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Project Owner’s Certification 
Permit/Planning 
Application No. 

TBD 
Grading 
Permit No. 

N/A 

Tract/Parcel Map No. TBD 
Building 
Permit No. 

N/A 

CUP, SUP and/or APN (Specify Lot Numbers if Portions of Tract)  APN No. 319-102-34 

 
This Water Quality Management Plan (WQMP) has been prepared for Lennar by Hunsaker and 
Associates Irvine, Inc. The WQMP is intended to comply with the requirements of the local NPDES 
Stormwater Program requiring the preparation of the plan. 

The undersigned, while it owns the subject property, is responsible for the implementation of the 
provisions of this plan and will ensure that this plan is amended as appropriate to reflect up-to-
date conditions on the site consistent with the current Orange County Drainage Area Management 
Plan (DAMP) and the intent of the non-point source NPDES Permit for Waste Discharge 
Requirements for the County of Orange, Orange County Flood Control District and the 
incorporated Cities of Orange County within the Santa Ana Region. Once the undersigned 
transfers its interest in the property, its successors-in-interest shall bear the aforementioned 
responsibility to implement and amend the WQMP. An appropriate number of approved and 
signed copies of this document shall be available on the subject site in perpetuity. 

Owner: Lennar 
Name/Title Gary Jones, Vice President – Land Acquisition 

Company Lennar 

Address 
2000 Fivepoint, 3rd Floor 
Irvine, CA 92618 

Email gary.jones@lennar.com 
Telephone # 949.349.8000 

I understand my responsibility to implement the provisions of this WQMP including the ongoing 
operation and maintenance of the best management practices (BMPs) described herein. 

Signature  Date  
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SECTION I DISCRETIONARY PERMIT(S) AND WATER QUALITY CONDITIONS  

The project’s discretionary permit and water quality information are provided in the following: 

PROJECT INFORMATION 

Permit/Application No.  TBD Tract/Parcel Map No. TBD 

Additional Information/ 
Comments: 

This Preliminary Water Quality Management Plan has been 
developed in accordance with Section 7.II-1.5 of the Model Water 
Quality Management Plan and provides the basic framework to 
address the water quality component for the Greenbriar project.   

WATER QUALITY CONDITIONS 

Water Quality Conditions 
(list verbatim.) 

The project is considered a priority project under the City of Brea 
Local Implementation Plan and Water Quality Ordinance (City 
Code Section 13.32.030). Therefore, the project is subject to the 
requirements of a Water Quality Management Plan (WQMP) to 
minimize the adverse effects of urbanization on site hydrology, runoff 
flow rates and pollutant loads. 

The project is in the preliminary planning phase of development, 
with this preliminary document prepared to support entitlement for 
the project. There are currently no site-specific water quality 
conditions of approval for the project.    

WATERSHED-BASED PLAN CONDITIONS 

Provide applicable 
conditions from 
watershed-based plans 
including WIHMPs and 
TMDLs 

The project resides within the San Gabriel River – Coyote Creek 
Watershed. 303(d) and TMDL (in italic) Listed impairments for the 
project’s receiving waters are as follows:  

San Gabriel River – Coyote Creek Watershed:  

Loftus Diversion Channel (Facility A06) – None 

Fullerton Creek Channel (Facility A03) – None 

Coyote Creek Channel (Facility A01) – Copper, Indicator Bacteria, 
Iron, Malathion, pH, Toxicity 

San Gabriel River Reach 1 – pH, Temperature  

San Gabriel River Estuary – Copper, Dioxin, Indicator Bacteria, 
Nickel, Dissolved Oxygen 

There is currently no approved WIHMP for the watershed.  
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SECTION II PROJECT DESCRIPTION 

II.1 PROJECT DESCRIPTION 

DESCRIPTION OF PROPOSED PROJECT  

Development Category 
(Verbatim from WQMP): 

This project is considered a priority project under the following categories: 

Priority Project, Category 1 – New development projects that create 
10,000 square feet or more of impervious surface. This category includes 
commercial, industrial, residential housing subdivisions, mixed-use, and 
public projects on private or public property that falls under the planning 
and building authority or the Permittees. 

Priority Project, Category 6 – Parking lots 5,000 square feet or more 
including associated drive aisle, and potentially exposed to urban storm 
water runoff. A parking lot is defined as a land area or facility for the 
temporary parking or storage of motor vehicles used personally, for 
business, or for commerce. 

Project Area (ft2): 
422,477 ft2  
(9.69 Ac.) 

Number of Dwelling Units: up to 
180 residential units 

SIC Code: No facilities subject to 
Standard Industrial Classification 
anticipated. Residential related  
improvements only.  

Narrative Project 
Description: 

The proposed “Greenbriar” project (the Project) consists of an irregularly 
shaped, 9.7-acre parcel of land located just west of the intersection of 
Greenbriar Lane and South Associated Road, in the City of Brea, 
California. Specifically, the project site is bound to the north by 
Greenbriar Lane and existing residential beyond; to the east by existing 
Loftus Drainage Channel and Associated Road beyond; to the south by 
existing “Brea Plaza” shopping center; and to the west by State Route 57 
(SR-57).  

The project proposes 69 building structures to accommodate 180 multi-
family residential units, wet and dry utilities, streets, parking areas, storm 
drain improvements, walkways, open space and parkway improvements. 
Land use for the project is as follows: 

LAND USE SUMMARY 
Lot No. Acres Land Use 

1 1.23 Residential 
2 0.62 Residential 
3 0.35 Residential 
4 0.60 Residential 
5 0.40 Residential 
6 0.32 Residential 
7 0.32 Residential 
8 0.37 Residential 
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DESCRIPTION OF PROPOSED PROJECT  

9 0.87 Residential 
10 1.79 Residential 

Lot A 2.82 Access and Public Utilities 
Total 9.69 -- 

Proposed residential units consist of multi-level building structures with five 
(5) plan types that range from 944 ft2 to 1,946 ft2 of living area. Unit mix 
summary is as follows: 

UNIT MIX SUMMARY 
Unit Buildings No. of Units 

The Courts 16 80 
The Yards 12 24 

The Yards – Half Building 2 2 
The Rooftops 35 70 

The Rooftops – Half Building 4 4 
Total 69 180 

Parking is provided via 344 garage spaces, 48 uncovered parking stalls 
and 4 on-street parking spaces for a total of 369 spaces. Project parking 
shall be consistent with the City’s parking requirements for its density type.  

There are no community facilities, such as park, tot lot or community 
center, proposed for the project.  

Proposed open space/landscaping will consist of parkway and walkway 
landscaping, common landscaping located in between residential 
buildings and other open space areas. Total landscaping is anticipated 
to consist of approximately 20% of the project site, or 1.94 acres. 

Paved and other impervious areas of the site include the project’s private 
streets, walkways, parkway, drive approaches and gutter improvements, 
building structures and other exposed paved surfaces. Total impervious 
area is anticipated to consist of approximately 80% of the project site, or 
7.76 acres.  

Activities typical of residential developments are anticipated for the 
project. These include day-to-day activities such as recreation, lounging, 
commuting, exercising and other residential related activities.  

The project does not propose any outdoor storage areas, loading areas, 
car wash areas or other commercial activities.  

Typical wastes from households are anticipated to be generated daily 
from the project. These include food wastes, paper products and 
recyclable materials. These materials shall be kept within the private areas 
of each residential unit and be removed for disposal on a weekly basis by 
the local private waste management company. 
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DESCRIPTION OF PROPOSED PROJECT 

All proposed improvements are shown in the WQMP Site Plan in Section 
VI of this WQMP. Areas currently not identified will be provided as project 
planning progresses.   

Project Area 
Pervious Surface Impervious Surface 

Area 
(acres or sq ft) 

Percentage 
Area 

(acres or sq ft) 
Percentage 

Pre-Project Conditions 0.97 10 8.73 90 
Post-Project Conditions 1.94 20 7.76 80 

Drainage 
Patterns/Connections 

(Existing/Pre-Project) 

The project is located north of the Loftus Diversion Channel (Orange 
County Flood Control Facility No. A06). All runoff from the project area, 
including off-site tributary areas drain into Loftus Diversion Channel to the 
east.  

The Loftus Diversion Channel is an engineered channel located 2/3 miles 
south of Lambert Road and runs east to west from Voyager to Associated 
Road and then runs southwest until crosses 57 Freeway and drains into 
U.S. Army Corps of Engineers Fullerton Creek Reservoir at Craig Regional 
Park. Loftus  

There is an existing triple 12’w x 8.5’h RCB culvert under Greenbriar Lane 
with an existing 10-ft catch basin on the north and a 21-ft catch basin on 
the south of Greenbriar Lane. Those catch basins are located right above 
the RCB culverts. There is an existing 4-cell RCB channel approximately 
400’ downstream of Greenbriar Lane. 

In the pre-project condition, onsite drainage is divided into four (4) 
drainage areas (Refer to Hydrology Maps in Attachment C).

Drainage Area “A” contains the majority of the project site. The northern 
half of the project sheet flows to the northeast corner with an existing catch 
basin. There is also an existing 18” RCP collecting the off-site areas. 
Drainage Area “A” discharges into the existing 18” pipe to Loftus 
Diversion Channel. 

Drainage Area “B” contains the off-site areas along Greenbriar Lane and 
drains to the existing 10-ft catch basin on top of the triple RCB culvert. 

Drainage Area “C” contains the areas to the existing 21-ft catch basins 
on top of the triple RCB culvert. 

Drainage Area “D” contains the southern half the project site, sheet flows 
to the existing catch basin and to Loftus Diversion Channel via existing 
18” pipe. 
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II.2 POTENTIAL STORMWATER POLLUTANTS 

Table 2.1, Anticipated and Potential Pollutants Generated by Land Use Type, from the Technical 
Guidance Document (December 2013) lists the following Pollutants of Concern (POC’s) 
associated with the proposed development: 

POLLUTANTS OF CONCERN 

Pollutant 

Check One: 
E=Expected to 
be of concern  

N=Not 
Expected to be 

of concern 

Additional Information and Comments 

Suspended Solids/Sediment E  N  

Pollutant is a Primary POC. Potential sources of 
sediment include disturbed or unstabilized 
landscaping areas and disturbed earth 
surfaces. 

Nutrients E  N  

Pollutant is Primary POC as downstream water 
is impaired for Nutrients. Potential sources of 
nutrients include fertilizers, sediment and 
trash/debris. 

Heavy Metals E  N  
Pollutant is a Primary POC. Potential sources for 
the project include automobiles and uncovered 
parking areas. 

Pathogens (Bacteria/Virus) E  N  
Pollutant is a Primary POC. Potential sources for 
the project include food wastes, pet wastes, 
sediment and landscaping areas. 

Pesticides E  N  
Pollutant is a Primary POC. Potential sources of 
pesticides include landscaping and open space 
areas. 

Oil and Grease  E  N  
Potential sources include project streets and 
parked vehicles.  

Toxic Organic Compounds  E  N  
Pollutant is a Primary POC. Potential sources for 
the project include automobiles and uncovered 
parking areas. 

Trash and Debris E  N  
Potential sources of trash and debris include 
landscaping activities, food wrappers and food 
wastes. 
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II.3 HYDROLOGIC CONDITIONS OF CONCERN 

The purpose of this section is to identify any hydrologic conditions of concern (HCOC) with respect 
to downstream flooding, erosion potential of natural channels downstream, impacts of increased 
flows on natural habitat, etc. that may occur as the result of project implementation. As specified 
in Section 2.3.3 of the Model WQMP, projects must identify and mitigate any HCOCs. An HCOC 
is a combination of upland hydrologic conditions and stream biological and physical conditions 
that present a condition of concern for physical and/or biological degradation of streams. 

The project resides within the jurisdiction of the Santa Ana RWQCB and is subject to the 
requirements of the North Orange County WQMP TGD, in which HCOCs are considered to exist 
if the volume for the 2-year runoff event for post-development condition exceeds pre-development 
condition by more than 5% or the time of concentration is less than the pre-development condition 
by greater than 5%. 

Is the proposed project potentially susceptible to hydromodification impacts? 

 No – Show map and/or describe and reference supporting documentation in the space below 

 Yes – Describe applicable hydrologic conditions of concern in the space below. 

The proposed project is located within a HCOC susceptible area. However, in comparison to pre-
project conditions, project development will not increase the amount of impervious area located 
within the project site nor time of concentration and peak runoff flow.  

A summary of the analysis for the project is provided in the following table: 

HCOC Analysis Summary (2-year event)  
Sub-

Drainage 
Area 

Existing 
Condition 

Proposed Condition 
∆ Acres ∆ Q2 (cfs) 

Acres Q2 (cfs) Acres(1) Q2 (cfs) 
A 8.9 10.5 9.5 12.9 0.6 2.4 
B 8.5 8.8 11.8 12.1 3.3 3.3 
C 0.5 0.9 1.1 1.1 0.6 0.2 
D 4.5 6.5 - - -4.5 -6.5 

Overall 22.40 26.70 22.40 26.10 0.00 -0.60 
(1) Existing Area “D” combined into A, B, C in developed condition. 
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II.4 POST DEVELOPMENT DRAINAGE CHARACTERISTICS 

The project’s post-development drainage characteristics are described as follows: 

In the developed condition, runoff from the project is conveyed as gutter flow to project catch 
basins prior to discharging to the backbone storm drain system. Runoff is then conveyed easterly 
and discharged to the Loftus Diversion Channel, as in pre-project conditions. 

Low Impact Development  

To satisfy the project’s requirements for Low Impact Development (LID) requirements and water 
quality treatment, water qualify runoff the project’s single Drainage Management Area (DMA) is 
addressed via three proprietary biotreatment BMPs (Modular Wetland System or City approved 
equivalent) prior to discharging offsite.  

DMA 1 (9.46 acres) – Runoff is conveyed in the project’s backbone storm drain system to a series 
of Modular Wetland System (MWS) units located at the northeastern corner of the project site for 
treatment prior to discharging offsite.  

To meet the trash capture requirements of the Ocean Plan, full trash capture screens will be 
employed at each of the the project’s catch basins that are sized to accommodate the 1-year 
storm event. 

II.5 PROPERTY OWNERSHIP/MANAGEMENT 

The project proponent, Lennar, shall assume all onsite BMP maintenance, inspection and 
funding responsibilities until such time, these activities have been turned over to the Homeowners 
Association (HOA). Inspection and maintenance activities are in Section V of this WQMP.  
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SECTION III SITE DESCRIPTION 

III.1 PHYSICAL SETTING 

General descriptions of the project area are provided below: 

PHYSICAL SETTING 

Planning Area/ 
Community Name 

Planning Area – Currently not located within Planning Area. 
Community Name – “Greenbriar”. 

Location/Address 
1698 Greebriar Lane, Brea, CA. 
West of Greenbriar Lane and South Associated Road. 

Land Use 
Existing: Office/Commercial 
Proposed: Residential  

Zoning 
Existing: C-G (General Commercial) 
Proposed: MU II (Mixed Use II) 

Acreage 9.70 Acres 

Predominant Soil Type Hydrologic Soil Type D 

III.2 SITE CHARACTERISTICS 

The following table summarizes general characteristics of the project site: 

SITE CHARACTERISTICS 

Precipitation Zone 0.90 in 

Topography 

The site is currently a commercial development with several buildings 
clustered at the west half and a 4-level parking garage within the 
east half. Parking lots and drive aisles exist throughout the site. A 
series of small slopes and a maintenance road at the eastern 
boundary of the property descends from the existing parking lot 
towards the existing channel bottom that is approximately 20 vertical 
feet lower than the existing parking lot. Elevations range from the 
highest in the northwest at 403 feet above mean sea level (MSL) to 
approximately 320 feet above MSL at the northeast.  

Drainage 
Patterns/Connections 

In the pre-project condition, onsite drainage is divided into four (4) 
drainage areas.  

Drainage Area “A” contains the majority of the project site. The 
northern half of the project sheet flows to the northeast corner with 
an existing catch basin. There is also an existing 18” RCP collecting 
the off-site areas. Drainage Area “A” discharges into the existing 18” 
pipe to Loftus Diversion Channel. 

Drainage Area “B” contains the off-site areas along Greenbriar Lane 
and drains to the existing 10-ft catch basin on top of the triple RCB 
culvert. 
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SITE CHARACTERISTICS 
Drainage Area “C” contains the areas to the existing 21-ft catch 
basins on top of the triple RCB culvert. 

Drainage Area “D” contains the southern half the project site, sheet 
flows to the existing catch basin and to Loftus Diversion Channel via 
existing 18” pipe. 

Soil Type, Geology, and 
Infiltration Properties 

The site is located easterly of the Los Angeles Basin on the 
southwestern flank of the Puente Hills that form the western to 
northwestern margin of the Peninsular Ranges Geomorphic 
Province. The Puente Hills are bracketed by the Whittier and Chino 
Fault Zones and have been created by uplift along these faults. 
Approximately 13,000 feet of Miocene-aged marine clastic 
sedimentary rock underlies the Puente Hills. These sediments overlie 
approximately 16,000 feet of Tertiary aged rock, which are 
underlain by Mesozoic plutonic basement rocks. The site is underlain 
by Quaternary-aged alluvium and terrace deposits. Based on 
regional geologic mapping, the subject site is generally underlain 
Quaternary Older Alluvium (Map Symbol – Qoa) and relatively 
limited amounts of older artificial fill placed by others as part of the 
existing development.1 

Based on the County of Orange Technical Guidance Document 
(TGD) for Preparation of WQMPs and the geotechnical 
investigation, onsite soils consist primarily of Hydrologic Group D 
Soils, characterized as having slow to very slow infiltration rates 
when thoroughly wet. These soils are not favorable for infiltration. 
See WQMP Attachment D for soils information.  

Hydrogeologic 
(Groundwater) 
Conditions 

Project site is not located within a shallow groundwater zone, as 
defined by the TGD. Groundwater was encountered during the 
project’s geotechnical investigation at a depth of 20’ below existing 
surface at the eastern side of the site and at approximately 25’ below 
existing surface at the western side of the site. Historic high 
groundwater is estimated at approximately 15’ below existing grade.  

Geotechnical Conditions 
(relevant to infiltration) 

Based on the TGD, underlying soils consist Hydrologic Group “D” 
soils, which are not favorable for infiltration.  

This is supported by infiltration tests conducted onsite, which resulted 
in observed (no factor of safety) infiltration rates ranging from 0.1 
in/hr to 0.2 in/hr. 

 
1 LGC Geotechnical, inc. (November 17, 2023). Preliminary Geotechnical Evaluation and Design Recommendations 
for the Proposed Residential Development of 1698 and 1700  Greenbriar Lane, City of Brea, Orange County, 
California. 
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SITE CHARACTERISTICS 

Off-Site Drainage 
The project site does not receive run-off from upstream areas or 
adjacent properties.  

Utility and Infrastructure 
Information 

Wet and dry utilities are proposed for this project and will connect 
to existing facilities located in Greenbriar Lane.   

III.3 WATERSHED DESCRIPTION 

The following table provides descriptions of the project’s receiving waters. 

WATERSHED DESCRIPTION 

Receiving Waters 

San Gabriel River – Coyote Creek Watershed: Loftus Diversion 
Channel (Facility A06), Fullerton Creek Channel (Facility A03), 
Coyote Creek Channel (Facility A01), San Gabriel River (Reach 1), 
San Gabriel River (Estuary)  

303(d) Listed Impairments 

San Gabriel River – Coyote Creek Watershed:  

Loftus Diversion Channel (Facility A06) – None 

Fullerton Creek Channel (Facility A03) – None 

Coyote Creek Channel (Facility A01) – Copper, Indicator Bacteria, 
Iron, Malathion, pH, Toxicity 

San Gabriel River Reach 1 – pH, Temperature  

San Gabriel River Estuary – Copper, Dioxin, Indicator Bacteria, 
Nickel, Dissolved Oxygen 

Applicable TMDLs 

San Gabriel River – Coyote Creek Watershed:  

Loftus Diversion Channel (Facility A06) – None 

Fullerton Creek Channel (Facility A03) – None 

Coyote Creek Channel (Facility A01) – Copper, Indicator Bacteria  

San Gabriel River Reach 1 – None 

San Gabriel River Estuary – Copper, Indicator Bacteria 

Pollutants of Concern for 
the Project 

Pollutants of Concern for the project include: Suspended 
Solids/Sediment, Nutrients, Metals, Pathogens, Pesticides, Oil & 
Grease, Toxic Organic Compounds and Trash & Debris. 
Primary Pollutants of Concern for the project include: Metals, 
Pathogens, Pesticides and Toxic Organic Compounds.  

Environmentally Sensitive 
and Special Biological 
Significant Areas 

The project site is not located within 200’ of a 303(d) listed water 
body (which is defined as an Environmentally Sensitive Area (ESA) 
under Section 2.3.3.4 of the Technical Guidance Document). 
Additionally, project is not located within 1000’ of any active or 
inactive clean up sites per GeoTracker data. 
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Source: https://geotracker.waterboards.ca.gov/ 

PROJECT SITE 
WITH 1000’ 
RADIUS 
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SECTION IV BEST MANAGEMENT PRACTICES (BMPS) 

IV. 1 PROJECT PERFORMANCE CRITERIA 

The project’s performance criteria for HCOCs and LID BMPs are provided in the following table: 

PROJECT PERFORMANCE CRITERIA  

Is there an approved WIHMP or equivalent for the project area 
that includes more stringent LID feasibility criteria or if there are 
opportunities identified for implanting LID on regional or sub-
regional basis?  

YES  NO  

If yes, describe WIHMP 
feasibility criteria or 
regional/sub-regional LID 
opportunities. 

There is currently no approved WIHMP for the project’s receiving 
waters. 

If HCOC exists, list 
applicable 
hydromodification control 
performance criteria  
(Section 7.II-2.4.2.2 in 
MWQMP) 

HCOC does not exist for the project.  

List applicable LID 
performance criteria 
(Section 7.II-2.4.3 from 
MWQMP) 

• LID BMPs must be designed to retain, on-site, (infiltrate, harvest 
and use, or evapotranspire) storm water runoff up to 80 percent 
average annual capture efficiency. 

• LID BMPs must be designed to: 
- Retain, onsite, (infiltrate, harvest and use, or evapotranspire) 

stormwater runoff as feasible up to the Design Capture 
Volume, and 

- Recover (i.e., draw down) the storage volume as soon as 
possible after a storm event, and if necessary 

- Biotreat, on-site, additional runoff, as feasible, up to 80 
percent average annual capture efficiency (cumulative, 
retention plus biotreatment), and, if necessary 

- Retain or biotreat, in a regional facility, the remaining runoff 
up to 80 percent annual capture efficiency (cumulative, 
retention plus biotreatment, onsite plus offsite), and, if 
necessary 

- Fulfill alternative compliance obligations for runoff volume 
not retained or biotreated up to 80 percent average annual 
capture efficiency using treatment controls or other 
alternative approaches as described in Section 7.II-3. 
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PROJECT PERFORMANCE CRITERIA  

List applicable treatment 
control BMP performance 
criteria (Section 7.II-3.2.2 
from MWQMP) 

Ocean Plan Trash Amendments – Full Capture System to trap 
particles 5mm or greater, and has a design treatment capacity that 
is either (the project’s selected performance criteria is provided in 
bold): 

• Equal to or greater than peak flow rate for the one-year, 
one-hour storm in the sub-drainage area; or 

• Appropriately sized to, and designed to carry at least the 
same flows as, the corresponding storm drain.   

Calculate LID design storm 
capture volume for Project. 

See Section IV.2.2 for the project’s required DCV for each of the 
project’s Drainage Management Areas (DMA). 
In general, DCV = C x D x A x 43560 sf/ac x 1ft/12in 
Where: 
DCV = design storm capture volume, cu-ft 
C = runoff coefficient = (0.75 x imp + 0.15) 
Imp = impervious fraction of drainage area (ranges from 0 to 1) 
D = storm depth (inches) 
A = tributary area (acres) 

IV.2 SITE DESIGN AND DRAINAGE PLAN 

The primary goal of site design principles and techniques is to reduce land development impacts 
on water quality and downstream hydrologic conditions. Benefits of site design include reductions 
in the size of downstream BMPs, conveyance systems, pollutant loading and hydromodification 
impacts.  

IV.2.1 Site Design BMPs 

The following section describes the site design BMPs that have been incorporated into this project. 

Minimize Impervious Area 

The project will minimize impervious area by providing all multi-level structures and incorporating 
landscaping within the project’s opens space areas, parkways, areas between residential buildings 
and other suitable landscaping areas to minimize the project’s impervious footprint, thereby 
reducing runoff generated during rain events.  

Maximize Natural Infiltration Capacity 

The project site consists primarily of HSG D soil, which is not feasible for infiltration. Infiltration 
testing conducted onsite resulted in very low values (0.1 in/hr to 0.2 in/hr). Where feasible, runoff 
may be directed to landscaping areas for absorption by soil or vegetation.  

Preserve Existing Drainage Patterns and Time of Concentration 

In the developed condition, runoff from the project will be collected and discharged to the Loftus 
Diversion Channel to the east, as in pre-project conditions. Time of concentration would not be 
increased as the project’s impervious area is decreased from existing conditions.  
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Disconnect Impervious Areas 

Landscaping will be provided within the project’s development areas to minimize the amount of 
directly connected impervious areas. 

Protect Existing Vegetation and Sensitive Areas, and Revegetate Disturbed Areas 

The pre-project site consists of a paved out commercial office development. There are no 
vegetation and sensitive areas to preserve. All disturbed areas will be paved or landscaped. 

Revegetate Disturbed Areas and Xeriscape Landscaping 

Native and/or tolerant landscaping will be incorporated into site design, consistent with City 
guidelines, in proposed landscaping areas. 

IV.2.2 Drainage Management Areas (DMAs) 

Per the TGD, the project site has been divided into Drainage Management Areas (DMAs) to be 
utilized for defining drainage areas tributary to the project’s BMPs. DMA limits have been 
delineated based on the tributary drainage area for each BMP. 

The design capture volume (DCV) and design flow rate utilizing the “Simple Method” and the 
“Capture Efficiency Method” described in the TGD Section III.3.1 and III.3.3 are provided below. 
Locations of DMAs and associated treatment BMPs are provided on the exhibits in Section VI. 
Additional calculations and TGD Worksheets are provided in Attachment B of this WQMP. 

DMA Area 
(Ac.) 

Imp. C-value 
Design 
Storm 

Depth (in) 

DCVSIMPLE 
(cu-ft) 

Tc 
(min) 

Intensity 
(in/hr) 

QBMP 
(cfs) 

1 9.46 0.8 0.75 0.90 23,179 14.72 0.22 1.56 

IV.3 LID BMP SELECTION AND PROJECT CONFORMANCE ANALYSIS 

Per the TGD, Low Impact Development (LID) BMPs must be incorporated into design features and 
source controls to reduce project related storm water pollutants. The incorporation of LID BMPs 
into project design requires evaluation of LID measures in the following treatment hierarchy: 
infiltration, evapotranspiration, harvest/reuse and biotreatment.  

IV.3.1 Hydrologic Source Controls (HSC) 

Hydrologic source controls (HSCs) can be considered to be an integration of site design practices 
and LID BMPs. The goal of HSCs is to reduce runoff volume for a given drainage area without 
reducing the site’s true impervious area.  

Name Included? 

Localized on-lot infiltration  
Impervious area dispersion (e.g. roof top 
disconnection) 

 

Street trees (canopy interception)  
Residential rain barrels (not actively 
managed)  
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Name Included? 

Green roofs/Brown roofs  

Blue roofs  
Impervious area reduction (e.g. 
permeable pavers, site design)  

  
HSC-2 Impervious Area Dispersion  

Where feasible, runoff from the project’s roof and walkway areas will be directed to adjacent 
landscaping areas for filtration, evapotranspiration and incidental infiltration of runoff and volume 
reduction, prior to discharging to the storm drain system.  

HSC-3 Street Trees 

Trees will be planted along the project’s parkways and within common lot areas to intercept rainfall 
and provide some volume reduction benefits for the project.  

At current, DCV reduction credits have not been determined for these areas as the project is in the 
planning phase of development. As such their benefits are considered incidental, as the areas have 
not been specifically designed to retain runoff.  

IV.3.2 Infiltration BMPs 

Infiltration BMPs are LID BMPs that capture, store and infiltrate storm water runoff. These BMPs are 
engineered to store a specified volume of water and have no design surface discharge (underdrain 
or outlet structure) until this volume is exceeded. Examples of infiltration BMPs include infiltration 
trenches, bioretention without underdrains, drywells, permeable pavement, and underground 
infiltration galleries.  

Name Included? 

Bioretention without underdrains  

Rain gardens  

Porous landscaping  

Infiltration planters  

Retention swales  

Infiltration trenches  

Infiltration basins  

Drywells  

Subsurface infiltration galleries  

French drains  

Permeable asphalt  

Permeable concrete  

Permeable concrete pavers  
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Name Included? 

Other:    

Due to the presence of unfavorable soil types (HSG Type D) and infiltration testing results of 0.2 
in/hr or less, infiltration as the primary mechanism for pollutant removal is not feasible. 

IV.3.3 Evapotranspiration, Rainwater Harvesting BMPs 

Name Included? 

EVAPOTRANSPIRATION 

All HSCs; See Section IV.3.1  

Surface-based infiltration BMPs  

Biotreatment BMPs  

HARVEST & REUSE/ RAINWATER HARVESTING 

Above-ground cisterns and basins  

Underground detention  

Evapotranspiration 

Evapotranspiration BMPs are a class of retention BMPs that discharges stored volume 
predominately to ET, through some infiltration may occur. ET includes both evaporation and 
transpiration, and ET BMPs may incorporate one or more of these processes. BMPs must be 
designed to achieve the maximum feasible ET, where required to demonstrate that the maximum 
amount of water has been retained on-site. Since ET is not the sole process in these BMPs, specific 
design and sizing criteria have not been developed for ET-based BMPs. 

Harvest and Reuse 

Harvest and Reuse (aka. Rainwater Harvesting) BMPs are LID BMPs that capture and store storm 
water runoff for later use. These BMPs are engineered to store a specified volume of water and 
have no design surface discharge until this volume is exceeded. Harvest and use BMPs include 
both above-ground and below-ground cisterns. Examples of uses for harvested water include 
irrigation, toilet and urinal flushing, vehicle washing, evaporative cooling, industrial processes and 
other non-potable uses.  

The project does not propose the use of harvesting BMPs, as harvesting runoff exclusively for 
landscape irrigation was determined to be infeasible since the project’s minimum required use 
would exceed the project’s estimated uses (See Worksheet J in Attachment B).  

Consideration was also given to multiples uses (both irrigation and toilet flushing) and exclusively 
toilet use. However, harvesting runoff for multiple uses and toilet use were determined to be 
infeasible due to the difficulty in conveying harvested runoff from a focal collection point to each 
residential unit and also proposed irrigated landscaping areas. Harvesting runoff from these type 
of uses are more feasible/suitable for high rise structures or cluster developments.  
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At the current phase of the project, biofiltration BMPs will be the primary LID BMPs employed to 
address low flow (irrigation and other non-storm water runoff) and storm water runoff from project 
areas.  

IV.3.4 Biotreatment BMPs 

Biotreatment BMPs are a class of structural LID BMPs that treat suspended solids and dissolved 
pollutants in storm water using mechanisms characteristic of biologically active systems. These 
BMPs are considered treat and release facilities and include treatment mechanisms that employ 
soil microbes and plants. Additional benefits of these BMPs may include aesthetic enjoyment, 
recreational use, wildlife habitat and reduction in storm water volume. 

BIOTREATMENT 
Name Included? 

Bioretention with underdrains  

Stormwater planter boxes with underdrains  

Rain gardens with underdrains  

Constructed wetlands  

Vegetated swales  

Vegetated filter strips  

Proprietary vegetated biotreatment systems   

Wet extended detention basin  

Dry extended detention basins  

Other:  

The project proposes the use of biotreatment BMPs to address the project’s pollutants of concern 
from. Proposed BMPs within this category consist of proprietary biotreatment BMPs. 

Proprietary biotreatment BMPs (Modular Wetland System or City approved equivalent) will be sized 
to address the water quality volume for its tributary area and designed with a flow-based 
configuration. Proprietary biotreatment BMPs have been selected based on their proven pollutant 
removal efficiencies, as well as site constraints from proposed land use areas. 

BIOTREATMENT BMP DESIGN SUMMARY 

DMA Area (Ac.) Imp. C-value Tc (min) 
QBMP 

(cfs) 
BMP Unit/Model 

(capacity)1 
BMP Lat/Long 

(DD) 

1 9.46 0.8 0.75 14.72 1.39 
3 units 

MWS-8-24-V 
(0.693 cfs/unit) 

33.913965°, 
-117.878851° 

(1) Preliminary BMP sizing. Will be revised as needed to ensure adequate treatment of runoff.  
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IV.3.5 Hydromodification Control BMPs 

As discussed in Section II.3, the project does not have HCOC impacts.  

IV.3.6 Regional/Sub-Regional LID BMPs 

Not applicable to project. Project is not part of any regional or sub-regional BMP programs. Project 
will employ use of onsite LID BMPs to address project runoff.  

IV.3.7 Treatment Control BMPs 

The project is able to meet LID requirements onsite. Treatment control BMPs for this project applies 
to the treatment BMP employed to meet current full trash capture requirements per the Ocean Plan.  

To address this requirement, the project proposes the use of connector pipe screens in project 
catch basins and/or hydrodynamic separators that have been approved by the SWRCB and meet 
the sizing requirement for Full Trash Capture BMPs per the Ocean Plan (Equal to or greater than 
peak flow rate for the one-year, one-hour storm in the sub-drainage area). 

Source Control BMPs 

In accordance with the County DAMP and City of Brea Local Implementation Plan (LIP), both 
structural and non-structural source control BMPs are required for all priority projects unless 
deemed not applicable based on project characteristics. The following tables summarize the source 
control BMPs (Non-Structural and Structural) specified in the County DAMP and City’s LIP.  

The following tables show source control BMPs (routine non-structural and routine structural) 
included in this project and those that were not included. 

IV.3.8 Non-Structural Source Control BMPs 

The table below indicates all Non-Structural Source Control BMPs to be utilized in the project. 
Additional discussions of the selected BMPs are provided in the BMP Inspection and Maintenance 
Responsibility Matrix provided in Section V of this WQMP. 

NON-STRUCTURAL SOURCE CONTROL BMPS 

Identifier Name 
Check One 

If not applicable, state brief 
reason Included Not 

Applicable 

N1 
Education for Property Owners, 
Tenants and Occupants    

N2 Activity Restrictions    

N3 
Common Area Landscape 
Management    

N4 BMP Maintenance    

N5 
Title 22 CCR Compliance (How 
development will comply)   

Proposed facility will not 
generate waste subject to 
Title 22 CCR compliance. 

N6 
Local Industrial Permit 
Compliance   

Project is not subject to 
industrial permit. 
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NON-STRUCTURAL SOURCE CONTROL BMPS 

Identifier Name 
Check One 

If not applicable, state brief 
reason Included 

Not 
Applicable 

N7 Spill Contingency Plan   

Proposed facility will not 
generate waste or store 
materials subject to the 
requirements of Chapter 
6.95 of the CA Health and 
Safety Code. 

N8 
Underground Storage Tank 
Compliance   

No underground storage 
tanks proposed for the 
project. 

N9 
Hazardous Materials Disclosure 
Compliance   

Proposed facility will not 
store or generate hazardous 
materials subject to agency 
requirements. 

N10 
Uniform Fire Code 
Implementation   

Proposed facility does not 
propose to store toxic or 
highly toxic compressed 
gases.  

N11 Common Area Litter Control    

N12 Employee Training    

N13 Housekeeping of Loading Docks   Not in project scope. 

N14 
Common Area Catch Basin 
Inspection    

N15 
Street Sweeping Public Streets 
and Parking Lots    

N16 Retail Gasoline Outlets   Not in project scope. 

N1 – Education for Property Owners 

Educational materials will be provided to homeowners at close of escrow by owner/developer and 
periodically thereafter by the HOA to inform them of their actions and the potential impacts to 
downstream water quality. Materials include those described in Section VII of this WQMP and any 
updates to educational materials.  

N2 – Activity Restrictions 

Activity restrictions to minimize potential impacts to water quality and with the purpose of protecting 
water quality will be prescribed by the project’s Covenant, Conditions and Restrictions (CC&Rs), or 
other equally effective measure.  
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N3 – Common Area Landscape Management 

Maintenance activities for landscape areas shall be consistent with City and manufacturer 
guidelines for fertilizer and pesticide use (OC DAMP Section 5.5). Maintenance includes trimming, 
weeding and debris removal and vegetation planting and replacement and shall be consistent with 
the City’s Landscape Ordinance. Stockpiled materials during maintenance activities shall be placed 
away from drain inlets and runoff conveyance devices. Wastes shall be properly disposed of or 
recycled.  

N4 – BMP Maintenance 

The project proponent shall be responsible for implementation of each applicable non-structural, 
structural and LID BMPs as well as scheduling inspection and maintenance cleaning of all 
applicable structural BMP facilities. The proponent shall be responsible for inspection and 
maintenance activities in landscape areas (see WQMP Site Plan).  

N11 – Common Area Litter Control 

Litter control onsite will include the use of litter patrols, violation reporting and clean up during 
landscaping maintenance activities and as needed to ensure good housekeeping of the project’s 
common areas. 

N12 – Employee Training 

All employees and any contractors of the HOA will require training to ensure that employees are 
aware of maintenance activities that may result in pollutants reaching the storm drain. Training will 
include, but not limited to, spoil clean up procedures, proper waste disposal, housekeeping 
practices, etc.  

N14 – Common Area Catch Basin Inspection 

As required by the TGD, at least 80% of all drainage facilities shall be inspected each year and, if 
necessary, cleaned and maintained prior to the storm season, no later than October 15th each 
year; with 100% of all drainage facilities inspected, cleaned and maintained within a two-year 
period. Drainage facilities include catch basins and inlets, detention vaults and the project’s LID 
BMPs. 

N15 – Street Sweeping Public Streets and Parking Lots 

All project streets shall be vacuum swept on a weekly basis, consistent with City’s sweeping 
schedule. 

Refer to Section V for implementation frequency and maintenance responsibilities. 
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IV.3.9 Structural Source Control BMPs 

The source control BMPs have been selected in the following table to address the anticipated 
pollutants generated by the proposed project. These BMPs are designed to work in conjunction 
with the project’s LID BMPs to minimize potential impacts to the site’s receiving waters. 

STRUCTURAL SOURCE CONTROL BMPS 

Identifier  Name 
Check One 

If not applicable, state brief 
reason Included 

Not 
Applicable 

S1 
Provide storm drain system 
stenciling and signage    

S2 
Design and construct outdoor 
material storage areas to reduce 
pollution introduction 

  No outdoor storage areas 
proposed for park. 

S3 
Design and construct trash and 
waste storage areas to reduce 
pollution introduction 

  

No designated trash 
enclosures proposed. All 
receptacles kept in private 
residences.  

S4 

Use efficient irrigation systems & 
landscape design, water 
conservation, smart controllers, 
and source control 

   

S5 
Protect slopes and channels and 
provide energy dissipation   

No slopes onsite. Project does 
not discharge to natural 
areas.  

 

Incorporate requirements 
applicable to individual priority 
project categories (from 
SDRWQCB NPDES Permit) 

  Not applicable to project 
area.  

S6 Dock areas    

S7 Maintenance bays   No maintenance bays 
proposed for project. 

S8 Vehicle wash areas   
No vehicle washing allowed 
onsite. 

S9 Outdoor processing areas   
No outdoor processing of 
goods required for project. 

S10 Equipment wash areas   No wash areas onsite. 

S11 Fueling areas   
No fueling areas in project 
scope. 

S12 Hillside landscaping   
Project is not hillside 
development with large 
slopes. 

S13 
Wash water control for food 
preparation areas    

S14 Community car wash racks   Not in project scope. 
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S1 – Provide Storm Drain System Stenciling and Signage (CASQA SD-13) 

Storm drain stenciling with a brief message or graphical icons with symbols, prohibiting the 
dumping of improper materials into the storm drain system shall be placed in highly visible areas 
adjacent to all storm drain inlets. The BMP is designed to alert and educate homeowners and 
guests of the destination of pollutants discharged into storm drain systems. Legibility of stencils and 
signs shall be maintained. 

S4 – Efficient Irrigation System & Landscape Design (CASQA SD-10 & SD-12) 

Landscaping will be designed to consist of native species or drought tolerant, water conserving 
landscaping. Irrigation system will be designed, constructed and adjusted to eliminate overspray to 
hardscape areas, with timing and cycle lengths adjusted in accordance with water demands, given 
time of year, weather, day or night time temperatures based on system specifications and local 
climate patterns. 

IV.4 ALTERNATIVE COMPLIANCE PLAN (IF APPLICABLE) 

The project is able to fully address the design capture volume via onsite LID BMPs. Therefore, an 
alternative compliance plan is not applicable to this project. 

IV.4.1 Water Quality Credits 

Not applicable to project. Project will utilize LID BMPs onsite to address storm water. 

DESCRIPTION OF PROPOSED PROJECT 
Project Types that Qualify for Water Quality Credits (Select all that apply):   

 Redevelopment 
projects that 
reduce the overall 
impervious 
footprint of the 
project site. 

 Brownfield redevelopment, meaning 
redevelopment, expansion, or reuse of real 
property which may be complicated by the 
presence or potential presence of hazardous 
substances, pollutants or contaminants, and 
which have the potential to contribute to 
adverse ground or surface WQ if not 
redeveloped. 

 Higher density development 
projects which include two distinct 
categories (credits can only be taken  
for one category): those with more 
than seven units per acre of 
development (lower credit 
allowance); vertical density 
developments, for example, those 
with a Floor to Area Ratio (FAR) of 2 
or those having more than 18 units 
per acre (greater credit allowance). 

G3-26

□ □ □ 



Preliminary/Conceptual Water Quality Management Plan (WQMP) 
“Greenbriar”  
City of Brea, CA 

 

Lennar Section IV 
  Page 23 

DESCRIPTION OF PROPOSED PROJECT 
Project Types that Qualify for Water Quality Credits (Select all that apply):   

 Mixed use development, such as a 
combination of residential, commercial, 
industrial, office, institutional, or other 
land uses which incorporate design 
principles that can demonstrate 
environmental benefits that would not 
be realized through single use projects 
(e.g. reduced vehicle trip traffic with the 
potential to reduce sources of water or 
air pollution). 

 Transit-oriented developments, 
such as a mixed use residential or 
commercial area designed to 
maximize access to public 
transportation; similar to above 
criterion, but where the development 
center is within one half mile of a 
mass transit center (e.g. bus, rail, 
light rail or commuter train station). 
Such projects would not be able to 
take credit for both categories, but 
may have greater credit assigned 

 Redevelopment 
projects in an 
established historic 
district, historic 
preservation area, or 
similar significant city 
area including core City 
Center areas (to be 
defined through 
mapping). 

 Developments 
with dedication of 
undeveloped 
portions to parks, 
preservation areas 
and other pervious 
uses. 

 Developments 
in a city center 
area. 

 Developments 
in historic districts 
or historic 
preservation 
areas. 

 Live-work 
developments, a 
variety of 
developments 
designed to 
support 
residential and 
vocational 
needs together 
– similar to 
criteria to mixed 
use 
development; 
would not be 
able to take 
credit for both 
categories. 

 In-fill projects, the 
conversion of empty lots 
and other underused 
spaces into more 
beneficially used spaces, 
such as residential or 
commercial areas. 

Calculation of 
Water Quality 
Credits (if 
applicable) 

N/A 

IV.4.2 Alternative Compliance Plan Information 

Not applicable to project. Project will utilize LID BMPs onsite to address storm water pollutants. 
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SECTION V INSPECTION/MAINTENANCE RESPONSIBILITY FOR BMPS 

It has been determined that the Owner shall assume all BMP funding, inspection and maintenance 
responsibilities for the Greenbriar project, until such time, site ownership, maintenance and funding 
responsibilities have been transferred to the HOA and the City of Brea, as appropriate.  

Contact/Title Gary Jones, VP of Land Acquisition 

Company Lennar 

Address 
2000 Fivepoint, 3rd Floor 
Irvine, CA 92618 

Email gary.jones@lennar.com 

Telephone # 949.349.8000 

Until the HOA’s acceptance of onsite improvements and BMPs pertaining to the WQMP, the 
Owner shall verify BMP implementation and ongoing maintenance through inspection, self-
certification or other equally effective measure. The certification shall verify that the inspection and 
maintenance of all BMPs are performed in accordance to the requirements of this WQMP.  

The BMP Inspection and Maintenance Responsibility Matrix is provided in the following table. An 
Operations and Maintenance (O&M) Plan is also included as an attachment to this WQMP. 

BMP INSPECTION/MAINTENANCE 

BMP Responsible 
Party(s) 

Inspection/ Maintenance Activities 
Required 

Minimum Frequency 
of Activities 

HYDROLOGIC SOURCE CONTROL BMPs 

HSC-2 Impervious 
Area Dispersion Owner/HOA 

Inspect for standing water and that 
water infiltrates into underlying soil 
completely. Remove accumulated 
sediment or repair eroded areas as 
needed. 

After qualifying storm 
events of 0.5” or 

greater and monthly 
with landscaping 

maintenance  

HSC-3 Street Trees Owner/HOA 

Conduct general inspection and 
maintenance monthly per routine 
landscaping maintenance activities. 
Trim trees as needed. Conduct bi-
annual tree health evaluations. 

After qualifying storm 
events of 0.5” or 

greater and monthly 
with landscaping 

maintenance  
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BMP INSPECTION/MAINTENANCE 

BMP 
Responsible 

Party(s) 
Inspection/ Maintenance Activities 

Required 
Minimum Frequency 

of Activities 
BIOTREATMENT BMPs 

BIO-7 Proprietary 
Biotreatment (MWS 

Unit) 
Owner/HOA 

Inspect unit for accumulated debris 
and sediment and plant health; 
remove trash from screening device 
and separation chamber; trim 
vegetation. Remove sediment from 
pre-chamber, replace pre-filter 
cartridge media and drain down filter 
media. 

Replace wetland media. 

 
 
 

Annually 
 
 
 
 

20 years 

GROSS SOLIDS REMOVAL BMPs 

PRE-1 Gross Solids 
Removal Devices  
(Connector Pipe 

Screens) 

Owner/HOA 

Inspect unit for accumulated debris 
and sediment. Remove when 
accumulated material reaches ½ 
height of screen.  

Inspect monthly and 
after significant 

storm events. Clean 
annually and as 

needed. 
NON-STRUCTURAL SOURCE CONTROL BMPs 

N1 Education for 
Property Owners, 

Tenants and 
Occupants 

Owner/HOA 

Educational materials will be provided 
to homeowners at close of escrow by 
the developer and thereafter on an 
annual basis by the HOA. Materials 
shall include those shown in Section 
VII of this WQMP.  

At close of escrow 
and Annually 

N2 Activity Restrictions Owner/HOA 

Owner will prescribe activity 
restrictions to protect surface water 
quality, through a Covenant, 
Conditions and Restrictions (CC&Rs) 
agreement, or other equally effective 
measure, for the property. Upon 
takeover of site responsibilities by the 
HOA. The HOA shall be responsible 
for ensuring residents compliance. 

Ongoing 
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BMP INSPECTION/MAINTENANCE 

BMP 
Responsible 

Party(s) 
Inspection/ Maintenance Activities 

Required 
Minimum Frequency 

of Activities 

N3 Common Area 
Landscape 

Management 
Owner/HOA 

Maintenance shall be consistent with 
City requirements; any fertilizer and/or 
pesticide usages shall be consistent 
with City and manufacturer guidelines 
for use of fertilizers and pesticides. 
Maintenance includes mowing, 
weeding, and debris removal on a 
weekly basis. Trimming, replanting 
and replacement of mulch shall be 
performed on an as-needed basis. 
Trimmings, clippings, and other waste 
shall be properly disposed of off-site in 
accordance with local regulations. 
Materials temporarily stockpiled 
during maintenance activities shall be 
placed away from water courses and 
drain inlets. 

Monthly and as 
needed 

N4 BMP Maintenance Owner/HOA 

Maintenance of BMPs implemented 
at the project site shall be performed 
at the frequency prescribed in this 
WQMP. Records of inspections and 
BMP maintenance shall be 
maintained by the City and 
documented with the WQMP. 

Ongoing  

N11 Common Area 
Litter control Owner/HOA 

Litter patrol, violations investigation, 
reporting and other litter control 
activities shall be performed by the 
owner/HOA as needed and in 
conjunction with maintenance 
activities for common areas. 

Ongoing 

N12 Employee 
Training Owner/HOA 

All employees and any contractors 
will require training to ensure that 
employees are aware of 
maintenance activities that may 
result in pollutants reaching the 
storm drain. Training will include, 
but not limited to, spoil clean up 
procedures, proper waste 
disposal, housekeeping practices, 
etc.  

Upon hire and 
annually thereafter 
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BMP INSPECTION/MAINTENANCE 

BMP 
Responsible 

Party(s) 
Inspection/ Maintenance Activities 

Required 
Minimum Frequency 

of Activities 

N14 Common Area 
Catch Basin Inspection 

Owner/HOA 
and City, as 
appropriate 

Catch basin inlets, area drains, curb-
and-gutter systems and other 
drainage systems shall be inspected 
prior to October 1st of each year and 
after large storm events. If necessary, 
drains shall be cleaned prior to any 
succeeding rain events. 80% of 
private facilities shall be inspected 
and cleaned annually, with 100% of 
facilities inspected and maintained 
within a 2-year period. 

Annually 

N15 Street Sweeping 
Owner/HOA 
and City, as 
appropriate 

Project streets and parking areas 
shall be vacuum swept at a minimum, 
weekly basis, consistent with City 
schedules.  

Weekly 

STRUCTURAL SOURCE CONTROL BMPs 

S1 Provide storm drain 
system stencilling and 

signage 

Owner/HOA 
and City, as 
appropriate 

As a part of the Preliminary civil 
engineering drawings, it will be 
required by the Developer to stencil on 
all of the project’s catch basins, where 
applicable in paved areas, the words, 
“No Dumping - Drains to Ocean.” 
Storm drain stencils shall be inspected 
for legibility, at minimum, once prior 
to the storm season, no later than 
October 1st each year. Those 
determined to be illegible will be re-
stenciled as soon as possible. 

Annually 

S4 Use efficient 
irrigation systems & 
landscape design, 
water conservation, 

smart controllers, and 
source control 

Owner/HOA 

In conjunction with routine 
maintenance activities, verify that 
landscape design continues to 
function properly by adjusting properly 
to eliminate overspray to hardscape 
areas, and to verify that irrigation 
timing and cycle lengths are adjusted 
in accordance with water demands, 
given time of year, weather, day or 
night time temperatures based on 
system specifications and local climate 
patterns. 

Monthly  
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SECTION VI SITE PLAN AND DRAINAGE PLAN 

The exhibits provided in this section are to illustrate the post construction BMPs prescribed within 
this WQMP. Drainage flow information of the proposed project, such as general surface flow lines, 
concrete or other surface drainage conveyances, and storm drain facilities are also depicted. All 
structural source control and LID BMPs are shown as well. 

Exhibits 

• Vicinity Map 

• WQMP Site Plan Exhibit 
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SECTION VII EDUCATIONAL MATERIALS INCLUDED 

The list below consists of educational materials that are applicable to this project and can be found 
at https://h2oc.org/resources/ 

EDUCATION MATERIALS 

Residential Material Check If 
Applicable 

Business Material Check If 
Applicable 

The Ocean Begins at Your Front 
Door  Tips for the Automotive Industry  

Tips for Car Wash Fund-raisers  Tips for Using Concrete and Mortar  

Tips for the Home Mechanic  Tips for the Food Service Industry  

Homeowners Guide for 
Sustainable Water Use  

Proper Maintenance Practices for 
Your Business  

Household Tips  
Other Material 

Check If 
Attached Proper Disposal of Household 

Hazardous Waste  

Recycle at Your Local Used Oil 
Collection Center (North County)    

Recycle at Your Local Used Oil 
Collection Center (Central County)    

Recycle at Your Local Used Oil 
Collection Center (South County)    

Tips for Maintaining a Septic Tank 
System    

Responsible Pest Control    

Sewer Spill    

Tips for the Home Improvement 
Projects    

Tips for Horse Care    

Tips for Landscaping and 
Gardening    

Tips for Pet Care    

Tips for Pool Maintenance    

Tips for Residential Pool, 
Landscape and Hardscape Drains    

Tips for Projects Using Paint    
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Attachment A – Educational Materials 

(Provided at Final WQMP) 
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Attachment B – BMP Worksheets, Calculations & BMP Details  

BIO-7 Proprietary Biotreatment 

Proprietary Biotreatment (MWS) 
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BMP Worksheets and Calculations
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Table 2.7:  Infiltration BMP Feasibility Worksheet 

 Infeasibility Criteria Yes No 

1 

Would Infiltration BMPs pose significant risk for 
groundwater related concerns? Refer to Appendix VII 
(Worksheet I) for guidance on groundwater-related 
infiltration feasibility criteria.  

 X 

Provide basis: 
Per GeoTracker, no previous or current contamination issues onsite.  

2 

Would Infiltration BMPs pose significant risk of increasing 
risk of geotechnical hazards that cannot be mitigated to 
an acceptable level? (Yes if the answer to any of the 
following questions is yes, as established by a 
geotechnical expert):  

 X 

Provide basis: 
Per TGD, project does not reside in any slide or expansion area.  

3 
Would infiltration of the DCV from drainage area violate 
downstream water rights?  X 

Provide basis: 
Per County TGD Maps, no restrictions on infiltration due to water rights. 
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Table 2.7: Infiltration BMP Feasibility Worksheet (continued)

Partial Infeasibility Criteria Yes No

4
Is proposed infiltration facility located on HSG D soils or the 
site geotechnical investigation identifies presence of soil 
characteristics which support categorization as D soils?

X

Provide basis:
Based on TGD maps, site is located on HSG D soil. Confirmed by borings and infiltration testing 
conducted onsite. 

5
Is measured infiltration rate below proposed facility less than
0.3 inches per hour? This calculation shall be based on the 
methods described in Appendix VII.

X

Provide basis: Infiltration testing resulted in 0.1 to 0.2 in/hr observed rates. 

6

Would reduction of over pre-developed conditions cause
impairments to downstream beneficial uses, such as change of
seasonality of ephemeral washes or increased discharge of
contaminated groundwater to surface waters?

X

Provide citation to applicable study and summarize findings relative to the amount of infiltration 
that is permissible: Project discharges to storm channel that is not ephemeral. 

7

Would an increase in infiltration over pre-developed
conditions cause impairments to downstream beneficial uses,
such as change of seasonality of ephemeral washes or
increased discharge of contaminated groundwater to surface
waters?

X

Provide citation to applicable study and summarize findings relative to the amount of infiltration 
that is permissible: Based on TGD and County GIS records, no restrictions on infiltration due to 
ephemeral washes or groundwater concerns.

Infiltration Screening Results (check box corresponding to result):

8

Is there substantial evidence that infiltration from the project 
would result in a significant increase in I&I to the sanitary 
sewer that cannot be sufficiently mitigated? (See Appendix 
XVII)? Provide narrative discussion and supporting evidence:
Per TGD and County of Orange GIS data, project is not 
located in an area where increase in I&I to the sanitary sewer 
is of concern. 

No

9

If any answer from row 1-3 is yes: infiltration of any volume is 
not feasible within the DMA or equivalent. 

Provide basis: See project soils report. 

1-3 is no

G 3 - 4 0
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10

If any answer from row 4-7 is yes, infiltration is permissible but
is not presumed to be feasible for the entire DCV. Criteria for 
designing biotreatment BMPs to achieve the maximum feasible 
infiltration and ET shall apply.  

Provide basis: See project soils report

4-5 are yes

11
If all answers to rows 1 through 11 are no, infiltration of the 
full DCV is potentially feasible, BMPs must be designed to 
infiltrate the full DCV to the maximum extent practicable.

N/A

G 3 - 4 1
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Worksheet J: Summary of Harvested Water Demand and Feasibility – Overall Project Site 

1 What demands for harvested water exist in the tributary area (check all that apply): 

2 Toilet and urinal flushing  

3 Landscape irrigation  

4 Other:  

5 What is the design capture storm depth? (Figure III.1) d 0.90 inches 

6 What is the project size? A 9.46 ac 

7 What is the acreage of impervious area? IA 7.57 ac 

 For projects with multiple types of demand (toilet flushing, irrigation demand, and/or other 
demand) 

8 What is the minimum use required for partial capture? (Table 
X.6) 

N/A gpd 

9 What is the project estimated wet season total daily use 
(Section X.2)? 

N/A gpd 

10 Is partial capture potentially feasible? (Line 9 > Line 8?) N/A  

 For projects with only toilet flushing demand   

11 What is the minimum TUTIA for partial capture? (Table X.7) N/A users 

12 What is the project estimated TUTIA? N/A users 

13 Is partial capture potentially feasible? (Line 12 > Line 11?) N/A  

 For projects with only irrigation demand   

14 What is the minimum irrigation area required based on 
conservation landscape design? (Table X.8) 

7.65 ac 

15 What is the proposed project irrigated area? (multiply 
conservation landscaping by 1; multiply active turf by 2) 

1.89 ac 

16 Is partial capture potentially feasible? (Line 15 > Line 14?) No  

Provide supporting assumptions and citations for controlling demand calculation: 
em 9 – 9.3 x (180 units x 2 residents min) = 3348 gpd 
Item 14 – Min. irrigation area for conservation landscape (KL= 0.35) = 1.01 x 7.57 ac = 7.65 ac  
Item 15 – Proposed irrigated area = 1.89 ac x 1 = 1.89 ac (HOA).  
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Worksheet B: Simple Design Capture Volume Sizing Method – DMA 1 

Step 1: Determine the design capture storm depth used for calculating volume 

1 Enter design capture storm depth from Figure III.1, d (inches) d= 0.90 inches 

2 Enter the effect of provided HSCs, dHSC (inches)  
(Worksheet A) dHSC= 0 inches 

3 Calculate the remainder of the design capture storm depth, 
dremainder (inches) (Line 1 – Line 2) dremainder= 0.90 inches 

Step 2: Calculate the DCV 

1 Enter Project area tributary to BMP (s), A (acres) A= 9.46 acres 

2 Enter Project Imperviousness, imp (unitless)  imp= 0.80  

3 Calculate runoff coefficient, C= (0.75 x imp) + 0.15 C= 0.75  

4 Calculate runoff volume, Vdesign= (C x dremainder x A x 43560 x 
(1/12)) Vdesign= 23,179 cu-ft 

Step 3: Design BMPs to ensure full retention of the DCV 
Step 3a: Determine design infiltration rate 

1 Enter measured infiltration rate, Kmeasured (in/hr) 
(Appendix VII) Kmeasured= N/A In/hr 

2 Enter combined safety factor from Worksheet H, SPreliminary (unitless) SPreliminary= N/A  

3 Calculate design infiltration rate, Kdesign = Kmeasured / SPreliminary Kdesign= N/A In/hr 

Step 3b: Determine minimum BMP footprint 

4 Enter drawdown time, T (max 48 hours) T= N/A Hours 

5 Calculate max retention depth that can be drawn down within the 
drawdown time (feet), Dmax = Kdesign x T x (1/12) Dmax= N/A feet 

6 Calculate minimum area required for BMP (sq-ft),  
Amin = Vdesign/ dmax 

Amin= N/A sq-ft 

Calculations 
 
DCV = 0.75 X 0.90in X 9.46 acres X 43560 sf/12 ft = 23,179 cu-ft. 
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Worksheet D: Capture Efficiency Method for Flow-Based BMPs – DMA 1 

Step 1: Determine the design capture storm depth used for calculating volume 

1 Enter the time of concentration, Tc (min) (See Appendix IV.2) Tc= 14.72  

2 

Using Figure III.4, determine the design intensity at which the 
estimated time of concentration (Tc) achieves 80% capture 
efficiency, I1 

I1= 0.22 in/hr 

3 
Enter the effect depth of provided HSCs upstream, dHSC 
(inches) (Worksheet A) dHSC= 0 inches 

4 
Enter capture efficiency corresponding to dHSC, Y2 

(Worksheet A) 
Y2= 0 % 

5 
Using Figure III.4, determine the design intensity at which the 
time of concentration (Tc) achieves the upstream capture 
efficiency(Y2), I2 

I2= 0  

6 
Determine the design intensity that must be provided by BMP 
 Idesign= I1-I2 

Idesign= 0.22  

Step 2: Calculate the design flowrate 

1 Enter Project area tributary to BMP (s), A (acres) A= 9.46 acres 

2 Enter Project Imperviousness, imp (unitless)  imp= 0.80  

3 Calculate runoff coefficient, C= (0.75 x imp) + 0.15 C= 0.75  

4 Calculate design flow rate, Qdesign= (C x idesign x A) Qdesign= 0.22 cfs 

Supporting Calculations 

Describe system: Runoff collected via project backbone storm drain system and conveyed easterly to 
a proprietary BMP system consisting of three (3) Modular Wetland System units (MWS-L-8-24-V) 
capable to treating 0.692 cfs per unit. Number of units will be revised as needed to ensure that the 
project’s QBMP is fully treated.  

Provide time of concentration assumptions: Tc of 14.27 mins is based off of the 2-year event for the 
project.  
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Worksheet D: Capture Efficiency Method for Flow-Based BMPs – DMA 1

Graphical Operations
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BIO-7: Proprietary Biotreatment  

Proprietary biotreatment devices are devices that are 
manufactured to mimic natural systems such as bioretention 
areas by incorporating plants, soil, and microbes engineered 
to provide treatment at higher flow rates or volumes and 
with smaller footprints than their natural counterparts. 
Incoming flows are typically filtered through a planting 
media (mulch, compost, soil, plants, microbes, etc.) and 
either infiltrated or collected by an underdrain and delivered 
to the storm water conveyance system. Tree box filters are an 
increasingly common type of proprietary biotreatment device 
that are installed at curb level and filled with a bioretention 
type soil. For low to moderate flows they operate similarly to 
bioretention systems and are bypassed during high flows. 
Tree box filters are highly adaptable solutions that can be 
used in all types of development and in all types of soils but 
are especially applicable to dense urban parking lots, street, 
and roadways.  

Feasibility Screening Considerations 

 Proprietary biotreatment devices that are unlined may cause incidental infiltration.  Therefore, an 
evaluation of site conditions should be conducted to evaluate whether the BMP should include an 
impermeable liner to avoid infiltration into the subsurface. 

Opportunity Criteria 

 Drainage areas of 0.25 to 1.0 acres. 

 Land use may include commercial, residential, mixed use, institutional, and subdivisions.  
Proprietary biotreatment facilities may also be applied in parking lot islands, traffic circles, road 
shoulders, and road medians. 

 Must not adversely affect the level of flood protection provided by the drainage system. 

OC-Specific Design Criteria and Considerations 

□ Frequent maintenance and the use of screens and grates to keep trash out may decrease the 
likelihood of clogging and prevent obstruction and bypass of incoming flows. 

□ Consult proprietors for specific criteria concerning the design and performance.

□ Proprietary biotreatment may include specific media to address pollutants of concern.  However,
for proprietary device to be considered a biotreatment device the media must be capable of
supporting rigorous growth of vegetation.

□
Proprietary systems must be acceptable to the reviewing agency.  Reviewing agencies shall
have the discretion to request performance information.  Reviewing agencies shall have the
discretion to deny the use of a proprietary BMP on the grounds of performance, maintenance
considerations, or other relevant factors.

Also known as: 
Catch basin planter box
Bioretention vault
Tree box filter

Proprietary biotreatment 
Source: 
http://www.americastusa.com 
/index.php/filterra/  
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 XIV-70 May 19, 2011 

□ In right of way areas, plant selection should not impair traffic lines of site.  Local jurisdictions 
may also limit plant selection in keeping with landscaping themes. 

Computing Sizing Criteria for Proprietary Biotreatment Device 

 Proprietary biotreatment devices can be volume based or flow-based BMPs.  

 Volume-based proprietary devices should be sized using the Simple Design Capture Volume 
Sizing Method described in Appendix III.3.1 or the Capture Efficiency Method for Volume-Based, 
Constant Drawdown BMPs described in Appendix III.3.2. 

 The required design flowrate for flow-based proprietary devices should be computed using the 
Capture Efficiency Method for Flow-based BMPs described in Appendix III.3.3). 

Additional References for Design Guidance 

 Los Angeles Unified School District (LAUSD) Stormwater Technical Manual, Chapter 4: 
http://www.laschools.org/employee/design/fs-studies-and-
reports/download/white_paper_report_material/Storm_Water_Technical_Manual_2009-opt-
red.pdf?version_id=76975850 

 Los Angeles County Stormwater BMP Design and Maintenance Manual, Chapter 9: 
http://dpw.lacounty.gov/DES/design_manuals/StormwaterBMPDesignandMaintenance.pdf 

 Santa Barbara BMP Guidance Manual, Chapter 6: 
http://www.santabarbaraca.gov/NR/rdonlyres/91D1FA75-C185-491E-A882-
49EE17789DF8/0/Manual_071008_Final.pdf 
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The Urban Impact
For hundreds of years natural wetlands surrounding our shores have played an integral role as 
nature’s stormwater treatment system.  But as our cities grow and develop, these natural wet-
lands have perished under countless roads, rooftops, 

and parking lots.

Plant A Wetland
Without natural wetlands our cities are deprived of water purification, flood control, and land 
stability.  Modular Wetlands and the MWS Linear re-establish nature’s presence and rejuvenate 
water ways in urban areas.

MWS Linear
The Modular Wetland System Linear represents a pioneering breakthrough in stormwater tech-
nology as the only biofiltration system to utilize patented horizontal flow, allowing for a smaller 
footprint and higher treatment capacity.  While most biofilters use little or no pre-treatment, the 
MWS Linear incorporates an advanced pre-treatment chamber that includes separation and pre-
filter cartridges.  In this chamber sediment and hydrocarbons are removed from runoff before it 
enters the biofiltration chamber, in turn reducing maintenance costs and improving performance.  

G 3 - 5 1



Parking Lots
Parking lots are designed to maximize space and 
the MWS Linear’s 4 ft. standard planter width al-
lows for easy integration into parking lot islands 
and other landscape medians.

Mixed Use
The MWS Linear can be installed as a raised plant-
er to treat runoff from rooftops or patios, making 
it perfect for sustainable “live-work” spaces.

Industrial
Many states enforce strict regulations for dis-
charges from industrial sites. The MWS Linear has 
helped various sites meet difficult EPA mandated 
effluent limits for dissolved metals and other pol-
lutants.

Residential
Low to high density developments can benefit 
from the versatile design of the MWS Linear. The 
system can be used in both decentralized LID de-
sign and cost-effective end-of-the-line configura-
tions.

Streets
Street applications can be challenging due to 
limited space. The MWS Linear is very adaptable, 
and offers the smallest footprint to work around 
the constraints of existing utilities on retrofit pro-
jects.

Commercial
Compared to bioretention systems, the MWS Lin-
ear can treat far more area in less space - meeting 
treatment and volume control requirements.

Applications
The MWS Linear has been successfully used on numerous new construction and retrofit projects.  The system’s 
superior versatility makes it beneficial for a wide range of stormwater and waste water applications - treating 
rooftops, streetscapes, parking lots, and industrial sites.

More applications are available on our website:  www.ModularWetlands.com/Applications
• Agriculture
• Reuse

• Low Impact Development
• Waste WaterG 3 - 5 2
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Configurations
The MWS Linear is the preferred biofiltration system of Civil Engineers across the country due to its versatile 
design.  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 stormdrain design.

Curb Type
The Curb Type configuration accepts sheet flow through a curb opening and is 
commonly used along road ways and parking lots.  It can be used in sump or 
flow by conditions.  Length of curb opening varies based on model and size.

Grate Type
The Grate Type configuration offers the same features and benefits as the Curb 
Type but with a grated/drop inlet above the systems pre-treatment chamber.  
It has the added benefit of allowing for pedestrian access over the inlet.  ADA 
compliant grates are available to assure easy and safe access. The Grate Type
can also be used in scenarios where runoff needs to be intercepted on both 
sides of landscape islands.

Downspout Type
The Downspout Type is a variation of the Vault Type and is designed to accept a 
vertical downspout pipe from roof top 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.

Vault Type
The system’s patented horizontal flow biofilter is able to accept inflow pipes 
directly into the pre-treatment chamber, meaning the MWS Linear can be used 
in end-of-the-line installations.  This greatly improves feasibility over typical 
decentralized designs that are required with other biofiltration/bioretention 
systems.  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. 

Page 3
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Cartridge Housing

Pre-filter Cartridge

Curb Inlet

Individual Media Filters

Advantages & Operation
The MWS Linear is the most efficient and versatile biofiltration system on the market, and the only system with 
horizontal flow which improves performance, reduces footprint, and minimizes maintenance.  Figure-1 and 
Figure-2 illustrate the invaluable benefits of horizontal flow and the multiple treatment stages. 

• Horizontal Flow Biofiltration
• Greater Filter Surface Area
• Pre-Treatment Chamber

• Patented Perimeter Void Area
• Flow Control
• No Depressed Planter Area

Separation
• Trash, sediment, and debris are separated before

entering the pre-filter cartridges
• Designed for easy maintenance access

Pre-Filter Cartridges
• Over 25 ft2 of surface area per cartridge
• Utilizes BioMediaGREEN filter material
• Removes over 80% of TSS & 90% of hydrocarbons
• Prevents pollutants that cause clogging from

migrating to the biofiltration chamber

Pre-Treatment1

• Removes over 80% of TSS & 90% of hydrocarbons

1

2

Drain-Down Line

1
2Vertical Underdrain 

Manifold

Featured Advantages

G 3 - 5 4
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Fig. 1

Horizontal Flow 
• Less clogging than downward flow biofilters
• Water flow is subsurface
• Improves biological filtration

Patented Perimeter Void Area
• Vertically extends void area between the walls

and the WetlandMEDIA on all four sides.
• Maximizes surface area of the media for higher

treatment capacity

WetlandMEDIA 
• Contains no organics and removes phosphorus
• Greater surface area and 48% void space
• Maximum evapotranspiration
• High ion exchange capacity and light weight

Flow Control
• Orifice plate controls flow of water through

WetlandMEDIA to a level lower than the
media’s capacity.

• Extends the life of the media and improves
performance

Drain-Down Filter
• The Drain-Down is an optional feature that

completely drains the pre-treatment
chamber

• Water that drains from the pre-treatment
chamber between storm events will be
treated

2x to 3x More Surface Area Than Traditional Downward Flow Bioretention Systems.Fig. 2 - Top View

Biofiltration2

Discharge3
Fig. 1

treatment capacity

WetlandMEDIA 
• Contains
• Greater surface area and 48% void space
• Maximum evapotranspiration
• High ion exchange capacity and light weight

Perimeter Void Area

3

4

3
Flow Control Riser

Drain-Down Line

Outlet Pipe
Page 5
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Orientations

Bypass

Internal Bypass Weir (Side-by-Side Only)
The Side-By-Side orientation places the pre-treat-
ment and discharge chambers adjacent to one an-
other allowing for integration of internal bypass.  
The wall between these chambers can act as a by-
pass weir when flows exceed the system’s treatment 
capacity, thus allowing bypass from the pre-treat-
ment chamber directly to the discharge chamber.

External Diversion Weir Structure
This traditional offline diversion method can be 
used with the MWS Linear in scenarios where run-
off is being piped to the system. These simple and 
effective structures are generally configured with  
two outflow pipes.  The first is a smaller pipe on the 
upstream side of the diversion weir - to divert low 
flows over to the MWS Linear for treatment.  The 
second is the main pipe that receives water once the 
system has exceeded treatment capacity and water 
flows over the weir.

Flow By Design
This method is one in which the system is placed 
just upstream of a standard curb or grate inlet to 
intercept the first flush.  Higher flows simply pass by 
the MWS Linear and into the standard inlet down-
stream. 

End-To-End
The End-To-End orientation places the pre-treat-
ment and discharge chambers on opposite ends of 
the biofiltration chamber therefore minimizing the 
width of the system to 5 ft (outside dimension).  This 
orientation is perfect for linear projects and street 
retrofits where existing utilities and sidewalks limit 
the amount of space available for installation. One 
limitation of this orientation is bypass must be ex-
ternal.

Side-By-Side
The Side-By-Side orientation places the pre-treat-
ment and discharge chamber adjacent to one an-
other with the biofiltration chamber running paral-
lel on either side. This minimizes the system length, 
providing a highly compact footprint. It has been 
proven useful in situations such as streets with di-
rectly adjacent sidewalks, as half of the system can 
be placed under that sidewalk. This orientation also 
offers internal bypass options as discussed below.  

This simple yet innovative diversion trough can be 
installed in existing or new curb and grate inlets to 
divert the first flush to the MWS Linear via pipe. It 
works similar to a rain gutter and is installed just 
below the opening into the inlet. It captures the low 
flows and channels them over to a connecting pipe 
exiting out the wall of the inlet and leading to the 
MWS Linear. The DVERT is perfect for retrofit and 
green street applications that allows the MWS Lin-
ear to be installed anywhere space is available. 

DVERT Low Flow Diversion

DVERT Trough

G 3 - 5 6
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Rhode Island DEM Approved
Approved as an authorized BMP and noted to achieve the following minimum removal 
efficiencies: 85% TSS, 60% Pathogens, 30% Total Phosphorus for discharges to freshwater 
systems, and 30% Total Nitrogen for discharges to saltwater or tidal systems.

MASTEP Evaluation
The University of Massachusetts at Amherst – Water Resources Research Center, issued a 
technical evaluation report noting removal rates up to 84% TSS, 70% Total Phosphorus, 
68.5% Total Zinc, and more.

Washington State DOE Approved
The MWS Linear is approved for General Use Level Designation (GULD) for Basic, En-
hanced, and Phosphorus treatment at 1 gpm/ft2 loading rate.  The highest performing BMP 
on the market for all main pollutant categories. 

Approvals
The MWS Linear has successfully met years of challenging technical reviews and testing from some of the most 
prestigious and demanding agencies in the nation, and perhaps the world.  

DEQ Assignment 
The Virginia Department of Environmental Quality assigned the MWS Linear, the highest 
phosphorus removal rating for manufactured treatment devices to meet the new Virginia 
Stormwater Management Program (VSMP) Technical Criteria.

VA

TSS
Total

Phosphorus
Ortho 

Phosphorus
Nitrogen Dissolved Zinc

Dissolved 
Copper

Total Zinc
Total 

Copper
Motor Oil

85% 64% 67% 45% 66% 38% 69% 50% 95%

Performance
The MWS Linear continues to outperform other treatment methods with superior pollutant removal for TSS, 
heavy metals, nutrients, hydrocarbons and bacteria.  Since 2007 the MWS Linear has been field tested on nu-
merous sites across the country.  With it’s advanced pre-treatment chamber and innovative horizontal flow 
biofilter, the system is able to effectively remove pollutants through a combination of physical, chemical, and 
biological filtration processes. With the same biological processes found in natural wetlands, the MWS Linear 
harnesses natures ability to process, transform, and remove even the most harmful pollutants. 

Page 7
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Treatment Flow Sizing Table

Model # Dimensions WetlandMedia
Surface Area

Treatment Flow 
Rate (cfs)

MWS-L-4-4 4’ x 4’ 23 ft2 0.052

MWS-L-4-6 4’ x 6’ 32 ft2 0.073

MWS-L-4-8 4’ x 8’ 50 ft2 0.115

MWS-L-4-13 4’ x 13’ 63 ft2 0.144

MWS-L-4-15 4’ x 15’ 76 ft2 0.175

MWS-L-4-17 4’ x 17’ 90 ft2 0.206

MWS-L-4-19 4’ x 19’ 103 ft2 0.237

MWS-L-4-21 4’ x 21’ 117 ft2 0.268

MWS-L-8-8 8’ x 8’ 100 ft2 0.230

MWS-L-8-12 8’ x 12’ 151 ft2 0.346

MWS-L-8-16 8’ x 16’ 201 ft2 0.462

Flow Based Sizing
The MWS Linear can be used in stand alone applica-
tions to meet treatment flow requirements.  Since the 
MWS Linear is the only biofiltration system that can ac-
cept inflow pipes several feet below the surface it can 
be used not only in decentralized design applications 
but also as a large central end-of-the-line application 
for maximum feasibility.

Volume Based Sizing
Many states require treatment of a water quality volume and do not offer the option of flow based design.  The 
MWS Linear and its unique horizontal flow makes it the only biofilter that can be used in volume based design 
installed downstream of ponds, detention basins, and underground storage systems.

Treatment Volume Sizing Table

Model # Treatment Capacity (cu. ft.)
@ 24-Hour Drain Down

Treatment Capacity (cu. ft.)
@ 48-Hour Drain Down

MWS-L-4-4 1140 2280

MWS-L-4-6 1600 3200

MWS-L-4-8 2518 5036

MWS-L-4-13 3131 6261

MWS-L-4-15 3811 7623

MWS-L-4-17 4492 8984

MWS-L-4-19 5172 10345

MWS-L-4-21 5853 11706

MWS-L-8-8 5036 10072

MWS-L-8-12 7554 15109

MWS-L-8-16 10073 20145

1�
2�
�2
�2
�0
��
��
��
��
��
12�

1�
2�
�2
�2
�0
��
��
��
��
��
12�

0�00��
0�00�0
0�00��
0�002�
0�002�
0�00�0
0�00�2
0�00�2
0�00��
0�00��
0�00��

0�01�2
0�01��
0�02�1
0�0��2
0�0��1
0�0�20
0�0���
0�0���
0�0���
0�0���
0�11��

0�2��
0�2��
0�2��

MWS-L-10-20  200       10'x20'  

G 3 - 5 8



www.ModularWetlands.com

Installation
The MWS Linear is simple, easy to install, and has a space efficient design that offers lower excavation and in-
stallation costs compared to traditional tree-box type systems.  The structure of the system resembles pre-cast 
catch basin or utility vaults and is installed in a similar fashion.  

The system is delivered fully assembled for quick in-
stallation.  Generally, the structure can be unloaded 
and set in place in 15 minutes.  Our experienced 
team of field technicians are available to supervise 
installations and provide technical support.

Plant Selection
Abundant plants, trees, and grasses bring value and an aesthetic benefit to any urban setting, but those in the 
MWS Linear do even more - they increase pollutant removal.  What’s not seen, but very important, is that below 
grade the stormwater runoff/flow is being subjected to nature’s secret weapon: a dynamic physical, chemi-
cal, and biological process working to break down and remove non-point source pollutants.  The flow rate is 
controlled in the MWS Linear, giving the plants more “contact time” so that pollutants are more successfully 
decomposed, volatilized and incorporated into the biomass of The MWS 
Linear’s micro/macro flora and fauna.

A wide range of plants are suitable for use in the MWS Linear, but selec-
tions vary by location and climate.  View suitable plants by selecting the 
list relative to your project location’s hardy zone.  

Please visit www.ModularWetlands.com/Plants for more information 
and various plant lists. 

Maintenance
Reduce your maintenance costs, man hours, and materials with the MWS Linear.  Unlike other biofiltration 
systems that provide no pre-treatment, the MWS Linear is a self-contained treatment train which incorporates 
simple and effective pre-treatment.  

Maintenance requirements for the biofilter itself are almost completely 
eliminated, as the pre-treatment chamber removes and isolates trash, 
sediments, and hydrocarbons.  What’s left is the simple maintenance 
of an easily accessible pre-treatment chamber that can be cleaned by 
hand or with a standard vac truck.  Only periodic replacement of low-
cost media in the pre-filter cartridges is required for long term opera-
tion and there is absolutely no need to replace expensive biofiltration 
media.

Page 9
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XIV.7. Pretreatment/Gross Solids Removal BMP Fact Sheets 
(PRE) 

PRE-1: Hydrodynamic Separation Device 

Hydrodynamic separation devices are inline pretreatment 
units designed to remove trash, debris, and coarse sediment 
using screening, gravity settling, and centrifugal forces 
generated by forcing the influent into a circular motion. 
Several companies manufacture units with a variety of design 
components including separate chambers, baffles, sorbent 
media, screens, and flow control orifices.  Therefore, 
additional constituents may be targeted depending on the 
design; however, the short residence time and potential for 
captured materials to be released during high flows limits the 
acceptable use of this BMP type as a standalone treatment 
control BMP.  

Opportunity Criteria 

 Hydrodynamic separation devices are effective for the 
removal of coarse sediment, trash, and debris, and are useful as pretreatment in combination 
with other BMP types that target smaller particle sizes.  They are most effective in urban areas 
where coarse sediment, trash, and debris are pollutants of concern. 

 Hydrodynamic devices represent a wide range of device types that have different unit processes 
and design elements (e.g., storage versus flow-through designs, inclusion of media filtration, etc.) 
that vary significantly within the category. These design features likely have significant effects on 
BMP performance; therefore, generalized performance data for hydrodynamic devices is not 
practical. 

OC-Specific Design Criteria and Considerations 

□ Proprietary hydrodynamic device BMP vendors are constantly updating and expanding their 
product lines so refer to the latest design guidance from each of the vendors. General 
guidelines on the performance, operations and maintenance of proprietary devices are provided 
by the vendors. 

□ Operations and maintenance requirements include:  clearing trash, debris, and sediment around 
insert grate and inside chamber, and repairing screens and media if damaged or severely 
clogged. 

Computing Sizing Criteria for Hydrodynamic Devices 

 Hydrodynamic separation devices should be adequately sized to pretreat the entire design 
volume or design flow rate of the downstream BMP.  

 The required design flowrate should be calculated based on the Capture Efficiency Method for 
Flow-based BMPs (See Appendix III) to achieve 80 percent capture of the average annual 
stormwater runoff volume. 

 

Hydrodynamic Separation Device 
Source: Contech Stormwater 
Solution, Inc. 

Also known as: 
 Vortex Separators 
 Swirl Concentrators 
 Gross solids removal 

devices (GSRDs) 
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Proprietary Hydrodynamic Device Manufacturer Websites 

 Table XIV.1 is a list of manufacturers that provide hydrodynamic separation devices.  The 
inclusion of these manufacturers does not represent an endorse of their products.  Other devices 
and manufacturers may be acceptable for pretreatment.  

Table XIV.1: Proprietary Hydrodynamic Device Manufacturer Websites 

Device Manufacturer Website 

Rinker In-Line Stormceptor® Rinker Materials™ www.rinkerstormceptor.com 

FloGard® Dual-Vortex 
Hydrodynamic Separator KriStar Enterprises Inc. www.kristar.com 

Contech® CDSa™ Contech® Construction Products Inc. www.contech-cpi.com 

Contech® Vortechs™ Contech® Construction Products Inc. www.contech-cpi.com 

Contech® Vorsentry™ Contech® Construction Products Inc. www.contech-cpi.com 

Contech® Vorsentry™ HS Contech® Construction Products Inc. www.contech-cpi.com 

BaySaver BaySeparator Baysaver Technologies Inc. www.baysaver.com 

 

Additional References for Design Guidance 

 CASQA BMP Handbook for New and Redevelopment: 
http://www.cabmphandbooks.com/Documents/Development/MP-51.pdf 

 Los Angeles County Stormwater BMP Design and Maintenance Manual, Chapter 9: 
http://dpw.lacounty.gov/DES/design_manuals/StormwaterBMPDesignandMaintenance.pdf 
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G2's CPS-Mod Series™ 
(Patent Pending) 

CPS-Mod 4S-L 

CPS-Mod 3S 
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CPS-Mod 3S 
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G2 cPs Modular Series TM 
(Patent Pending) 

FULL-CAPTURE SYSTEMS 

Modular design fits all catch basin types with efficient installation process. (Pat Pending) 

info@g2construction .com 
714.748.4242 

www .g2constructio n .com Garden Grove 
California 



Preliminary/Conceptual Water Quality Management Plan (WQMP) 
“Greenbriar”  
City of Brea, CA 

 

Lennar Attachment 

Attachment C – Hydromodification Analysis 

(Excerpt provided. See project Hydrology Report for full analysis)
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Preliminary/Conceptual Water Quality Management Plan (WQMP) 
“Greenbriar”  
City of Brea, CA 

 

Lennar Attachment 

 

Project Site 
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 ____________________________________________________________________________
 ****************************************************************************
              RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM PACKAGE
             (Reference: 1986 ORANGE COUNTY HYDROLOGY CRITERION)
          (c) Copyright 1983-2016 Advanced Engineering Software (aes)
              Ver. 23.0  Release Date: 07/01/2016  License ID 1239

                            Analysis prepared by:

                            HUNSAKER & ASSOCIATES
                                  Irvine,Inc
                      Planning * Engineering * Surveying
           Three Hughes * Irvine, California 92618 * (949)583-1010

  ************************** DESCRIPTION OF STUDY **************************
 * Hydrology Study for Greenbriar Development in City of Brea               *
 * Existing Condition - Area "A"                                            *
 * 2-year Storm                                                             *
  **************************************************************************

   FILE NAME: GBEXA.DAT
   TIME/DATE OF STUDY: 14:05 02/28/2024
 ============================================================================
   USER SPECIFIED HYDROLOGY AND HYDRAULIC MODEL INFORMATION:
 ============================================================================
                     --*TIME-OF-CONCENTRATION MODEL*--

   USER SPECIFIED STORM EVENT(YEAR) =    2.00
   SPECIFIED MINIMUM PIPE SIZE(INCH) =  18.00
   SPECIFIED PERCENT OF GRADIENTS(DECIMAL) TO USE FOR FRICTION SLOPE = 0.90
   *DATA BANK RAINFALL USED*
   *ANTECEDENT MOISTURE CONDITION (AMC) I ASSUMED FOR RATIONAL METHOD*

   *USER-DEFINED STREET-SECTIONS FOR COUPLED PIPEFLOW AND STREETFLOW MODEL*
      HALF-  CROWN TO   STREET-CROSSFALL:   CURB  GUTTER-GEOMETRIES:  MANNING
      WIDTH  CROSSFALL  IN-  / OUT-/PARK-  HEIGHT  WIDTH  LIP   HIKE  FACTOR
 NO.   (FT)     (FT)    SIDE / SIDE/ WAY    (FT)    (FT)  (FT)  (FT)    (n)
 ===  =====  =========  =================  ======  ===== ====== ===== =======
   1   35.0     20.0    0.018/0.018/0.020   0.50    2.00 0.0312 0.167 0.0150
   2   18.0     13.0    0.018/0.018/0.020   0.50    1.50 0.0312 0.125 0.0150
   3   55.0     45.0    0.011/0.011/0.020   0.50    1.50 0.0312 0.125 0.0150

   GLOBAL STREET FLOW-DEPTH CONSTRAINTS:
     1. Relative Flow-Depth =  0.00 FEET
        as (Maximum Allowable Street Flow Depth) - (Top-of-Curb)
     2. (Depth)*(Velocity) Constraint =  6.0 (FT*FT/S)
   *SIZE PIPE WITH A FLOW CAPACITY GREATER THAN
    OR EQUAL TO THE UPSTREAM TRIBUTARY PIPE.*
   *USER-SPECIFIED MINIMUM TOPOGRAPHIC SLOPE ADJUSTMENT NOT SELECTED

 ****************************************************************************
   FLOW PROCESS FROM NODE     10.00 TO NODE     11.00 IS CODE =  21
 ----------------------------------------------------------------------------
   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<<
   >>USE TIME-OF-CONCENTRATION NOMOGRAPH FOR INITIAL SUBAREA<<
 ============================================================================

   INITIAL SUBAREA FLOW-LENGTH(FEET) =   300.00
   ELEVATION DATA: UPSTREAM(FEET) =    355.00  DOWNSTREAM(FEET) =    348.00

   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =    8.076
   *   2 YEAR RAINFALL INTENSITY(INCH/HR) =  1.719
   SUBAREA Tc AND LOSS RATE DATA(AMC  I ):
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.)
   RESIDENTIAL
   "5-7 DWELLINGS/ACRE"       D        0.63      0.20     0.500    57    8.08
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.20
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.500
   SUBAREA RUNOFF(CFS) =      0.92
   TOTAL AREA(ACRES) =      0.63   PEAK FLOW RATE(CFS) =      0.92

 ****************************************************************************
   FLOW PROCESS FROM NODE     11.00 TO NODE     12.00 IS CODE =  62
 ----------------------------------------------------------------------------
   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<<
   >>>>>(STREET TABLE SECTION #  2 USED)<<<<<
 ============================================================================
   UPSTREAM ELEVATION(FEET) =  348.00  DOWNSTREAM ELEVATION(FEET) =  340.00
   STREET LENGTH(FEET) =   435.00   CURB HEIGHT(INCHES) =  6.0
   STREET HALFWIDTH(FEET) = 18.00

   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =  13.00
   INSIDE STREET CROSSFALL(DECIMAL) =  0.018
   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.018

   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1
   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.020
   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0150
   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0150

     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       2.91
     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW:
     STREET FLOW DEPTH(FEET) =  0.31
     HALFSTREET FLOOD WIDTH(FEET) =    9.93
     AVERAGE FLOW VELOCITY(FEET/SEC.) =    2.89
     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    0.89
   STREET FLOW TRAVEL TIME(MIN.) =   2.51   Tc(MIN.) =   10.59
   *   2 YEAR RAINFALL INTENSITY(INCH/HR) =  1.472
   SUBAREA LOSS RATE DATA(AMC  I ):
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN
   RESIDENTIAL
   "5-7 DWELLINGS/ACRE"       D        3.22      0.20     0.500    57
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.20
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.500
   SUBAREA AREA(ACRES) =    3.22      SUBAREA RUNOFF(CFS) =    3.98
   EFFECTIVE AREA(ACRES) =      3.85    AREA-AVERAGED Fm(INCH/HR) =  0.10
   AREA-AVERAGED Fp(INCH/HR) =  0.20  AREA-AVERAGED Ap =  0.50
   TOTAL AREA(ACRES) =        3.8        PEAK FLOW RATE(CFS) =       4.75

   END OF SUBAREA STREET FLOW HYDRAULICS:
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   DEPTH(FEET) = 0.35   HALFSTREET FLOOD WIDTH(FEET) =  12.26
   FLOW VELOCITY(FEET/SEC.) =  3.23   DEPTH*VELOCITY(FT*FT/SEC.) =   1.13
   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     12.00 =     735.00 FEET.

 ****************************************************************************
   FLOW PROCESS FROM NODE     12.00 TO NODE     13.00 IS CODE =  31
 ----------------------------------------------------------------------------
   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<<
   >>>>>USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW)<<<<<
 ============================================================================
   ELEVATION DATA: UPSTREAM(FEET) =   340.00  DOWNSTREAM(FEET) =   328.50
   FLOW LENGTH(FEET) =   460.00   MANNING'S N =  0.013
   ESTIMATED PIPE DIAMETER(INCH) INCREASED TO 18.000
   DEPTH OF FLOW IN  18.0 INCH PIPE IS   6.8 INCHES
   PIPE-FLOW VELOCITY(FEET/SEC.) =   7.81
   ESTIMATED PIPE DIAMETER(INCH) =  18.00    NUMBER OF PIPES =   1
   PIPE-FLOW(CFS) =       4.75
   PIPE TRAVEL TIME(MIN.) =   0.98    Tc(MIN.) =   11.57
   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     13.00 =    1195.00 FEET.

 ****************************************************************************
   FLOW PROCESS FROM NODE     13.00 TO NODE     13.00 IS CODE =  81
 ----------------------------------------------------------------------------
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<<
 ============================================================================
   MAINLINE Tc(MIN.) =   11.57
   *   2 YEAR RAINFALL INTENSITY(INCH/HR) =  1.399
   SUBAREA LOSS RATE DATA(AMC  I ):
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN
   COMMERCIAL                 D        0.93      0.20     0.100    57
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.20
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.100
   SUBAREA AREA(ACRES) =    0.93      SUBAREA RUNOFF(CFS) =    1.15
   EFFECTIVE AREA(ACRES) =      4.78   AREA-AVERAGED Fm(INCH/HR) =  0.08
   AREA-AVERAGED Fp(INCH/HR) =  0.20  AREA-AVERAGED Ap =  0.42
   TOTAL AREA(ACRES) =        4.8       PEAK FLOW RATE(CFS) =       5.65

 ****************************************************************************
   FLOW PROCESS FROM NODE     13.00 TO NODE     14.00 IS CODE =  31
 ----------------------------------------------------------------------------
   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<<
   >>>>>USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW)<<<<<
 ============================================================================
   ELEVATION DATA: UPSTREAM(FEET) =   328.50  DOWNSTREAM(FEET) =   322.00
   FLOW LENGTH(FEET) =   280.00   MANNING'S N =  0.013
   ESTIMATED PIPE DIAMETER(INCH) INCREASED TO 18.000
   DEPTH OF FLOW IN  18.0 INCH PIPE IS   7.6 INCHES
   PIPE-FLOW VELOCITY(FEET/SEC.) =   7.96
   ESTIMATED PIPE DIAMETER(INCH) =  18.00    NUMBER OF PIPES =   1
   PIPE-FLOW(CFS) =       5.65
   PIPE TRAVEL TIME(MIN.) =   0.59    Tc(MIN.) =   12.15
   LONGEST FLOWPATH FROM NODE     10.00 TO NODE     14.00 =    1475.00 FEET.

 ****************************************************************************
   FLOW PROCESS FROM NODE     14.00 TO NODE     14.00 IS CODE =  81

 ----------------------------------------------------------------------------
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<<
 ============================================================================
   MAINLINE Tc(MIN.) =   12.15
   *   2 YEAR RAINFALL INTENSITY(INCH/HR) =  1.360
   SUBAREA LOSS RATE DATA(AMC  I ):
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN
   COMMERCIAL                 D        4.15      0.20     0.100    57
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.20
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.100
   SUBAREA AREA(ACRES) =    4.15      SUBAREA RUNOFF(CFS) =    5.00
   EFFECTIVE AREA(ACRES) =      8.93   AREA-AVERAGED Fm(INCH/HR) =  0.05
   AREA-AVERAGED Fp(INCH/HR) =  0.20  AREA-AVERAGED Ap =  0.27
   TOTAL AREA(ACRES) =        8.9       PEAK FLOW RATE(CFS) =      10.49
 ============================================================================
   END OF STUDY SUMMARY:
   TOTAL AREA(ACRES)     =        8.9  TC(MIN.) =     12.15
   EFFECTIVE AREA(ACRES) =      8.93  AREA-AVERAGED Fm(INCH/HR)=  0.05
   AREA-AVERAGED Fp(INCH/HR) =  0.20  AREA-AVERAGED Ap = 0.272
   PEAK FLOW RATE(CFS)   =      10.49
 ============================================================================
 ============================================================================
   END OF RATIONAL METHOD ANALYSIS
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 ____________________________________________________________________________
 ****************************************************************************
              RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM PACKAGE
             (Reference: 1986 ORANGE COUNTY HYDROLOGY CRITERION)
          (c) Copyright 1983-2016 Advanced Engineering Software (aes)
              Ver. 23.0  Release Date: 07/01/2016  License ID 1239

                            Analysis prepared by:

                            HUNSAKER & ASSOCIATES
                                  Irvine,Inc
                      Planning * Engineering * Surveying
           Three Hughes * Irvine, California 92618 * (949)583-1010

  ************************** DESCRIPTION OF STUDY **************************
 * Hydrology Study for Greenbriar Development                               *
 * Existing Condition - Area "B"                                            *
 * 2-year Storm                                                             *
  **************************************************************************

   FILE NAME: GBEXB.DAT
   TIME/DATE OF STUDY: 07:54 02/27/2024
 ============================================================================
   USER SPECIFIED HYDROLOGY AND HYDRAULIC MODEL INFORMATION:
 ============================================================================
                     --*TIME-OF-CONCENTRATION MODEL*--

   USER SPECIFIED STORM EVENT(YEAR) =    2.00
   SPECIFIED MINIMUM PIPE SIZE(INCH) =  18.00
   SPECIFIED PERCENT OF GRADIENTS(DECIMAL) TO USE FOR FRICTION SLOPE = 0.90
   *DATA BANK RAINFALL USED*
   *ANTECEDENT MOISTURE CONDITION (AMC) I ASSUMED FOR RATIONAL METHOD*

   *USER-DEFINED STREET-SECTIONS FOR COUPLED PIPEFLOW AND STREETFLOW MODEL*
      HALF-  CROWN TO   STREET-CROSSFALL:   CURB  GUTTER-GEOMETRIES:  MANNING
      WIDTH  CROSSFALL  IN-  / OUT-/PARK-  HEIGHT  WIDTH  LIP   HIKE  FACTOR
 NO.   (FT)     (FT)    SIDE / SIDE/ WAY    (FT)    (FT)  (FT)  (FT)    (n)
 ===  =====  =========  =================  ======  ===== ====== ===== =======
   1   35.0     20.0    0.018/0.018/0.020   0.50    2.00 0.0312 0.167 0.0150
   2   18.0     13.0    0.018/0.018/0.020   0.50    1.50 0.0312 0.125 0.0150
   3   55.0     45.0    0.011/0.011/0.020   0.50    1.50 0.0312 0.125 0.0150

   GLOBAL STREET FLOW-DEPTH CONSTRAINTS:
     1. Relative Flow-Depth =  0.00 FEET
        as (Maximum Allowable Street Flow Depth) - (Top-of-Curb)
     2. (Depth)*(Velocity) Constraint =  6.0 (FT*FT/S)
   *SIZE PIPE WITH A FLOW CAPACITY GREATER THAN
    OR EQUAL TO THE UPSTREAM TRIBUTARY PIPE.*
   *USER-SPECIFIED MINIMUM TOPOGRAPHIC SLOPE ADJUSTMENT NOT SELECTED

 ****************************************************************************
   FLOW PROCESS FROM NODE     20.00 TO NODE     21.00 IS CODE =  21
 ----------------------------------------------------------------------------
   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<<
   >>USE TIME-OF-CONCENTRATION NOMOGRAPH FOR INITIAL SUBAREA<<
 ============================================================================

   INITIAL SUBAREA FLOW-LENGTH(FEET) =   295.00
   ELEVATION DATA: UPSTREAM(FEET) =    354.00  DOWNSTREAM(FEET) =    350.50

   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =    9.184
   *   2 YEAR RAINFALL INTENSITY(INCH/HR) =  1.597
   SUBAREA Tc AND LOSS RATE DATA(AMC  I ):
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.)
   RESIDENTIAL
   "5-7 DWELLINGS/ACRE"       D        0.34      0.20     0.500    57    9.18
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.20
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.500
   SUBAREA RUNOFF(CFS) =      0.46
   TOTAL AREA(ACRES) =      0.34   PEAK FLOW RATE(CFS) =      0.46

 ****************************************************************************
   FLOW PROCESS FROM NODE     21.00 TO NODE     22.00 IS CODE =  62
 ----------------------------------------------------------------------------
   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<<
   >>>>>(STREET TABLE SECTION #  2 USED)<<<<<
 ============================================================================
   UPSTREAM ELEVATION(FEET) =  350.50  DOWNSTREAM ELEVATION(FEET) =  341.00
   STREET LENGTH(FEET) =   300.00   CURB HEIGHT(INCHES) =  6.0
   STREET HALFWIDTH(FEET) = 18.00

   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =  13.00
   INSIDE STREET CROSSFALL(DECIMAL) =  0.018
   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.018

   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1
   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.020
   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0150
   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0150

     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       0.96
     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW:
     STREET FLOW DEPTH(FEET) =  0.22
     HALFSTREET FLOOD WIDTH(FEET) =    4.95
     AVERAGE FLOW VELOCITY(FEET/SEC.) =    2.82
     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    0.62
   STREET FLOW TRAVEL TIME(MIN.) =   1.77   Tc(MIN.) =   10.96
   *   2 YEAR RAINFALL INTENSITY(INCH/HR) =  1.443
   SUBAREA LOSS RATE DATA(AMC  I ):
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN
   RESIDENTIAL
   "5-7 DWELLINGS/ACRE"       D        0.83      0.20     0.500    57
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.20
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.500
   SUBAREA AREA(ACRES) =    0.83      SUBAREA RUNOFF(CFS) =    1.00
   EFFECTIVE AREA(ACRES) =      1.17    AREA-AVERAGED Fm(INCH/HR) =  0.10
   AREA-AVERAGED Fp(INCH/HR) =  0.20  AREA-AVERAGED Ap =  0.50
   TOTAL AREA(ACRES) =        1.2        PEAK FLOW RATE(CFS) =       1.41

   END OF SUBAREA STREET FLOW HYDRAULICS:
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   DEPTH(FEET) = 0.24   HALFSTREET FLOOD WIDTH(FEET) =   6.17
   FLOW VELOCITY(FEET/SEC.) =  3.06   DEPTH*VELOCITY(FT*FT/SEC.) =   0.73
   LONGEST FLOWPATH FROM NODE     20.00 TO NODE     22.00 =     595.00 FEET.

 ****************************************************************************
   FLOW PROCESS FROM NODE     22.00 TO NODE     23.00 IS CODE =  62
 ----------------------------------------------------------------------------
   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<<
   >>>>>(STREET TABLE SECTION #  2 USED)<<<<<
 ============================================================================
   UPSTREAM ELEVATION(FEET) =  341.00  DOWNSTREAM ELEVATION(FEET) =  333.00
   STREET LENGTH(FEET) =   300.00   CURB HEIGHT(INCHES) =  6.0
   STREET HALFWIDTH(FEET) = 18.00

   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =  13.00
   INSIDE STREET CROSSFALL(DECIMAL) =  0.018
   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.018

   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1
   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.020
   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0150
   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0150

     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       2.06
     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW:
     STREET FLOW DEPTH(FEET) =  0.27
     HALFSTREET FLOOD WIDTH(FEET) =    7.79
     AVERAGE FLOW VELOCITY(FEET/SEC.) =    3.09
     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    0.83
   STREET FLOW TRAVEL TIME(MIN.) =   1.62   Tc(MIN.) =   12.57
   *   2 YEAR RAINFALL INTENSITY(INCH/HR) =  1.333
   SUBAREA LOSS RATE DATA(AMC  I ):
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN
   RESIDENTIAL
   "5-7 DWELLINGS/ACRE"       D        1.17      0.20     0.500    57
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.20
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.500
   SUBAREA AREA(ACRES) =    1.17      SUBAREA RUNOFF(CFS) =    1.30
   EFFECTIVE AREA(ACRES) =      2.34    AREA-AVERAGED Fm(INCH/HR) =  0.10
   AREA-AVERAGED Fp(INCH/HR) =  0.20  AREA-AVERAGED Ap =  0.50
   TOTAL AREA(ACRES) =        2.3        PEAK FLOW RATE(CFS) =       2.60

   END OF SUBAREA STREET FLOW HYDRAULICS:
   DEPTH(FEET) = 0.29   HALFSTREET FLOOD WIDTH(FEET) =   8.71
   FLOW VELOCITY(FEET/SEC.) =  3.24   DEPTH*VELOCITY(FT*FT/SEC.) =   0.93
   LONGEST FLOWPATH FROM NODE     20.00 TO NODE     23.00 =     895.00 FEET.

 ****************************************************************************
   FLOW PROCESS FROM NODE     23.00 TO NODE     24.00 IS CODE =  62
 ----------------------------------------------------------------------------
   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<<
   >>>>>(STREET TABLE SECTION #  2 USED)<<<<<
 ============================================================================
   UPSTREAM ELEVATION(FEET) =  333.00  DOWNSTREAM ELEVATION(FEET) =  328.00
   STREET LENGTH(FEET) =   140.00   CURB HEIGHT(INCHES) =  6.0

   STREET HALFWIDTH(FEET) = 18.00

   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =  13.00
   INSIDE STREET CROSSFALL(DECIMAL) =  0.018
   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.018

   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1
   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.020
   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0150
   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0150

     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       4.35
     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW:
     STREET FLOW DEPTH(FEET) =  0.32
     HALFSTREET FLOOD WIDTH(FEET) =   10.33
     AVERAGE FLOW VELOCITY(FEET/SEC.) =    4.03
     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    1.27
   STREET FLOW TRAVEL TIME(MIN.) =   0.58   Tc(MIN.) =   13.15
   *   2 YEAR RAINFALL INTENSITY(INCH/HR) =  1.299
   SUBAREA LOSS RATE DATA(AMC  I ):
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN
   RESIDENTIAL
   "5-7 DWELLINGS/ACRE"       D        3.25      0.20     0.500    57
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.20
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.500
   SUBAREA AREA(ACRES) =    3.25      SUBAREA RUNOFF(CFS) =    3.51
   EFFECTIVE AREA(ACRES) =      5.59    AREA-AVERAGED Fm(INCH/HR) =  0.10
   AREA-AVERAGED Fp(INCH/HR) =  0.20  AREA-AVERAGED Ap =  0.50
   TOTAL AREA(ACRES) =        5.6        PEAK FLOW RATE(CFS) =       6.03

   END OF SUBAREA STREET FLOW HYDRAULICS:
   DEPTH(FEET) = 0.34   HALFSTREET FLOOD WIDTH(FEET) =  11.86
   FLOW VELOCITY(FEET/SEC.) =  4.36   DEPTH*VELOCITY(FT*FT/SEC.) =   1.49
   LONGEST FLOWPATH FROM NODE     20.00 TO NODE     24.00 =    1035.00 FEET.

 ****************************************************************************
   FLOW PROCESS FROM NODE     24.00 TO NODE     25.00 IS CODE =  62
 ----------------------------------------------------------------------------
   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<<
   >>>>>(STREET TABLE SECTION #  2 USED)<<<<<
 ============================================================================
   UPSTREAM ELEVATION(FEET) =  328.00  DOWNSTREAM ELEVATION(FEET) =  318.00
   STREET LENGTH(FEET) =   385.00   CURB HEIGHT(INCHES) =  6.0
   STREET HALFWIDTH(FEET) = 18.00

   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =  13.00
   INSIDE STREET CROSSFALL(DECIMAL) =  0.018
   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.018

   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1
   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.020
   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0150
   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0150

     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       7.60
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     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW:
     STREET FLOW DEPTH(FEET) =  0.38
     HALFSTREET FLOOD WIDTH(FEET) =   13.89
     AVERAGE FLOW VELOCITY(FEET/SEC.) =    4.10
     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    1.55
   STREET FLOW TRAVEL TIME(MIN.) =   1.57   Tc(MIN.) =   14.72
   *   2 YEAR RAINFALL INTENSITY(INCH/HR) =  1.218
   SUBAREA LOSS RATE DATA(AMC  I ):
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN
   COMMERCIAL                 D        2.91      0.20     0.100    57
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.20
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.100
   SUBAREA AREA(ACRES) =    2.91      SUBAREA RUNOFF(CFS) =    3.14
   EFFECTIVE AREA(ACRES) =      8.50    AREA-AVERAGED Fm(INCH/HR) =  0.07
   AREA-AVERAGED Fp(INCH/HR) =  0.20  AREA-AVERAGED Ap =  0.36
   TOTAL AREA(ACRES) =        8.5        PEAK FLOW RATE(CFS) =       8.76

   END OF SUBAREA STREET FLOW HYDRAULICS:
   DEPTH(FEET) = 0.39   HALFSTREET FLOOD WIDTH(FEET) =  14.70
   FLOW VELOCITY(FEET/SEC.) =  4.24   DEPTH*VELOCITY(FT*FT/SEC.) =   1.67
   LONGEST FLOWPATH FROM NODE     20.00 TO NODE     25.00 =    1420.00 FEET.
 ============================================================================
   END OF STUDY SUMMARY:
   TOTAL AREA(ACRES)     =        8.5  TC(MIN.) =     14.72
   EFFECTIVE AREA(ACRES) =      8.50  AREA-AVERAGED Fm(INCH/HR)=  0.07
   AREA-AVERAGED Fp(INCH/HR) =  0.20  AREA-AVERAGED Ap = 0.363
   PEAK FLOW RATE(CFS)   =       8.76
 ============================================================================
 ============================================================================
   END OF RATIONAL METHOD ANALYSIS
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131 Calle Iglesia, Suite 200, San Clemente, CA 92672          (949) 369-6141        www.lgcgeotechnical.com

November 17, 2023 Project No. 23169-01 

Mr. Gary Jones 
Lennar
2000 FivePoint Suite 365 
Irvine, CA 92618 

Subject: Preliminary Geotechnical Evaluation and Design Recommendations for the
Proposed Residential Development of 1698 and 1700 Greenbriar Lane, City of Brea,
Orange County, California

In accordance with your request and authorization, LGC Geotechnical, Inc. has performed a preliminary 
geotechnical evaluation and has provided design recommendations for the proposed residential re-
development of the property at 1698 and 1700 Greenbriar Lane, in the City of Brea, Orange County, 
California. The purpose of our study was to evaluate the existing onsite geotechnical conditions and to 
provide preliminary geotechnical recommendations relative to the proposed re-development of the 
property. 

Should you have any questions regarding this report, please do not hesitate to contact our office. We 
appreciate this opportunity to be of service. 
Respectfully Submitted, 
LGC Geotechnical, Inc.		

Ryan Douglas, PE, GE 3147 Katie Maes, CEG 2216 
Project Engineer Project Geologist 
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1.0	INTRODUCTION 
 
 
1.1	 Purpose	and	Scope	of	Services 
 

This report presents the results of our preliminary geotechnical evaluation for the proposed 
approximately 9.7-acre residential development located at 1698 and 1700 Greenbriar Lane in 
the City of Brea, Orange County, California. Refer to the Site Location Map (Figure 1).  

 
The purpose of our study was to provide a preliminary geotechnical evaluation relative to the 
proposed residential development. As part of our scope of work, we have: 1) reviewed available 
geotechnical background information including existing geotechnical reports, in-house regional 
geologic maps, and published geotechnical literature pertinent to the site (Appendix A); 2) 
performed a limited subsurface geotechnical evaluation of the site consisting of the excavation 
of seven small-diameter borings ranging in depth from approximately 10 to 51.5 feet below 
existing ground surface; 3) performed infiltration testing of subsurface soils at three locations; 
4) performed laboratory testing of select soil samples obtained during our subsurface 
evaluation; and 5) prepared this preliminary geotechnical summary report presenting our 
findings, preliminary conclusions and recommendations for the development of the proposed 
project.  
 
 

1.2	 Project	Description 
 
The site is bound to the north by Greenbriar Lane, to the east by Fullerton Creek (aka “Loftus 
Diversion Channel”), to the south by a commercial development, and to the west by the 57 
Freeway. The site is currently a commercial development with several buildings clustered at the 
west half and a 4-level parking garage within the east half. Parking lots and drive aisles exist 
throughout the site. A series of small slopes and a maintenance road at the eastern boundary of 
the property descends from the existing parking lot towards the existing channel bottom that is 
approximately 20 vertical feet lower than the existing parking lot.  
 
Based on the conceptual site plan by Hunsaker & Associates (Hunsaker, 2023), the proposed 
improvements include the construction of 183 residential units, interior streets, and associated 
improvements. A plan that shows the proposed cuts and fills is not available at this time but is 
assumed to be relatively minor. The proposed residential building structures are anticipated to 
be relatively light-weight at-grade structures with maximum column and wall loads of 
approximately 30 kips and 2 kips per linear foot, respectively.  
 
The recommendations given in this report are based upon the estimated structural loading, 
grading and layout information above. We understand that project plans are being developed 
or are yet to be developed; LGC Geotechnical should be provided with updated project plans 
and any changes to structural loads when they become available, in order to either confirm or 
modify the recommendations provided herein. 
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1.3	 Background 
 

Review of historical aerials indicates that prior to 1952 until 1965 the site consisted of 
undeveloped rolling hills. By 1972 the shape of the site was formed by adjacent streets, it had 
trails throughout, and a small south flowing tributary drainage to Fullerton Creek dissected the 
eastern-most portion of the site. By 1980, the main structures and a parking lot were developed 
across the entire site to what is seen today. Construction of the large parking structure replaced a 
portion of the parking lot within the eastern half of the property, the addition occurred between 
2006 and 2009. 
 

 
1.4	 Subsurface	Geotechnical	Evaluation	

 
LGC Geotechnical performed a subsurface geotechnical evaluation of the site consisting of the 
excavation of hollow-stem auger borings to evaluate onsite geotechnical conditions.  
 
Seven hollow-stem borings (HS-1 through HS-4 and I-1 through I-3) were drilled to depths 
ranging from approximately 10 to 51.5 feet below existing grade. An LGC Geotechnical staff 
engineer observed the drilling operations, logged the borings, and collected soil samples for 
laboratory testing. The borings were excavated by 2R Drilling, Inc. under subcontract to LGC 
Geotechnical using a truck-mounted drill rig equipped with 8-inch-diameter hollow-stem augers. 
Driven soil samples were collected by means of the Modified California Drive (MCD) sampler 
generally obtained at 2.5 to 5-foot vertical increments. The MCD is a split-barrel sampler with a 
tapered cutting tip and lined with a series of 1-inch-tall brass rings. The MCD sampler (2.4-inch 
ID, 3.0-inch OD) was driven using a 140-pound automatic hammer falling 30 inches to advance 
the sampler a total depth of 18 inches. The raw blow counts for each 6-inch increment of 
penetration were recorded on the boring logs. Bulk samples of the near-surface soils were also 
collected and logged at select borings for laboratory testing. At the completion of drilling, the 
borings were backfilled with the native soil cuttings, tamped, and capped with asphalt cold patch. 
Some settlement of the backfill soils may occur over time.  
 
The approximate locations of our subsurface explorations are provided on the Geotechnical Map 
(Sheet 1). The boring logs are provided in Appendix B.  
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1.5	 Laboratory	Testing 

 
Representative bulk and driven (relatively undisturbed) samples were obtained for laboratory 
testing during our field evaluation. Laboratory testing included in-situ moisture content and in-
situ dry density, Atterberg Limits, fines content, laboratory compaction, expansion index, 
consolidation, direct shear, and corrosion (sulfate, chloride, pH, and minimum resistivity).  
 
The following is a summary of the laboratory test results: 
 
 Dry density of the samples collected ranged from approximately 90 pounds per cubic foot 

(pcf) to 120 pcf, with an average of 107 pcf. Field moisture contents ranged from 
approximately 4 to 31 percent, with an average of 16 percent.  

 Five fines content tests were performed and indicated a fines content (passing No. 200 sieve) 
ranging from approximately 19 to 95 percent. Based on the Unified Soils Classification 
System (USCS), the tested samples would be classified as both “coarse and fine-grained.”  

 Four Atterberg Limit (liquid limit and plastic limit) tests were performed. Results indicated 
Plasticity Index (PI) values ranging from ‘Non-Plastic’ to 24.  

 One consolidation test was performed. The load versus deformation plot is provided in 
Appendix C.  

 One direct shear test was performed. The plot is provided in Appendix C. 
 Expansion potential testing indicated an expansion index value of 55, corresponding to 

“Medium” expansion potential.  
 One laboratory compaction test of a near surface sample indicated a maximum dry density of 

118.5 pcf with an optimum moisture content of 11.5 percent. 
 Corrosion testing indicated soluble sulfate contents of approximately 0.014 percent, a 

chloride content of 260 parts per million (ppm), pH of 8.06, and a minimum resistivity of 
5,000 ohm-centimeters.  

 
A summary of the laboratory test results is presented in Appendix C. The moisture and dry 
density results are presented on the boring logs in Appendix B.  
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2.0 GEOTECHNICAL	CONDITIONS 
	
	

2.1 Geologic	Conditions	
 

The subject site is generally located within the eastern-most edge of the Los Angeles sedimentary 
basin, within the Peninsular Ranges Geomorphic Province of California. The site is more 
specifically in the area of Brea Canyon, located south of the Whittier Fault and adjacent east-west 
trending Puente Hills, and east of the Coyote Hills. The Puente Hills to the north have been 
dissected with a series of drainages that drain across the canyon bottom, and locally combine to 
form the upper reaches of the San Gabriel River basin. The site is located within the gently to 
moderately sloping plain starting from the base of the Puente Hills, consisting of older alluvial fan 
deposits. The older alluvium was further dissected by the main drainages seen today, most of 
those have been channelized, including the Brea, Fullerton, and Coyote Creeks. The site is located 
on older alluvial deposits that originally formed the west bank of the Fullerton Creek that runs in 
a southerly direction adjacent to the eastern end of the subject site. Based on review of historic 
photographs, the original drainage was formerly naturally flowing southeast along a small, 
incised tributary to Fullerton Creek that appears to have been filled in as part of development of 
the subject property.  
 

 
2.2	 Generalized	Subsurface	Conditions 

 
Based on regional geologic mapping (Dibblee, 2001), the subject site is generally underlain 
Quaternary Older Alluvium (Map Symbol – Qoa), and relatively limited amounts of older artificial 
fill placed by others as part of the existing development (Map Symbol – afo). Limits of artificial fill 
as presented on the Geotechnical Map (Sheet 1) were generally estimated from old topographic 
maps (Historic Aerials, 2023) and limited observations within on-site borings. Based on review 
of samples and comparison of historic topography, we estimate that artificial fill was placed in a 
small north-trending tributary drainage that originally transected the site at the approximate 
location presented on the Geotechnical Map. 
 
No reports of previous rough grading activities onsite were available for review at this time; 
however, review of aerial photographs indicates the site was rough graded in the mid to late 
1970’s. An existing, asphalt-covered parking lot is currently at the top of the eastern slope that 
gradually descends outside of the subject property to the bottom of the (partially-lined) channel, 
as much as 20 feet total. A portion of the slope (or all of it) likely consists of artificial fill placed by 
others.  
 
As indicated in our field exploration logs, the Quaternary Older Alluvium generally consists of 
silty sand, sandy clay, sand, and silt with clay, medium dense to very dense/very stiff to hard, to 
the maximum explored depth of approximately 51.5 feet below existing grade. Surficial units 
including artificial fill placed by others and remnant topsoil were observed to consist of sandy 
clay, medium stiff to stiff. Materials were generally moist to very moist, becoming wet with depth.  
 
It should be noted that borings are only representative of the location and time where/when they 
are performed and varying subsurface conditions may exist outside of the performed location. In 
addition, subsurface conditions can change over time. The soil descriptions provided above 
should not be construed to mean that the subsurface profile is uniform, and that soil is 
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homogeneous within the project area. For details on the stratigraphy at the exploration locations, 
refer to Appendix B.  

 
 
2.3	 Groundwater	 

 
Groundwater was encountered during our recent investigation at a depth of approximately 20 
feet below existing ground surface at the eastern side of the site, and approximately 25 feet 
below ground on the western side of the site. A historic high groundwater depth has not been 
mapped at the subject site; however, on the eastern portion of the site, we conservatively 
estimate the groundwater could rise to a depth of approximately 15 feet below existing grade.  
 
Seasonal fluctuations of groundwater elevations should be expected over time. In general, 
groundwater levels fluctuate with the seasons and local zones of perched groundwater may be 
present due to local seepage caused by irrigation and/or recent precipitation. Local perched 
groundwater conditions or surface seepage may develop once site development is completed.  
 
 

2.4	 Field	Infiltration	Testing	
 

Three field percolation tests were performed at site per the direction of the project civil engineer, 
the locations are depicted on Sheet 1 – Geotechnical Map. Test well installation consisted of 
placing a 3-inch diameter perforated PVC pipe in the excavated 8-inch diameter borehole and 
backfilling the annulus with crushed rock including the placement of approximately 2 inches of 
crushed rock at the bottom of the borehole. The infiltration test wells were presoaked the day 
of installation and testing took place within 24 hours of presoaking. During the pre-test, the 
water levels in the borings were observed to drop less than 6 inches in 25 minutes for two 
consecutive readings. Therefore, the test procedure for fine-grained soils or “slow test” was 
followed. Test well installation and the estimation of infiltration rates were accomplished in 
general accordance with the guidelines set forth by County of Orange (2013). In general, three-
dimensional flow out of the test well (percolation), as observed in the field, is mathematically 
reduced to one-dimensional flow out of the bottom of the test well (infiltration). Infiltration 
tests are performed using relatively clean water, free of particulates, silt, etc. The results of our 
recent field infiltration testing are presented in Appendix D and summarized in Table 1 below.  
 
 

TABLE	1	
	

Summary	of	Field	Infiltration	Testing	
 

Infiltration	Test	
Identification	

Approx.	Depth	
Below	Existing	
Grade	(ft)	

Observed	
Infiltration	Rate*	

(in./hr.)	
I-1 10 0.2 
I-2 10 0.2 
I-3 10 0.1 

   *Observed Infiltration Rates Do Not Include Factor of Safety. 
 
The tested infiltration rates provided in this report are considered a general representation of 
the infiltration rates at the location of the proposed infiltration boring. Please note, the testing of 
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infiltration rates is highly dependent upon the materials encountered at the point of testing (i.e., 
location and depth of testing). Varying subsurface conditions may exist outside of the test 
location which could alter the calculated infiltration rate. Please refer to Section 4.8 for 
subsurface water infiltration recommendations.  
 
 

2.5	 Seismic	Design	Criteria 
 

The site seismic characteristics were evaluated per the guidelines set forth in Chapter 16, 
Section 1613 of the 2022 California Building Code (C.B.C) and applicable portions of ASCE 7-16 
which has been adopted by the CBC Please note that the following seismic parameters are only 
applicable for code-based acceleration response spectra and are not applicable for where site-
specific ground motion procedures are required by ASCE 7-16. Representative site coordinates 
of latitude 33.9141 degrees north and longitude -117.8791 degrees west were utilized in our 
analyses. The maximum considered earthquake (MCE) spectral response accelerations (SMS and 
SM1) and adjusted design spectral response acceleration parameters (SDS and SD1) for Site Class 
D are provided in Table 2 on the following page. The structural designer should contact the 
geotechnical consultant if structural conditions (e.g., number of stories, seismically isolated 
structures, etc.) require site-specific ground motions.  
 
A deaggregation of the PGA based on a 2,475-year average return period (MCE) indicates that 
an earthquake magnitude of 6.70 at a distance of approximately 8.10 km from the site would 
contribute the most to this ground motion. A deaggregation of the PGA based on a 475-year 
average return period (Design Earthquake) indicates that an earthquake magnitude of 6.62 at a 
distance of approximately 13.42 km from the site would contribute the most to this ground 
motion (USGS, 2014).	

	  
Section 1803.5.12 of the 2022 C.B.C (per Section 11.8.3 of ASCE 7) states that the maximum 
considered earthquake geometric mean (MCEG) Peak Ground Acceleration (PGA) should be 
used for liquefaction potential. The PGAM for the site is equal to 0.864 (SEAOC, 2023). The 
design PGA is equal to 0.576g (2/3 of PGAM). 
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TABLE	2	
	

Seismic	Design	Parameters	
	

 

Selected	Parameters	from	2022	CBC,	
Section	1613	‐	Earthquake	Loads	

Seismic	
Design	
Values	

Notes/Exceptions	

Distance to applicable faults classifies the site as a 
“Near-Fault” site.  Section 11.4.1 of ASCE 7 

Site Class  D* Chapter 20 of ASCE 7 
Ss (Risk-Targeted Spectral Acceleration 
for Short Periods) 

1.812g From SEAOC, 2023 

S1 (Risk-Targeted Spectral 
Accelerations for 1-Second Periods) 0.637g From SEAOC, 2023 

Fa (per Table 1613.2.3(1)) 1.000 

For Simplified Design Procedure 
of Section 12.14 of ASCE 7, Fa 

shall be taken as 1.4 (Section 
12.14.8.1) 

Fv (per Table 1613.2.3(2)) 1.700 
Value is only applicable per 

requirements/exceptions per 
Section 11.4.8 of ASCE 7 

SMS for Site Class D 
[Note:  SMS = FaSS] 1.812g - 

SM1 for Site Class D   
[Note:  SM1 = FvS1] 

1.083g 
Value is only applicable per 

requirements/exceptions per 
Section 11.4.8 of ASCE 7 

SDS for Site Class D 
[Note:  SDS = (2/3)SMS] 

1.208g - 

SD1 for Site Class D 
[Note:  SD1 = (2/3)SM1] 

0.722g 
Value is only applicable per 

requirements/exceptions per 
Section 11.4.8 of ASCE 7 

CRS  (Mapped Risk Coefficient at 0.2 sec) 0.901 ASCE 7 Chapter 22 

CR1 (Mapped Risk Coefficient at 1 sec) 0.903 ASCE 7 Chapter 22 
*Since site soils are Site Class D and S1 is greater than or equal to 0.2, the seismic response 
coefficient Cs is determined by Eq. 12.8-2 for values of T ≤ 1.5Ts and taken equal to 1.5 
times the value calculated in accordance with either Eq. 12.8-3 for TL ≥ T > Ts, or Eq. 12.8-4 
for T > TL. Refer to ASCE 7-16.  

 
 

2.6	 Faulting 
 

Prompted by damaging earthquakes in Northern and Southern California, State legislation and 
policies concerning the classification and land-use criteria associated with faults have been 
developed. Their purpose was to prevent the construction of urban developments across the 
trace of active faults, resulting in the Alquist-Priolo Earthquake Fault Zoning Act. Earthquake 
Fault Zones have been delineated along the traces of active faults within California. Where 
developments for human occupation are proposed within these zones, the state requires detailed 
fault evaluations be performed so that engineering geologists can mitigate the hazards 
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associated with active faulting by identifying the location of active faults and allowing for a 
setback from the zone of previous ground rupture.  
 
The subject site is not located within an Alquist-Priolo Earthquake Fault Zone and no faults 
were identified on the site during our site evaluation. The possibility of damage due to ground 
rupture is considered low since no active faults are known to cross the site. 
 
Secondary effects of seismic shaking resulting from large earthquakes on the major faults in the 
Southern California region, which may affect the site, include ground lurching, shallow ground 
rupture, soil liquefaction and dynamic settlement. These secondary effects of seismic shaking 
are a possibility throughout the Southern California region and are dependent on the distance 
between the site and causative fault and the onsite geology. Some of the major active nearby 
faults that could produce these secondary effects include the Whittier, Puente Hills, and San 
Andreas Faults, among others (CGS, 2018). A discussion of these secondary effects is provided 
in the following sections.  
 
 
2.6.1	 Liquefaction	and	Dynamic	Settlement 

 
Liquefaction is a seismic phenomenon in which loose, saturated, granular soils behave 
similarly to a fluid when subject to high-intensity ground shaking. Liquefaction occurs 
when three general conditions coexist: 1) shallow groundwater; 2) low density non-
cohesive (granular) soils; and 3) high-intensity ground motion. Studies indicate that 
saturated, loose near surface cohesionless soils exhibit the highest liquefaction potential, 
while dry, dense, cohesionless soils and cohesive soils exhibit low to negligible 
liquefaction potential. In general, cohesive soils are not considered susceptible to 
liquefaction, depending on their plasticity and moisture content (Bray & Sancio, 2006). 
Effects of liquefaction on level ground include settlement, sand boils, and bearing capacity 
failures below structures. Dynamic settlement of dry loose sands can occur as the sand 
particles tend to settle and densify as a result of a seismic event. 
 
Based on our review of the State of California Seismic Hazard Zone for liquefaction 
potential (CDMG, 1998), the subject site is not within a liquefaction hazard zone. Based 
on our evaluation, site soils are generally not susceptible to liquefaction due to the fine-
grained nature of some of the on-site soils and the relatively dense nature of the coarse-
grained soils. Therefore, liquefaction potential is considered low.  
 

	
2.6.2	 Lateral	Spreading	 

 
Lateral spreading is a type of liquefaction-induced ground failure associated with the 
lateral displacement of surficial blocks of sediment resulting from liquefaction in a 
subsurface layer. Once liquefaction transforms the subsurface layer into a fluid mass, 
gravity plus the earthquake inertial forces may cause the mass to move downslope 
towards a free face (such as a river channel or an embankment). Lateral spreading may 
cause large horizontal displacements and such movement typically damages pipelines, 
utilities, bridges, and structures. 
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Due to the low potential for shallow liquefaction the potential for lateral spreading is also 
considered low.  
 
 

2.7	 Oversized	Material 
 
Oversized material (material larger than 8 inches in maximum dimension) may be encountered 
during site grading. Recommendations are provided for appropriate handling of oversized 
materials in Appendix E. If feasible, crushing oversized materials onsite or exporting oversized 
materials may be considered. Incorporating oversized materials into “rock fills” (windrows, 
rock blankets or individual rock burial) may be feasible in some of the deeper remedial grading 
areas if applicable. Special handling recommendations should be provided on a case-by-case 
basis, if necessary.  

	
	
2.8	 Expansion	Potential 

 
Based on the results of previous laboratory testing by others and our recent laboratory testing, 
site soils have a “Medium” expansion potential. Final expansion potential of site soils should be 
determined at the completion of grading. Results of expansion testing at finish grades will be 
utilized to confirm final foundation design. 
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3.0	CONCLUSIONS 
 
 
Based on the results of our geotechnical evaluation, it is our opinion that the proposed development is 
feasible from a geotechnical standpoint, provided the following conclusions and recommendations are 
implemented.  
 
The following is a summary of the primary geotechnical factors that may affect future development of 
the site: 
 
 In general, our borings indicate the site is underlain by primarily by silty sand, sandy clay, sand, and 

silt with clay, medium dense to very dense/very stiff to hard, to the maximum explored depth of 
approximately 51.5 feet below existing grade. Surficial units including artificial fill placed by others 
and remnant topsoil were observed to consist of sandy clay, medium stiff to stiff. The upper 
approximately 5 to 10 feet of near-surface soils are generally compressible and are not suitable for 
the planned improvements in their present condition (refer to Section 4.1).  

 Groundwater was encountered during our recent investigation at depths of approximately 20 and 
25 feet below existing ground surface. We conservatively estimate the historic high groundwater 
depth to be approximately 15 feet below existing grade which would be above the bottom of the 
existing channel on the eastern portion of the site.  

 The subject site is not located within the State of California Earthquake Fault Zone (Alquist-Priolo). 
The main seismic hazard that may affect the site is ground shaking from one of the active regional 
faults. The subject site will likely experience strong seismic ground shaking during its design life.  

 The is not located in a State of California Seismic Hazard Zone for liquefaction. Site soils are 
considered not susceptible to liquefaction due to the fine-grained nature of some of the on-site soils 
and the relatively dense nature of the coarse-grained soils. Therefore, liquefaction potential is 
considered low.  

 Based on the results of preliminary laboratory testing, site soils are anticipated to have “Medium” 
expansion potential. Mitigation measures are required for foundations and site improvements like 
concrete flatwork to minimize the impacts of expansive site soils. Final design expansion potential 
must be determined at the completion of grading.  

 Pre-soaking of the subgrade for building slabs will be required due to site expansive soils. The 
duration of this process varies greatly based on the chosen method and is also dependent on factors 
such as soil type and weather conditions. Time duration for presoaking from completion of rough 
grading to trenching of foundations should be accounted for in the construction schedule (typically 1 
to 2 weeks).  

 The site contains soils that are not suitable for retaining wall backfill due to their fines content and 
expansion potential, therefore import of sandy soils will be required by the contractor for 
obtaining suitable backfill soil for planned site retaining walls.  

 Excavations into the existing site soils should be feasible with heavy construction equipment in good 
working order. We anticipate that the on-site earth materials generated from the excavations will be 
generally suitable for re-use as compacted fill, provided they are relatively free of rocks larger than 
8 inches in dimension, construction debris, and significant organic material.  
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4.0	PRELIMINARY	RECOMMENDATIONS 
 
 
The following recommendations are to be considered preliminary and should be confirmed upon 
completion of grading and earthwork operations. In addition, they should be considered minimal from 
a geotechnical viewpoint, as there may be more restrictive requirements from the architect, structural 
engineer, building codes, governing agencies, or the owner.  
 
It should be noted that the following geotechnical recommendations are intended to provide sufficient 
information to develop the site in general accordance with the 2022 CBC requirements. With regard to 
the potential occurrence of potentially catastrophic geotechnical hazards such as fault rupture, 
earthquake-induced landslides, liquefaction, etc. the following geotechnical recommendations should 
provide adequate protection for the proposed development to the extent required to reduce seismic 
risk to an “acceptable level.” The “acceptable level” of risk is defined by the California Code of 
Regulations as “that level that provides reasonable protection of the public safety, though it does not 
necessarily ensure continued structural integrity and functionality of the project” [Section 3721(a)]. 
Therefore, repair and remedial work of the proposed improvements may be required after a 
significant seismic event. With regards to the potential for less significant geologic hazards to the 
proposed development, the recommendations contained herein are intended as a reasonable 
protection against the potential damaging effects of geotechnical phenomena such as expansive soils, 
fill settlement, groundwater seepage, etc. It should be understood, however, that although our 
recommendations are intended to maintain the structural integrity of the proposed development and 
structures given the site geotechnical conditions, they cannot preclude the potential for some cosmetic 
distress or nuisance issues to develop as a result of the site geotechnical conditions. 
 
The geotechnical recommendations contained herein must be confirmed to be suitable or modified 
based on the actual as-graded conditions.  
 
 
4.1	 Site	Earthwork 
 

We anticipate that earthwork at the site will consist of demolition of the existing site 
improvements, required earthwork removals, subgrade preparation, precise grading and 
construction of the proposed new improvements, including residential structures, neighborhood 
amenities, subsurface utilities, interior streets, etc.  

 
We recommend that earthwork onsite be performed in accordance with the following 
recommendations, future grading plan review report(s), the 2022 CBC/City of Brea grading 
requirements, and the General Earthwork and Grading Specifications included in Appendix E. In 
case of conflict, the following recommendations shall supersede those included in Appendix E. 
The following recommendations should be considered preliminary and may be revised based 
upon future evaluation and review of the project plans and/or based on the actual conditions 
encountered during site grading/construction.  

 
 

 4.1.1	 Site	Preparation 
 

Prior to grading of areas to receive structural fill or engineered improvements, the areas 
should be cleared of existing building structures, asphalt, surface obstructions, and 
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demolition debris. Vegetation and debris should be removed and properly disposed of off-
site. Holes resulting from the removal of buried obstructions, which extend below 
proposed finish grades, should be replaced with suitable compacted fill material. Any 
abandoned sewer or storm drain lines should be completely removed and replaced with 
properly placed compacted fill. Deeper demolition may be required in order to remove 
existing foundations. We recommend the trenches associated with demolition which 
extend below the remedial grading depth be backfilled and properly compacted prior to 
the demolition contractor leaving the site.  
 
If cesspools or septic systems are encountered, they should be removed in their entirety. 
The resulting excavation should be backfilled with properly compacted fill soils. As an 
alternative, cesspools can be backfilled with lean sand-cement slurry. Any encountered 
wells should be properly abandoned in accordance with regulatory requirements. At the 
conclusion of the clearing operations, a representative of LGC Geotechnical should 
observe and accept the site prior to further grading. 

 
 
 4.1.2 Removal	Depths	and	Limits 

 
In order to provide a relatively uniform bearing condition for the planned improvements, 
we recommend the near-surface potentially compressible site soils be removed and 
recompacted. Approximate anticipated removal below existing grades have been 
estimated and presented on the Geotechnical Map, Sheet 1. Existing older artificial fill 
within the influence of the proposed building pads should be removed to competent 
native materials.  
 
We recommend that soils within building pads be removed and recompacted to a 
minimum of 5 feet below existing grade or to the approximate depths presented on the 
Geotechnical Map (Sheet 1), whichever is deeper. The envelope for removal and 
recompaction should extend laterally a minimum distance of 5 feet beyond the edges of 
the proposed improvements, where possible. Removals along the northern property 
boundary should be performed efficiently and immediately replaced with properly 
compacted fill in order to limit the time left open. The contractor should protect the 
existing property line improvements during grading (e.g., trees, retaining walls, block 
walls, etc.). In order to promote soil uniformity in areas of design cut, over-excavation 
shall extend a minimum of 4 feet below finished grade or to the minimum anticipated 
remedial depths presented on the Geotechnical Map (Sheet 1), whichever is deeper.  
 
For minor site structures such as free-standing and screen walls, the removals should 
extend at least 3 feet beneath the existing grade or 2 feet beneath the base of foundations, 
whichever is deeper. Within pavement and hardscape areas, removals should extend to a 
depth of at least 2 feet below the existing grade. Pavement area over-excavation (design 
cut areas) may be reduced by the depth of the design cut but should not be less than 1-
foot below the finished subgrade (i.e., below planned aggregate base/asphalt concrete). In 
general, the envelope for over-excavation should extend laterally a minimum distance of 
2 feet beyond the edges of the proposed improvements mentioned above.  
 
Local conditions may be encountered during excavation that could require additional 
over-excavation beyond the above noted minimum in order to obtain an acceptable 
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subgrade. The actual depths and lateral extents of grading will be determined by the 
geotechnical consultant, based on subsurface conditions encountered during grading. 
Removal areas and areas to be over-excavated should be accurately staked in the field by 
the Project Surveyor.  
 

	
4.1.3	 Temporary	Excavations	

	
Temporary excavations should be performed in accordance with project plans, 
specifications, and all Occupational Safety and Health Administration (OSHA) 
requirements. Excavations should be laid back or shored in accordance with OSHA 
requirements before personnel or equipment are allowed to enter. Based on our field 
investigation, the majority of site soils are anticipated to be OSHA Type “B” soils (refer to 
the attached boring logs). Sandy soils are present and should be considered susceptible to 
caving. Soil conditions should be regularly evaluated during construction to verify 
conditions are as anticipated. The contractor shall be responsible for providing the 
“competent person” required by OSHA standards to evaluate soil conditions. Close 
coordination with the geotechnical consultant should be maintained to facilitate 
construction while providing safe excavations. Excavation safety is the sole responsibility 
of the contractor.  
 
Where proposed building structures will be adjacent to property lines, the potential for 
impacting existing offsite improvements may be reduced by performing “ABC” slot cuts. 
Slot cuts should be backfilled immediately with properly placed compacted fill to finish 
grade prior to excavation of adjacent slots. Sandy soils are present and should be 
considered susceptible to caving. Recommendations for ABC slot cuts including 
dimensions should be provided during grading based on the conditions encountered. 
Protection of the existing offsite improvements during grading is the responsibility of the 
contractor.  
 
Vehicular traffic, stockpiles, and equipment storage should be set back from the perimeter 
of excavations a minimum distance equivalent to a 1:1 projection from the bottom of the 
excavation or 5 feet, whichever is greater. Once an excavation has been initiated, it 
should be backfilled as soon as practical. Prolonged exposure of temporary excavations 
may result in some localized instability. Excavations should be planned so that they are 
not initiated without sufficient time to shore/fill them prior to weekends, holidays, or 
forecasted rain. 
 
It should be noted that any excavation that extends below a 1:1 (horizontal to vertical) 
projection of an existing foundation will remove existing support of the structure 
foundation. If requested, temporary shoring parameters will be provided. 
 
 

4.1.4	 Removal	Bottoms	and	Subgrade	Preparation 
 

In general, removal bottoms, over-excavation bottoms and areas to receive compacted fill 
should be scarified to a minimum depth of 6 inches, brought to a near-optimum moisture 
condition (generally within optimum and 2 percent above optimum moisture content), 
and re-compacted per project recommendations.  
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Removal bottoms, over-excavation bottoms and areas to receive fill should be observed 
and accepted by the geotechnical consultant prior to subsequent fill placement.  

 
 
4.1.5	 Material	for	Fill	

 
From a geotechnical perspective, the onsite soils are generally considered suitable for use 
as general compacted fill, provided they are screened of organic materials, construction 
debris and oversized material (8 inches in greatest dimension).  
 
From a geotechnical viewpoint, any required import soils for general fill (i.e., non-
retaining wall backfill) should consist of soils of “Low” expansion potential (expansion 
index 50 or less based on American Society for Testing and Materials [ASTM] D 4829), 
and free of organic materials, construction debris and any material greater than 3 inches 
in maximum dimension. Import for any required retaining wall backfill should meet the 
criteria outlined in the following paragraph. Source samples should be provided to the 
geotechnical consultant for laboratory testing a minimum of four working days prior to 
any planned importation. 
 
Retaining wall backfill should consist of imported sandy soils with a maximum of 35 
percent fines (passing the No. 200 sieve) per ASTM Test Method D1140 (or ASTM 
D6913/D422) and a “Very Low” expansion potential (EI of 20 or less per ASTM D4829). 
Soils should also be screened of organic materials, construction debris, and any material 
greater than 3 inches in maximum dimension. The site contains soils that are not suitable 
for retaining wall backfill due to their fines content and expansion potential; therefore, 
import of soils will be required by the contractor for obtaining suitable retaining wall 
backfill soil.  
 
Aggregate base (crushed aggregate base or crushed miscellaneous base) should conform 
to the requirements of Section 200-2 of the most recent version of the Standard 
Specifications for Public Works Construction (“Greenbook”) for untreated base materials 
(except processed miscellaneous base) and/or City of Brea requirements. 
 
The placement of demolition materials in compacted fill is acceptable from a geotechnical 
viewpoint provided the demolition material is broken up into pieces not larger than 
typically used for aggregate base (approximately 1 to 3-inches in maximum dimension) 
and well blended into fill soils with essentially no resulting voids. Demolition material 
placed in fills must be free of construction debris and reinforcing steel. If asphalt concrete 
fragments will be incorporated into the demolition materials, approval from an 
environmental viewpoint may be required and is not the purview of the geotechnical 
consultant. From our previous experience, we recommend that asphalt concrete 
fragments be limited to fill areas within planned street areas (i.e., not within building pad 
areas).  

 
 

4.1.6	 Placement	and	Compaction	of	Fills 
 
Material to be placed as fill should be brought to near-optimum moisture content 
(generally within optimum and 2 percent above optimum moisture content) and 
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recompacted to at least 90 percent relative compaction (per ASTM D1557). Moisture 
conditioning of site soils will be required in order to achieve adequate compaction. Drying 
and or mixing of very moist soils will be required prior to reusing the materials in 
compacted fills. Soils are also present that will require additional moisture in order to 
achieve the required compaction.  
 
The optimum lift thickness to produce a uniformly compacted fill will depend on the type 
and size of compaction equipment used. In general, fill should be placed in uniform lifts 
not exceeding 8 inches in compacted thickness. Each lift should be thoroughly compacted 
and accepted prior to subsequent lifts. Generally, placement and compaction of fill should 
be performed in accordance with local grading ordinances and with observation and 
testing performed by the geotechnical consultant. Oversized material as previously 
defined should be removed from site fills.  
 
During backfill of excavations, the fill should be properly benched into firm and 
competent soils of temporary backcut slopes as it is placed in lifts.  
 
Aggregate base material should be compacted to at least 95 percent relative compaction 
at or slightly above optimum moisture content per ASTM D1557. Subgrade below 
aggregate base should be compacted to at least 90 percent relative compaction per ASTM 
D1557 at near-optimum moisture content (generally within optimum and 2 percent 
above optimum moisture content).  
 
If gap-graded ¾-inch rock is used for backfill (around storm drain storage chambers, 
retaining wall backfill, etc.) it will require compaction. Rock shall be placed in thin lifts 
(typically not exceeding 6 inches) and mechanically compacted with observation by 
geotechnical consultant. Backfill rock shall meet the requirements of ASTM D2321. Gap-
graded rock is required to be wrapped in filter fabric to prevent the migration of fines 
into the rock backfill.  

 
 

4.1.7	 Trench	and	Retaining	Wall	Backfill	and	Compaction 
 

Bedding material used within the pipe zone should conform to the requirements of the 
current Greenbook and the pipe manufacturer. Where applicable, sand having a sand 
equivalent (SE) of 20 or greater (per Caltrans Test Method [CTM] 217) may be used to 
bed and shade the pipes within the bedding zone. Sand backfill should be densified by 
jetting or flooding and then tamped to ensure adequate compaction. Bedding sand should 
be from a natural source, manufactured sand from recycled material is not suitable for 
jetting. The onsite soils may generally be considered suitable as trench backfill (zone 
defined as 12 inches above the pipe to subgrade), provided the soils are screened of rocks 
greater than 6 inches in maximum dimension, construction debris and organic material. 
Trench backfill should be compacted in uniform lifts (as outlined above in Section 
“Material for Fill”) by mechanical means to at least 90 percent relative compaction (per 
ASTM D1557). If gap-graded rock is used for trench backfill, refer to the above Section.  
 
Retaining wall backfill should consist of sandy soils as outlined in preceding Section 4.1.5. 
The limits of select sandy backfill should extend at minimum ½ the height of the retaining 
wall or the width of the heel (if applicable), whichever is greater (Figure 2). Retaining 
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wall backfill soils should be compacted in relatively uniform thin lifts to at least 90 
percent relative compaction (per ASTM D1557). Jetting or flooding of retaining wall 
backfill materials should not be permitted.  

In backfill areas where mechanical compaction of soil backfill is impractical due to space 
constraints, typically sand-cement slurry may be substituted for compacted backfill. The 
slurry should contain about one sack of cement per cubic yard. When set, such a mix 
typically has the consistency of compacted soil. Sand cement slurry placed near the 
surface within landscape areas should be evaluated for potential impacts on planned 
improvements.  

A representative from LGC Geotechnical should observe, probe, and test the backfill to 
verify compliance with the project recommendations.  

4.1.8	 Shrinkage	and	Subsidence		

Volumetric changes in earth quantities will occur when excavated onsite earth materials 
are replaced as properly compacted fill. The following is an estimate of shrinkage and 
bulking factors for the various geologic units found onsite. These estimates are based on 
in-place densities of the various materials and on the estimated average degree of relative 
compaction achieved during grading.  

TABLE	3	

Estimated	Shrinkage	and	Bulking	

Soil	Type	 Allowance	 Estimated	
Range	

Older Artificial Fill Shrinkage 5% to 15% 
Quaternary Older Alluvium Shrinkage 0% to 10% 

Subsidence due to earthwork equipment is expected to be on the order of 0.1 to 0.2 feet. It 
should be stressed that these values are only estimates and that actual shrinkage factors 
are extremely difficult to predict. The effective shrinkage of onsite soils will depend 
primarily on the type of compaction equipment and method of compaction used onsite by 
the contractor. Additionally, the onsite geology is variable; the above estimates are 
generalized groupings of similar lithologies and should be expected to vary across the site 
and with depth.  

The above shrinkage estimates are intended as an aid for others in determining 
preliminary earthwork quantities. However, these estimates should be used with some 
caution since they are not absolute values. Contingencies should be made for balancing 
earthwork quantities based on actual shrinkage and subsidence that occurs during 
grading. Shrinkage and bulking are also expected to vary with accuracy of the topographic 
survey and survey accuracy during rough grading.  
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Due to the combined variability in topographic surveys, inability to precisely model the 
removals and variability in on-site near-surface conditions, it is our opinion that the site 
will not balance at the end of grading. If importing/exporting a large volume of soils is not 
considered feasible or economical, we recommend a balance area be designated onsite 
that can fluctuate up or down based on the actual volume of soil.  
 

	
4.2	 Slopes		

 
Existing slopes up to a maximum height of approximately 20 feet are anticipated to be both 
grossly and surficially stable, as long as they are constructed and maintained in accordance with 
the recommendations herein and the Standard Earthwork and Grading Specifications included in 
Appendix E.  
 
Slopes should be constructed with a maximum slope ratio of 2:1 (horizontal to vertical). Slope 
faces should also be compacted to minimum project specifications. This may require 
overbuilding of the slope face and trimming back to design grades. To improve surficial stability, 
vegetation specified by the landscape architect should be established on the slope face as soon as 
it is practical. Slopes may be prone to surficial instabilities during periods of heavy rain. 

	
	
4.2.1	 Slope	Maintenance	Guidelines	 

 
It is recommended that any graded slopes be planted with ground cover vegetation as 
soon as practical to reduce the potential for erosion by reducing runoff velocity. Deep-
rooted vegetation that requires little water and is able to survive local climate 
conditions should also be established to protect against surficial slumping. Under no 
circumstances should slopes be allowed to be bare of vegetation. Landscape vegetation 
must not be “trimmed” to root structures leaving no protection of the slopes. Irrigation 
levels should be kept to the minimum level necessary to establish healthy plant growth. 
Slopes must not be overwatered. If automatic sprinklers are used, they must be 
adjusted during periods of rainfall. A landscape professional should be consulted for 
specific landscape recommendations.  
 
A program for the elimination of burrowing animals in both native and graded slope 
areas must be established to protect slope stability by reducing the potential for surface 
water to penetrate into the slope face. Continuous erosion control, rodent control, and 
maintenance are essential to the long-term stability of all slopes. Trenches excavated on 
a slope face for utility or irrigation lines and/or for any purpose must be properly 
backfilled and compacted to project recommendations (refer to Section 4.1.7) to the 
slope face. Observation/testing and acceptance by the geotechnical consultant during 
trench backfill are recommended. V-ditches should be inspected and cleared of loose 
soil and/or debris on a routine basis, especially prior to and during the rainy season. 
 

	
4.3	 Preliminary	Foundation	Recommendations	

 
Provided that the remedial grading recommendations provided herein are implemented, the site 
may be considered suitable for the support of the residential structures using a conventional or 
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post-tensioned foundation system designed to resist the impacts of expansive soils. Site soils are 
anticipated to be “Medium” expansion potential (EI of 90 or less per ASTM D4829) and special 
design considerations from a geotechnical perspective are required. Please note that the 
following foundation recommendations are preliminary	 and must be confirmed by LGC 
Geotechnical at the completion of grading.  
 
Preliminary foundation recommendations are provided in the following sections. Recommended 
soil bearing and estimated settlement due to structural loads are provided in Section 4.4.  
 
 

	 4.3.1	 Provisional	Conventional	Foundation	Design	Parameters 
 

Conventional foundations may be designed in accordance with the Wire Reinforcement 
Institute (WRI) procedure for slab-on-ground foundations per Section 1808 of the 2022 
CBC to resist expansive soils. The following preliminary soil parameters may be used: 
 
 Effective Plasticity Index: 25 
 Climatic Rating: Cw = 15 
 Reinforcement: Per structural designer  
 Minimum Footing Depth: 18 inches below lowest adjacent grade.  
 Moisture-condition (presoak) slab subgrade to 120% of optimum moisture content 

to a minimum depth of 18 inches prior to trenching. 
 
The recommended moisture content should be maintained up to the time of concrete 
placement.  
 

 
4.3.2	 Provisional	Post‐Tensioned	Foundation	Design	Parameters	

 
The geotechnical parameters provided herein may be used for post-tensioned slab 
foundations. These parameters have been determined in general accordance with the 
Post-Tensioning Institute (PTI, 2012) Standard Requirements (PTI DC 10.5), referenced 
in Chapter 18 of the 2022 CBC. In utilizing these parameters, the foundation engineer 
should design the foundation system in accordance with the allowable deflection 
criteria of applicable codes and the requirements of the structural designer/architect. 
Other types of stiff slabs may be used in place of the CBC post-tensioned slab design 
provided that, in the opinion of the foundation structural designer, the alternative type 
of slab is at least as stiff and strong as that designed by the CBC/PTI method to resist 
expansive soils.  
 
Our design parameters are based on our experience with similar residential projects 
and the anticipated nature of the soil (with respect to expansion potential). Please note 
that implementation of our recommendations will not eliminate foundation movement 
(and related distress) should the moisture content of the subgrade soils fluctuate. It is 
the intent of these recommendations to help maintain the integrity of the proposed 
structures and reduce (not eliminate) movement, based upon the anticipated site soil 
conditions. Should future owners not properly maintain the areas surrounding the 
foundation, for example by overwatering, then we anticipate for highly expansive soils 
the maximum differential movement of the perimeter of the foundation to the center of 
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the foundation to be on the order of a couple of inches. Soils of lower expansion 
potential are anticipated to show less movement.  

 
 

TABLE	4	
	

Provisional	Geotechnical	Parameters	for	Post‐Tensioned	Foundation	Slab	Design	
	

Parameter	
PT	Slab	with	
Perimeter	
Footing	

PT	Mat	with	
Thickened	Edge	

Expansion Index Medium1 Medium1 

Thornthwaite Moisture Index  -20 -20 
Constant Soil Suction  PF 3.9 PF 3.9 
Center Lift 
 Edge moisture variation distance, em  
 Center lift, ym  

 
9.0 feet 
0.5 inch 

 
9.0 feet 
0.6 inch 

Edge Lift 
 Edge moisture variation distance, em  
 Edge lift, ym  

 
4.7 feet 
1.1 inch 

 
4.7 feet 
1.3 inch 

Modulus of Subgrade Reaction, k (assuming 
presoaking as indicated below) 150 pci 150 pci 

Minimum perimeter footing/thickened edge 
embedment below finish grade 18 inches 6 inches 

Perimeter foundation reinforcement N/A2 N/A2 

Minimum slab thickness 5 inches2 8 inches2 
Presoak (moisture conditioning) 120% of Optimum 

to 18 inches 
120% of Optimum 

to 18 inches 
1. Assumed for preliminary design purposes. Further evaluation is needed at the 

completion of grading.  
2. Recommendations for foundation reinforcement and slab thickness are ultimately the 

purview of the foundation engineer/structural engineer based upon geotechnical 
criteria and structural engineering considerations.  

3. Recommendations for sand below slabs have traditionally been included with 
geotechnical foundation recommendations, although they are not the purview of the 
geotechnical consultant. The sand layer requirements are the purview of the 
foundation engineer/structural engineer and should be provided in accordance with 
ACI Publication 302 “Guide for Concrete Floor and Slab Construction”.  

4. Recommendations for vapor retarders below slabs are also the purview of the 
foundation engineer/structural engineer and should be provided in accordance with 
applicable code requirements.  

 
	
4.3.3	 Post‐Tensioned	Foundation	Subgrade	Preparation	and	Maintenance 

 
Moisture conditioning of the subgrade soils is recommended prior to trenching the 
foundation. The duration of this process varies greatly based on the chosen method and 

G3-101



 

Project	No.	23169‐01	 Page	21	 	 November	17,	2023 

is also dependent on factors such as soil type and weather conditions. Time duration for 
presoaking from completion of rough grading to trenching of foundations should be 
accounted for in the construction schedule (typically 1 to 2 weeks). The 
recommendations specific to the anticipated site soil conditions, including 
recommended presoak, are presented in Table 4. The subgrade moisture condition of 
the building pad soils should be maintained at near-optimum moisture content up to 
the time of concrete placement. This moisture content should be maintained around the 
immediate perimeter of the slab during construction and up to occupancy of the homes.  
 
The geotechnical parameters provided herein assume that if the areas adjacent to the 
foundation are planted and irrigated, these areas will be designed with proper drainage 
and adequately maintained so that ponding, which causes significant moisture changes 
below the foundation, does not occur. Our recommendations do not account for 
excessive irrigation and/or incorrect landscape design. Plants should only be provided 
with sufficient irrigation for life and not overwatered to saturate subgrade soils. Sunken 
planters placed adjacent to the foundation should either be designed with an efficient 
drainage system or liners to prevent moisture infiltration below the foundation. Some 
lifting of the perimeter foundation beam should be expected even with properly 
constructed planters.  
 
In addition to the factors mentioned above, future homeowners should be made aware 
of the potential negative influences of trees and/or other large vegetation. Roots that 
extend near the vicinity of foundations can cause distress to foundations. Future 
homeowners (and the owner’s landscape architect) should not plant trees/large shrubs 
closer to the foundations than a distance equal to half the mature height of the tree or 
20 feet, whichever is more conservative unless specifically provided with root barriers 
to prevent root growth below the house foundation.  
 
It is the homeowner’s responsibility to perform periodic maintenance during hot and 
dry periods to ensure that adequate watering has been provided to keep soils from 
separating or pulling back from the foundation. Future homeowners should be 
informed and educated regarding the importance of maintaining a constant level of soil-
moisture. The homeowners should be made aware of the potential negative 
consequences of both excessive watering, as well as allowing potentially expansive soils 
to become too dry. Expansive soils can undergo shrinkage during drying and swelling 
during the rainy winter season or when irrigation is resumed. This can result in distress 
to building structures and hardscape improvements. The builder should provide these 
recommendations to future homeowners. 
 
 

4.3.4	 Slab	Underlayment	Guidelines	
 

The following is for informational purposes only since slab underlayment (e.g., moisture 
retarder, sand or gravel layers for concrete curing and/or capillary break) is unrelated 
to the geotechnical performance of the foundation and thereby not the purview of the 
geotechnical consultant. Post-construction moisture migration should be expected 
below the foundation. The foundation engineer/architect should determine whether the 
use of a capillary break (sand or gravel layer), in conjunction with the vapor retarder, is 
necessary or required by code. Sand layer thickness and location (above and/or below 

G3-102



 

Project	No.	23169‐01	 Page	22	 	 November	17,	2023 

vapor retarder) should also be determined by the foundation engineer/architect.  
 
 

	 4.3.5	 Foundation	Setback	from	Top‐of‐Slope	and	Bottom‐of‐Slope	
 

Foundations should be set back from the top and bottom of slopes in accordance with the 
California Building Code (CBC) and the City of Brea. Per the 2022 CBC, the minimum top-
of-slope setback is H/3, with a maximum required setback of 40 feet, where H is the 
total height of the slope. The minimum bottom-of-slope setback is H/2, with a maximum 
required setback of 15 feet. Refer to Chapter 18 of the 2022 CBC for additional 
information. It is the purview of the project civil engineer to implement the appropriate 
foundation setbacks. 
	
	

4.4	 Soil	Bearing	and	Lateral	Resistance	
 

Provided our earthwork recommendations are implemented, an allowable soil bearing pressure 
of 2,000 pounds per square foot (psf) may be used for the design of footings having a minimum 
width of 12 inches and minimum embedment of 18 inches below lowest adjacent ground surface. 
This value may be increased by 400 psf for each additional foot of embedment and 200 psf for 
each additional foot of foundation width to a maximum value of 3,000 psf. A post-tensioned mat 
foundation a minimum of 6 inches below lowest adjacent grade may be designed for an allowable 
soil bearing pressure of 1,200 psf. These allowable bearing pressures are applicable for level 
(ground slope equal to or flatter than 5H:1V) conditions only. Bearing values indicated are for 
total dead loads and frequently applied live loads and may be increased by ⅓ for short duration 
loading (i.e., wind or seismic loads).  
 
In utilizing the above-mentioned allowable bearing capacity and provided our earthwork 
recommendations are implemented, foundation settlement due to structural loads is anticipated 
to be 1-inch or less. Differential static settlement may be taken as half of the static settlement (i.e., 
½-inch over a horizontal span of 40 feet).  
 
Resistance to lateral loads can be provided by friction acting at the base of foundations and by 
passive earth pressure. For concrete/soil frictional resistance, an allowable coefficient of friction 
of 0.3 may be assumed with dead-load forces. For slabs constructed over a moisture retarder, 
the allowable friction coefficient should be provided by the manufacturer. An allowable passive 
lateral earth pressure of 225 psf per foot of depth (or pcf) to a maximum of 2,250 psf may be 
used for the sides of footings poured against properly compacted fill. Allowable passive pressure 
may be increased to 300 pcf (maximum of 3,000 psf) for short duration seismic loading. This 
passive pressure is applicable for level (ground slope equal to or flatter than 5H:1V) conditions. 
Frictional resistance and passive pressure may be used in combination without reduction. We 
recommend that the upper foot of passive resistance be neglected if finished grade will not be 
covered with concrete or asphalt. The provided allowable passive pressures are based on a 
factor of safety of 1.5 and 1.1 for static and seismic loading conditions, respectively.  
 
 

4.5	 Lateral	Earth	Pressures	for	Retaining	Walls	
 
Lateral earth pressures for import soils (sandy soils) meeting indicated project 
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recommendations (Section 4.1.5) are provided below. Lateral earth pressures are provided as 
equivalent fluid unit weights, in psf per foot of depth (or pcf). These values do not contain an 
appreciable factor of safety, so the retaining wall designer should apply the applicable factors of 
safety and/or load factors during design. A soil unit weight of 120 pcf may be assumed for 
calculating the actual weight of soil over the wall footing.  

 
The following lateral earth pressures are presented on Table 5 are for backfilled retaining walls 
using approved select granular soils with a maximum of 35 percent fines (passing the No. 200 
sieve per ASTM D-421/422) and a maximum Expansion Index of 20 (per ASTM D-4829). The site 
contains soils that are not suitable for retaining wall backfill due to their fines content and 
expansion potential, therefore import of sandy soils will be required by the contractor for 
obtaining suitable backfill soil for planned site retaining walls using the parameters provided in 
Table 5 below. The retaining wall designer should clearly indicate on the retaining wall plans the 
required sandy soil backfill criteria.  
 

TABLE	5	
 

Lateral	Earth	Pressures	–	Imported	Sandy	Soils	
 

Conditions	

Equivalent	Fluid	Weight	(pcf)	 Equivalent	Fluid	Weight	(pcf)	

Level	Backfill	 2:1	Sloped	Backfill	

Approved	Sandy	Soils	 Approved	Sandy	Soils	

Active 35 55 

At-Rest 55 70 
 
 
If the wall can yield enough to mobilize the full shear strength of the soil, it can be designed for 
“active” pressure. If the wall cannot yield under the applied load, the earth pressure will be 
higher. This would include 90-degree corners of retaining walls. Such walls should be designed 
for “at-rest.” The equivalent fluid pressure values assume free-draining conditions. If 
conditions other than those assumed above are anticipated, the equivalent fluid pressure 
values should be provided on an individual-case basis by the geotechnical engineer. 
 
Surcharge loading effects from any adjacent structures should be evaluated by the retaining 
wall designer. In general, structural loads within a 1:1 (horizontal to vertical) upward 
projection from the bottom of the proposed retaining wall footing will surcharge the proposed 
retaining wall. In addition to the recommended earth pressure, retaining walls adjacent to 
streets should be designed to resist a uniform lateral pressure of 85 pounds per square foot 
(psf) due to normal street vehicle traffic, if applicable. The retaining wall designer should 
contact the geotechnical consultant for any required geotechnical input in estimating surcharge 
loads.  
 
Retaining wall structures should be provided with appropriate drainage and appropriately 
waterproofed. To reduce, but not eliminate, saturation of near-surface (upper approximate 1-
foot) soils in front of the retaining walls, the perforated subdrain pipe should be located as low 
as possible behind the retaining wall. The outlet pipe should be sloped to drain to a suitable 
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outlet. In general, we do not recommend retaining wall outlet pipes be connected to area 
drains. If subdrains are connected to area drains, special care and information should be 
provided to homeowners to maintain these drains. Typical retaining wall drainage is illustrated 
in Figure 2. It should be noted that the recommended subdrain does not provide protection 
against seepage through the face of the wall and/or efflorescence. Efflorescence is generally a 
white crystalline powder (discoloration) that results when water containing soluble salts 
migrates over a period of time through the face of a retaining wall and evaporates. If such 
seepage or efflorescence is undesirable, retaining walls should be waterproofed to reduce this 
potential. 
 
If retaining walls greater than 6 feet in height are proposed, the retaining wall designer should 
contact the geotechnical engineer for specific lateral earth pressure increments based on the 
configuration of the planned retaining wall structures. 

 
Soil bearing and lateral resistance (friction coefficient and passive resistance) are provided in 
Section 4.4. Earthwork considerations (temporary backcuts, backfill, compaction, etc.) for 
retaining walls are provided in Section 4.1 (Site Earthwork) and the subsequent earthwork 
related sub-sections.  

 
 
4.6	 Soil	Corrosivity  
 

Although not corrosion engineers (LGC Geotechnical is not a corrosion consultant), several 
governing agencies in Southern California require the geotechnical consultant to determine the 
corrosion potential of soils to buried concrete and metal facilities. We therefore present the 
results of our testing with regard to corrosion for the use of the client and other consultants, as 
they determine necessary.  
 
Corrosion testing of near-surface bulk samples indicated a soluble sulfate content of 
approximately 0.014 percent, chloride content of 260 parts per million (ppm), pH of 8.1, and 
minimum resistivity of 5,000 ohm-centimeters. Based on Caltrans Corrosion Guidelines 
(Caltrans, 2021), soils are considered corrosive to structural elements if the pH is 5.5 or less, or 
the chloride concentration is 500 ppm or greater, or the sulfate concentration is 2,000 ppm (0.2 
percent) or greater. Based on test results, soils are not considered corrosive using Caltrans 
criteria. Note that based on minimum resistivity the soils are considered moderately corrosive 
to metallic improvements. If improvements that may be susceptible to corrosion are proposed, 
it is recommended that further evaluation by a corrosion engineer be performed.  
 
Based on laboratory sulfate test results, the near surface soils are designated to a class “S0” per 
ACI 318, Table 19.3.1.1 with respect to sulfates. Concrete in direct contact with the onsite soils 
can be designed according to ACI 318, Table 19.3.2.1 using the “S0” sulfate classification.  
 
Laboratory testing may need to be performed at the completion of grading by the project 
corrosion engineer to further evaluate the as-graded soil corrosivity characteristics. 
Accordingly, revision of the corrosion potential may be needed, should future test results differ 
substantially from the conditions reported herein. The client and/or other members of the 
development team should consider this during the design and planning phase of the project 
and formulate an appropriate course of action.  
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4.7	 Control	of	Surface	Water	and	Drainage	Control 
 
 From a geotechnical perspective, we recommend that compacted finished grade soils adjacent 

to proposed residences be sloped away from the proposed residence and towards an approved 
drainage device or unobstructed swale. Drainage swales, wherever feasible, should not be 
constructed within 5 feet of buildings. Where lot and building geometry necessitates that the 
side yard drainage swales be routed closer than 5 feet to structural foundations, we 
recommend the use of area drains together with drainage swales. Drainage swales used in 
conjunction with area drains should be designed by the project civil engineer so that a properly 
constructed and maintained system will prevent ponding within 5 feet of the foundation. Code 
compliance of grades is not the purview of the geotechnical consultant.  
 
Planters with open bottoms adjacent to buildings should be avoided. Planters should not be 
designed adjacent to buildings unless provisions for drainage, such as catch basins, liners, and/or 
area drains, are made. Overwatering must be avoided. 
 

	
4.8	 Subsurface	Water	Infiltration 
 

Recent regulatory changes have occurred that mandate that storm water be infiltrated below 
grade rather than collected in a conventional storm drain system. Typically, a combination of 
methods are implemented to reduce surface water runoff and increase infiltration including; 
permeable pavements/pavers for roadways and walkways, directing surface water runoff to 
grass-lined swales, retention areas, and/or drywells, etc.  
 
It should be noted that collecting and concentrating surface water for the purpose of 
intentionally infiltrating below grade, conflicts with the geotechnical engineering objective of 
directing surface water away from slopes, structures, and other improvements. The geotechnical 
stability and integrity of a site is reliant upon appropriately handling surface water. In general, 
the vast majority of geotechnical distress issues are directly related to improper drainage. In 
general, distress in the form of movement of improvements could occur as a result of soil 
saturation and loss of soil support, expansion, internal soil erosion, collapse and/or settlement.  
 
Per the County of Orange Guidelines (2013), infiltration of stormwater is not required when 
the factored infiltration rate (observed infiltration rate with safety factor applied) is less than 
0.3 inches per hour. The infiltration rates presented in Table 1, with or without the safety 
factor applied, are lower than the minimum infiltration rate requirements from the County.  
 
Based on results of field infiltration testing indicating low infiltration rates, very stiff clays and 
dense silty sands and sands encountered at depth, and shallow groundwater levels, we strongly 
recommend against the intentional infiltration of stormwater into the subsurface soils.  
 
 

4.9	 Preliminary	Asphalt	Concrete	Pavement	Sections	
  

The following provisional minimum asphalt concrete (AC) street sections are provided in Table 6 
on the following page for Traffic Indices (TI) of 5.0, and 6.0. These sections are based on an 
assumed R-value of 10. These recommendations must be confirmed with R-value testing of 
representative near-surface soils at the completion of grading and after underground utilities 
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have been installed and backfilled. Final pavement sections should be confirmed by the project 
civil engineer based upon the final design Traffic Index. The City of Brea requires a minimum 
pavement section of 4 inches asphalt concrete over 6 inches aggregate base for alleys and local 
streets. Refer to the minimum pavement section recommendations below in accordance with the 
City of Brea. The final Traffic Index is determined by the Civil Engineer or City Engineer. We are 
not responsible for selecting a design Traffic Index. If requested, LGC Geotechnical will provide 
sections for alternate TI values.  

TABLE	6	

Preliminary	Asphalt	Concrete	Pavement	Section	Options	

Assumed	Traffic	Index	 5.0 (or less) 6.0 
R	‐Value	Subgrade	 10 10
AC	Thickness	 4.0 inches 5.0 inches 
Aggregate	Base	Thickness	 7.5 inches 9.5 inches 

Due to anticipated heavy construction traffic during installation of utilities and home 
construction, we recommend that the total thickness (base course and capping course) of AC be 
placed at essentially the same time. Allowing heavy construction traffic loading on only the base 
course of the AC will increase the potential for pavement distress. It should be noted that 
construction traffic such as concrete trucks will likely exceed traffic loading after completion of 
construction. 

The pavement section thicknesses provided above are considered minimum thicknesses. 
Increasing the thickness of any of the above layers will reduce the likelihood of the pavement 
experiencing distress during its service life. The above recommendations assume that proper 
maintenance and irrigation of the areas adjacent to the roadway will occur throughout the 
design life of the pavement. Failure to maintain a proper maintenance and/or irrigation 
program may jeopardize the integrity of the pavement.  

Earthwork recommendations regarding aggregate base and subgrade are provided in the 
previous Section “Site Earthwork” and the related sub-sections of this report.  

4.10	 Nonstructural	Concrete	Flatwork	

Nonstructural concrete flatwork (such as walkways, private drives, patio slabs, etc.) has a 
potential for cracking due to changes in soil volume related to soil-moisture fluctuations. To 
reduce the potential for excessive cracking and lifting, concrete may be designed in accordance 
with the minimum guidelines outlined in Table 7. These guidelines will reduce the potential for 
irregular cracking and promote cracking along construction joints but will not eliminate all 
cracking or lifting. Thickening the concrete and/or adding additional reinforcement will further 
reduce cosmetic distress.  
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TABLE	7	
	

Preliminary	Geotechnical	Parameters	for	Nonstructural	Concrete	Flatwork		
Placed	on	Medium	Expansion	Potential	Subgrade	

 

	
Community	
Sidewalks	

(≤6 feet wide)	
Private	Drives	

Patios/Walkways	
(adjacent to homes 
or flatwork >6 feet 

wide)		

City	Sidewalk	
Curb	and	Gutters	

Minimum	
Thickness	(in.)	

4 (nominal) 5 (full) 5 (full) City/Agency 
Standard 

Presoaking	 Wet down 
Presoak to 12 

inches 
Presoak to 12 

inches 
City/Agency 

Standard 

Reinforcement	  
No. 3 at 24 
inches on 

centers 

No. 3 at 24  
inches on  

centers 

City/Agency 
Standard 

Thickened	Edge	
(in.)	  8 x 8  

City/Agency 
Standard 

Crack	Control	
Joints	

Saw cut or deep 
open tool joint 

to a minimum of 
1/3 the concrete 

thickness 

Saw cut or deep 
open tool joint 
to a minimum 

of 1/3 the 
concrete 
thickness	

Saw cut or deep 
open tool joint 
to a minimum 

of 1/3 the 
concrete 
thickness	

City/Agency 
Standard 

Maximum	Joint	
Spacing	 5 feet 

10 feet or 
quarter cut 

whichever is 
closer 

6 feet 
City/Agency 

Standard 

Aggregate	Base	
Thickness	(in.)	    

City/Agency 
Standard 

	
	

To reduce the potential for driveways to separate from the garage slab, the builder may elect to 
install dowels to tie these two elements together. Similarly, future homeowners should 
consider the use of dowels to connect flatwork to the foundation.  

	
	
4.11	 Geotechnical	Plan	Review 

	
When available, grading, retaining wall and foundation plans should be reviewed by LGC 
Geotechnical in order to verify our geotechnical recommendations are implemented. Updated 
recommendations and/or additional fieldwork may be necessary.  
 
 

4.12	 Geotechnical	Observation	and	Testing	During	Construction 
 

The recommendations provided in this report are based on limited subsurface observations and 
geotechnical analysis. The interpolated subsurface conditions should be checked in the field 
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during construction by a representative of LGC Geotechnical. Geotechnical observation and 
testing is required per Section 1705 of the 2022 California Building Code (CBC). 
 
Geotechnical observation and/or testing should be performed by LGC Geotechnical at the 
following stages: 
 
 During grading (removal bottoms, fill placement, etc.); 
 During retaining wall backfill and compaction; 
 During utility trench backfill and compaction; 
 After presoaking building pads and other concrete-flatwork subgrades, and prior to 

placement of aggregate base or concrete;  
 Preparation of pavement subgrade and placement of aggregate base; 
 After building and wall footing excavation and prior to placing steel reinforcement and/or 

concrete; and 
 When any unusual soil conditions are encountered during any construction operation 

subsequent to issuance of this report.	 
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5.0	LIMITATIONS	
 
 
Our services were performed using the degree of care and skill ordinarily exercised, under similar 
circumstances, by reputable soils engineers and geologists practicing in this or similar localities. No 
other warranty, expressed or implied, is made as to the conclusions and professional advice included in 
this report.  

 
This report is based on data obtained from limited observations of the site, which have been 
extrapolated to characterize the site. While the scope of services performed is considered suitable to 
adequately characterize the site geotechnical conditions relative to the proposed development, no 
practical evaluation can completely eliminate uncertainty regarding the anticipated geotechnical 
conditions in connection with a subject site. Variations may exist and conditions not observed or 
described in this report may be encountered during grading and construction.  

 
This report is issued with the understanding that it is the responsibility of the owner, or of his/her 
representative, to ensure that the information and recommendations contained herein are brought to 
the attention of the other consultants (at a minimum the civil engineer, structural engineer, landscape 
architect) and incorporated into their plans. The contractor should properly implement the 
recommendations during construction and notify the owner if they consider any of the 
recommendations presented herein to be unsafe, or unsuitable.  

 
The findings of this report are valid as of the present date. However, changes in the conditions of a site 
can and do occur with the passage of time, whether they be due to natural processes or the works of 
man on this or adjacent properties. The findings, conclusions, and recommendations presented in this 
report can be relied upon only if LGC Geotechnical has the opportunity to observe the subsurface 
conditions during grading and construction of the project, in order to confirm that our preliminary 
findings are representative for the site. This report is intended exclusively for use by the client, any use 
of or reliance on this report by a third party shall be at such party’s sole risk. 
 
In addition, changes in applicable or appropriate standards may occur, whether they result from 
legislation or the broadening of knowledge. Accordingly, the findings of this report may be invalidated 
wholly or partially by changes outside our control. Therefore, this report is subject to review and 
modification. 
 
 

G3-110



4 INCH DIAMETER, SCHEDULE 40 PERFORATED
PVC PIPE TO FLOW TO DRAINAGE DEVICE PER
PROJECT CIVIL ENGINEER

COMPACTED SAND BACKFILL
(EXPANSION INDEX £ 20,

MAXIMUM 35% FINES)

NATIVE BACKFILL COMPACTED
PER REPORT

MINIMUM 1 CUBIC FOOT PER LINEAR FOOT
BURRITO TYPE SUBDRAIN, CONSISTING OF
3/4 INCH CRUSHED ROCK WRAPPED IN
MIRAFI 140N OR APPROVED EQUIVALENT

FOOTING/WALL PER DESIGN ENGINEER

WATER PROOFING PER DESIGN ENGINEER

12" MINIMUM
18" MAXIMUM

BACKCUT PER OSHA

EXTENT OF REQUIRED IMPORTED SAND BACKFILL, MINIMUM
HEEL WIDTH OR H/2 WHICH EVER IS GREATER

W
AL

L 
H

EI
G

H
T,

 H

NOTE:
PLACEMENT OF SUBDRAIN
AT BASE OF WALL WILL NOT
PREVENT SATURATION OF SOILS
BELOW AND / OR IN FRONT OF WALL

FIGURE 2
 Retaining Wall 
Backfill Detail

November 2023 DATE

 ENG. / GEOL.
 PROJECT NO.
 PROJECT NAME

 SCALE
RLD / KTM
Not to Scale

Lennar - Greenbriar, Brea
23169-01

G3-111

• • # ~ 

• ... •• .. :=.-..... ••·•• __ _____,,.......,,.......,....,. ___ __ .. .. . 
••. ,._.: : . :- .: , ... •··· · . 

• ... • · . . ·'. ·· · ·'•: 

GC 



 

 

	
	
	
	

Appendix	A	
References	

	

G3-112



 

Project	No.	23169‐01	 A‐1	 November	17,	2023	

APPENDIX	A	
	

References		
 

 
American Society of Civil Engineers (ASCE), 2017, Minimum Design Loads for Buildings and Other 

Structures, ASCE/SEI 7-16, Third Printing, 2017.  
 
American Society for Testing and Materials (ASTM), Volume 04.08 Soil and Rock (I): D420 – D5876. 
 
Bray, J.D., and Sancio, R. B., 2006, Assessment of Liquefaction Susceptibility of Fine-Grained Soils, Journal	

of	 Geotechnical	 and	 Geoenvironmental	 Engineering, ASCE, pp. 1165-1177, dated September 
2006. 

 
California Building Standards Commission, 2022, California Building Code, California Code of 

Regulations Title 24, Volumes 1 and 2, dated July 2022. 
 
California Department of Transportation (Caltrans), 2021, Corrosion Guidelines, Version 3.2, dated May 

2021. 
 
California Division of Mines and Geology (CDMG), 1998, State of California Seismic Hazard Zones, La 

Habra Quadrangle, Official Map, scale: 1:24,000, Release Date: April 15, 1998. 
 
________, 2001, State of California Seismic Hazard Zone Report for the La Habra 7.5-Minute Quadrangle, 

Los Angeles and Orange Counties, California, Seismic Hazard Zone Report 009, Revised 2001. 
 
California Geological Survey [CGS], 2008, California Geological Society Special Publication 117A: 

Guidelines for Evaluating and Mitigating Seismic Hazards in California. 
 
________, 2018, California Geological Survey website, Interactive Fault Map: 

http://www.quake.ca.gov/gmaps/FAM/faultactivitymap.html.  
 
County of Orange, 2013, Technical Guidance Document (TGD) for the Preparation of 

Conceptual/Preliminary and/or Project Water Quality Management Plans (WQMPs), dated 
December 20, 2013.  

 
Dibblee, 2001, Geologic Map of Whittier and La Habra Quadrangles (Western Puente Hills), Los Angeles 

and Orange Counties, California, by Thomas Dibblee, Jr. 
 
Historic Aerials, 2023, viewed November 7, 2023, Aerials viewed from: 1952 through 2020, 

https://www.historicaerials.com/. 
 
Hunsaker & Associates, Inc., 2023, Greenbriar - Conceptual Grading Plan, 183 Unit, Brea, CA, dated 

November 13, 2023. 
 
NCEER, 1997, “Proceeding of the NCEER Workshop on Evaluation of Liquefaction Resistance of Soils”, T. 

L. Youd and I. M. Idriss Editors, Technical Report NCEER-97-0022, NCEER, Buffalo, NY. 
 

G3-113



 

Project	No.	23169‐01	 A‐2	 November	17,,	2023	

Post-Tensioning Institute (PTI), 2012, Standard Requirements for Design and Analysis of Shallow Post-
Tensioned Concrete Foundations on Expansive Soils, PTI DC10.5-12. 

 
Southern California Earthquake Center (SCEC), 1999, “Recommended Procedure for Implementation of 

DMG Special Publication 117, Guidelines for Analyzing and Mitigation Liquefaction Hazards in 
California”, Edited by Martin, G.R., and Lew, M., dated March 1999. 

 
Structural Engineers Association of California (SEAOC), 2023, Seismic Design Maps, Retrieved 

November 3, 2023, from https://seismicmaps.org/. 
 
United States Geological Survey (USGS), 2014, Unified Hazard Tool, Dynamic: Conterminous U.S. 2014 

(update) (v4.2.0), Retrieved November 3, 2023, from: 
https://earthquake.usgs.gov/hazards/interactive/. 

 
Woodley Architectural Group, Inc., 2023, Concept Site Plan, Option “A”, Mercury Site, Lennar, dated 

August 14, 2023. 
 

 

G3-114



 

 

	
	
	
	

Appendix	B 
Field	Exploration	Logs	&	Infiltration	Data	

G3-115



THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED. THE DESCRIPTIONS
PROVIDED ARE QUALITATIVE FIELD DESCRIPTIONS
AND ARE NOT BASED ON QUANTITATIVE
ENGINEERING ANALYSIS.
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
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PROVIDED ARE QUALITATIVE FIELD DESCRIPTIONS
AND ARE NOT BASED ON QUANTITATIVE
ENGINEERING ANALYSIS.

CN               CONSOLIDATION
CR               CORROSION
AL                ATTERBERG LIMITS
CO               COLLAPSE/SWELL
RV                R-VALUE
-#200            % PASSING # 200 SIEVE

DIRECT SHEAR
MAXIMUM DENSITY
SIEVE ANALYSIS
SIEVE AND HYDROMETER
EXPANSION INDEX

TEST TYPES:
DS
MD
SA
S&H
EI

SAMPLE TYPES:
B        BULK SAMPLE
R        RING SAMPLE (CA Modified Sampler)
G        GRAB SAMPLE
SPT    STANDARD PENETRATION
           TEST SAMPLE
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Hole Diameter:

Hole Location: See Geotechnical Map

Drop:
Type of Rig:

Project Number:
Elevation of Top of Hole: Drive Weight:

Drilling Company:
Project Name:
Date:

Geotechnical Boring Log Borehole HS-3

~333' MSL
6"30"

140 pounds

Logged By RNP
Sampled By RNP
Checked By KTM

Page 1 of 1

@0' - 3" Asphalt over 6" Base

SPT-1 7
17
22

@ 2.5' - Sandy CLAY: reddish brown, moist, hard

R-1 14
27
43

@ 5' - Silty SAND: reddish brown, moist, very dense,
trace of gravel

SPT-2 6
14
8

@ 7.5' - Silty SAND: light brown, very moist, medium
dense

R-2 11
30
45

@ 10' - Silty SAND: yellowish brown, dry, very dense,
trace of gravel

SPT-3 14
17
27

@ 15' - Silty SAND: light brown, moist, very dense, trace
of gravel

R-3 @ 20' - SAND with Clay to Silty SAND: light brown, very
moist, dense

Total Depth = 21.5'
Groundwater Not Encountered
Backfilled with Cuttings on 10/11/2022 and patched with
asphalt

B-
1

La
st

 E
di

te
d:

 1
0/

20
/2

02
2

CL15.0

10.5

16.5

4.4

8.6

10/11/2023
Truck Mounted

2R Drilling
Lennar - Greenbriar, Brea
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED. THE DESCRIPTIONS
PROVIDED ARE QUALITATIVE FIELD DESCRIPTIONS
AND ARE NOT BASED ON QUANTITATIVE
ENGINEERING ANALYSIS.

CN               CONSOLIDATION
CR               CORROSION
AL                ATTERBERG LIMITS
CO               COLLAPSE/SWELL
RV                R-VALUE
-#200            % PASSING # 200 SIEVE

DIRECT SHEAR
MAXIMUM DENSITY
SIEVE ANALYSIS
SIEVE AND HYDROMETER
EXPANSION INDEX

TEST TYPES:
DS
MD
SA
S&H
EI

SAMPLE TYPES:
B        BULK SAMPLE
R        RING SAMPLE (CA Modified Sampler)
G        GRAB SAMPLE
SPT    STANDARD PENETRATION
           TEST SAMPLE

GROUNDWATER TABLE
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Hole Diameter:

Hole Location: See Geotechnical Map

Drop:
Type of Rig:

Project Number:
Elevation of Top of Hole: Drive Weight:

Drilling Company:
Project Name:
Date:

Geotechnical Boring Log Borehole HS-4

~327' MSL
6"30"

140 pounds

Logged By RNP
Sampled By RNP
Checked By KTM 

Page 1 of 1

@0' - 3.5" Asphalt over 5" Base

SPT-1 3
4
4

@ 2.5' - Sandy CLAY: reddish brown, stiff, trace of
gravel

R-1 4
7

13
@ 5' - CLAY: yellowish brown, moist, very stiff

SPT-2 4
6
8

@ 7.5' - Sandy CLAY: brown, moist, very stiff

R-2 5
11
15

@ 10' - Sandy CLAY: mottled dark and reddish brown,
moist, very stiff

SPT-3 4
7
7

@ 15' - Sandy CLAY: brown, very moist, very stiff

R-3 @ 20' - CLAY: light brown, very moist, very stiff
groundwater encountered at 20 feet

Total Depth = 21.5'
Groundwater Encountered at 20 feet
Backfilled with Cuttings on 10/11/2022 and patched with
asphalt
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED. THE DESCRIPTIONS
PROVIDED ARE QUALITATIVE FIELD DESCRIPTIONS
AND ARE NOT BASED ON QUANTITATIVE
ENGINEERING ANALYSIS.

CN               CONSOLIDATION
CR               CORROSION
AL                ATTERBERG LIMITS
CO               COLLAPSE/SWELL
RV                R-VALUE
-#200            % PASSING # 200 SIEVE

DIRECT SHEAR
MAXIMUM DENSITY
SIEVE ANALYSIS
SIEVE AND HYDROMETER
EXPANSION INDEX

TEST TYPES:
DS
MD
SA
S&H
EI

SAMPLE TYPES:
B        BULK SAMPLE
R        RING SAMPLE (CA Modified Sampler)
G        GRAB SAMPLE
SPT    STANDARD PENETRATION
           TEST SAMPLE

GROUNDWATER TABLE
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Hole Diameter:

Hole Location: See Geotechnical Map

Drop:
Type of Rig:

Project Number:
Elevation of Top of Hole: Drive Weight:

Drilling Company:
Project Name:
Date:

320

315

310

305

300

295

Geotechnical Boring Log Borehole I-1

~325' MSL
6"30"

140 pounds

Logged By RNP
Sampled By RNP
Checked By KTM 

Page 1 of 1

@0' - 3.5" Asphalt over 5" Base

SPT-1 7
7
7

@ 2.5' - Silty SAND: light brown, moist, medium dense

SPT-2 8
12
16

@ 5' - Sandy CLAY: brown, moist, hard

SPT-3 4
7

10
@ 7.5' - CLAY with Sand: light brown, moist, very stiff

R-1 8
21
25

@ 10' - Sandy CLAY: light brown, very moist, hard

Total Depth = 10'
No Groundwater Encountered
3" Perforated Pipe with Filter Sock and Gravel installed
Pipe Removed and Backfilled with Cuttings on
10/12/2023
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED. THE DESCRIPTIONS
PROVIDED ARE QUALITATIVE FIELD DESCRIPTIONS
AND ARE NOT BASED ON QUANTITATIVE
ENGINEERING ANALYSIS.

CN               CONSOLIDATION
CR               CORROSION
AL                ATTERBERG LIMITS
CO               COLLAPSE/SWELL
RV                R-VALUE
-#200            % PASSING # 200 SIEVE

DIRECT SHEAR
MAXIMUM DENSITY
SIEVE ANALYSIS
SIEVE AND HYDROMETER
EXPANSION INDEX

TEST TYPES:
DS
MD
SA
S&H
EI

SAMPLE TYPES:
B        BULK SAMPLE
R        RING SAMPLE (CA Modified Sampler)
G        GRAB SAMPLE
SPT    STANDARD PENETRATION
           TEST SAMPLE

GROUNDWATER TABLE
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Hole Diameter:

Hole Location: See Geotechnical Map

Drop:
Type of Rig:

Project Number:
Elevation of Top of Hole: Drive Weight:

Drilling Company:
Project Name:
Date:

330

325

320

315

310

305

Geotechnical Boring Log Borehole I-2

~333' MSL
6"30"

140 pounds

Logged By RNP
Sampled By RNP
Checked By KTM 

Page 1 of 1

@0' - 3.5" Asphalt over 5" Base

SPT-1 2
3
3

@ 2.5' - Sandy CLAY: brown, very moist, medium stiff

SPT-2 4
7
8

@ 5' - Sandy CLAY: dark brown, moist, very stiff

SPT-3 2
4
8

@ 7.5' - Sandy CLAY: brown, moist, very stiff

R-1 4
6

13
@ 10' - Sandy CLAY: mottled brown and reddish brown,
very moist, very stiff

Total Depth = 10'
No Groundwater Encountered
3" Perforated Pipe with Filter Sock and Gravel installed
Pipe Removed and Backfilled with Cuttings on
10/12/2023
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THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED. THE DESCRIPTIONS
PROVIDED ARE QUALITATIVE FIELD DESCRIPTIONS
AND ARE NOT BASED ON QUANTITATIVE
ENGINEERING ANALYSIS.

CN               CONSOLIDATION
CR               CORROSION
AL                ATTERBERG LIMITS
CO               COLLAPSE/SWELL
RV                R-VALUE
-#200            % PASSING # 200 SIEVE

DIRECT SHEAR
MAXIMUM DENSITY
SIEVE ANALYSIS
SIEVE AND HYDROMETER
EXPANSION INDEX

TEST TYPES:
DS
MD
SA
S&H
EI

SAMPLE TYPES:
B        BULK SAMPLE
R        RING SAMPLE (CA Modified Sampler)
G        GRAB SAMPLE
SPT    STANDARD PENETRATION
           TEST SAMPLE
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Hole Diameter:

Hole Location: See Geotechnical Map

Drop:
Type of Rig:

Project Number:
Elevation of Top of Hole: Drive Weight:

Drilling Company:
Project Name:
Date:

325

320

315

310

305

300

Geotechnical Boring Log Borehole I-3

~328' MSL
6"30"

140 pounds

Logged By RNP
Sampled By RNP
Checked By KTM

Page 1 of 1

@0' - 3.5" Asphalt over 5" Base

SPT-1 3
3
4

@ 2.5' - Sandy CLAY: brown, very moist, stiff

SPT-2 3
3
6

@ 5' - Sandy CLAY: brown, very moist, stiff, trace of
small gravel

R-1 4
6

10
@ 7.5' - Sandy CLAY: dark gray, very moist, stiff,
rootlets

R-2 5
8

12
@ 10' - Sandy CLAY: dark brown, moist, very stiff

Total Depth = 10'
No Groundwater Encountered
3" Perforated Pipe with Filter Sock and Gravel installed
Pipe Removed and Backfilled with Cuttings on
10/12/2023
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Appendix	C	
Laboratory	Test	Results	
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Project	No.	23169‐01	 	C‐1		 November	2023	

APPENDIX	C	
	

Laboratory	Testing	Procedures	and	Test	Results	
	
The laboratory testing program was formulated towards providing data relating to the relevant 
engineering properties of the soils with respect to residential construction. Samples considered 
representative of site conditions were tested in general accordance with American Society for 
Testing and Materials (ASTM) procedure and/or California Test Methods (CTM), where applicable.  
The following summary is a brief outline of the test type and a table summarizing the test results. 
 
 
Moisture and Density Determination Tests: Moisture content (ASTM D2216) and dry density 
determinations (ASTM D2937) were performed on relatively undisturbed samples obtained from 
the test borings and/or trenches. The results of these tests are presented in the boring logs. Where 
applicable, only moisture content was determined from undisturbed or disturbed samples. 
 
 
Expansion Index: The expansion potential of selected samples was evaluated by the Expansion 
Index Test, Standard ASTM D4829.  Specimens are molded under a given compactive energy to 
approximately the optimum moisture content and approximately 50 percent saturation or 
approximately 90 percent relative compaction. The prepared 1-inch-thick by 4-inch-diameter 
specimens are loaded to an equivalent 144 psf surcharge and are inundated with tap water until 
volumetric equilibrium is reached. The results of these tests are presented in the table below. 
 

Sample		
Location	

Expansion	
Index	

Expansion	
Potential*	

HS-4 @ 1-5 feet 55 Medium 
   * ASTM D4829 
 
 
Grain Size Distribution/Fines Content: Representative samples were dried, weighed and soaked in 
water until individual soil particles were separated (per ASTM D421) and then washed on a No. 
200 sieve (ASTM D1140). Where applicable, the portion retained on the No. 200 sieve and dried 
and then sieved on a U.S. Standard brass sieve set in accordance with ASTM D6913 (sieve). 
 

Sample		
Location	

Description	 %	Passing	#	
200	Sieve	

HS-1 @ 20 feet Silty Sand 24 
HS-1 @ 30 feet Silty Sand 19 
HS-1 @ 40 feet Clay 95 
HS-1 @ 50 feet Clay 87 
HS-4 @ 1-5 feet Sandy Clay 53 
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APPENDIX	C	(Cont’d)	
	

Laboratory	Testing	Procedures	and	Test	Results		
 

Project	No.	23169‐01	 C‐2	 									November	2023	

Atterberg Limits: The liquid and plastic limits (“Atterberg Limits”) were determined in accordance 
with ASTM Test Method D4318 for engineering classification of fine-grained material and 
presented in the table below. The USCS soil classification indicated in the table below is based on 
the portion of sample passing the No. 40 sieve and may not necessarily be representative of the 
entire sample. The plot is provided in this Appendix. 
 

Sample		
Location	

Liquid	Limit	(%)	
	

Plastic	Limit	
(%)	

Plasticity	Index	
(%)	

USCS	Soil	
Classification	

HS-1, R-5 @ 30 ft NP NP NP NP 

HS-1, R-6 @ 40 ft 48 26 22 CL 

HS-2, SPT-1 @ 2.5 ft 40 16 24 CL 

I-2, SPT-1 @ 2.5 ft 36 18 18 CL 

 
 
Direct Shear: One direct shear test was performed on a remolded sample, which was soaked for a 
minimum of 24 hours prior to testing.  The samples were tested under various normal loads using 
a motor-driven, strain-controlled, direct-shear testing apparatus (ASTM D3080).  The plot is 
provided in this Appendix. 
 
Consolidation: One consolidation test was performed per ASTM D2435. A sample (2.4 inches in 
diameter and 1 inch in height) was placed in a consolidometer and increasing loads were applied. 
The sample was allowed to consolidate under “double drainage” and total deformation for each 
loading step was recorded. The percent consolidation for each load step was recorded as the ration 
of the amount of vertical compression to the original sample height. The consolidation pressure 
curves are provided in this Appendix.  
 
Maximum Density Tests: The maximum dry density and optimum moisture content of typical 
materials were determined in accordance with ASTM D1557. The results of these tests are 
presented in the table below: 
 

Sample		
Location	 Sample	Description	

Maximum	
Dry	Density	

(pcf)	

Optimum	
Moisture	

Content	(%)	

HS-4 @ 1-5 feet Light Brown Sandy Clay 118.5 11.5 
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APPENDIX	C	(Cont’d)	
	

Laboratory	Testing	Procedures	and	Test	Results		
 

Project	No.	23169‐01	 C‐3	 									November	2023	

Chloride Content: Chloride content was tested in accordance with Caltrans Test Method (CTM) 
422. The results are presented below. 
 

Sample	Location	 Chloride	Content,	ppm	

HS-4 @ 1-5 feet 260 

 
 
Soluble Sulfates: The soluble sulfate contents of selected samples were determined by standard 
geochemical methods (CTM 417).  The soluble sulfate content is used to determine the appropriate 
cement type and maximum water-cement ratios.  The test results are presented in the table below. 
 

Sample		
Location	

Sulfate	Content	
(ppm)	

Sulfate	Exposure	
Class	*	

HS-4 @ 1-5 feet 136 S0 
*Based on ACI 318R-14, Table 19.3.1.1 

 
 
Minimum Resistivity and pH Tests: Minimum resistivity and pH tests were performed in general 
accordance with CTM 643 and standard geochemical methods. The results are presented in the 
table below. 
 

Sample		
Location	 pH	

Minimum	Resistivity	
(ohms‐cm)	

HS-4 @ 1-5 feet 8.06 5000 
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Project Name: Lennar - Greenbriar Lane Tested By: G. Bathala Date: 10/23/23
Project No.: 23169-01 Checked By: J. Ward Date: 10/30/23
Boring No.: Sample Type: 90% Remold
Sample No.: Depth (ft.): 1-5
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
189.19 188.82 189.70
45.46 44.52 45.30

Before Shearing
160.48 160.48 160.48
149.52 149.52 149.52
55.48 55.48 55.48
0.0000 0.2541 0.2483
0.0024 0.2535 0.2683

After Shearing
215.18 205.82 205.80
190.32 182.80 184.64
62.62 55.54 57.44
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

HS-4

Light brown sandy lean clay s(CL)

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Sample Thickness(in.):
Weight of Sample + ring(gm):

B-1

DS HS-4, B-1 @ 1-5

G3-128



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

107.6

1.000
2.415
11.65

Boring No.
Sample No.
Depth (ft)

HS-4
B-1
1-5

55.4
1.0006
18.1

Soil Identification: 11.65
107.5

11.65
107.1

1.217
0.0017

4.000
2.267
2.267
0.0017

1.000
0.745
0.663
0.0017

1.000
2.415

1.000
2.415

2.000
1.232

54.8
1.0024
19.5

Lennar - Greenbriar LaneDIRECT SHEAR TEST RESULTS 
Consolidated Drained - ASTM D 3080

55.5
0.9800
16.6

10-23

Project No.: 23169-01

Sample Type:

90% Remold

Light brown sandy lean clay 
s(CL)
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DS HS-4, B-1 @ 1-5
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Project Name: Tested By: GB/JD Date: 10/19/23
Project No.: Checked By: J. Ward Date: 10/30/23
Boring No.: Depth (ft.):
Sample No.: Sample Type:
Soil Identification:

Sample Diameter (in.): 2.415
Sample Thickness (in.): 1.000
Weight of Sample + ring (g): 199.81
Weight of Ring (g): 44.98
Height after consol. (in.): 0.9729
Before Test
Wt. of Wet Sample+Cont. (g): 229.65
Wt. of Dry Sample+Cont. (g): 208.82
Weight of Container (g): 68.09
Initial Moisture Content (%) 14.801
Initial Dry Density (pcf) 112.2
Initial Saturation (%): 79
Initial Vertical Reading (in.) 0.0714
After Test
Wt. of Wet Sample+Cont. (g): 240.79
Wt. of Dry Sample+Cont. (g): 219.56
Weight of Container (g): 39.71
Final Moisture Content (%) 15.74
Final  Dry Density (pcf): 115.3
Final Saturation (%): 92
Final Vertical Reading (in.) 0.1022
Specific Gravity (assumed): 2.70
Water Density (pcf): 62.43

0.10 0.0719 0.9995 0.00 0.05 0.502 0.05
0.25 0.0760 0.9954 0.04 0.46 0.496 0.42
0.50 0.0813 0.9901 0.09 0.99 0.489 0.90
1.00 0.0865 0.9849 0.16 1.51 0.483 1.35
1.00 0.0847 0.9867 0.16 1.33 0.485 1.17
2.00 0.0877 0.9837 0.24 1.63 0.482 1.39
4.00 0.0956 0.9759 0.33 2.42 0.471 2.09
8.00 0.1061 0.9653 0.45 3.47 0.457 3.02
16.00 0.1223 0.9491 0.57 5.09 0.435 4.52
4.00 0.1168 0.9547 0.47 4.54 0.442 4.07
1.00 0.1070 0.9644 0.40 3.56 0.455 3.16
0.50 0.1022 0.9692 0.37 3.08 0.462 2.71

PROPERTIES of SOILS

Ring

Void      
Ratio

Yellowish brown lean clay (CL)

Time Readings

Elapsed 
Time (min)

Dial Rdgs. 
(in.)Date

ONE-DIMENSIONAL CONSOLIDATION 

ASTM D 2435

23169-01
Lennar - Greenbriar Lane

Deformation 
% of Sample 

Thickness
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R-1
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Root of 
Time

Final 
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Initial Final Initial Final Initial Final Initial Final

Soil Identification:

Time Readings

0.462 79 92112.2

Degree of 
Saturation (%)Dry Density (pcf)  

0.503

Void Ratio

5 14.8

Yellowish brown lean clay (CL)

Project No.:

Lennar - Greenbriar Lane

10-23

23169-01

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS
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HS-1 R-5 30' 19 NP NP NP NP
HS-1 R-6 40' 95 48 26 22 CL
HS-2 SPT-1 2.5' - 40 16 24 CL

I-2 SPT-1 2.5' - 36 18 18 CL

Passing No. 
200 Sieve 

(%)
Depth (ft)

ATTERBERG LIMITS  
(ASTM D 4318) Greenbriar Lane

Project Number:

Plasticity 
Index (%) PI

23169-01
Date: Oct-23

Symbol Sample No.:Location.: USCSPlastic Limit 
(%) PL

Liquid Limit 
(%) LL
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Infiltration	Testing	Results 
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Lennar - Greenbriar Lane

Boring Number:

 Test hole dimensions (if circular)

10
8
3

8.4 ft

Pre‐Test (Sandy Soil Criteria)*

1 8:18 8:43 25.0 8.25 8.38 0.13
2 8:44 9:09 25.0 8.31 8.44 0.13

Main Test Data

1 9:10 9:40 30.0 8.20 8.30 0.1 0.2

2 9:41 10:11 30.0 8.20 8.30 0.1 0.2

3 10:12 10:42 30.0 8.25 8.36 0.1 0.2

4 10:43 11:13 30.0 8.26 8.36 0.1 0.2

5 11:14 11:44 30.0 8.24 8.35 0.1 0.2

6 11:45 12:15 30.0 8.25 8.36 0.1 0.2

7 12:16 12:46 30.0 8.19 8.30 0.1 0.2

8 12:47 13:17 30.0 8.21 8.30 0.1 0.2

9 13:18 13:48 30.0 8.17 8.29 0.1 0.2

10 13:49 14:19 30.0 8.22 8.31 0.1 0.2

11 14:20 14:50 30.0 8.20 8.29 0.1 0.2

12 14:51 15:21 30.0 8.21 8.30 0.1 0.2

Factor of Safety 2.0

0.1

Sketch: Notes:

LGC Geotechnical, Inc
131 Calle Iglesia Suite 200, San Clemente, CA 92672     tel. (949) 369‐6141

Project Name:

Boring Depth (feet)*: Pit Depth (feet):

10/12/2023

 Pipe Diameter (inches):

Infiltration Test Data Sheet

23169-01

Boring Diameter (inches):

I-1

Boring Depth ‐ (5 x Boring Radius)

Initial Depth to 

Water  (feet)

(What the sounder tape should read)

(Shallow) The value on the sounder tape 

should be close to this value during 

testing for DEEP testing fill to 4 feet 

below top of hole

Project Number:

 Test pit dimensions (if rectangular)

Minimum test Head (Do): 

Date:

*measured at time of test

Spreadsheet Revised on: 10/26/2016

Calculated 

Infiltration 

Rate(in/hr)

*If two consecutive measurements show that six inches of water seeps away in less than 25 minutes, the test shall be run for an additional hour with 

measurements taken every 10 minutes. Otherwise, pre‐soak (fill) overnight, and then obtain at least twelve measurements per hole over at least six hours 

(approximately 30 minute intervals) with a precision of at least 0.25 inches

Start Time 

(24:HR)

Greater Than or 

Equal to 

0.5 feet (yes/no)

Stop Time 

(24:HR)

No

Trial No.

Based on Guidelines from: Orange County 12/20/2013

Pit Length (feet):

Initial Depth to 

Water, Do (feet)

Final Depth 

to Water, Df 

(feet)

Calculated Infiltration Rate (With Factor of Safety)

Trial No.
Time Interval, t 

(min)

 Pit Breadth (feet):

Start Time 

(24:HR)

Stop Time 

(24:HR)

No

Total Change 

in Water Level 

(feet)

0.2Calculated Infiltration Rate (No factors of safety)

Change in 

Water Level, 

D (feet)

Time Interval 

(min)

Final Depth 

to Water 

(feet)

G3-134

LGC 
Geotechnicaf , Inc. 



Lennar - Greenbriar Lane

Boring Number:

 Test hole dimensions (if circular)

10
8
3

8.4 ft

Pre‐Test (Sandy Soil Criteria)*

1 8:21 8:46 25.0 7.98 8.21 0.23
2 8:47 9:12 25.0 7.91 8.13 0.22

Main Test Data

1 9:13 9:43 30.0 7.84 8.03 0.2 0.3

2 9:44 10:14 30.0 7.82 8.00 0.2 0.3

3 10:15 10:45 30.0 7.87 8.06 0.2 0.3

4 10:46 11:16 30.0 7.98 8.13 0.2 0.3

5 11:17 11:47 30.0 7.92 8.05 0.1 0.2

6 11:48 12:18 30.0 7.86 8.01 0.1 0.3

7 12:19 12:49 30.0 7.74 7.90 0.2 0.3

8 12:50 13:20 30.0 7.90 8.04 0.1 0.3

9 13:21 13:51 30.0 7.92 8.06 0.1 0.3

10 13:52 14:22 30.0 7.87 8.00 0.1 0.2

11 14:23 14:53 30.0 7.89 8.02 0.1 0.2

12 14:54 15:24 30.0 7.93 8.06 0.1 0.2

Factor of Safety 2.0

0.1

Sketch: Notes:

Infiltration Test Data Sheet
LGC Geotechnical, Inc

131 Calle Iglesia Suite 200, San Clemente, CA 92672     tel. (949) 369‐6141

Project Name:

Project Number: 23169-01
Date: 10/12/2023

I-2

 Test pit dimensions (if rectangular)

Boring Depth (feet)*: Pit Depth (feet):

Boring Diameter (inches): Pit Length (feet):

 Pipe Diameter (inches):  Pit Breadth (feet):
*measured at time of test

Minimum test Head (Do): 

Boring Depth ‐ (5 x Boring Radius)

(Shallow) The value on the sounder tape 

should be close to this value during 

testing for DEEP testing fill to 4 feet 

below top of hole

(What the sounder tape should read)

Trial No.
Start Time 

(24:HR)

Stop Time 

(24:HR)

Time Interval 

(min)

Initial Depth to 

Water  (feet)

Final Depth 

to Water 

(feet)

Total Change 

in Water Level 

(feet)

Greater Than or 

Equal to 

0.5 feet (yes/no)

No
No

*If two consecutive measurements show that six inches of water seeps away in less than 25 minutes, the test shall be run for an additional hour with 

measurements taken every 10 minutes. Otherwise, pre‐soak (fill) overnight, and then obtain at least twelve measurements per hole over at least six hours 

(approximately 30 minute intervals) with a precision of at least 0.25 inches

Trial No.
Start Time 

(24:HR)

Stop Time 

(24:HR)

Time Interval, t 
(min)

Initial Depth to 

Water, Do (feet)

Calculated Infiltration Rate (With Factor of Safety)

Based on Guidelines from: Orange County 12/20/2013

Spreadsheet Revised on: 10/26/2016

Final Depth 

to Water, Df 

(feet)

Change in 

Water Level, 

D (feet)

Calculated 

Infiltration 

Rate(in/hr)

Calculated Infiltration Rate (No factors of safety) 0.2

G3-135
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Lennar - Greenbriar Lane

Boring Number:

 Test hole dimensions (if circular)

10
8
3

8.4 ft

Pre‐Test (Sandy Soil Criteria)*

1 8:25 8:50 25.0 7.32 7.46 0.14
2 8:51 9:16 25.0 7.28 7.39 0.11

Main Test Data

1 9:17 9:47 30.0 7.40 7.49 0.1 0.1

2 9:48 10:18 30.0 7.35 7.43 0.1 0.1

3 10:19 10:49 30.0 7.35 7.46 0.1 0.2

4 10:50 11:20 30.0 7.33 7.38 0.0 0.1

5 11:21 11:51 30.0 7.23 7.34 0.1 0.2

6 11:52 12:22 30.0 7.14 7.23 0.1 0.1

7 12:23 12:53 30.0 7.14 7.23 0.1 0.1

8 12:54 13:24 30.0 7.19 7.29 0.1 0.1

9 13:25 13:55 30.0 7.21 7.30 0.1 0.1

10 13:56 14:26 30.0 7.22 7.30 0.1 0.1

11 14:27 14:57 30.0 7.25 7.33 0.1 0.1

12 14:58 15:28 30.0 7.28 7.36 0.1 0.1

Factor of Safety 2.0

0.1

Sketch: Notes:

Infiltration Test Data Sheet
LGC Geotechnical, Inc

131 Calle Iglesia Suite 200, San Clemente, CA 92672     tel. (949) 369‐6141

Project Name:

Project Number: 23169-01
Date: 10/12/2023

I-3

 Test pit dimensions (if rectangular)

Boring Depth (feet)*: Pit Depth (feet):

Boring Diameter (inches): Pit Length (feet):

 Pipe Diameter (inches):  Pit Breadth (feet):
*measured at time of test

Minimum test Head (Do): 

Boring Depth ‐ (5 x Boring Radius)

(Shallow) The value on the sounder tape 

should be close to this value during 

testing for DEEP testing fill to 4 feet 

below top of hole

(What the sounder tape should read)

Trial No.
Start Time 

(24:HR)

Stop Time 

(24:HR)

Time Interval 

(min)

Initial Depth to 

Water  (feet)

Final Depth 

to Water 

(feet)

Total Change 

in Water Level 

(feet)

Greater Than or 

Equal to 

0.5 feet (yes/no)

No
No

*If two consecutive measurements show that six inches of water seeps away in less than 25 minutes, the test shall be run for an additional hour with 

measurements taken every 10 minutes. Otherwise, pre‐soak (fill) overnight, and then obtain at least twelve measurements per hole over at least six hours 

(approximately 30 minute intervals) with a precision of at least 0.25 inches

Trial No.
Start Time 

(24:HR)

Stop Time 

(24:HR)

Time Interval, t 
(min)

Initial Depth to 

Water, Do (feet)

Calculated Infiltration Rate (With Factor of Safety)

Based on Guidelines from: Orange County 12/20/2013

Spreadsheet Revised on: 10/26/2016

Final Depth 

to Water, Df 

(feet)

Change in 

Water Level, 

D (feet)

Calculated 

Infiltration 

Rate(in/hr)

Calculated Infiltration Rate (No factors of safety) 0.1

G3-136

LGC 
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General	Earthwork	and	Grading	Specifications 
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General Earthwork and Grading Specifications for Rough Grading 

 
1.0 General 
 

1.1 Intent 
 

These General Earthwork and Grading Specifications are for the grading and earthwork 
shown on the approved grading plan(s) and/or indicated in the geotechnical report(s). These 
Specifications are a part of the recommendations contained in the geotechnical report(s). In 
case of conflict, the specific recommendations in the geotechnical report shall supersede these 
more general Specifications. Observations of the earthwork by the project Geotechnical 
Consultant during the course of grading may result in new or revised recommendations 
that could supersede these specifications or the recommendations in the geotechnical report(s). 

 
1.2 The Geotechnical Consultant of Record 

 
Prior to commencement of work, the owner shall employ a qualified Geotechnical Consultant 
of Record (Geotechnical Consultant). The Geotechnical Consultant shall be responsible for 
reviewing the approved geotechnical report(s) and accepting the adequacy of the preliminary 
geotechnical findings, conclusions, and recommendations prior to the commencement of the 
grading. 
 
Prior to commencement of grading, the Geotechnical Consultant shall review the "work 
plan" prepared by the Earthwork Contractor (Contractor) and schedule sufficient personnel to 
perform the appropriate level of observation, mapping, and compaction testing. 
 
During the grading and earthwork operations, the Geotechnical Consultant shall observe, 
map, and document the subsurface exposures to verify the geotechnical design assumptions. If 
the observed conditions are found to be significantly different than the interpreted 
assumptions during the design phase, the Geotechnical Consultant shall inform the owner, 
recommend appropriate changes in design to accommodate the observed conditions, and 
notify the review agency where required. 
 
The Geotechnical Consultant shall observe the moisture-conditioning and processing of the 
subgrade and fill materials and perform relative compaction testing of fill to confirm that the 
attained level of compaction is being accomplished as specified. The Geotechnical Consultant 
shall provide the test results to the owner and the Contractor on a routine and frequent basis. 

 
1.3 The Earthwork Contractor  

 
The Earthwork Contractor (Contractor) shall be qualified, experienced, and knowledgeable 
in earthwork logistics, preparation and processing of ground to receive fill, moisture-
conditioning and processing of fill, and compacting fill. The Contractor shall review and 
accept the plans, geotechnical report(s), and these Specifications prior to commencement of 
grading. The Contractor shall be solely responsible for performing the grading in accordance 
with the project plans and specifications. The Contractor shall prepare and submit to the 
owner and the Geotechnical Consultant a work plan that indicates the sequence of earthwork 
grading, the number of “equipment” of work and the estimated quantities of daily earthwork 
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contemplated for the site prior to commencement of grading. The Contractor shall inform 
the owner and the 
Geotechnical Consultant of changes in work schedules and updates to the work plan at least 
24 hours in advance of such changes so that appropriate personnel will be available for 
observation and testing. The Contractor shall not assume that the Geotechnical Consultant is 
aware of all grading operations. 
 
The Contractor shall have the sole responsibility to provide adequate equipment and methods 
to accomplish the earthwork in accordance with the applicable grading codes and agency 
ordinances, these Specifications, and the recommendations in the approved geotechnical 
report(s) and grading plan(s). If, in the opinion of the Geotechnical Consultant, unsatisfactory 
conditions, such as unsuitable soil, improper moisture condition, inadequate compaction, 
insufficient buttress key size, adverse weather, etc., are resulting in a quality of work less 
than required in these specifications, the Geotechnical Consultant shall reject the work and 
may recommend to the owner that construction be stopped until the conditions are rectified. It 
is the contractor’s sole responsibility to provide proper fill compaction. 

 
 
2.0 Preparation of Areas to be Filled 
 

2.1 Clearing and Grubbing  
 

Vegetation, such as brush, grass, roots, and other deleterious material shall be sufficiently 
removed and properly disposed of in a method acceptable to the owner, governing agencies, 
and the Geotechnical Consultant. 
  
The Geotechnical Consultant shall evaluate the extent of these removals depending on 
specific site conditions. Earth fill material shall not contain more than 1 percent of organic 
materials (by volume). Nesting of the organic materials shall not be allowed. 
 
If potentially hazardous materials are encountered, the Contractor shall stop work in the 
affected area, and a hazardous material specialist shall be informed immediately for proper 
evaluation and handling of these materials prior to continuing to work in that area. 
 
As presently defined by the State of California, most refined petroleum products (gasoline, 
diesel fuel, motor oil, grease, coolant, etc.) have chemical constituents that are considered to be 
hazardous waste. As such, the indiscriminate dumping or spillage of these fluids onto the 
ground may constitute a misdemeanor, punishable by fines and/or imprisonment, and shall 
not be allowed. The contractor is responsible for all hazardous waste relating to his work. The 
Geotechnical Consultant does not have expertise in this area. If hazardous waste is a concern, 
then the Client should acquire the services of a qualified environmental assessor. 
 

2.2 Processing  
 

Existing ground that has been declared satisfactory for support of fill by the Geotechnical 
Consultant shall be scarified to a minimum depth of 6 inches. Existing ground that is not 
satisfactory shall be over-excavated as specified in the following section. Scarification shall 
continue until soils are broken down and free of oversize material and the working surface is 
reasonably uniform, flat, and free of uneven features that would inhibit uniform compaction. 
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2.3 Over-excavation 

 
In addition to removals and over-excavations recommended in the approved geotechnical 
report(s) and the grading plan, soft, loose, dry, saturated, spongy, organic-rich, highly 
fractured or otherwise unsuitable ground shall be over-excavated to competent ground as 
evaluated by the Geotechnical Consultant during grading. 

 
2.4 Benching 

 
Where fills are to be placed on ground with slopes steeper than 5:1 (horizontal to vertical units), 
the ground shall be stepped or benched. Please see the Standard Details for a graphic 
illustration. The lowest bench or key shall be a minimum of 15 feet wide and at least 2 feet 
deep, into competent material as evaluated by the Geotechnical Consultant. Other benches 
shall be excavated a minimum height of 4 feet into competent material or as otherwise 
recommended by the Geotechnical Consultant. Fill placed on ground sloping flatter than 5:1 
shall also be benched or otherwise over-excavated to provide a flat subgrade for the fill. 

 
2.5 Evaluation/Acceptance of Fill Areas  

 
All areas to receive fill, including removal and processed areas, key bottoms, and benches, 
shall be observed, mapped, elevations recorded, and/or tested prior to being accepted by the 
Geotechnical Consultant as suitable to receive fill. The Contractor shall obtain a written 
acceptance from the Geotechnical Consultant prior to fill placement. A licensed surveyor 
shall provide the survey control for determining elevations of processed areas, keys, and 
benches. 

 
 
3.0 Fill Material 

 
3.1 General  

 
Material to be used as fill shall be essentially free of organic matter and other deleterious 
substances evaluated and accepted by the Geotechnical Consultant prior to placement. Soils 
of poor quality, such as those with unacceptable gradation, high expansion potential, or low 
strength shall be placed in areas acceptable to the Geotechnical Consultant or mixed with other 
soils to achieve satisfactory fill material. 

 
3.2 Oversize  

 
Oversize material defined as rock, or other irreducible material with a maximum dimension 
greater than 8 inches, shall not be buried or placed in fill unless location, materials, and 
placement methods are specifically accepted by the Geotechnical Consultant. Placement 
operations shall be such that nesting of oversized material does not occur and such that 
oversize material is completely surrounded by compacted or densified fill. Oversize material 
shall not be placed within 10 vertical feet of finish grade or within 2 feet of future utilities or 
underground construction. 
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3.3 Import 
 

If importing of fill material is required for grading, proposed import material shall meet the 
requirements of the geotechnical consultant. The potential import source shall be given to the 
Geotechnical Consultant at least 48 hours (2 working days) before importing begins so that its 
suitability can be determined and appropriate tests performed. 

 
 

4.0 Fill Placement and Compaction 
 

4.1 Fill Layers 
 

Approved fill material shall be placed in areas prepared to receive fill (per Section 3.0) in 
near-horizontal layers not exceeding 8 inches in loose thickness. The Geotechnical 
Consultant may accept thicker layers if testing indicates the grading procedures can 
adequately compact the thicker layers. Each layer shall be spread evenly and mixed 
thoroughly to attain relative uniformity of material and moisture throughout. 

 
4.2 Fill Moisture Conditioning 

 
Fill soils shall be watered, dried back, blended, and/or mixed, as necessary to attain a 
relatively uniform moisture content at or slightly over optimum. Maximum density and 
optimum soil moisture content tests shall be performed in accordance with the American 
Society of Testing and Materials (ASTM Test Method D1557). 

 
4.3 Compaction of Fill 

 
After each layer has been moisture-conditioned, mixed, and evenly spread, it shall be 
uniformly compacted to not less than 90 percent of maximum dry density (ASTM Test 
Method D1557). Compaction equipment shall be adequately sized and be either specifically 
designed for soil compaction or of proven reliability to efficiently achieve the specified level of 
compaction with uniformity. 

 
4.4 Compaction of Fill Slopes 

 
In addition to normal compaction procedures specified above, compaction of slopes shall be 
accomplished by backrolling of slopes with sheepsfoot rollers at increments of 3 to 4 feet in 
fill elevation, or by other methods producing satisfactory results acceptable to the 
Geotechnical Consultant. Upon completion of grading, relative compaction of the fill, out to 
the slope face, shall be at least 90 percent of maximum density per ASTM Test Method D1557. 

 
4.5 Compaction Testing 

 
Field tests for moisture content and relative compaction of the fill soils shall be performed 
by the Geotechnical Consultant. Location and frequency of tests shall be at the Consultant's 
discretion based on field conditions encountered. Compaction test locations will not 
necessarily be selected on a random basis. Test locations shall be selected to verify 
adequacy of compaction levels in areas that are judged to be prone to inadequate compaction 
(such as close to slope faces and at the fill/bedrock benches). 
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4.6 Frequency of Compaction Testing 

 
Tests shall be taken at intervals not exceeding 2 feet in vertical rise and/or 1,000 cubic yards of 
compacted fill soils embankment. In addition, as a guideline, at least one test shall be taken 
on slope faces for each 5,000 square feet of slope face and/or each 10 feet of vertical height 
of slope. The Contractor shall assure that fill construction is such that the testing schedule 
can be accomplished by the Geotechnical Consultant. The Contractor shall stop or slow 
down the earthwork construction if these minimum standards are not met. 

 
4.7 Compaction Test Locations 

 
The Geotechnical Consultant shall document the approximate elevation and horizontal 
coordinates of each test location. The Contractor shall coordinate with the project surveyor to 
assure that sufficient grade stakes are established so that the Geotechnical Consultant can 
determine the test locations with sufficient accuracy. At a minimum, two grade stakes within 
a horizontal distance of 100 feet and vertically less than 
5 feet apart from potential test locations shall be provided. 

 
 
5.0 Subdrain Installation 
 

Subdrain systems shall be installed in accordance with the approved geotechnical report(s), the 
grading plan, and the Standard Details. The Geotechnical Consultant may recommend additional 
subdrains and/or changes in subdrain extent, location, grade, or material depending on conditions 
encountered during grading. All subdrains shall be surveyed by a land surveyor/civil engineer for line 
and grade after installation and prior to burial. Sufficient time should be allowed by the Contractor for 
these surveys. 

 
 
6.0 Excavation 
 

Excavations, as well as over-excavation for remedial purposes, shall be evaluated by the Geotechnical 
Consultant during grading. Remedial removal depths shown on geotechnical plans are estimates only. 
The actual extent of removal shall be determined by the Geotechnical Consultant based on the field 
evaluation of exposed conditions during grading. Where fill-over-cut slopes are to be graded, the cut 
portion of the slope shall be made, evaluated, and accepted by the Geotechnical Consultant prior to 
placement of materials for construction of the fill portion of the slope, unless otherwise recommended 
by the Geotechnical Consultant. 

 
 
7.0 Trench Backfills 
 

7.1 The Contractor shall follow all OHSA and Cal/OSHA requirements for safety of trench 
excavations. 

 
7.2 All bedding and backfill of utility trenches shall be done in accordance with the applicable 

provisions of Standard Specifications of Public Works Construction. Bedding material shall 
have a Sand Equivalent greater than 30 (SE>30). The bedding shall be placed to 1 foot over 
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the top of the conduit and densified by jetting. Backfill shall be placed and densified to a 
minimum of 90 percent of maximum from 1 foot above the top of the conduit to the surface. 

 
7.3 The jetting of the bedding around the conduits shall be observed by the Geotechnical 

Consultant. 
 
7.4 The Geotechnical Consultant shall test the trench backfill for relative compaction. At least one 

test should be made for every 300 feet of trench and 2 feet of fill. 
 
7.5 Lift thickness of trench backfill shall not exceed those allowed in the Standard Specifications 

of Public Works Construction unless the Contractor can demonstrate to the Geotechnical 
Consultant that the fill lift can be compacted to the minimum relative compaction by his 
alternative equipment and method. 
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