour Type

SBTn (Robertson 1990)
181614121086420
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Norm. Soil Behaviour Type
Clay & silty clay

Silty sand & sandy silt

Clay & silty clay
Sand & silty sand

Clay & silty clay

Very dense/stiff soil

Very dense/stiff soil

Clay & silty clay
Clay & silty clay

Clay & silty clay

Clay
Clay & silty clay
Clay & silty clay
Very dense/stiff soil
Sand & silty sand
Silty sand & sandy silt

Clay
Clay & silty clay

Clay & silty clay
Clay
Clay & silty clay
Clay & silty clay
Clay & silty clay

Clay & silty clay
Clay
Clay & silty clay
Clay
Clay & silty clay
Clay & silty clay
Clay
Clay & silty clay
Very dense/stiff soil
Clay & silty clay
Clay
Clay & silty clay

Clay & silty clay

Clay

Clay & silty clay
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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Total cone resistance
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SBTn Index Norm. cone resistance
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Norm. cone resistance Grain char. factor

Kc
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Grain char. factor Corrected norm. cone resistance
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Corrected norm. cone resistance
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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CRR plot

EXCA V ATED
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CRR plot

During earthq.

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s

FS Plot

Factor of safety
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FS Plot

During earthq.

LPI

Liquefaction potential
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LPI Vertical settlements
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Vertical settlements Lateral displacements

EXC A V ATED

Displacement (in)
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Lateral displacements
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F.S. color scheme LPI color schemeInput parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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L i q u e f a c t i o n  a n a l y s i s  s u m m a r y  p l o t s
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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Norm. cone resistance
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Grain char. factor
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Grain char. factor Corrected norm. cone resistance

Qtn,cs
200150100500

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Corrected norm. cone resistance SBTn Index

Ic (Robertson 1990)
4321
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SBTn Index Liquefied Su/Sig'v

Su/Sig'v
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Peak Su ratio
Liq. Su ratio

Liquefied Su/Sig'v
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

Kling Consulting Group, Inc.

18008 Sky Park Circle, Suite 250

Irvine, CA 92614

www.klingconsultinggroup.com

CPT file : CPT-2

21.50 ft
10.00 ft
5
2.60
Based on SBT

Excavation:
Excavation depth:
Footing load:
Trans. detect. applied:
Kσ applied:

Yes
12.00 ft
2.00 tsf
Yes
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

All soils
Yes
50.00 ft
Method based
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Cone resistance SBTn Plot

Ic (Robertson 1990)
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SBTn Plot CRR plot
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CRR plot

During earthq.
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Friction Ratio

Rf (%)
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Friction Ratio

Mw=71/2, sigma'=1 atm base curve Summary of liquefaction potential

FS Plot

Factor of safety
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance
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Cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s

Friction Ratio

Rf (%)
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Friction Ratio Pore pressure

u (psi)
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Pore pressure

Insitu

SBT Plot

Ic(SBT)
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SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
181614121086420
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Soil Behaviour Type
Sand & silty sand
Silty sand & sandy silt

Clay & silty clay

Silty sand & sandy silt
Sand & silty sand

Clay & silty clay
Very dense/stiff soil
Clay & silty clay

Clay & silty clay
Silty sand & sandy silt

Silty sand & sandy silt
Clay

Silty sand & sandy silt
Clay & silty clay
Clay

Clay
Silty sand & sandy silt

Clay
Clay & silty clay
Clay & silty clay
Clay & silty clay
Clay & silty clay

Clay & silty clay
Silty sand & sandy silt
Clay & silty clay

Very dense/stiff soil
Clay & silty clay

Clay & silty clay

Very dense/stiff soil

Clay & silty clay

Very dense/stiff soil

Very dense/stiff soil
Clay

Clay & silty clay

Silty sand & sandy silt
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained
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Norm. cone resistance
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Norm. friction ratio Nom. pore pressure ratio

Bq
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Nom. pore pressure ratio SBTn Plot

Ic (Robertson 1990)
4321
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SBTn Plot Norm. Soil Behaviour Type

SBTn (Robertson 1990)
181614121086420
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Norm. Soil Behaviour Type
Sand & silty sand
Silty sand & sandy silt
Very dense/stiff soil
Silty sand & sandy silt
Silty sand & sandy silt

Sand & silty sand
Silty sand & sandy silt

Very dense/stiff soil
Clay & silty clay
Clay & silty clay
Clay & silty clay

Clay & silty clay
Clay & silty clay

Clay & silty clay
Clay & silty clay
Clay
Clay & silty clay

Clay & silty clay
Clay & silty clay

Clay

Clay & silty clay

Clay
Clay & silty clay
Silty sand & sandy silt
Clay & silty clay
Clay

Clay
Clay
Clay

Clay & silty clay

Clay

Clay & silty clay
Clay & silty clay
Clay & silty clay

Clay

Clay & silty clay

Clay

Clay & silty clay
Clay
Clay & silty clay
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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Total cone resistance
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SBTn Index Norm. cone resistance
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Norm. cone resistance Grain char. factor

Kc
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Grain char. factor Corrected norm. cone resistance

Qtn,cs
200150100500

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Corrected norm. cone resistance
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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CRR plot

EXCA V ATED
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CRR plot

During earthq.

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s

FS Plot

Factor of safety
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FS Plot

During earthq.

LPI

Liquefaction potential
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LPI Vertical settlements
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Vertical settlements Lateral displacements
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Displacement (in)
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Lateral displacements
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F.S. color scheme LPI color schemeInput parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk
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L i q u e f a c t i o n  a n a l y s i s  s u m m a r y  p l o t s
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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Norm. cone resistance
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Grain char. factor Corrected norm. cone resistance
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Corrected norm. cone resistance SBTn Index

Ic (Robertson 1990)
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SBTn Index Liquefied Su/Sig'v
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Peak Su ratio
Liq. Su ratio

Liquefied Su/Sig'v
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

Kling Consulting Group, Inc.

18008 Sky Park Circle, Suite 250

Irvine, CA 92614

www.klingconsultinggroup.com

CPT file : CPT-3

21.50 ft
10.00 ft
5
2.60
Based on SBT

Excavation:
Excavation depth:
Footing load:
Trans. detect. applied:
Kσ applied:

Yes
12.00 ft
2.00 tsf
Yes
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

All soils
Yes
50.00 ft
Method based

Cone resistance
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Cone resistance SBTn Plot
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SBTn Plot CRR plot
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CRR plot

During earthq.
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Rf (%)
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Friction Ratio

Mw=71/2, sigma'=1 atm base curve Summary of liquefaction potential

FS Plot

Factor of safety
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance
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Cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s
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Rf (%)
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Friction Ratio Pore pressure

u (psi)
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Pore pressure

Insitu

SBT Plot

Ic(SBT)
4321
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SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
181614121086420
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Soil Behaviour Type
Sand & silty sand

Clay

Clay & silty clay

Silty sand & sandy silt
Silty sand & sandy silt
Silty sand & sandy silt

Silty sand & sandy silt

Clay & silty clay

Very dense/stiff soil
Silty sand & sandy silt
Clay
Clay
Clay
Clay & silty clay
Very dense/stiff soil
Clay & silty clay
Clay & silty clay
Clay & silty clay
Clay

Clay & silty clay

Clay
Clay & silty clay
Clay
Clay

Clay
Clay & silty clay
Clay & silty clay
Clay
Clay & silty clay
Silty sand & sandy silt

Clay & silty clay

Silty sand & sandy silt
Clay & silty clay
Very dense/stiff soil
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained
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Norm. cone resistance
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Norm. cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s  ( n o r m a l i z e d )

Norm. friction ratio

Fr (%)
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Norm. friction ratio Nom. pore pressure ratio

Bq
10.80.60.40.20-0.2

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Nom. pore pressure ratio SBTn Plot

Ic (Robertson 1990)
4321
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SBTn Plot Norm. Soil Behaviour Type

SBTn (Robertson 1990)
181614121086420
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Norm. Soil Behaviour Type
Sand

Clay & silty clay

Silty sand & sandy silt

Silty sand & sandy silt

Very dense/stiff soil

Silty sand & sandy silt
Very dense/stiff soil
Silty sand & sandy silt
Sand & silty sand
Clay & silty clay

Very dense/stiff soil
Silty sand & sandy silt
Clay
Clay
Clay
Clay & silty clay
Clay
Silty sand & sandy silt
Clay & silty clay

Clay

Clay & silty clay

Clay

Clay & silty clay

Clay

Clay & silty clay
Clay
Clay & silty clay

Clay

Clay & silty clay
Clay
Silty sand & sandy silt
Clay & silty clay
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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qt (tsf)
160140120100806040

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Total cone resistance

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s  ( i n t e r m e d i a t e  r e s u l t s )

SBTn Index

Ic (Robertson 1990)
4321

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

SBTn Index Norm. cone resistance
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Norm. cone resistance Grain char. factor

Kc
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Grain char. factor Corrected norm. cone resistance
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Corrected norm. cone resistance
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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CRR plot

EXCA V ATED

CRR & CSR
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CRR plot

During earthq.

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s

FS Plot

Factor of safety
21.510.50
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FS Plot

During earthq.

LPI

Liquefaction potential
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Settlement (in)
10.50

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

Vertical settlements Lateral displacements

EXC A V ATED

Displacement (in)
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Lateral displacements
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F.S. color scheme LPI color schemeInput parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk



This software is licensed to: Kling Consulting Group, Inc. CPT name: CPT-3

L i q u e f a c t i o n  a n a l y s i s  s u m m a r y  p l o t s
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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Norm. cone resistance
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Grain char. factor Corrected norm. cone resistance

Qtn,cs
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Corrected norm. cone resistance SBTn Index

Ic (Robertson 1990)
4321
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SBTn Index Liquefied Su/Sig'v

Su/Sig'v
0.50.40.30.20.10
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Peak Su ratio
Liq. Su ratio

Liquefied Su/Sig'v
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : Location : 

Kling Consulting Group, Inc.

18008 Sky Park Circle, Suite 250

Irvine, CA 92614

www.klingconsultinggroup.com

CPT file : CPT-4

21.50 ft
10.00 ft
5
2.60
Based on SBT

Excavation:
Excavation depth:
Footing load:
Trans. detect. applied:
Kσ applied:

Yes
12.00 ft
2.00 tsf
Yes
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

All soils
Yes
50.00 ft
Method based

Cone resistance
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Cone resistance SBTn Plot

Ic (Robertson 1990)
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SBTn Plot CRR plot

EXC A V A TED

CRR & CSR
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CRR plot

During earthq.
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Friction Ratio

Mw=71/2, sigma'=1 atm base curve Summary of liquefaction potential

FS Plot

Factor of safety
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading

Zone A2: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening

Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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Cone resistance

qt (tsf)
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Cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s

Friction Ratio

Rf (%)
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Friction Ratio Pore pressure

u (psi)
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Pore pressure

Insitu

SBT Plot

Ic(SBT)
4321

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

SBT Plot Soil Behaviour Type

SBT (Robertson et al. 1986)
181614121086420
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Soil Behaviour Type
Sand & silty sand

Clay & silty clay

Silty sand & sandy silt

Silty sand & sandy silt
Clay & silty clay
Clay & silty clay

Clay & silty clay
Clay & silty clay
Clay

Clay

Clay & silty clay

Clay & silty clay
Clay & silty clay
Clay & silty clay
Clay & silty clay

Silty sand & sandy silt
Clay
Clay & silty clay

Clay & silty clay

Clay
Clay
Clay
Clay & silty clay
Very dense/stiff soil

Clay & silty clay
Clay & silty clay
Clay & silty clay

Clay & silty clay

Silty sand & sandy silt

Clay & silty clay
Silty sand & sandy silt
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained
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Norm. cone resistance
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Norm. cone resistance

C P T  b a s i c  i n t e r p r e t a t i o n  p l o t s  ( n o r m a l i z e d )

Norm. friction ratio

Fr (%)
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Norm. friction ratio Nom. pore pressure ratio

Bq
10.80.60.40.20-0.2
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Nom. pore pressure ratio SBTn Plot

Ic (Robertson 1990)
4321

D
e
p
th

 (
ft

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

SBTn Plot Norm. Soil Behaviour Type

SBTn (Robertson 1990)
181614121086420
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Norm. Soil Behaviour Type
Sand & silty sand

Silty sand & sandy silt
Very dense/stiff soil

Silty sand & sandy silt

Sand & silty sand
Silty sand & sandy silt
Clay & silty clay
Silty sand & sandy silt
Clay & silty clay

Clay & silty clay

Clay

Clay & silty clay
Clay

Clay
Clay & silty clay

Clay & silty clay
Clay & silty clay

Clay

Clay & silty clay

Clay

Clay & silty clay
Clay
Clay
Clay

Clay

Clay & silty clay

Clay

Clay & silty clay
Clay
Clay & silty clay

Clay
Clay & silty clay
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SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty
clay5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to
clayey sand
9. Very stiff fine grained

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft
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Total cone resistance
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Total cone resistance
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SBTn Index
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SBTn Index Norm. cone resistance
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Norm. cone resistance Grain char. factor

Kc
109876543210
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Grain char. factor Corrected norm. cone resistance

Qtn,cs
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Corrected norm. cone resistance
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Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft



This software is licensed to: Kling Consulting Group, Inc. CPT name: CPT-4
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CRR plot

During earthq.

L i q u e f a c t i o n  a n a l y s i s  o v e r a l l  p l o t s
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During earthq.
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Vertical settlements Lateral displacements
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CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 10/27/2022, 9:56:34 AM 29
Project file: 

F.S. color scheme LPI color schemeInput parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no liq. are equally likely

Unlike to liquefy

Almost certain it will not liquefy

Very high risk

High risk

Low risk



This software is licensed to: Kling Consulting Group, Inc. CPT name: CPT-4

L i q u e f a c t i o n  a n a l y s i s  s u m m a r y  p l o t s

CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 10/27/2022, 9:56:34 AM 30
Project file: 

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft



This software is licensed to: Kling Consulting Group, Inc. CPT name: CPT-4
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Grain char. factor Corrected norm. cone resistance
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Corrected norm. cone resistance SBTn Index

Ic (Robertson 1990)
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SBTn Index Liquefied Su/Sig'v
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Peak Su ratio
Liq. Su ratio

Liquefied Su/Sig'v

CLiq v.1.7.6.34 - CPT Liquefaction Assessment Software - Report created on: 10/27/2022, 9:56:34 AM 31
Project file: 

Input parameters and analysis data

Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

Robertson (2009)
Robertson (2009)
Based on Ic value
7.30
0.85
21.50 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Excavation:
Excavation depth:

10.00 ft
5
2.60
Based on SBT
Yes
12.00 ft

Footing load:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

2.00 tsf
Yes
Yes
All soils
Yes
50.00 ft



This software is licensed to: Kling Consulting Group, Inc. CPT name: CPT-4

:: Liquefaction Potential Index calculation data ::

Depth
(ft)

FLFS LPIwz dz Depth
(ft)

FLFS LPIwz dz
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APPENDIX 4 
LID INFEASIBILITY 

 

 

 

 

 

 

 

This project is able to meet all LID treatment requirements, infeasibility is not applicable. 
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APPENDIX 5 
BMP CALCULATIONS 
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PROJECT 85TH
PERCENTILE
DEPTH = 0.9"



Peak Flow Hydrologic Analysis
File location: K:/Drawings/SP/SP8994 - Gardena/Docs/Reports/LID/Appendix 5 - BMP Calculations/SP9018 - Torrance - Subarea A.pdf
Version: HydroCalc 0.3.1-beta

Input Parameters
Project Name Project
Subarea ID A
Area (ac) 3.44
Flow Path Length (ft) 700.0
Flow Path Slope (vft/hft) 0.01
85th Percentile Rainfall Depth (in) 0.9
Percent Impervious 0.85
Soil Type 13
Design Storm Frequency 85th percentile storm
Fire Factor 0
LID True

Output Results
Modeled (85th percentile storm) Rainfall Depth (in) 0.9
Peak Intensity (in/hr) 0.2181
Undeveloped Runoff Coefficient (Cu) 0.1
Developed Runoff Coefficient (Cd) 0.78
Time of Concentration (min) 34.0
Clear Peak Flow Rate (cfs) 0.5852
Burned Peak Flow Rate (cfs) 0.5852
24-Hr Clear Runoff Volume (ac-ft) 0.1996
24-Hr Clear Runoff Volume (cu-ft) 8693.6965



1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.65 3.70 3.75 3.80 3.85 3.90 3.95

MWS‐L‐4‐4 6.70 1.0 0.022 0.023 0.025 0.026 0.028 0.029 0.031 0.032 0.034 0.035 0.037 0.038 0.040 0.042 0.043 0.045 0.046 0.048 0.049 0.051 0.052 0.054 0.055 0.056 0.057 0.058 0.058 0.059 0.060 0.061

MWS‐L‐3‐6 10.06 1.0 0.032 0.035 0.037 0.039 0.042 0.044 0.046 0.048 0.051 0.053 0.055 0.058 0.060 0.062 0.065 0.067 0.069 0.072 0.074 0.076 0.078 0.081 0.083 0.084 0.085 0.087 0.088 0.089 0.090 0.091

MWS‐L‐4‐6 9.30 1.0 0.030 0.032 0.034 0.036 0.038 0.041 0.043 0.045 0.047 0.049 0.051 0.053 0.055 0.058 0.060 0.062 0.064 0.066 0.068 0.070 0.073 0.075 0.077 0.078 0.079 0.080 0.081 0.082 0.083 0.084

MWS‐L‐4‐8 14.80 1.0 0.048 0.051 0.054 0.058 0.061 0.065 0.068 0.071 0.075 0.078 0.082 0.085 0.088 0.092 0.095 0.099 0.102 0.105 0.109 0.112 0.115 0.119 0.122 0.124 0.126 0.127 0.129 0.131 0.132 0.134

MWS‐L‐4‐13 18.40 1.0 0.059 0.063 0.068 0.072 0.076 0.080 0.084 0.089 0.093 0.097 0.101 0.106 0.110 0.114 0.118 0.122 0.127 0.131 0.135 0.139 0.144 0.148 0.152 0.154 0.156 0.158 0.160 0.163 0.165 0.167

MWS‐L‐4‐15 22.40 1.0 0.072 0.077 0.082 0.087 0.093 0.098 0.103 0.108 0.113 0.118 0.123 0.129 0.134 0.139 0.144 0.149 0.154 0.159 0.165 0.170 0.175 0.180 0.185 0.188 0.190 0.193 0.195 0.198 0.200 0.203

MWS‐L‐4‐17 26.40 1.0 0.085 0.091 0.097 0.103 0.109 0.115 0.121 0.127 0.133 0.139 0.145 0.151 0.158 0.164 0.170 0.176 0.182 0.188 0.194 0.200 0.206 0.212 0.218 0.221 0.224 0.227 0.230 0.233 0.236 0.239

MWS‐L‐4‐19 30.40 1.0 0.098 0.105 0.112 0.119 0.126 0.133 0.140 0.147 0.153 0.160 0.167 0.174 0.181 0.188 0.195 0.202 0.209 0.216 0.223 0.230 0.237 0.244 0.251 0.255 0.258 0.262 0.265 0.269 0.272 0.276

MWS‐L‐4‐21 34.40 1.0 0.111 0.118 0.126 0.134 0.142 0.150 0.158 0.166 0.174 0.182 0.189 0.197 0.205 0.213 0.221 0.229 0.237 0.245 0.253 0.261 0.268 0.276 0.284 0.288 0.292 0.296 0.300 0.304 0.308 0.312

MWS‐L‐6‐8 18.80 1.0 0.060 0.065 0.069 0.073 0.078 0.082 0.086 0.091 0.095 0.099 0.104 0.108 0.112 0.116 0.121 0.125 0.129 0.134 0.138 0.142 0.147 0.151 0.155 0.157 0.160 0.162 0.164 0.166 0.168 0.170

MWS‐L‐8‐8 29.60 1.0 0.095 0.102 0.109 0.115 0.122 0.129 0.136 0.143 0.149 0.156 0.163 0.170 0.177 0.183 0.190 0.197 0.204 0.211 0.217 0.224 0.231 0.238 0.245 0.248 0.251 0.255 0.258 0.262 0.265 0.268

MWS‐L‐8‐12 44.40 1.0 0.143 0.153 0.163 0.173 0.183 0.194 0.204 0.214 0.224 0.234 0.245 0.255 0.265 0.275 0.285 0.296 0.306 0.316 0.326 0.336 0.346 0.357 0.367 0.372 0.377 0.382 0.387 0.392 0.397 0.402

MWS‐L‐8‐16 59.20 1.0 0.190 0.204 0.217 0.231 0.245 0.258 0.272 0.285 0.299 0.312 0.326 0.340 0.353 0.367 0.380 0.394 0.408 0.421 0.435 0.448 0.462 0.476 0.489 0.496 0.503 0.509 0.516 0.523 0.530 0.537

MWS‐L‐8‐20 74.00 1.0 0.238 0.255 0.272 0.289 0.306 0.323 0.340 0.357 0.374 0.391 0.408 0.425 0.442 0.459 0.476 0.493 0.509 0.526 0.543 0.560 0.577 0.594 0.611 0.620 0.628 0.637 0.645 0.654 0.662 0.671

MWS‐L‐10‐20 or      
MWS‐L‐8‐24

88.80 1.0 0.285 0.306 0.326 0.346 0.367 0.387 0.408 0.428 0.448 0.469 0.489 0.509 0.530 0.550 0.571 0.591 0.611 0.632 0.652 0.673 0.693 0.713 0.734 0.744 0.754 0.764 0.774 0.785 0.795 0.805

4'x'4 media cage 14.80 1.0 0.048 0.051 0.054 0.058 0.061 0.065 0.068 0.071 0.075 0.078 0.082 0.085 0.088 0.092 0.095 0.099 0.102 0.105 0.109 0.112 0.115 0.119 0.122 0.124

MWS MODEL SIZE

WETLAND 
PERMITER 
LENGTH

LOADING 
RATE 

GPM/SF

HGL HEIGHT

SHALLOW MODELS STANDARD 
HEIGHT MODEL HIGH CAPACITY MODELS

MWS Linear 2.0 HGL Sizing Calculations

Required treatment
flow rate = 0.585 cfs
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BMP DETAIL AND FACT SHEETS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 



ENGINEERED SOLUTIONS

Modular Wetlands® Linear 
Stormwater Biofiltration



Your Contech Team
Contech is the leader in stormwater solutions, helping 
engineers, contractors and owners with infrastructure 
and land development projects throughout North 
America.

With our responsive team of stormwater experts, local 
regulatory expertise and flexible solutions, Contech is 
the trusted partner you can count on for stormwater 
management solutions.

The experts you need to 
 solve your stormwater challenges

STORMWATER  
CONSULTANT
It’s my job to recommend  
the best solution to meet  
permitting requirements.

STORMWATER  
DESIGN ENGINEER
I work with consultants to design 
the best approved solution to 
meet your project’s needs.

REGULATORY MANAGER
I understand the local stormwater  
regulations and what solutions  
will be approved.

SALES ENGINEER
I make sure our solutions  
meet the needs of the contractor 
during construction.

 Contech is your partner in stormwater management solutions



Your Contech Team

 Contech is your partner in stormwater management solutions

The Modular Wetlands® Linear is the only biofiltration system to utilize patented 
horizontal flow, allowing for a small footprint, high treatment capacity, and design 
versatility. It is also the only biofiltration system that can be routinely installed 
downstream of storage for additional volume control and treatment.

With numerous regulatory approvals, the system’s aesthetic appeal and superior 
pollutant removal make it the ideal solution for a wide range of stormwater 
applications, including urban development projects, commercial parking lots, 
residential streets, mixed-use developments, streetscapes, and more. 

As cities grow, there is less space for 
natural solutions to treat stormwater. 
Contech understands this and is 
committed to providing compact, 
Low Impact Development (LID) 
solutions like the Modular Wetlands 
Linear to protect our nation’s 
waterways. 

Restoring Nature’s Presence in Urban 
Areas – Modular Wetlands® Linear

ENGINEERED SOLUTIONS



 Using horizontal flow to improve performance 

1. PRETREATMENT | Stormwater enters the pretreatment chamber where total suspended solids settle, and trash 
and debris are contained within the chamber. Stormwater then travels through the pretreatment filter boxes that 
provide additional treatment.

2. BIOFILTRATION | As water enters the biofiltration chamber, it fills the void space in the chamber’s perimeter. 
Horizontal forces push the water inward through the biofiltration media, where nutrients and metals are captured. 
The water then enters the drain pipe to be discharged.

3. DISCHARGE | The specially designed vertical drain pipe and orifice control plate control the flow of water through 
the media to a level lower than the media’s capacity, ensuring media effectiveness. The water then enters the 
horizontal drain pipe to be discharged.

4. BYPASS | During peak flows, an internal weir in the side-by-side configuration allows high flows to bypass 
treatment, eliminating flooding and the need for a separate bypass structure. Bypass is not provided in the end-to 
end configuration.

How the Modular Wetlands® Linear Works

1

2

3

4

21 1 3

4

End View
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 Using horizontal flow to improve performance 

FEATURE BENEFITS

Pretreatment chamber Enhanced pollutant removal, faster maintenance

Horizontal flow biofiltration Greater filter surface area 

Performance verified by both the WA DOE and NJ DEP Superior pollutant capture with confidence

Built-in high flow bypass Eliminates flooding and the need for a separate bypass 
structure

Available in multiple configurations and sizes Flexibility to meet site-specific needs

Modular Wetlands Linear is approved through numerous local, 
state and federal programs, including but not limited to:

 � Washington State Department of Ecology TAPE

 � California Water Resources Control Board, Full Capture 
Certification 

 � Virginia Department of Environmental Quality (VA DEQ)

 � New Jersey Department of Environmental Protection (NJDEP)

 � Maryland Department of the Environment - Environmental 
Site Design (ESD)

 � Rhode Island Department of Environmental Management BMP

 � Texas Commission on Environmental Quality (TCEQ)

 � Atlanta Regional Commission Certification

Modular Wetlands® Linear Features and Benefits

Select Modular Wetlands® Linear Approvals

The Modular Wetlands system offers 
many different configurations.

ENGINEERED SOLUTIONS
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Modular Wetlands® Linear Maintenance

The Modular Wetlands® Linear is a self-contained 
treatment train. Maintenance requirements for the 
unit consist of five simple steps that can be completed 
using a vacuum truck.  The system can also be cleaned 
by hand. 

 � Remove trash from the screening device

 � Remove sediment from the separation chamber

 � Periodically replace the pretreatment cartridge 
filter media

 � Replace the drain down filter media

 � Trim vegetation

Most Modular Wetland Linear 
systems can be cleaned in about 
thirty minutes. 

Modular Wetlands® Performance
The Modular Wetlands® Linear continues to outperform other treatment methods with superior pollutant removal for TSS, 
heavy metals, nutrients, and hydrocarbons. The Modular Wetlands® Linear is field-tested on numerous sites across the country 
and is proven to effectively remove pollutants through a combination of physical, chemical, and biological filtration processes.

 Multiple configurations allow for easy site integration

POLLUTANT OF 
CONCERN

MEDIAN REMOVAL 
EFFICIENCY

MEDIAN EFFLUENT 
CONCENTRATION (MG/L)

Total Suspended Solids (TSS) 89% 12
Total Phosphorus - TAPE (TP) 61% 0.041
Nitrogen (TN) 23% 1
Total Copper (TCu) 50% 0.006
Total Dissolved Copper 37% 0.006
Total Zinc (TZn) 66% 0.019
Dissolved Zinc 60% 0.0148
Motor Oil 79% 0.8 Sources: 

TAPE Field Study - 2012 
TAPE Field Study - 2013

Note: Some jurisdictions recognize higher removal rates. Contact your Contech Stormwater Consultant for 
performance expectations.
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Modular Wetlands® Linear Configurations

Multiple system configurations integrate with  
site hydraulic design and layout ... 

The Modular Wetlands Linear is offered in multiple configurations to meet 
site specific needs.  This highly versatile system has available “pipe-in” 
options on most models, along with built-in curb or grated inlets for simple 
integration into your storm drain design.

Curb Inlet

The Curb Inlet configuration accepts sheet flow through a curb opening and is commonly 
used along roadways and parking lots. It can be used in sump or flow-by conditions.

Vault

The Vault configuration can be used in end-of-the-line installations.  Another benefit of the 
“pipe-in” design is the ability to install the system downstream of underground detention 
systems to meet water quality volume requirements, or for traffic-rated designs (no plants).

Downspout

The Downspout configuration is designed to accept a vertical downspout pipe from rooftop 
and podium areas. Some models have the option of utilizing an internal bypass, simplifying 
the overall design. The system can be installed as a raised planter, and the exterior can be 
stuccoed or covered with other finishes to match the look of adjacent buildings.

 Multiple configurations allow for easy site integration ENGINEERED SOLUTIONS
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A partner 
 you can rely on

Few companies offer the wide range of high-
quality stormwater resources you can find with 
us — state-of-the-art products, decades of 
expertise, and all the maintenance support you 
need to operate your system cost-effectively. 

Get social with us:

800-338-1122 | www.ContechES.com

NOTHING IN THIS CATALOG SHOULD BE CONSTRUED AS A WARRANTY. APPLICATIONS 
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Contech® Engineered Solutions provides innovative, cost-effective site 
solutions to engineers, contractors, and developers on projects across  
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management products. 
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S-1: Storm Drain Message and Signage

Purpose

Waste material dumped into storm drain inlets can adversely impact surface and ground
waters. In fact, any material discharged into the storm drain system has the potential to
significantly impact downstream receiving waters. Storm drain messages have become
a popular method of alerting and reminding the public about the effects of and the
prohibitions against waste disposal into the storm drain system. The signs are typically
stenciled or affixed near the storm drain inlet or catch basin. The message simply
informs the public that dumping of wastes into storm drain inlets is prohibited and/or that
the drain ultimately discharges into receiving waters.

General Guidance

The signs must be placed so they are easily visible to the public.

Be aware that signs placed on sidewalk will be worn by foot traffic.

Design Specifications

Signs with language and/or graphical icons that prohibit illegal dumping, must be
posted at designated public access points along channels and streams within the
project area. Consult with Los Angeles County Department of Public Works
(LACDPW) staff to determine specific signage requirements for channels and
streams.

Storm drain message markers, placards, concrete stamps, or stenciled
language/icons (e.g., “No Dumping – Drains to the Ocean”) are required at all
storm drain inlets and catch basins within the project area to discourage illegal or
inadvertent dumping. Signs should be placed in clear sight facing anyone
approaching the storm drain inlet or catch basin from either side (see Figure D-1
and Figure D-2). LACDPW staff should be contacted to determine specific
requirements for types of signs and methods of application. A stencil can be
purchased for a nominal fee from LACDPW Building and Safety Office by calling
(626) 458-3171. All storm drain inlet and catch basin locations must be identified
on the project site map.

Maintenance Requirements

Legibility and visibility of markers and signs should be maintained (e.g., signs should be
repainted or replaced as necessary). If required by LACDPW, the owner/operator or
homeowner’s association shall enter into a maintenance agreement with the agency or
record a deed restriction upon the property title to maintain the legibility of placards and
signs.
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Figure D-1. Storm Drain Message Location – Curb Type Inlet

Figure D-2. Storm Drain Message Location – Catch Basin/Area Type Inlet

CONCRETE
PERIMETER
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S-2: Outdoor Material Storage Area
Purpose

The County defines outdoor material storage areas as areas or facilities whose sole
purpose is the storage of materials. Materials, including raw materials, by-products,
finished products, and waste products, stored outdoors can become sources of
pollutants in stormwater runoff if not handled or stored properly. The type of pollutants
associated with the materials will vary depending on the type of commercial or industrial
activity present.

Materials may be stored in a variety of ways, including bulk piles, containers, shelving,
stacking, and tanks. Contamination of stormwater runoff may be prevented by
eliminating the possibility of stormwater runoff contact with the material storage areas
either through diversion, cover, or capture of the stormwater runoff. Design
considerations may also include minimizing the storage area. The source control
measures presented in this fact sheet must meet local permitting requirements.

Some materials, such as those containing heavy metals or toxic compounds, are of
more concern than other materials. Toxic and hazardous materials must be prevented
from coming in contact with stormwater runoff. Non-toxic or non-hazardous materials,
such as debris and sediment, can also have significant impacts on receiving waters.
Contact between non-toxic or non-hazardous materials and stormwater runoff should be
limited, and such materials prevented from being discharged with stormwater runoff.

Materials are classified into three categories based on the potential risk of pollutant
release associated with stormwater runoff contact – high risk, medium risk, and low risk.
General types of materials under each category are presented in Table D-1. The
categorization of the potential pollutant risk is used to determine the design
specifications, which are presented in Table D-2, for design features at the project site.
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Table D-1. Classification of Materials for Potential Pollutant Risk

High Risk Materials Medium Risk Materials Low Risk Materials

Recycled materials with
discharge potential
Corrosives
Food items
Chalk/gypsum products
Scrap or salvage goods
Feedstock/grain
Fertilizers
Pesticides
Compost
Asphalt
Lime/lye/soda ash
Animal/human wastes
Rubber and plastic pellets
or other small pieces
Uncured concrete/cement
Lead and copper, and any
metals with oil/grease
coating

Clean recycled materials
without discharge potential
Metal (excluding lead and
copper, and any metals with
oil/grease coating)
Sawdust/bark chips
Sand/soil
Unwashed gravel/rock

Washed gravel/rock
Finished lumber (non-
pressure treated)
Rubber or plastic products
(excluding small pieces)
Clean, precast concrete
products
Glass products (new)
Inert products
Gaseous products
Products in containers that
prevent contact with
stormwater (fertilizers and
pesticides excluded)

Design Specifications

Design specifications for material storage areas are regulated by local building and fire
codes, ordinances, and zoning requirements. Source control measures presented in
this fact sheet are intended to enhance and be consistent with local code and ordinance
requirements while addressing stormwater runoff concerns. The design specifications,
presented in Table D-2, must be incorporated into the design of outdoor material
storage areas when stored materials could contribute pollutants to the storm drain
system. The level of controls required varies relative to the risk category of the material
stored.

As general guidance, downspouts and roofs should be directed away from outdoor
materials storage areas, and such storage areas should slope towards a dead-end
sump to collect stormwater runoff, non-stormwater runoff, and spills. Stormwater runoff,
non-stormwater runoff, and spills must be disposed of in accordance with local, state,
and federal laws. Locations of design features, including the features presented in
Table D-2, must be included on site maps or plans. Additionally, site maps or plans
must show all storage areas for chemicals and/or waste materials, with a tank/drum
schedule indicating tank capacities, materials of construction, and contents.
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Table D-2. Design Specifications for Outdoor Material Storage Areas

Design Feature Design Specifications

Surfacing High-Risk Materials:
o Construct/pave outdoor material storage areas with Portland cement

concrete or an equivalent impervious surface. Ensure that the
surfacing material is chemically-resistant to the materials being
stored.

Medium-Risk Materials:
o Construct/pave outdoor material storage areas with Portland cement

concrete.
Low-Risk Materials:
o There are no requirements for surfacing.

Enclosures and Covers High-Risk Materials:
o Place materials in an enclosure such as a shed, cabinet, or other

structure that prevents contact with stormwater runoff; or
o Cover entire storage area with a permanent canopy, roof, or awning

to prevent precipitation from making direct contact with and collecting
within the storage area. Direct stormwater runoff from the cover away
from the storage area to a stormwater runoff disposal point that meets
all applicable code, ordinance, and LID Standards Manual
requirements. For cover structures that do not include sidewalls,
include a roof overhang that extends beyond the grade break.

o Covers 10 feet high or less should extend a minimum of 3
feet beyond the perimeter of the hydraulically-isolated
storage area.

o Covers higher than 10 feet should extend a minimum of
either 20 percent of the cover’s height or 5 feet beyond the
perimeter of the hydraulically-isolated storage area,
whichever is greater.

o LACDPW may grant waivers for covers on a case-by-case
basis.

Medium-Risk Materials:
o At a minimum, completely cover material with temporary plastic

sheeting during storm events.
Low-Risk Materials:
o There are no requirements for enclosures or covers.



S-2: Outdoor Material Storage Area

County of Los Angeles D-6 February 2014

Table D-2. Design Specifications for Outdoor Material Storage Areas (continued)

Hydraulic Isolation and
Drainage

High-Risk Materials:
o Hydraulically-isolate storage area with grading, berms, drains, dikes,

or curbs to prevent stormwater run-on from surrounding areas or roof
drains.

o Direct stormwater runoff from surrounding areas away from the
hydraulically-isolated storage area to a stormwater runoff disposal
point that meets all applicable LID Standards Manual requirements.

o Drainage facilities are not required for the hydraulically-isolated
storage area. However, if drainage facilities are provided, drainage
from the hydraulically-isolated storage area must be directed to a
stormwater runoff disposal point as determined by LACDPW.

Medium-Risk Materials:
o Drainage from storage area may be allowed, on a case-by-case basis

with approval from LACDPW, to a treatment control measure or
standard storm drain(s).

o For erodible material, provide grading and a structural containment
barrier on at least three sides of each stockpile to prevent stormwater
run-on from surrounding areas and migration of material due to wind
erosion.

Low-Risk Materials:
o Provide appropriate drainage from the storage area to minimize

contact with materials.

Spill Containment All Materials:
o Implement spill containment measures where materials are stored in

tanks, drums, or similar containers and that may potentially enter the
storm drain system, sanitary sewer system, or contaminate the soil.
Spill containment must be designed for the volume of the largest
tank/drum or 10 percent of the tank/drum total (whichever is greater).

o Separate spill containment systems for all tanks containing
incompatible materials such as acids, bases, reactive or flammable
materials.

o Clean, repair, and seal (using epoxy or equivalent sealant compatible
with the stored materials) the interior wall and floors within all spill
containment areas. Identify the areas to be sealed on the site maps.

o Bond the contact joint for spill containment walls or dikes constructed
on existing concrete, masonry or asphalt to the existing surface.
Identify the areas to be bonded on the site maps.

o Cover the spill containment areas with a roof or awning to minimize
collection of stormwater runoff within.

o Store materials collected in spill containment areas until its quality
and an appropriate approved disposal method have been determined.

Accumulated Water

Stormwater runoff, non-stormwater runoff, and spills will accumulate in containment
areas and sumps with impervious surfaces. Contaminated accumulated water must be
disposed of in accordance with applicable laws and regulations, and cannot be
discharged directly to the storm drain or sanitary sewer system without appropriate
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permitting. Contact LACDPW (1-888-CLEAN-LA) for information regarding discharge of
contaminated accumulated water.

Maintenance Requirements

The integrity of structural elements that are subject to damage (e.g., screens, covers,
signs) must be maintained by the owner/operator as required by local codes and
ordinances. Outdoor material storage areas must be checked periodically to ensure
containment of accumulated water and prevention of stormwater run-on. Any
enclosures and secondary/spill containment areas should be checked periodically to
ensure spills are contained efficiently. Maintenance agreements between LACDPW
and the owner/operator may be required. Failure to properly maintain building and
property may subject the property owner to citation.
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S-3: Outdoor Trash Storage and Waste Handling Area

Purpose

Stormwater runoff from areas where trash is stored or handled can be polluted. Loose
trash and debris can be easily transported by water or wind into nearby storm drain
inlets, channels, and/or receiving waters. Waste handling operations (i.e., dumpsters,
litter control, waste piles) may be sources of stormwater pollution.

Design Specifications

Wastes from commercial and industrial sites are typically hauled away for disposal by
either public or commercial carriers that may have design or access requirements for
waste storage areas. Design specifications for waste handling areas are regulated by
local building and fire codes and by current County ordinances and zoning
requirements. The design specifications, listed below in Table D-3, are
recommendations and are not intended to conflict with requirements established by the
waste hauler. The design specifications are intended to enhance local codes and
ordinances while addressing stormwater runoff concerns. The waste hauler should be
contacted prior to the design of trash storage and collection areas to determine
established and accepted guidelines for designing trash collection areas. All hazardous
waste must be handled in accordance with the legal requirements established in Title 22
of the California Code of Regulations. Conflicts or issues should be discussed with
LACDPW staff.

Table D-3. Design Specifications for Outdoor Trash Storage and Waste Handling Area

Design Feature Design Specifications

Surfacing Construct/pave outdoor trash storage and waste handling area with
Portland cement concrete or an equivalent impervious surface.

Screens/Covers Install a screen or wall around trash storage area to prevent off-site
transport of loose trash.

Use lined bins or dumpsters to reduce leaking of liquid wastes.

Use waterproof lids on bins/dumpsters or provide a roof to cover storage
area enclosure (LACDPW discretion) to prevent precipitation from
entering containers.

Grading/Drainage Berm and/or grade waste handling area to prevent stormwater run-on.

Locate waste handling area at least 35 feet from storm drains.

Divert drainage from adjoining roofs and pavement away from adjacent
trash storage areas.

Signs Post signs on all dumpsters and/or inside enclosures prohibiting disposal
of liquids and hazardous materials in accordance with any waste disposal
ordinance.
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Accumulated Water

Stormwater runoff, non-stormwater runoff, and spills will accumulate in containment
areas and sumps with impervious surfaces. Contaminated accumulated water must be
disposed of in accordance with applicable laws and regulations, and cannot be
discharged directly to the storm drain or sanitary sewer system without appropriate
permitting. Contact LACDPW (1-888-CLEAN-LA) for information regarding discharge of
contaminated accumulated water.

Maintenance Requirements

The integrity of structural elements that are subject to damage (e.g., screens, covers,
signs) must be maintained by the owner/operator as required by local codes and
ordinances. Outdoor trash storage and waste handling areas must be checked
periodically to ensure containment of accumulated water and prevention of stormwater
run-on. Maintenance agreements between LACDPW and the owner/operator may be
required. Failure to properly maintain building and property may subject the property
owner to citation.
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S-8: Landscape Irrigation Practices

Purpose

Irrigation runoff provides a pathway for pollutants (i.e., nutrients, bacteria, organics,
sediment) to enter the storm drain system. By effectively irrigating, less runoff is
produced resulting in less potential for pollutants to enter the storm drain system.

General Guidance

Do not allow irrigation runoff from the landscaped area to drain directly to storm
drain system.

Minimize use of fertilizer, pesticides, and herbicides on landscaped areas.

Plan sites with sufficient landscaped area and dispersal capacity (e.g., ability to
receive irrigation water without generating runoff).

Consult a landscape professional regarding appropriate plants, fertilizer,
mulching applications, and irrigation requirements (if any) to ensure healthy
vegetation growth.

Design Specifications

Choose plants that minimize the need for fertilizer and pesticides.

Group plants with similar water requirements and water accordingly.

Use mulch to minimize evaporation and erosion.

Include a vegetative boundary around project site to act as a filter.

Design the irrigation system to only water areas that need it.

Install an approved subsurface drip, pop-up, or other irrigation system.1 The
irrigation system should employ effective energy dissipation and uniform flow
spreading methods to prevent erosion and facilitate efficient dispersion.

Install rain sensors to shut off the irrigation system during and after storm events.

Include pressure sensors to shut off flow-through system in case of sudden
pressure drop. A sudden pressure drop may indicate a broken irrigation head or
water line.

If the hydraulic conductivity in the soil is not sufficient for the necessary water
application rate, implement soil amendments to avoid potential geotechnical
hazards (i.e., liquefaction, landslide, collapsible soils, and expansive soils).

1
If alternative distribution systems (e.g., spray irrigation) are approved, the County will establish
guidelines to implement these new systems.
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For sites located on or within 50 feet of a steep slope (15% or greater), do not
irrigate landscape within three days of a storm event to avoid potential
geotechnical instability.2

Implement Integrated Pest Management practices.

For additional guidelines and requirements, refer to the Los Angeles County
Department of Health Services.

Maintenance Requirements

Maintain irrigation areas to remove trash and debris and loose vegetation. Rehabilitate
areas of bare soil. If a rain or pressure sensor is installed, it should be checked
periodically to ensure proper function. Inspect and maintain irrigation equipment and
components to ensure proper functionality. Clean equipment as necessary to prevent
algae growth and vector breeding. Maintenance agreements between LACDPW and
the owner/operator may be required. Failure to properly maintain building and property
may subject the property owner to citation.

2
As determined by the City of Los Angeles, Building and Safety Division
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S-9: Building Materials Selection

Purpose

Building materials can potentially contribute pollutants of concern to stormwater runoff
through leaching. For example, metal buildings, roofing, and fencing materials may be
significant sources of metals in stormwater runoff, especially due to acidic precipitation.
The use of alternative building materials can reduce pollutant sources in stormwater
runoff by eliminating compounds that can leach into stormwater runoff. Alternative
building materials may also reduce the need to perform maintenance activities (i.e.,
painting) that involve pollutants of concern, and may reduce the volume of stormwater
runoff. Alternative materials are available to replace lumber and paving.

Design Specifications

Lumber

Decks and other house components constructed using pressure-treated wood that is
typically treated using arsenate, copper, and chromium compounds are hazardous to
the environment. Pressure-treated wood may be replaced with cement-fiber or vinyl.

Roofs, Fencing, and Metals

Minimizing the use of copper and galvanized (zinc-coated) metals on buildings and
fencing can reduce leaching of these pollutants into stormwater runoff. The following
building materials are conventionally made of galvanized metals:

Metal roofs;

Chain-link fencing and siding; and

Metal downspouts, vents, flashing, and trim on roofs.

Architectural use of copper for roofs and gutters should be avoided. As an alternative to
copper and galvanized materials, coated metal products are available for both roofing
and gutter application. Vinyl-coated fencing is an alternative to traditional galvanized
chain-link fences. These products eliminate contact of bare metal with precipitation or
stormwater runoff, and reduce the potential for stormwater runoff contamination.
Roofing materials are also made of recycled rubber and plastic.

Green roofs may be an option. Green roofs use vegetation such as grasses and other
plants as an exterior surface. The plants reduce the velocity of stormwater runoff and
absorb water to reduce the volume of stormwater runoff. One potential problem with
using green roofs in the Los Angeles County area is the long, hot and dry summers,
which may kill the plants if they are not watered. See the Green Roof Fact Sheet (RET-
7) in Appendix E.
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Pesticides

The use of pesticides around foundations can be reduced through the use of alternative
barriers. Sand barriers can be applied around foundations to deter termites, as they
cannot tunnel through sand. Metal shields also block termites from tunneling.
Additionally, diatomaceous earth can be used to repel or kill a wide variety of other
pests.

Maintenance Requirements

The integrity of structural elements that are subject to damage (e.g., signs) must be
maintained by the owner/operator as required by local codes and ordinances.
Maintenance agreements between LACDPW and the owner/operator may be required.
Failure to properly maintain building and property may subject the property owner to
citation.
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Table 5-1. Source Control Measures Selection Matrix

Project Type
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Designated Projects – New Development

Development ≥1 acre and ≥10,000 ft
2
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impervious area
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1

= required if outdoor activity area is included in project; R
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= required for multi-family dwellings
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APPENDIX 7 
OPERATION AND MAINTENANCE PLAN 

BMP INSPECTION MAINTENANCE RECORDS 
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Inspection Guidelines for  
WetlandMOD 

 
 
Inspection Summary 
 
o Inspect Pre-Treatment Chamber – average inspection interval is 6 to 12 months. 

 (5-minute average inspection time). 
o Inspect Biofiltration Chamber – average inspection interval is 6 to 12 months. 

 (10-minute average inspection time). 
 

o NOTE: Pollutant loading varies greatly from site to site and no two sites are the same. 
Therefore, the first year requires inspection monthly during the wet season and every other 
month during the dry season in order to observe and record the amount of pollutant loading 
the system is receiving.  

 

System Diagram 
 
 

 
 
 
 



 

 

 
 

Inspection Overview  
 
 

As with all stormwater BMPs inspection and maintenance on the WetlandMOD is necessary. 
Stormwater regulations require that all BMPs be inspected and maintained to ensure they are 
operating as designed to allow for effective pollutant removal and provide protection to receiving 
water bodies. It is recommended that inspections be performed multiple times during the first 
year to assess the site specific loading conditions. This is recommended because pollutant 
loading and pollutant characteristics can vary greatly from site to site. Variables such as nearby 
soil erosion or construction sites, winter sanding on roads, amount of daily traffic and land use 
can increase pollutant loading on the system. The first year of inspections can be used to set 
inspection and maintenance intervals for subsequent years to ensure appropriate maintenance is 
provided. Without appropriate maintenance a BMP will exceed its storage capacity which can 
negatively affect its continued performance in removing and retaining captured pollutants. 
 

Inspection Equipment 
 
Following is a list of equipment to allow for simple and effective inspection of the WetlandMOD: 

 WetlandMOD Inspection Form  

 Flashlight 

 Manhole hook or appropriate tools to remove access hatches and covers (if applicable) 

 Appropriate traffic control signage and procedures 

 Measuring pole and/or tape measure.  

 Protective clothing and eye protection.  



 

 
 Note: entering a confined space requires appropriate safety and certification. It is 

generally not required for routine inspections of the system.  

 
 
 
 
 
 
 
Inspection Steps   
 
The core to any successful stormwater BMP maintenance program is routine inspections. The 
inspection steps required on the WetlandMOD are quick and easy. As mentioned above the first 
year should be seen as the maintenance interval establishment phase. During the first year more 
frequent inspections should occur in order to gather loading data and maintenance requirements 
for that specific site. This information can be used to establish a base for long-term inspection 
and maintenance interval requirements.  
 
The WetlandMOD can be inspected though visual observation without entry into the system. All 
necessary pre-inspection steps must be carried out before inspection occurs, especially traffic 
control and other safety measures to protect the inspector and near-by pedestrians from any 
dangers associated with an open access. Once the top tray is removed the following apply: 
 
 

 Prepare the inspection form by writing in the necessary information including project 

name, location, date & time, unit number and other info (see inspection form).  

 Observe the inside of the pre-treatment chamber and biofiltration chamber once the 

access hatch is removed. If minimal light is available and vision into the unit is impaired 

utilize a flashlight to see inside the system and all of its chambers.  

 Look for any out of the ordinary obstructions in the inflow pipe, around the trash screen 

(CPS), on the surface of the media, or in the drain down riser. Write down any 

observations on the inspection form.  

 Through observation and/or digital photographs estimate the amount of trash, debris and 

sediment accumulated in the chamber. Utilizing a tape measure or measuring stick 

estimate the amount of trash, debris and sediment on the floor of each chamber. Record 

this depth on the inspection form.  

 Finalize inspection report for analysis by the maintenance manager to determine if 

maintenance is required.  

 
Maintenance Indicators  
 
Based upon observations made during inspection, maintenance of the system may be required 
based on the following indicators:  
 

 Missing or damaged internal components. 

 Obstructions in the system or its inlet or outlet.  



 

 
 Excessive accumulation of floatables more than 12” in depth in the pre-treatment 

chamber. 

 Excessive accumulation of sediment of more than 6” in depth in the biofiltration chamber. 

 Excessive build up on the vertical surface of the biofiltration media.  

 Overgrown vegetation.  

 Storage area around media cage has standing water 72 hours after a storm event.  

 
Inspection Notes 

 
1. Following maintenance and/or inspection, it is recommended the maintenance 

operator prepare a maintenance/inspection record.  The record should include any 
maintenance activities performed, amount and description of debris collected, and 
condition of the system and its various filter mechanisms.  
 

2. The owner should keep maintenance/inspection record(s) for a minimum of five years 
from the date of maintenance.  These records should be made available to the 
governing municipality for inspection upon request at any time. 
 

3. Transport all debris, trash, organics and sediments to approved facility for disposal in 
accordance with local and state requirements. 
 

4. Entry into chambers may require confined space training based on state and local 
regulations.  
 

5. No fertilizer shall be used in the Biofiltration Media.  
 

6. Irrigation should be provided as recommended by manufacturer and/or landscape 
architect. Amount of irrigation required is dependent on plant species. Some plants 
may not require irrigation after initial establishment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 

Maintenance Guidelines for  
WetlandMOD 

 
 

Maintenance Summary 
 
o Remove Sediment and Trash from Pre-Treatment Chamber – average maintenance interval 

is 6 to 12 months.  
 (15 minute average service time).  

o Removed Sediment and Pressure Wash Biofiltration Media Surface – average maintenance 
interval 12 to 24 months. 

  (15-60 minutes depending on size of system). 
o Trim Vegetation – average maintenance interval is 6 to 12 months. 

  (Service time varies).  
 

System Diagram 
 

 
 
 
 



 

 

 
Maintenance Overview  

 

The time has come to maintain your WetlandMOD. To ensure successful and efficient 
maintenance on the system we recommend the following. The WetlandMod can be maintained 
by removing the access hatches. The mulch over the top tray should be removed prior to 
removing the top hatch over the biofiltration chamber.  All necessary pre-maintenance steps 
must be carried out before maintenance occurs, especially traffic control and other safety 
measures to protect the inspector and near-by pedestrians from any dangers associated with an 
open access hatch or manhole. Once traffic control has been set up per local and state 
regulations and access covers have been safely opened the maintenance process can begin. It 
should be noted that no maintenance activities require confined space entry but if entry is done 
all confined space requirements must be strictly followed before entry into the system. In addition 
the following is recommended:  
 

 Prepare the maintenance form by writing in the necessary information including project 

name, location, date & time, unit number and other info (see maintenance form).  

 Set up all appropriate safety and cleaning equipment.  

 Ensure traffic control is set up and properly positioned.  

 Prepare a pre-checks (OSHA, safety, confined space entry) are performed.  

 

Maintenance Equipment 
 

Following is a list of equipment required for maintenance of the WetlandMOD: 

 WetlandMOD Maintenance Form  

 Manhole hook or appropriate tools to access hatches and covers (if applicable) 

 Protective clothing, flashlight and eye protection.  

 Vacuum assisted truck with pressure washer. 

 Replacement pre-filter wraps (order from manufacturer). 

 
 
 
 
 
 
Maintenance Steps   

 
1. Pre-Treatment Chamber (first chamber that contains trash screens) 

 
A. Remove access hatch and position vacuum truck accordingly. 
B. With a pressure washer spray down pollutants accumulated on trash screens.  
C. Vacuum out all accumulated pollutants including trash, debris and sediments. Be sure 

to vacuum the floor, screens, and walls along with outlet side of screens.  
 

 
 
 
 



 

 
 

2. Biofiltration Chamber (vegetated chamber) 
 

A. Remove the mulch along each side of the unit. Rake away from side walls. Remove 
top covers to gain access to void areas.  

B. Pressure wash off the vertical surface of the media be using a pressure washer and a 
vacuum hose to collect and material on the floor around the cage. Pressure wash 
down into the media to allow accumulated sediments to flow back into the 
surrounding perimeter separation area for collection with the vac hose.  

C. Replace the top covers.  
D. Trim any vegetation that is overgrown.  
E. Replace the mulch to cover the top covers.  

 

 
 

 

Maintenance Notes 
 

1. Transport all debris, trash, organics and sediments to approved facility for disposal in 
accordance with local and state requirements. 

2. Entry into chambers may require confined space training based on state and local 
regulations.  

3. No fertilizer shall be used in the Biofiltration Chamber.  
4. Irrigation should be provided as recommended by manufacturer and/or landscape 

architect. Amount of irrigation required is dependent on plant species. Some plants 
may not require irrigation after initial establishment 

 
 
 
 
 



Inspection Form 

www.biocleanenvironmental.com

Bio Clean, A Forterra Company
P. 760.433-7640

F. 760-433-3176

E. stormwater@forterrabp.com



For Office Use Only

(city) (Zip Code) (Reviewed By)

Owner / Management Company 
(Date)

Contact Phone (  ) _

Inspector Name  Date / / Time AM / PM

Weather Condition    Additional Notes

Yes

Depth:

Yes No

WetlandMod System: Size (Model):  

Other Inspection Items:

 Storm Event in Last 72-hours?           No          Yes           Type of Inspection             Routine Follow Up Complaint Storm

Office personnel to complete section to 
the left.

398 Via El Centro, Oceanside, CA 92058     P (760) 433-7640     F (760) 433-3176

Inspection Report 
WetlandMOD System      

Is the filter insert (if applicable) at capacity and/or is there an accumulation of debris/trash on the shelf system?

Does the cartridge filter media need replacement in pre-treatment chamber and/or discharge chamber?

Any signs of improper functioning in the discharge chamber?  Note issues in comments section.

Chamber:

Is the inlet/outlet pipe or drain down pipe damaged or otherwise not functioning properly?

Structural Integrity:

Working Condition:
Is there evidence of illicit discharge or excessive oil, grease, or other automobile fluids entering and clogging the
unit?

Is there standing water in inappropriate areas after a dry period?

Damage to pre-treatment access cover (manhole cover/grate) or cannot be opened using normal lifting 
pressure?
Damage to discharge chamber access cover (manhole cover/grate) or cannot be opened using normal lifting 
pressure?

Does the MWS unit show signs of  structural deterioration (cracks in the wall, damage to frame)?

Project Name   

Project Address 

Inspection Checklist

CommentsNo

Does the depth of sediment/trash/debris suggest a blockage of the inflow pipe, bypass or cartridge filter?  If yes, 
specify which one in the comments section.  Note depth of accumulation in in pre-treatment chamber.

Is there a septic or foul odor coming from inside the system?

Is there an accumulation of sediment/trash/debris in the wetland media (if applicable)?

Is it evident that the plants are alive and healthy (if applicable)? Please note Plant Information below.

Sediment / Silt / Clay

Trash / Bags / Bottles

Green Waste / Leaves / Foliage

Waste: Plant Information

No Cleaning Needed

Recommended Maintenance

Additional Notes:

Damage to Plants

Plant Replacement

Plant Trimming

Schedule Maintenance as Planned

Needs Immediate Maintenance



www.biocleanenvironmental.com

Maintenance Report 

Bio Clean, A Forterra Company
P. 760.433-7640

F. 760-433-3176

E. stormwater@forterrabp.com

www.modularwetlands.com
mailto:Info@modularwetlands.com


For Office Use Only

(city) (Zip Code) (Reviewed By)

Owner / Management Company 
(Date)

Contact Phone (  ) _

Inspector Name   Date / / Time AM / PM

Weather Condition    Additional Notes

Site 
Map #

Comments:

398 Via El Centro, Oceanside, CA 92058 P. 760.433.7640 F. 760.433.3176

Inlet and Outlet 
Pipe Condition

Drain Down Pipe 
Condition

Discharge Chamber 
Condition

Drain Down Media 
Condition

Plant Condition

CPS Filter 
Condition

Long:

WM 
Sedimentation 

Basin

Total Debris 
Accumulation

Condition of Media  
25/50/75/100      

(will be changed    
@ 75%)

Operational Per 
Manufactures' 
Specifications           
(If not, why?)

Lat: WM             
Catch Basins

GPS Coordinates     
of Insert

Manufacturer / 
Description / Sizing

Trash 
Accumulation

Foliage 
Accumulation

Sediment 
Accumulation

Type of Inspection             Routine Follow Up Complaint Storm  Storm Event in Last 72-hours?            No           Yes           

Office personnel to complete section to 
the left.

Project Address 

Project Name   

Cleaning and Maintenance Report     
WetlandMOD System



Low Impact Development Plan 
1610 Artesia

City of Gardena

 

 
 

36 
Tait & Associates 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 8 
SOURCE CONTROL MEASURES 
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