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Error! Reference source not found. Owner’s Certification

Project Owner’s Certification
Permit/Application No. TBD Grading Permit No.

Tract/Parcel Map No. Building Permit No.

CUP, SUP, and/or APN (Specify Lot Numbers if Portions of Tract)

This Water Quality Management Plan (WQMP) has been prepared for The City of Irvine by 
BKF Engineers.  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 San Diego 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:

Title

Company City of Irvine

Address 1 Civic Center Plaza, Irvine, CA 92606

Email

Telephone # (949) 724-6000

Signature Date
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Section I Discretionary Permit(s) and 
Water Quality Conditions

Provide discretionary permit and water quality information. Refer to Section 2.1 in the Technical 
Guidance Document (TGD) available from the Orange County Stormwater Program (ocwatersheds.com).

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

Additional Information/

Comments:

The proposed project seeks to obtain LEED Gold certification. 
Therefore the 95th percentile storm will be used to calculate the 
Water Quality Volume for treatment. Local historical rainfall data 
over a 30 year period was used to determine the 95th percentile 
storm. 

Water Quality Conditions
Water Quality 
Conditions

(list verbatim)

N/A

Watershed-Based Plan Conditions

Provide applicable 
conditions from watershed 
- based plans including 
WIHMPs and TMDLS.

Upper Newport Bay has TMDLs designated. See Section III.3
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Section II Project Description
II.1 Project Description 

Description of Proposed Project 

Development Category 
(Verbatim from WQMP):

Significant redevelopment (addition or replacement of 5,000 or more 
square feet of impervious surface)

See Appendix A for more information. 

Project Area (ft2):  67,954 sf Number of Dwelling Units:  N/A SIC Code:  __________

Narrative Project 
Description:

The proposed project will provide a renovation of the existing Irvine 
Animal Care Center located at 6443 Oak Canyon in the City of Irvine, 
CA. Site improvements includes expanding the existing building to 
include a clinic area and an entry building area. Additional 
improvements include pedestrian sidewalk, ADA access upgrades and 
parking lot restriping. 

Pervious Impervious

Project Area Area 

(acres or sq ft)
Percentage

Area

(acres or sq ft)
Percentage

Pre-Project Conditions 22,653 33.3% 45,301 66.7%

Post-Project Conditions 38,335 56.5% 29,619 43.5%

Drainage 
Patterns/Connections

Existing Conditions:

The existing site slopes in the south-westerly direction with an average 
slope of 1.5%. The north portion of the site collects parking lot drainage 
using a valley gutter that drains to the west and collects into the 
underground storm drain system. The remainder of the project site 
sheet flows to the south-west into area drains that are collected into the 
underground storm drain system. Stormwater from the existing site 
ultimately discharges into the 30” municipal storm drain line on Oak 
Canyon. 

Proposed Conditions:

The proposed project drainage will reroute the existing storm drain line 
on the south-west side of the site to accommodate the proposed entry 
building. New storm drain lines and area drains will be installed along 
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the eastern and southern perimeters of the project to capture runoff. 
Drainage from the site will be routed through a modular wetland 
system for treatment prior to discharging into the existing City storm 
drain system. 

II.2 Potential Stormwater Pollutants
Determine and list expected stormwater pollutants based on land uses and site activities. Refer to 
Section 2.2.2 and Table 2.1 in the TGD for guidance.

Pollutants of Concern

Pollutant

Check One for 
each: 

E=Expected to 
be of concern 

N=Not Expected 
to be of concern

Additional Information and Comments

Suspended-Solid/ Sediment E N      

Nutrients E N      

Heavy Metals E N      

Pathogens (Bacteria/Virus) E N      

Pesticides E N      

Oil and Grease E N      

Toxic Organic Compounds E N      

Trash and Debris E N      
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II.3 Hydrologic Conditions of Concern
Determine if streams located downstream from the project area are determined to be potentially 
susceptible to hydromodification impacts. 

 No – Show map

 Yes – Describe applicable hydrologic conditions of concern below. Refer to Section 2.2.3 in the 
TGD.

According to Figure 4 in Appendix D, the project site is located within potential areas of erosion, habitat, and 
physical structure susceptibility, which is a Hydrologic Conditions of Concern (HCOC).

See Appendix J for Hydromodification Analysis
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II.4 Post Development Drainage Characteristics
Describe post development drainage characteristics. Refer to Section 2.2.4 in the TGD.

The proposed project drainage will reroute the existing storm drain line on the south-west side of 
the site to accommodate the proposed entry building. New storm drain lines and area drains will 
be installed along the eastern and southern perimeters of the project to capture runoff. Drainage 
from the site will be routed through a modular wetland system for treatment prior to discharging 
into the existing City storm drain system.

II.5 Property Ownership/Management
Describe property ownership/management. Refer to Section 2.2.5 in the TGD.

The property ownership/management for this project is the City of Irvine. 
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Section III Site Description
III.1 Physical Setting
Fill out table with relevant information. Refer to Section 2.3.1 in the TGD.

Planning Area/ 
Community Name

Irvine Animal Care Center

6443 Oak Canyon
Location/Address

Irvine, CA 92618

Land Use Domestic animal care facility

Zoning Institutional 

Acreage 1.56 Acres

Predominant Soil Type Hydrologic Soil Group B

III.2 Site Characteristics
Fill out table with relevant information and include information regarding BMP sizing, suitability, and 
feasibility, as applicable. Refer to Section 2.3.2 in the TGD.

Precipitation Zone

24 Hour, 85th Percentile Rainfall

 Storm Depth = 0.75 inches

24 Hour, 95th Percentile Rainfall

 Storm Depth = 1.46 inches 

Topography The existing topography is relatively flat with an average slope of 
1.5%. The site slopes in the south-westerly direction.

Drainage 
Patterns/Connections

The proposed project drainage will reroute the existing storm drain 
line on the south-west side of the site to accommodate the proposed 
entry building. New storm drain lines and area drains will be 
installed along the eastern and southern perimeters of the project to 
capture runoff. Drainage from the site will be routed through a 
modular wetland system for treatment prior to discharging into the 
existing City storm drain system.
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Soil Type, Geology, and 
Infiltration Properties

The project is located within a groundwater protected area per TGD 
figure XVI-2f. 

Site Characteristics (continued)

Hydrogeologic 
(Groundwater) Conditions The project site is located within a groundwater protection zone.

Geotechnical Conditions 
(relevant to infiltration)

The project site is located within a groundwater protection zone and 
therefore, infiltration is deemed infeasible. 

Off-Site Drainage The project site is bordered by walls to the east, west and south and curb and 
gutter to the north. No offsite drainage will occur onto the project site.  

Utility and Infrastructure 
Information

Existing utilities include sewer, domestic water, and storm drain that serves 
the existing building. The proposed building additions will tie into the 
existing lines for service. 

III.3 Watershed Description
Fill out table with relevant information and include information regarding BMP sizing, suitability, 
and feasibility, as applicable. Refer to Section 2.3.3 in the TGD.

Receiving Waters Upper Newport Bay

303(d) Listed Impairments Metals, Nutrients, Pesticides, Toxicity, Turbidity, Other Organics

Applicable TMDLs Cd, Cu, Pb, Se, Zn, chlorpyrifos, chlordane, DDT, PCBs, toxaphene

Pollutants of Concern for 
the Project

Metals, Nutrients, Pesticides, Toxicity, Turbidity, Other Organics

Environmentally Sensitive 
and Special Biological 
Significant Areas

The proposed project is not located in an environmentally sensitive and 
special biological significant area. 
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Section IV Best Management Practices (BMPs)
IV. 1 Project Performance Criteria

(NOC Permit Area only) 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 implementing LID 
on regional or sub-regional basis?

YES NO 

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

N/A
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Project Performance Criteria (continued)
If HCOC exists, 
list applicable 
hydromodification 
control 
performance 
criteria (Section 
7.II-2.4.2.2 in 
MWQMP)

Based on the analysis done in Section II.3, Hydrologic Conditions of 
Concern (HCOC) does exist for this project.

BKF proposes to meet Hydromodification requirements by sizing the LID 
BMP to mitigate for the HCOC-Controlled Volume (∆ 2-yr Vol):

See Appendix J for Hydromodification Analysis.

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

Based on the Model WQMP Section 7.II-2.4.3, the following performance 
criteria for LID implementation have been established for the North Orange 
County Permit:

Priority Projects must infiltrate, harvest and use, evapotranspire, or 
biotreat/biofilter the 85th percentile, 24-hour storm event (Design Capture 
Volume)

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

For the North Orange County permit area, sizing of treatment control BMPs 
shall be based on either the unmet volume after claiming applicable water 
quality credits and as calculated in the Technical Guidance Documents 
based on either volume or flow. LID and treatment control facilities for the 
project were sized utilizing the Simple Runoff Coefficient Method for 
Volume-based BMPs as indicated in Section III of the WQMP Technical 
Guidance Documents.

Calculate LID 
design storm 
capture volume 
for Project.

Design Capture Volume, DCV = C x d x A
Where:
               C = runoff coefficient (0.75 x imp + 0.15)
               d = storm depth (95th percentile, 24-hour storm event)
               A = tributary area (Acres)

Proposed Design Capture Volume
              DCV = (0.75x0.44+0.15) x (1.46 x 1/12in/ft)x (1.56 Acx43,560sf/Ac)
              DCV = 3,991 cu-ft
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IV.2. SITE DESIGN AND DRAINAGE PLAN
Describe site design and drainage plan including

 A narrative of site design practices utilized or rationale for not using practices; 
 A narrative of how site is designed to allow BMPs to be incorporated to the MEP
 A table of DMA characteristics and list of LID BMPs proposed in each DMA.
 Reference to the WQMP plot plan.
 Calculation of Design Capture Volume (DCV) for each drainage area.
 A listing of GIS coordinates for LID and Treatment Control BMPs (unless not required by 

local jurisdiction).
Refer to Section 2.4.2 in the TGD.

Site Design Practices:

The Project utilizes the following LID BMPs:

 Modular Wetland System

The project site is approximately 1.56 Acre. 

BMP Incorporation:

The site is designed to incorporate LID BMPs by utilizing a modular wetland system, located in the south-west 
side of the project, to treat site runoff for the water quality volume. 

DMA Characteristics:

Drainage 
Management 

Area

Area                                                  
(Acres)

LID BMP Used

Design Capture 
Volume

(cu-ft)                    

GIS 

Coordinates

Entire Site

(DMA 1,2 & 3)
1.56 Modular Wetland 3,991

Lat: 33.6749° N

Long: 117.7643°  W

See Appendix G for WQMP Site Plan.
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IV.3 LID BMP SELECTION AND PROJECT CONFORMANCE ANALYSIS
Each sub-section below documents that the proposed design features conform to the applicable 
project performance criteria via check boxes, tables, calculations, narratives, and/or references to 
worksheets. Refer to Section 2.4.2.3 in the TGD for selecting LID BMPs and Section 2.4.3 in the TGD for 
conducting conformance analysis with project performance criteria.

IV.3.1 Hydrologic Source Controls
If required HSCs are included, fill out applicable check box forms.  If the retention criteria are 
otherwise met with other LID BMPs, include a statement indicating HSCs not required.

Name Included?

Localized on-lot infiltration

Impervious area dispersion (e.g. roof top 
disconnection)

Street trees (canopy interception)

Residential rain barrels (not actively managed)

Green roofs/Brown roofs

Blue roofs

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

Other:       

Other:       

Other:       

Other:       

Other:       

Other:       

Other:       

Other:       
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IV.3.2 Infiltration BMPs
Identify infiltration BMPs to be used in project.  If design volume cannot be met state why BMPs 
cannot be met

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

Other:       

Other:       

Show calculations below to demonstrate if the LID Design Strom Capture Volume can be met with 
infiltration BMPs.  If not document how much can be met with infiltration and document why it is 
not feasible to meet the full volume with infiltration BMPs.

Infiltration is infeasible because the project is located in a groundwater protection zone.
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IV.3.3 Evapotranspiration, Rainwater Harvesting BMPs
If the full Design Storm Capture Volume cannot be met with infiltration BMPs, describe any 
evapotranspiration, rainwater harvesting BMPs. 

Name Included?

All HSCs; See Section IV.3.1

Surface-based infiltration BMPs

Biotreatment BMPs

Above-ground cisterns and basins

Underground detention

Other:       

Other:       

Other:       

Show calculations below to demonstrate if the LID Design Strom Capture Volume can be met with 
evapotranspiration, rainwater harvesting BMPs  in combination with infiltration BMPs.  If not 
document how much can be met with either infiltration BMPs, evapotranspiration, rainwater 
harvesting BMPs, or a combination, and document why it is not feasible to meet the full volume 
with either of these BMPs categories.

Based on the Summary of Harvested Water Demand Feasibility worksheet, it was determined 
that Evapotranspiration/rainwater harvesting is infeasible.
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IV.3.4 Biotreatment BMPs
If the full Design Storm Capture Volume cannot be met with infiltration BMPs, and/or 
evapotranspiration and rainwater harvesting BMPs, describe biotreatment BMPs. Include sections 
for selection, suitability, sizing, and infeasibility, as applicable. 

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:       

Other:       

Show calculations below to demonstrate if the LID Design Strom Capture Volume can be met with 
infiltration, evapotranspiration, rainwater harvesting and/or biotreatment BMPs.  If not document 
how much can be met with either infiltration BMPs, evapotranspiration, rainwater harvesting 
BMPs, or a combination, and document why it is not feasible to meet the full volume with either of 
these BMPs categories.
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IV.3.5 Hydromodification Control BMPs
Describe hydromodification control BMPs. See Section 5 TGD.  Include sections for selection, 
suitability, sizing, and infeasibility, as applicable. Detail compliance with Prior Conditions of 
Approval.  

Hydromodification Control BMPs
BMP Name BMP Description
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IV.3.6 Regional/Sub-Regional LID BMPs 
Describe regional/sub-regional LID BMPs in which the project will participate. Refer to Section 7.II-
2.4.3.2 of the Model WQMP. 

Regional/Sub-Regional LID BMPs

Low Impact Design has been incorporated in the project design to mitigate the effects of the 
development. As a result, the proposed Project will not require treatment through a 
Regional/Sub-Regional LID BMP.
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IV.3.7 Treatment Control BMPs
Treatment control BMPs can only be considered if the project conformance analysis indicates that it is not 
feasible to retain the full design capture volume with LID BMPs. Describe treatment control BMPs including 
sections for selection, sizing, and infeasibility, as applicable.  

Treatment Control BMPs

BMP Name BMP Description

BMP -1 Modular Wetland System Proprietary biofiltration device
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IV.3.8 Non-structural Source Control BMPs
Fill out non-structural source control check box forms or provide a brief narrative explaining if non-
structural source controls were not used.

Non-Structural Source Control BMPs
Check One

Identifier Name
Included Not 

Applicable

If not applicable, state brief 
reason

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)

     

N6
Local Industrial Permit Compliance

Project does not discharge any 
fuel and other areas of concern 
to public properties

N7 Spill Contingency Plan      

N8 Underground Storage Tank 
Compliance

Project does not propose any 
underground storage tanks that 
will store hazardous materials

N9 Hazardous Materials Disclosure 
Compliance

     

N10 Uniform Fire Code Implementation      

N11 Common Area Litter Control      

N12 Employee Training      

N13
Housekeeping of Loading Docks

Project does not propose any 
loading docks

N14 Common Area Catch Basin Inspection      

N15 Street Sweeping Private Streets and 
Parking Lots

     

N16
Retail Gasoline Outlets

Project does not propose any 
gasoline facilities or outlets

F-21



Water Quality Management Plan (WQMP)
Irvine Animal Care Center Renovation

City of Irvine Section IV
Page 21

IV.3.9 Structural Source Control BMPs
Fill out structural source control check box forms or provide a brief narrative explaining if 
Structural source controls were not used.

Structural Source Control BMPs
Check One

Identifier Name
Included Not 

Applicable

If not applicable, state brief 
reason

S1 Provide storm drain system stenciling 
and signage

     

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

     

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

     

S4
Use efficient irrigation systems & 
landscape design, water conservation, 
smart controllers, and source control

     

S5 Protect slopes and channels and 
provide energy dissipation

     

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

     

S6 Dock areas Project does not propose dock 
areas

S7 Maintenance bays Project does not propose 
maintenance bays

S8 Vehicle wash areas Project does not propose vehicle 
wash areas

S9 Outdoor processing areas Project does not propose an 
outdoor processing areas

S10 Equipment wash areas Project does not propose 
equipment wash areas

S11 Fueling areas Project does not propose a fueling 
area

S12 Hillside landscaping Project is not on a hillside

S13 Wash water control for food 
preparation areas

Project does not propose a food 
preparation area

S14 Community car wash racks Project does not propose a 
community car wash
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IV.4 ALTERNATIVE COMPLIANCE PLAN (IF APPLICABLE)

IV.4.1 Water Quality Credits
Determine if water quality credits are applicable for the project. Refer to Section 3.1 of the Model 
WQMP for description of credits and Appendix VI of the TGD for calculation methods for applying water 
quality credits.

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).

 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
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IV.4.2 Alternative Compliance Plan Information
Describe an alternative compliance plan (if applicable). Include alternative compliance obligations 
(i.e., gallons, pounds) and describe proposed alternative compliance measures. Refer to Section 7.II 
3.0 in the WQMP.

This project does not require the use of alternative compliance methods for the treatment of stormwater 
runoff. 
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Section V Inspection/Maintenance 
Responsibility for BMPs
Fill out information in table below. Prepare and attach an Operation and Maintenance Plan.  
Identify the mechanism through which BMPs will be maintained. Inspection and maintenance 
records must be kept for a minimum of five years for inspection by the regulatory agencies. Refer to 
Section 7.II 4.0 in the Model WQMP.

BMP Inspection/Maintenance

BMP
Reponsible

Party(s)

Inspection/ 
Maintenance

Activities 
Required

Minimum 
Frequency of 

Activities

N1. Education for 
Property Owners, 

Tenants, and 
Occupants

City of Irvine

Provide training to 
key staff; Provide 

education material to 
occupants.

Provide minimum 
training upon initial 

hiring; Yearly updates 
of educational 

materials

N2. Activity 
Restrictions City of Irvine

Restrict certain 
activities during 

inclement weather or 
increased risk of 

pollution

As required by 
inclement weather of 

changes to site 
conditions

N3. Common Area 
Landscape 

Management
City of Irvine

Routine landscape 
maintenance; tree-

trimming; weed-
abatement; addition 
of fertilizer; routine 

irrigation

Provide landscape 
maintenance at a 

minimum of once per 
week or as-needed. 
Tree-trimming and 

addition of fertilizer at 
a minimum of once 

per year; Provide as-
needed maintenance 

and repair of 
irrigation system.
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N4. BMP 
Maintenance City of Irvine

Provide inspections 
of all structural and 
permanent BMPs on 

the project site; Make 
repairs as-needed

Inspect on-site BMPs 
at a minimum of once 

per year; Repair or 
provide maintenance 

prior to each rainy 
season

N5. Title 22 CCR 
Compliance City of Irvine

Training of staff and 
routine updates to 

compliance plan

Provide training to 
all new employees; 

Minimum of biannual 
updates to 

compliance plans 
and procedures

N7. Spill Contingency 
Plan City of Irvine Prepare a Spill 

Contingency Plan

Prepare a Spill 
Contingency Plan of 
how occupants will 

prepare for and 
respond to spills of 

hazardous materials

N9. Hazardous 
Materials Disclosure 

Compliance
City of Irvine

Provide disclosure 
and training for 

hazardous materials

Provide 
documentation and 
training to comply 

with hazardous 
materials 

procedures.

N10. Uniform Fire 
Code 

Implementation
City of Irvine

Initial building 
design per OCFA 

regulations; Provide 
routine inspections 

of fire protection 
systems; Training to 

all staff

Provide training on 
fire protection and 

emergency 
procedures to all 

new staff. Minimum 
of once yearly 

inspections of fire 
protection systems 

or as-needed per 
OCFA codes

N11. Common Area 
Litter Control City of Irvine

Provide routine trash 
pickup; regular 

inspections of facility 
for litter. Provide 
sufficient waste 

receptacles for the 
property of 
occupancy

Provide regular trash 
pickup by waste 

management 
contractor at a 

minimum of once per 
week. Daily 

inspections and 
clean-up 

maintenance staff
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N12. Employee 
Training City of Irvine

Provide initial 
training to all new 

staff. Provide 
refresher training to 

existing staff

Provide initial 
training upon hiring 

to all new staff. 
Minimum of once 

yearly refreshers to 
existing staff. As-

needed updates to 
training for key 

personnel

N14. Common Area 
Catch Basin 
Inspection

City of Irvine

Conduct inspections 
on catch basins and 
storm drain inlets 

within the property

Provide minimum of 
once yearly 

inspections and 
cleaning of catch 
basins and storm 

drain inlets

N15. Street Sweeping 
Private Streets and 

Parking Lots.
City of Irvine

Provide sweeping as 
necessary to remove 

accumulated 
sediment and litter 

from parking lot area

Inspect parking lot 
areas at a minimum 
of once per week for 

accumulated 
sediment or trash. 

Conduct sweeping as 
necessary but at a 

minimum of once per 
week to remove 

sediment and debris

S1. Provide storm 
drain system 

stencilling and 
signage

City of Irvine

Provide stencilling at 
all direct inlets to the 
storm drain system 
with the phrase “No 
Dumping, Drains to 

Ocean”

During project 
construction. Stencils 
will be re-stencilled 

as necessary to 
maintain legibility 

but at a minimum of 
once every five years

S2. Design and 
construct outdoor 
material storage 
areas to reduce 

pollution 
introduction

City of Irvine

Provide transfer 
areas where 

incidental spills may 
occur. This includes 

but not limited 
enclosing the area, 

providing secondary 
containment 
structure, not 

discharge into storm 
drain or street, 

There is possibility 
for oil leakage from 

the outdoor 
Transformers. A 

containment 
structure is proposed 
to capture the oil and 

stormwater in this 
area and will be 
maintained and 
discharged by a 
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preventative 
measures

maintenance truck to 
prevent cross 

contamination into 
both sewer and 

storm drain. Conduct 
maintenance of 

containment 
structure monthly 

and after every 
rainstorm event.

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

introduction

City of Irvine Clean and remove 
trash from waste 

storage area

Provide regular trash 
pickup by waste 

management 
contractor at a 

minimum of one per 
week. Daily 

inspections and 
clean-up by 

maintenance staff

S4. Use efficient 
irrigation systems & 

landscape design, 
water conservation, 
smart controllers, 
and source control

City of Irvine

Provide connection 
to recycled water 
irrigation system; 
Repair irrigation 

system as-needed

Inspect irrigation 
system during 
regular weekly 

landscaping 
maintenance; Repair 

immediately to 
prevent over 

irrigation or runoff 

S5. Protect slopes 
and channels and 

provide energy 
dissipation

City of Irvine

Provide routine 
inspections of sloped 

channel areas for 
trash and debris

Inspect all areas of 
swale channels 

Modular Wetland 
System City of Irvine

Routine inspection 
cartridge filters for 

debris and 
sedimentation

Inspect the cartridge 
media filter quarterly 

and following 
significant rain 

events for debris, 
sediments, and 

interior structure 
conditions. Clean or 

replace cartridge 
media filters as 
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required by 
manufacturer.
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Section VI Site Plan and Drainage Plan

VI.1 SITE PLAN AND DRAINAGE PLAN 

 See Attachment G for Site Plan and Drainage Plan

VI.2 ELECTRONIC DATA SUBMITTAL 
The minimum requirement is to provide submittal of PDF exhibits in addition to hard copies. 
Format must not require specialized software to open.

If the local jurisdiction requires specialized electronic document formats (CAD, GIS) to be 
submitted, this section will be used to describe the contents (e.g., layering, nomenclature, 
georeferencing, etc.) of these documents so that they may be interpreted efficiently and accurately.
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Section VII Educational Materials
Refer to the Orange County Stormwater Program (ocwatersheds.com) for a library of materials 
available. For the copy submitted to the Permittee, only attach the educational materials specifically 
applicable to the project. Other materials specific to the project may be included as well and must 
be attached.

Education Materials
Residential Material

(http://www.ocwatersheds.com)

Check If

Applicable

Business Material

(http://www.ocwatersheds.com)

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

Proper Disposal of Household 
Hazardous Waste

Other Material
Check If

Attached

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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300 N. Flower Street 
Santa Ana, CA 92703 

714.667.8888 

714.667.8885 

 Checklist for Categorizing Development and   
        Significant Redevelopment Projects 
          As “Priority” or “Non-Priority” 
 

                                           County of Orange                            
 
 

MODEL WATER QUALITY MANAGEMENT PLAN (MODEL WQMP) 

PRIORITY PROJECT CATEGORIES 
 

(Unless otherwise indicated, these requirements apply to  
both the Santa Ana and San Diego Regions.) 

Yes No 

1. Both Permit Areas –New development projects that create 10,000 square feet or more of 
impervious surface (collectively over the entire project site). This category includes 
commercial, industrial, residential, mixed-use, and public projects on private, or public, 
property that falls under the planning and building authority of the Permittees. 

San Diego Region only – All pollutant generating development or redevelopment projects that 
result in the disturbance of one acre or more of land will be considered Priority Projects 
starting December 16, 2012. 

  

2. Automotive repair shops. This applies to facilities that are categorized in any one of the 
following Standard Industrial Classification (SIC) codes 5013, 5014, 5541, 7532-7534, and 
7536-7539. 

  

3. Both Permit Areas – Restaurants where the land area of development is 5,000 square feet or 
more including parking area. This category is defined as facilities that sell prepared foods and 
drinks for consumption, including stationary lunch counters and refreshment stands selling 
prepared foods and drinks for immediate consumption (SIC code 5812), where the land area 
for development is greater than 5,000 square feet.  

San Diego Region only – Restaurants where land development is less than 5,000 square feet 
shall meet all WQMP requirements except for structural treatment control BMP/LID, and 
hydromodification. 

  

4. Hillside development that creates greater than 5,000 square feet of impervious surface. 
Hillside development is defined as any development which is located in an area with known 
erosive soil conditions or where the development will grade on any natural slope that is twenty-
five (25) percent or greater. 

  

5. Both Permit Areas – Impervious surface of 2,500 square feet or more located within, directly 
adjacent to (within 200 feet), or discharging directly into receiving waters within 
Environmentally Sensitive Areas. 

San Diego Region only – or a project with an increase in impervious area by10% or more of its 
naturally occurring condition located within, directly adjacent to (within 200 feet), or discharging 
directly to receiving waters within Environmentally Sensitive Areas. 

  

6. Both Permit Areas – Parking lots 5,000 square feet or more including associated drive aisle, 
and potentially exposed to urban stormwater 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. 

San Diego Region only – or parking lots with 15 parking spaces or more and potentially 
exposed to runoff. 

  

7. Streets, roads, highways, and freeways - This category includes any paved surface that is 
5,000 square feet or greater used for the transportation of automobiles, trucks, motorcycles, 
and other vehicles. 
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8.  Significant Redevelopment.  See definitions below.   

9. Retail Gasoline Outlets (RGOs)- This category includes RGOs that meet the following 
criteria: (a) 5,000 square feet or more, or (b) a projected Average Daily Traffic (ADT) of 
100 or more vehicles per day. 

  

 
 Determination: 

  Priority Project: Any question answered “Yes” 
  Non-Priority Project: All questions are answered “No” 
 
 Note: 

 BMPs – Best Management Practices 
 LID – Low Impact Development 
 WQMP – Water Quality Management Plan  

 
Definitions of “Significant Redevelopment” 
 
Santa Ana Region definition of “Significant Redevelopment” (Model WQMP, Section 7.11-1.2): 

 

All significant redevelopment projects, where significant redevelopment is defined as the addition 
or replacement of 5,000 or more square feet of impervious surface on an already developed site. 
Redevelopment does not include routine maintenance activities that are conducted to maintain 
original line and grade, hydraulic capacity, original purpose of the facility, or emergency 
redevelopment activity required to protect public health and safety. If the redevelopment results in 
the addition or replacement of less than 50 percent of the impervious area on-site and the 
existing development was not subject to WQMP requirement, the numeric sizing criteria (see 
Section 7.II-2.0 of Model WQMP) only applies to the addition or replacement area. If the addition 
or replacement accounts for 50 percent or more of the impervious area, the Project WQMP 
requirements apply to the entire development. 

 

San Diego Region definition of “Significant Redevelopment” (Order No. R9-2009-0002, Section F.1d): 
 

Those redevelopment projects that create, add, or replace at least 5,000 square feet of impervious 
surface on an already developed site and the existing development and/or the project falls under 
the project categories or locations listed in the table above. Where redevelopment results in an 
increase of less than fifty percent of the impervious surfaces of a previously existing development, 
and the existing development was not subject to WQMP requirements, the numeric sizing criteria 
(see Section 7.II-2.0 of Model WQMP) applies only to the addition or replacement, and not the 
entire development. Where redevelopment results in an increase of more than fifty percent of the 
impervious surfaces of a previously existing development, the numeric sizing criteria applies to the 
entire development. 
 

Definition of Redevelopment (Order No. R9-2009-0002, Attachment C, Definitions):    
 

The creation, addition, and or replacement of impervious surface on an already developed site. 
Examples include the expansion of a building footprint, road widening, the addition to or 
replacement of a structure, and creation or addition of impervious surfaces. Replacement of 
impervious surfaces includes any activity that is not part of a routine maintenance activity where 
impervious material(s) are removed, exposing underlying soil during construction. 
Redevelopment does not include trenching and resurfacing associated with utility work; 
resurfacing existing roadways; new sidewalk construction, pedestrian ramps, or bike lane on 
existing roads; and routine replacement of damaged pavement, such as pothole repair. 
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Note: Individual contamination sites are not plotted.
See State Water Resources Control Board Geotracker database
(http://geotracker.waterboards.ca.gov),
Department of Toxic Substance Control Envirostor database
(http://www.envirostor.dtsc.ca.gov) and other applicable sources
for current listing of active contaminated sites. 

Groundwater basin and plume protection boundaries for
South Orange County are not shown on this exhibit
at this time
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Priority Project Water Quality Management Plan (WQMP)

APPENDIX E
Infiltration Feasibility Checklist
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TECHNICAL GUIDANCE DOCUMENT 
 

 2-34 December 20, 2013 

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 VIII 
(Worksheet I) for guidance on groundwater-related 
infiltration feasibility criteria.  

  

Provide basis: 
 
 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 
etc. Provide narrative discussion of study/data source applicability. 

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):  
• The BMP can only be located less than 50 feet away 

from slopes steeper than 15 percent 
• The BMP can only be located less than eight feet from 

building foundations or an alternative setback. 
• A study prepared by a geotechnical professional or an 

available watershed study substantiates that 
stormwater infiltration would potentially result in 
significantly increased risks of geotechnical hazards 
that cannot be mitigated to an acceptable level. 

  

Provide basis: 
 
 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 
etc. Provide narrative discussion of study/data source applicability.  

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

Provide basis: 
 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 
etc. Provide narrative discussion of study/data source applicability. 
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TECHNICAL GUIDANCE DOCUMENT 
 

 2-35 December 20, 2013 

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? 

  

Provide basis: 
 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 
etc. Provide narrative discussion of study/data source applicability. 

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. 

  

Provide basis: 
 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 
etc. Provide narrative discussion of study/data source applicability. 

6 

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

  

Provide citation to applicable study and summarize findings relative to the amount of infiltration 
that is permissible: 
 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 
etc. Provide narrative discussion of study/data source applicability. 

7 

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

  

Provide citation to applicable study and summarize findings relative to the amount of infiltration 
that is permissible: 
 
Summarize findings of studies provide reference to studies, calculations, maps, data sources, 
etc. Provide narrative discussion of study/data source applicability. 
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TECHNICAL GUIDANCE DOCUMENT 
 

 2-36 December 20, 2013 

Table 2.7:  Infiltration BMP Feasibility Worksheet (continued) 

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: 
 
 
Summarize findings of studies provide reference to 
studies, calculations, maps, data sources, etc. Provide 
narrative discussion of study/data source applicability. 

 

9 

If any answer from row 1-3 is yes: infiltration of any volume 
is not feasible within the DMA or equivalent.  
 
Provide basis:  
 
 
Summarize findings of infeasibility screening 

 

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:  
 
 
Summarize findings of infeasibility screening 

 

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. 

 

 

Harvest and Use Infeasibility 

Harvest and use infeasibility criteria include:  

• If inadequate demand exists for the use of the harvested rainwater.  See Appendix X for 
guidance on determining harvested water demand and applicable feasibility thresholds. 

• If the use of harvested water for the type of demand on the project violates codes or 
ordinances most applicable to stormwater harvesting in effect at the time of project 
application and a waiver of these codes and/or ordinances cannot be obtained. It is 
noted that codes and ordinances most applicable to stormwater harvesting may change 
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HARVESTED WATER DEMAND AND FEASIBILITY

Date: 4/5/2021

Job No.: 181414

Project: Irvine Animal Care Center Renovation

Description and Assumptions:

Based on:

SUMMARY OF HARVESTED WATER DEMAND AND FEASIBILITY (WORKSHEET J)

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

2 Toilet and urinal flushing

3

4 Other:

5 What is the design capture storm depth? d = 0.8 inches

6 What is the project size? A = 0.95 ac

7 What is the acreage of impervious area? IA = 0.59 ac

8 gpd

9 What is the project estimated wet season total daily use? gpd

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

11

12

13

14 ac

15 ac

16

Provide supporting assumptions and citations for controlling demand calculation:

What is the minimum TUTIA for partial capture? (Table X.7 of 

TGD)

0.88

0

What is the project estimated TUTIA?

Is partial capture potentially feasible? (Line 12 > Line 11?)

For projects with only irrigation demand

What is the minimum irrigation area required based on 

conservation landscape design? (Table X.8 of TGD)

What is the proposed project irrigated area? (multiply 

conservation landscaping by 1; multiply active turf by 2)

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

Technical Guidance Document (TGD) for the Preparation of Conceptual/Preliminary and/or Project Water 

Quality Management Plans (WQMPs)

Landscape irrigation

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

What is the minimum use required for partial capture?                  

(Table X.6 of TDG)

For projects with only toilet flushing demand

X

BKF Engineers

4675 MacArthur Court, Suite 400

Newport Beach, California 92660

BKF | Project No. 172009
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Priority Project Water Quality Management Plan (WQMP)

APPENDIX F
Low Impact Development (LID) Sizing Calculations
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Stormwater Quality Design Measure Calculations

Date: 10/21/2021

Job No.: 20181414

Project: Irvine Animal Care Center

Description and Assumptions:

Based on:

DMA 1

1. Determine the design capture storm depth used for calculating volume

1 d = 1.46 in

2 dHSC = 0 in

3 Calculate the remainder of the design capture storm depth. dremainder = 1.46 in

d remainder = (line 1) - (line 2)

2. Calculate the DCV

1 Enter project area tributary to BMP(s). A = 0.66 acres

2 Enter project imperviousness. imp = 0.39

3 Calculate runoff coefficient. C = 0.44

C = (0.75 x imp) + 0.15

4 Calculate runoff volume. Vdesign = 1548 cu-ft

V design =(C x d remainder  x A x 43560 x (1/12))

DMA 2

1. Determine the design capture storm depth used for calculating volume

1 d = 1.46 in

2 dHSC = 0 in

3 Calculate the remainder of the design capture storm depth. dremainder = 1.46 in

d remainder = (line 1) - (line 2)

2. Calculate the DCV

1 Enter project area tributary to BMP(s). A = 0.39 acres

2 Enter project imperviousness. imp = 0.84

3 Calculate runoff coefficient. C = 0.78

C = (0.75 x imp) + 0.15

4 Calculate runoff volume. Vdesign = 1612 cu-ft

V design =(C x d remainder  x A x 43560 x (1/12))

Technical Guidance Document (TGD) for the Preparation of Conceptual/Preliminary and/or Project Water Quality 

Management Plans (WQMPs)

Enter design capture storm depth for 95th percentile storm

Enter the effect of provided HSCs, d HSC  (inches) from 

Worksheet A.

Enter design capture storm depth for 95th percentile storm

Enter the effect of provided HSCs, d HSC  (inches) from 

Worksheet A.

BKF Engineers

4675 MacArthur Court, Suite 400

Newport Beach, California 92660
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DMA 3

1. Determine the design capture storm depth used for calculating volume

1 d = 1.46 in

2 dHSC = 0 in

3 Calculate the remainder of the design capture storm depth. dremainder = 1.46 in

d remainder = (line 1) - (line 2)

2. Calculate the DCV

1 Enter project area tributary to BMP(s). A = 0.51 acres

2 Enter project imperviousness. imp = 0.21

3 Calculate runoff coefficient. C = 0.31

C = (0.75 x imp) + 0.15

4 Calculate runoff volume. Vdesign = 831 cu-ft

V design =(C x d remainder  x A x 43560 x (1/12))

Enter design capture storm depth for 95th percentile storm

Enter the effect of provided HSCs, d HSC  (inches) from 

Worksheet A.

BKF Engineers

4675 MacArthur Court, Suite 400

Newport Beach, California 92660
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Priority Project Water Quality Management Plan (WQMP)

APPENDIX G
WQMP Exhibit (Site Plan)
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Priority Project Water Quality Management Plan (WQMP)

APPENDIX H
BMP Fact Sheet
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Modular Wetlands® System Linear
A Stormwater Biofiltration Solution

A Forterra Company
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OVERVIEW
The Bio Clean Modular Wetlands® System Linear (MWS Linear) represents a pioneering breakthrough 
in stormwater technology as the only biofiltration system to utilize patented horizontal flow, allowing for 
a smaller footprint, higher treatment capacity, and a wide range of versatility.  While most biofilters use 
little or no pretreatment, the Modular Wetlands System Linear incorporates an advanced pretreatment 
chamber that includes separation and pre-filter cartridges.  In this chamber, sediment and hydrocarbons 
are removed from runoff before entering the biofiltration chamber, reducing maintenance costs and 
improving performance. 

Horizontal flow also gives the system the unique ability to adapt to the environment 
through a variety of configurations, bypass orientations, and diversion applications. 

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 cities grow and develop, our environment’s natural 
filtration systems are blanketed with impervious roads, 
rooftops, and parking lots. 

Bio Clean understands this loss and has spent 
years re-establishing nature’s presence in urban 
areas, and rejuvenating waterways with the 
MWS Linear.

APPROVALS 
The Modular Wetlands® System 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. 
Here is a list of some of the most high-profile approvals, certifications, and verifications from around the 
country.

VA

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

California Water Resources Control Board, Full Capture Certification 
The Modular Wetlands® System is the first biofiltration system to receive certification as 
a full capture trash treatment control device.

Virginia Department of Environmental Quality, 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) regulation technical criteria.

Maryland Department of the Environment, Approved ESD
Granted Environmental Site Design (ESD) status for new construction, redevelopment, 
and retrofitting when designed in accordance with the design manual.

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.

Rhode Island Department of Environmental Management, Approved BMP
Approved as an authorized BMP and noted to achieve the following minimum removal 
efficiencies: 85% TSS, 60% pathogens, 30% total phosphorus, and 30% total nitrogen.

Texas Commission on 
Environmental Quality

Atlanta Regional 
Commission

ADVANTAGES

•	 FLOW CONTROL

•	 NO DEPRESSED PLANTER AREA

•	 AUTO DRAINDOWN MEANS NO 	
	 MOSQUITO VECTOR

•	 HORIZONTAL FLOW BIOFILTRATION

•	 GREATER FILTER SURFACE AREA

•	 PRETREATMENT CHAMBER

•	 PATENTED PERIMETER VOID AREA

PERFORMANCE
The Modular Wetlands® System 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 numerous sites across the country and is proven to effectively 
remove pollutants through a combination of physical, chemical, and biological filtration processes. In 
fact, the MWS Linear harnesses some of the same biological processes found in natural wetlands in 
order to collect, transform, and remove even the most harmful pollutants. 

CA
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OPERATION 
The Modular Wetlands® System Linear is the most efficient and versatile biofiltration system on the 
market, and it is the only system with horizontal flow which:

•	 Improves performance
•	 Reduces footprint
•	 Minimizes maintenance  

Figure 1 & Figure 2 illustrate the invaluable benefits of horizontal flow and the multiple treatment stages. 

Box Housing

Pre-filter Boxes

Curb Inlet

Figure 1Individual Media Filters

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 lightweight

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

DRAINDOWN FILTER
•	 The draindown is an optional feature that  

completely drains the pretreatment     	  
chamber

•	 Water that drains from the pretreatment      
chamber between storm events will be 	
treated

2x to 3x more surface area than traditional downward flow bioretention systems.Figure 2,
Top View

SEPARATION
•	 Trash, sediment, and debris are separated before 

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

PRE-FILTER BOXES
•	 Over 25 sq. ft. of surface area per box
•	 Utilizes BioMediaGREEN™ filter material
•	 Removes over 80% of TSS and 90% of hydrocarbons
•	 Prevents pollutants that cause clogging from migrating 

to the biofiltration chamber

22

DISCHARGE33

BIOFILTRATION22PRETREATMENT1

PERIMETER VOID AREA

Flow Control
Riser

Draindown Line Outlet Pipe

Vertical Underdrain 
Manifold

BioMediaGREEN™

WetlandMEDIA™

1

33
F-57



CONFIGURATIONS
The Modular Wetlands® System 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 storm drain design.

CURB TYPE
The Curb Type configuration accepts sheet flow through a curb opening 
and is commonly used along roadways and parking lots.  It can be used in 
sump or flow-by conditions.  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 pretreatment 
chamber.  It has the added benefit of allowing 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 rooftop and podium areas.  Some 
models have the option of utilizing an internal bypass, simplifying the overall 
design.  The system can be installed as a raised planter, and the exterior can 
be stuccoed or covered with other finishes to match the look of adjacent 
buildings.

VAULT TYPE
The system’s patented horizontal flow biofilter is able to accept inflow pipes 
directly into the pretreatment chamber, meaning the Modular Wetlands® 
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. 

ORIENTATIONS

INTERNAL BYPASS WEIR 
(SIDE-BY-SIDE ONLY)
The Side-By-Side orientation places the 
pretreatment and discharge chambers adjacent 
to one another allowing for integration of internal 
bypass.  The wall between these chambers can act 
as a bypass weir when flows exceed the system’s 
treatment capacity, thus allowing bypass from the 
pretreatment chamber directly to the discharge 
chamber.

EXTERNAL DIVERSION WEIR STRUCTURE
This traditional offline diversion method can be 
used with the Modular Wetlands® System Linear 
in scenarios where runoff 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 
downstream. 

END-TO-END
The End-To-End orientation 
places the pretreatment 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 that bypass must 
be external.

SIDE-BY-SIDE
The Side-By-Side 
orientation places the 
pretreatment and
discharge chamber 
adjacent to one 
another with the 
biofiltration chamber running 
parallel on either side. This 
minimizes the system length, providing a highly 
compact footprint. It has been proven useful in 
situations such as streets with directly adjacent 
sidewalks, as half of the system can be placed 
under that sidewalk. This orientation also offers 
internal bypass options as discussed below.  

DVERT LOW FLOW DIVERSION 
This simple yet innovative diversion trough can be 
installed in existing or new curb and grate inlets 
to divert the first flush to the Modular Wetlands® 
System 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 allow the system to be installed 
anywhere space is available. 

DVERT Trough

BYPASS
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MODEL # DIMENSIONS
WETLANDMEDIA

SURFACE AREA
(sq. ft.)

TREATMENT FLOW 
RATE
 (cfs)

MWS-L-4-4 4’ x 4’ 23 0.052

MWS-L-4-6 4’ x 6’ 32 0.073

MWS-L-4-8 4’ x 8’ 50 0.115

MWS-L-4-13 4’ x 13’ 63 0.144

MWS-L-4-15 4’ x 15’ 76 0.175

MWS-L-4-17 4’ x 17’ 90 0.206

MWS-L-4-19 4’ x 19’ 103 0.237

MWS-L-4-21 4’ x 21’ 117 0.268

MWS-L-6-8 7’ x 9’ 64 0.147

MWS-L-8-8 8’ x 8’ 100 0.230

MWS-L-8-12 8’ x 12’ 151 0.346

MWS-L-8-16 8’ x 16’ 201 0.462

MWS-L-8-20 9’ x 21’ 252 0.577

MWS-L-8-24 9’ x 25’ 302 0.693

MWS-L-10-20 10' x 20' 302 0.693

VOLUME-BASED DESIGNS 
HORIZONTAL FLOW BIOFILTRATION ADVANTAGE 

In the example above, the Modular Wetlands® System Linear is installed downstream of the 
UrbanPond storage system. The MWS Linear is designed for the water quality volume and 
will treat and discharge the required volume within local draindown time requirements. The 
MWS Linear’s unique horizontal flow design, gives it benefits no other biofilter has - the ability 
to be placed downstream  of detention ponds, extended dry detention basins, 
underground storage systems and permeable paver reservoirs. The system’s 
horizontal flow configuration and built-in orifice control allows it to be installed 
with just 6” of fall between inlet and outlet pipe for a simple connection to 
projects with shallow downstream tie-in points. 

DESIGN SUPPORT

Bio Clean engineers are trained to provide you with superior support for all volume sizing configurations 
throughout the country. Our vast knowledge of state and local regulations allow us to quickly and efficiently 
size a system to maximize feasibility. Volume control and hydromodification regulations are expanding the 
need to decrease the cost and size of your biofiltration system. Bio Clean will help you realize these cost 
savings with the MWS Linear, the only biofilter than can be used downstream of storage BMPs.

SPECIFICATIONS 
FLOW-BASED DESIGNS 
The Modular Wetlands® System Linear can be used in stand-alone applications to meet treatment flow 
requirements, and since it is the only biofiltration system that can accept 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.

ADVANTAGES

•	 BUILT-IN ORIFICE CONTROL STRUCTURE

•	 WORKS WITH DEEP INSTALLATIONS

•	 LOWER COST THAN FLOW-BASED DESIGN

•	 MEETS LID REQUIREMENTS

MODULAR WETLANDS® SYSTEM LINEAR WITH URBANPONDTM PRESTORAGE

UrbanPond
Single and Double Modules
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PLANT SELECTION
Abundant plants, trees, and grasses bring value and an aesthetic benefit 
to any urban setting, but those in the Modular Wetlands® System 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, chemical, 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 Modular Wetlands’® micro/macro flora and fauna.

A wide range of plants are suitable for use in the Modular Wetlands®, but selections vary by location and climate.  
View suitable plants by visiting biocleanenvironmental.com/plants.

INSTALLATION MAINTENANCE

The Modular Wetlands® System Linear is simple, easy 
to install, and has a space-efficient design that offers 
lower excavation and installation costs compared to 
traditional tree-box type systems.  The structure of 
the system resembles precast catch basin or utility 
vaults and is installed in a similar fashion.  

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

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

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

INDUSTRIAL
Many states enforce strict regulations for discharges 
from industrial sites. The MWS Linear has helped 
various sites meet difficult EPA-mandated effluent 
limits for dissolved metals and other pollutants.

PARKING LOTS
Parking lots are designed to maximize space and the 
Modular Wetlands’® 4 ft. standard planter width 
allows for easy integration into parking lot islands 
and other landscape medians.

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

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 design and 
cost-effective end-of-the-line configurations.

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

COMMERCIAL
Compared to bioretention systems, the MWS 
Linear can treat far more area in less space, meeting 
treatment and volume control requirements.

APPLICATIONS
The Modular Wetlands® System 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 include:
 • Agriculture    • Reuse    • Low Impact Development    • Waste Water
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A Forterra Company

01172020

5796 Armada Drive Suite 250
Carlsbad,  CA 92008
855. 566. 3938
stormwater@forterrabp.com
biocleanenvironmental .com
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Priority Project Water Quality Management Plan (WQMP)

APPENDIX I
BMP Operations and Maintenance (O&M) Plan
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Maintenance Guidelines for  

Modular Wetland System - Linear 
 
 

Maintenance Summary 
 
o Remove Trash from Screening Device – average maintenance interval is 6 to 12 months.  

  (5 minute average service time). 
o Remove Sediment from Separation Chamber – average maintenance interval is 12 to 24 months. 

 (10 minute average service time).  
o Replace Cartridge Filter Media – average maintenance interval 12 to 24 months. 

  (10-15 minute per cartridge average service time). 
o Replace Drain Down Filter Media – average maintenance interval is 12 to 24 months. 

 (5 minute average service time).  
o Trim Vegetation – average maintenance interval is 6 to 12 months. 

  (Service time varies).  
 

System Diagram 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

 

Access to screening device, separation 
chamber and cartridge filter 

Access to drain 
down filter 

Pre-Treatment  
Chamber 

Biofiltration Chamber 

Discharge  
Chamber 

Outflow 
Pipe 

Inflow Pipe 
(optional) 
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Maintenance Procedures  
 

Screening Device 
 

1. Remove grate or manhole cover to gain access to the screening device in the Pre-
Treatment Chamber. Vault type units do not have screening device. Maintenance 
can be performed without entry.   

2. Remove all pollutants collected by the screening device.  Removal can be done 
manually or with the use of a vacuum truck.  The hose of the vacuum truck will not 
damage the screening device.  

3. Screening device can easily be removed from the Pre-Treatment Chamber to gain 
access to separation chamber and media filters below. Replace grate or manhole 
cover when completed. 

 
Separation Chamber 
 

1. Perform maintenance procedures of screening device listed above before 
maintaining the separation chamber.  

2. With a pressure washer spray down pollutants accumulated on walls and cartridge 
filters.  

3. Vacuum out Separation Chamber and remove all accumulated pollutants. Replace 
screening device, grate or manhole cover when completed. 
 

Cartridge Filters 
 

1. Perform maintenance procedures on screening device and separation chamber 
before maintaining cartridge filters.  

2. Enter separation chamber. 
3. Unscrew the two bolts holding the lid on each cartridge filter and remove lid. 
4. Remove each of 4 to 8 media cages holding the media in place.   
5. Spray down the cartridge filter to remove any accumulated pollutants. 
6. Vacuum out old media and accumulated pollutants.  
7. Reinstall media cages and fill with new media from manufacturer or outside 

supplier. Manufacturer will provide specification of media and sources to purchase.  
8. Replace the lid and tighten down bolts. Replace screening device, grate or 

manhole cover when completed.  
 
Drain Down Filter 
 

1. Remove hatch or manhole cover over discharge chamber and enter chamber.  
2. Unlock and lift drain down filter housing and remove old media block. Replace with 

new media block. Lower drain down filter housing and lock into place.  
3. Exit chamber and replace hatch or manhole cover.  
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Maintenance Notes 
 

 
1. Following maintenance and/or inspection, it is recommended the maintenance 

operator prepare a maintenance/inspection record.  The record should include any 
maintenance activities performed, amount and description of debris collected, and 
condition of the system and its various filter mechanisms.  
 

2. The owner should keep maintenance/inspection record(s) for a minimum of five 
years from the date of maintenance.  These records should be made available to 
the governing municipality for inspection upon request at any time. 
 

3. Transport all debris, trash, organics and sediments to approved facility for disposal 
in accordance with local and state requirements. 
 

4. Entry into chambers may require confined space training based on state and local 
regulations.  
 

5. No fertilizer shall be used in the Biofiltration Chamber.  
 

6. Irrigation should be provided as recommended by manufacturer and/or landscape 
architect. Amount of irrigation required is dependent on plant species. Some plants 
may require irrigation.  
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Maintenance Procedure Illustration 
 
 
 

 
Screening Device  
 
The screening device is located directly 
under the manhole or grate over the  
Pre-Treatment Chamber. It’s mounted  
directly underneath for easy access 
and cleaning. Device can be cleaned by 
hand or with a vacuum truck.  
 
 
 
 
 
 
 
Separation Chamber 
 
The separation chamber is located 
directly beneath the screening device.  
It can be quickly cleaned using a  
vacuum truck or by hand. A pressure 
washer is useful to assist in the  
cleaning process. 
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Cartridge Filters 
 
The cartridge filters are located in the  
Pre-Treatment chamber connected to  
the wall adjacent to the biofiltration  
chamber. The cartridges have  
removable tops to access the  
individual media filters. Once the 
cartridge is open media can be 
easily removed and replaced by hand  
or a vacuum truck.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Drain Down Filter 
 
The drain down filter is located in the  
Discharge Chamber. The drain filter 
unlocks from the wall mount and hinges 
up. Remove filter block and replace with  
new block.   
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Trim Vegetation 
 
Vegetation should be maintained in the 
same manner as surrounding vegetation 
and trimmed as needed. No fertilizer shall  
be used on the plants. Irrigation 
per the recommendation of the  
manufacturer and or landscape  
architect. Different types of vegetation 
requires different amounts of  
irrigation.  
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Inspection Form 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Modular Wetland System, Inc. 
P. 760.433-7640 
F. 760-433-3176 

E. Info@modularwetlands.com 
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For Office Use Only

(city) (Zip Code) (Reviewed By)

Owner / Management Company 
(Date)

Contact Phone (               ) _

Inspector Name  Date                   / / Time AM / PM

Weather Condition    Additional Notes

Yes

Depth:

Yes No

Modular Wetland System Type (Curb, Grate or UG Vault): Size (22', 14' or etc.):  

Other Inspection Items:

 Storm Event in Last 72-hours?           No          Yes           Type of Inspection             Routine               Follow Up                 Complaint                  Storm

Office personnel to complete section to 
the left.

2972 San Luis Rey Road, Oceanside, CA 92058     P (760) 433-7640     F (760) 433-3176

Inspection Report                              
Modular Wetlands System      

        

Is the filter insert (if applicable) at capacity and/or is there an accumulation of debris/trash on the shelf system?

Does the cartridge filter media need replacement in pre-treatment chamber and/or discharge chamber?

Any signs of improper functioning in the discharge chamber?  Note issues in comments section.

Chamber:

Is the inlet/outlet pipe or drain down pipe damaged or otherwise not functioning properly?

Structural Integrity:

Working Condition:

Is there evidence of illicit discharge or excessive oil, grease, or other automobile fluids entering and clogging the
unit?

Is there standing water in inappropriate areas after a dry period?

Damage to pre-treatment access cover (manhole cover/grate) or cannot be opened using normal lifting 
pressure?
Damage to discharge chamber access cover (manhole cover/grate) or cannot be opened using normal lifting 
pressure?

Does the MWS unit show signs of  structural deterioration (cracks in the wall, damage to frame)?

Project Name   

Project Address 

Inspection Checklist

CommentsNo

Does the depth of sediment/trash/debris suggest a blockage of the inflow pipe, bypass or cartridge filter?  If yes, 
specify which one in the comments section.  Note depth of accumulation in in pre-treatment chamber.

Is there a septic or foul odor coming from inside the system?

Is there an accumulation of sediment/trash/debris in the wetland media (if applicable)?

Is it evident that the plants are alive and healthy (if applicable)? Please note Plant Information below.

Sediment / Silt / Clay

Trash / Bags / Bottles

Green Waste / Leaves / Foliage

Waste: Plant Information

No Cleaning Needed

Recommended Maintenance

Additional Notes:

Damage to Plants

Plant Replacement

Plant Trimming

Schedule Maintenance as Planned

Needs Immediate Maintenance
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Maintenance Report 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Modular Wetland System, Inc. 
P. 760.433-7640 
F. 760-433-3176 

E. Info@modularwetlands.com 
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For Office Use Only

(city) (Zip Code) (Reviewed By)

Owner / Management Company 
(Date)

Contact Phone (               ) _

Inspector Name   Date                   / / Time AM / PM

Weather Condition    Additional Notes

Site 
Map #

Comments:

2972 San Luis Rey Road, Oceanside, CA 92058 P. 760.433.7640 F. 760.433.3176

Inlet and Outlet 
Pipe Condition

Drain Down Pipe 
Condition

Discharge Chamber 
Condition

Drain Down Media 
Condition

Plant Condition

Media Filter 
Condition

Long:

MWS 
Sedimentation 

Basin

Total Debris 
Accumulation

Condition of Media  
25/50/75/100      

(will be changed    
@ 75%)

Operational Per 
Manufactures' 
Specifications           
(If not, why?)

Lat: MWS             
Catch Basins

GPS Coordinates     
of Insert

Manufacturer / 
Description / Sizing

Trash 
Accumulation

Foliage 
Accumulation

Sediment 
Accumulation

Type of Inspection             Routine               Follow Up                 Complaint                  Storm  Storm Event in Last 72-hours?            No           Yes           

Office personnel to complete section to 
the left.

Project Address 

Project Name   

Cleaning and Maintenance Report     
Modular Wetlands System
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Priority Project Water Quality Management Plan (WQMP)

APPENDIX J
Hydromodification Analysis
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HYDROMODIFICATION SUMMARY
Date: 4/9/2021

Job No.: 181414

Project: Irvine Animal Care Center Renovation

1. TR-55 Inputs

Description
Area                                         

(Acres)
Curve Number (CN)

TC             

(minutes)

Precipitation, P            

(inches)

Pre-Developed 0.95 72 11.5 2.05

Post-Developed 0.95 84 10 2.05

2. TR-55 Outputs

Description
Runoff            

(inches)

Peak Flow Rate, Q                 

(cfs)

Pre-Developed 0.022 0.09

Post-Developed 0.394 0.46

4. HCOC Volume Analysis

(V2-yr,POST / V2-yr,PRE) <= 1.05

(1,359/76) <= 1.05

17.91 <= 1.05

5. HCOC Time of Concentration Analysis

(TC2-yr,POST / TC2-yr,PRE) <= 1.05

(11.5/10) <= 1.05

0.87 <= 1.05

6. Conclusion

7. HCOC-Controlled Volume (∆ 2-yr Vol)

∆ 2-yr Vol. =

∆ 2-yr Vol. =

∆ 2-yr Vol. = 1283 cu-ft

DCV = 1692 cu-ft (See Appendix F for Calculations)

Since DCV > ∆ 2-yr Vol. , Mitigate for DCV

Volume Exceeds Pre-Developed

Volume                                                          

(cu-ft)                                                        

Runoff * Area * (43,560/12)

76

1359

TC OK

Since the Post-Developed Volume exceeds the Pre-Developed Volume, Hydromodification is Required.

Post-Developed Volume - Pre-Developed Volume

1359-76

==

==

==

==

==

BKF Engineers

4675 MacArthur Court, Suite 400

Newport Beach, California 92660

BKF | Project No. 181414
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Irvine Animal Care Center                                                       
Pre-developed                                                                   
                                                                                
SUB-AREA:                                                                       
          DMA A + B Outlet              .00148    72.       .19                 
                                                                                
STREAM REACH:                                                                   
                                                                                
STORM ANALYSIS:                                                                 
          2-Yr                          2.05      Type I    2                   
                                                                                
STRUCTURE RATING:                                                               
                                                                                
                                                                                
GLOBAL OUTPUT:                                                                  
          2         0.05                YYYYN     YYYYNN                        
                                                                                
                                                                                

WinTR-20 Printed Page File      End of Input Data List       

                            Irvine Animal Care Center                           
                                  Pre-developed                                 

                          Name of printed page file:
                                   TR20.out                                     

                                           STORM 2-Yr      

Area or    Drainage  Rain Gage     Runoff   ------------ Peak Flow ------------
 Reach       Area      ID or       Amount   Elevation   Time      Rate      Rate
Identifier  (sq mi)   Location      (in)      (ft)      (hr)     (cfs)     (csm)

DMA A + B     0.001                0.022               10.07      0.09     57.70

   Line    
Start Time   ------------ Flow Values @ time increment of  0.012 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     9.972      0.05      0.06      0.06      0.07      0.08      0.08      0.08
    10.056      0.08      0.09      0.08      0.08      0.08      0.08      0.07
    10.140      0.07      0.07      0.06      0.06      0.06      0.06      0.06
    10.224      0.05      0.05      0.05      0.05                              

Area or    Drainage  Rain Gage     Runoff   ------------ Peak Flow ------------
 Reach       Area      ID or       Amount   Elevation   Time      Rate      Rate
Identifier  (sq mi)   Location      (in)      (ft)      (hr)     (cfs)     (csm)

OUTLET        0.001                0.022               10.07      0.09     57.70

   Line    
Start Time   ------------ Flow Values @ time increment of  0.012 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     9.972      0.05      0.06      0.06      0.07      0.08      0.08      0.08
    10.056      0.08      0.09      0.08      0.08      0.08      0.08      0.07
    10.140      0.07      0.07      0.06      0.06      0.06      0.06      0.06
    10.224      0.05      0.05      0.05      0.05                              
 
 
 
 

WinTR-55, Version 1.00.10 Page  1 4/9/2021 7:10:09 AM 
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
e Animal Care Center                                                        (continued)
Pre-developed                                                                   
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          DMA A + B Outlet              .00148    72.       .19                 
                                                                                
STREAM REACH:                                                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
WinTR-20 Version 1.10               Page   1                   04/09/2021  7:09 

                            Irvine Animal Care Center                           
                                  Pre-developed                                 

 Area or    Drainage              ----------- Peak Flow by Storm -----------
  Reach       Area   Alternate       2-Yr                                        
Identifier   (sq mi)               (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

DMA A + B     0.001                 0.09                                        
OUTLET        0.001                 0.09                                        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WinTR-55, Version 1.00.10 Page  2 4/9/2021 7:10:09 AM 
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
e Animal Care Center                                                        (continued)
Pre-developed                                                                   
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          DMA A + B Outlet              .00148    72.       .19                 
                                                                                
STREAM REACH:                                                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
WinTR-20 Version 1.10               Page   2                   04/09/2021  7:09 

WinTR-55, Version 1.00.10 Page  3 4/9/2021 7:10:09 AM 
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WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
Irvine Animal Care Center                                                       
Post-developed                                                                  
                                                                                
SUB-AREA:                                                                       
          DMA A + B Outlet              .00148    84.       .17                 
                                                                                
STREAM REACH:                                                                   
                                                                                
STORM ANALYSIS:                                                                 
          2-Yr                          2.05      Type I    2                   
                                                                                
STRUCTURE RATING:                                                               
                                                                                
                                                                                
GLOBAL OUTPUT:                                                                  
          2         0.05                YYYYN     YYYYNN                        
                                                                                
                                                                                

WinTR-20 Printed Page File      End of Input Data List       

                            Irvine Animal Care Center                           
                                 Post-developed                                 

                          Name of printed page file:
                                   TR20.out                                     

                                           STORM 2-Yr      

Area or    Drainage  Rain Gage     Runoff   ------------ Peak Flow ------------
 Reach       Area      ID or       Amount   Elevation   Time      Rate      Rate
Identifier  (sq mi)   Location      (in)      (ft)      (hr)     (cfs)     (csm)

DMA A + B     0.001                0.394               10.00      0.46    310.18

   Line    
Start Time   ------------ Flow Values @ time increment of  0.011 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     9.596      0.05      0.05      0.06      0.06      0.06      0.07      0.07
     9.671      0.07      0.08      0.08      0.09      0.09      0.10      0.11
     9.746      0.11      0.12      0.13      0.14      0.15      0.16      0.17
     9.821      0.18      0.20      0.21      0.23      0.25      0.27      0.29
     9.896      0.32      0.35      0.37      0.39      0.41      0.43      0.44
     9.972      0.45      0.46      0.46      0.46      0.46      0.45      0.45
    10.047      0.44      0.42      0.41      0.39      0.37      0.34      0.32
    10.122      0.30      0.28      0.26      0.24      0.23      0.22      0.21
    10.197      0.20      0.19      0.18      0.18      0.17      0.17      0.16
    10.272      0.16      0.16      0.15      0.15      0.15      0.14      0.14
    10.347      0.14      0.14      0.13      0.13      0.13      0.13      0.13
    10.423      0.12      0.12      0.12      0.12      0.12      0.12      0.11
    10.498      0.11      0.11      0.11      0.11      0.11      0.10      0.10
    10.573      0.10      0.10      0.10      0.10      0.10      0.10      0.09
    10.648      0.09      0.09      0.09      0.09      0.09      0.09      0.09
    10.723      0.09      0.09      0.09      0.09      0.09      0.09      0.09
    10.798      0.09      0.09      0.08      0.08      0.08      0.08      0.08
    10.873      0.08      0.08      0.08      0.08      0.08      0.08      0.08
    10.949      0.08      0.08      0.08      0.08      0.08      0.08      0.08
    11.024      0.08      0.08      0.08      0.08      0.08      0.08      0.07
    11.099      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.174      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.249      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.324      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.400      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.475      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.550      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.625      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.700      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.775      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    11.851      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    11.926      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.001      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.076      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.151      0.06      0.06      0.06      0.06      0.06      0.06      0.06
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    12.226      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.301      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.377      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.452      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.527      0.06      0.06      0.06      0.06      0.06      0.06      0.06
 
WinTR-20 Version 1.10               Page   1                   04/09/2021  7:10 

                            Irvine Animal Care Center                           
                                 Post-developed                                 

   Line    
Start Time   ------------ Flow Values @ time increment of  0.011 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    12.602      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.677      0.06      0.06      0.05      0.05      0.05      0.05      0.05
    12.752      0.05      0.05      0.05      0.05      0.05      0.05      0.05
    12.828      0.05      0.05      0.05      0.05      0.05      0.05      0.05
    12.903      0.05      0.05      0.05      0.05      0.05      0.05      0.05
    12.978      0.05      0.05      0.05      0.05      0.05      0.05      0.05
    13.053      0.05      0.05      0.05      0.05      0.05      0.05      0.05
    13.128      0.05      0.05      0.05      0.05      0.05      0.05      0.05
    13.203      0.05                                                            

Area or    Drainage  Rain Gage     Runoff   ------------ Peak Flow ------------
 Reach       Area      ID or       Amount   Elevation   Time      Rate      Rate
Identifier  (sq mi)   Location      (in)      (ft)      (hr)     (cfs)     (csm)

OUTLET        0.001                0.394               10.00      0.46    310.18

   Line    
Start Time   ------------ Flow Values @ time increment of  0.011 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

     9.596      0.05      0.05      0.06      0.06      0.06      0.07      0.07
     9.671      0.07      0.08      0.08      0.09      0.09      0.10      0.11
     9.746      0.11      0.12      0.13      0.14      0.15      0.16      0.17
     9.821      0.18      0.20      0.21      0.23      0.25      0.27      0.29
     9.896      0.32      0.35      0.37      0.39      0.41      0.43      0.44
     9.972      0.45      0.46      0.46      0.46      0.46      0.45      0.45
    10.047      0.44      0.42      0.41      0.39      0.37      0.34      0.32
    10.122      0.30      0.28      0.26      0.24      0.23      0.22      0.21
    10.197      0.20      0.19      0.18      0.18      0.17      0.17      0.16
    10.272      0.16      0.16      0.15      0.15      0.15      0.14      0.14
    10.347      0.14      0.14      0.13      0.13      0.13      0.13      0.13
    10.423      0.12      0.12      0.12      0.12      0.12      0.12      0.11
    10.498      0.11      0.11      0.11      0.11      0.11      0.10      0.10
    10.573      0.10      0.10      0.10      0.10      0.10      0.10      0.09
    10.648      0.09      0.09      0.09      0.09      0.09      0.09      0.09
    10.723      0.09      0.09      0.09      0.09      0.09      0.09      0.09
    10.798      0.09      0.09      0.08      0.08      0.08      0.08      0.08
    10.873      0.08      0.08      0.08      0.08      0.08      0.08      0.08
    10.949      0.08      0.08      0.08      0.08      0.08      0.08      0.08
    11.024      0.08      0.08      0.08      0.08      0.08      0.08      0.07
    11.099      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.174      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.249      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.324      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.400      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.475      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.550      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.625      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.700      0.07      0.07      0.07      0.07      0.07      0.07      0.07
    11.775      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    11.851      0.06      0.06      0.06      0.06      0.06      0.06      0.06
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e Animal Care Center                                                        (continued)
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                                           STORM 2-Yr      
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          DMA A + B Outlet              .00148    84.       .17                 
                                                                                
STREAM REACH:                                                                   

                            Irvine Animal Care Center                           
                                 Post-developed                                 

   Line    
Start Time   ------------ Flow Values @ time increment of  0.011 hr ------------
      (hr)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

    11.926      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.001      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.076      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.151      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.226      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.301      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.377      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.452      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.527      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.602      0.06      0.06      0.06      0.06      0.06      0.06      0.06
    12.677      0.06      0.06      0.05      0.05      0.05      0.05      0.05
    12.752      0.05      0.05      0.05      0.05      0.05      0.05      0.05
    12.828      0.05      0.05      0.05      0.05      0.05      0.05      0.05
    12.903      0.05      0.05      0.05      0.05      0.05      0.05      0.05
    12.978      0.05      0.05      0.05      0.05      0.05      0.05      0.05
    13.053      0.05      0.05      0.05      0.05      0.05      0.05      0.05
    13.128      0.05      0.05      0.05      0.05      0.05      0.05      0.05
    13.203      0.05                                                            
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                            Irvine Animal Care Center                           
                                 Post-developed                                 

 Area or    Drainage              ----------- Peak Flow by Storm -----------
  Reach       Area   Alternate       2-Yr                                        
Identifier   (sq mi)               (cfs)     (cfs)     (cfs)     (cfs)     (cfs)

DMA A + B     0.001                 0.46                                        
OUTLET        0.001                 0.46                                        
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WinTR-55, Version 1.00.10 Page  4 4/9/2021 7:10:52 AM 

F-82



WinTR-20 Printed Page File      Beginning of Input Data List 
TR20.inp                                                                        

WinTR-20: Version 1.10                  0         0         0.05                
e Animal Care Center                                                        (continued)
Post-developed                                                                  
                                           STORM 2-Yr      
SUB-AREA:                                                                       
          DMA A + B Outlet              .00148    84.       .17                 
                                                                                
STREAM REACH:                                                                   
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INTRODUCTION 
 

 
PURPOSE 
 
This report summarizes the results of our geotechnical investigation for the proposed Irvine 
Animal Care Center (IACC) Site Project located at 6443 Oak Canyon in the city of Irvine, 
California. The purpose of this investigation was to determine the nature of subsurface soils, to 
evaluate their in-place characteristics, and to then provide geotechnical recommendations with 
respect to site clearing, remedial grading, and design and construction of foundations for the 
proposed new building and associated exterior site improvements. This scope of work was made 
in accordance to our Agreement for Professional Consulting Services with the City of Irvine, 
previously approved on June 12, 2019. 
 
 
SCOPE 
 
The scope of our geotechnical foundation investigation, as outlined in our December 11, 2020 
proposal, was as follows: 

 
1. Researched background information pertaining to the site, including information in 

Griffin Structures files, published geologic maps by CGS and/or USGS, and any 
available project plans and documents.   
 

2. Marked five (5) hollow-stem auger (HSA) drill hole locations during our initial site 
visit and contacted Underground Service Alert (USA/Dig Alert) in order to provide 
advance notification of the subsurface drill holes planned within the subject site.    
 

3. Performed a field subsurface exploration program consisting of advancing two (2) HSA 
drill hole to a depth of approximately 51 feet, one (1) HSA drill hole to a depth of 
approximately 21.5 feet, and two (2) HSA drill holes to a depth of 11.5 feet within/near 
the footprint of the proposed building. Logged all field exploration work and obtained 
soil samples for geotechnical laboratory testing.   
 

4. Performed laboratory testing on soil samples obtained from the drill holes. Testing 
included moisture and density, particle size distribution, maximum density and 
optimum moisture content, expansion index, shear strength characteristics, 
consolidation with one time rate, R-value, and full chemical analysis. 
 

5. Interpreted and evaluated the field and laboratory data collected from this investigation 
and integrated with the previous existing data. Performed geotechnical engineering 
design analyses which included; geologic hazards and seismicity study, settlement 
analysis, bearing capacity, lateral earth pressure, liquefaction analysis, seismic analysis 
in accordance with the American Society of Civil Engineers (ASCE) 7-16 standards, 
and pavement analysis.    
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6. Prepared and distributed this formal geotechnical report for the IACC Site Project 
containing our final geotechnical conclusions and recommendations to support the 
proposed new building and associated exterior site improvements.   

  
 
LOCATION 
 
The IACC Site Project is located at 6443 Oak Canyon in the city of Irvine, California. The general 
location of the project site is shown on our Plate 1 – Location Map. 
 
 

SITE DESCRIPTION 
 
 
Currently, the subject site is an active animal care center for the City of Irvine consisting of four 
buildings and several sheds and kennels. The two buildings in the western portion of the subject 
site have an asphalt parking lot along the north side that is in moderate condition. All four buildings 
have a concrete sidewalk in good condition that borders either completely or partially the perimeter 
of the buildings. The subject site is relatively flat, with slight undulations.   
 
 

PROJECT DESCRIPTION 
 
 
The City of Irvine is planning to remove part of the existing parking lot and lawn to expand and 
connect the existing administration building (Building 1) and the existing cats/small animals 
building (Building 2). Additional activity and get-acquainted yards consisting of synthetic grass, 
fences, and possible shade structures are also planned. A new underground biofiltration system 
will be constructed to treat surface runoff prior to discharging to a permeant drainage device. 
Infiltration at the site is not permitted due to the site being located within the El Toro Groundwater 
Plume area. Final grade of all improvements, excluding the subsurface stormwater biofiltration 
system, are planned to be situated near existing grades. The planned improvements are shown on 
Plate 2 – Geotechnical Map.  
 
 

SUBSURFACE EXPLORATION 
 
 
GMU conducted a field investigation program to characterize the subsurface soils in the vicinity 
of the proposed building. A total of five (5) hollow-stem auger (HSA) exploratory borings were 
performed to a maximum depth of 51 feet below ground surface (bgs). Relatively undisturbed 
Modified California samples and Standard Penetration Test (SPT) samples were obtained from the 
drill holes alternating every 5 feet for visual classification and laboratory testing. Groundwater 
was not encountered during our investigation.  
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The locations of our drill holes are shown on the attached Plate 2 – Geotechnical Map. The logs 
of our drill holes are included in Appendix A. 
 
 

LABORATORY TESTING 
 
 
Laboratory testing was performed on bulk and relatively undisturbed samples collected from the 
exploratory drill holes during our recent subsurface exploration. Testing on soil samples included 
the following: 
 

 Moisture and density; 
 Sieve analysis; 
 Maximum density and optimum moisture content; 
 Expansion index; 
 Consolidation; 
 Direct shear tests; 
 R-value; and 
 Corrosion (pH, resistivity, chlorides, soluble sulfates) 

 
The results of our laboratory testing are summarized on Table B-1 included within Appendix B.   

 
 

GEOLOGIC FINDINGS 
 
 

REGIONAL GEOLOGIC SETTING 
 
The general location of the site is positioned in the southeastern portion of the Central Block of 
the Los Angeles Basin within an area known as the Tustin Plain (CDMG, 1980). Locally, the site 
exists on a series of coalescing alluvial fans between the Santa Ana Mountains and the San Joaquin 
Hills. Review of the available logs, documents, and literature indicates the site is underlain 
predominantly by engineered fill (Qaf) and younger alluvial fan deposits (Qyfa) (USGS, 2006). 
 
 
SUBSURFACE MATERIALS 
 
Engineered Fill (Qaf) 
 
Fill soils were encountered in all excavations performed at the site and consist of dark brown to 
brownish yellow, damp to moist, silty to clayey sands and sandy clays. The fills were placed as 
part of the previous site development and were estimated to be approximately 3 to 4 feet in depth. 
However, deeper engineered fill may exist in local areas. The fine-grained fill soils largely possess 
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medium to high plasticity/expansion characteristics.  
 

Suitability: The existing engineered fills will be evaluated during corrective grading 
operations to determine if they are suitable for support of foundations or building slabs. 
The existing engineered fills are suitable for support of new engineered fill under proposed 
flatwork provided the upper approximately 18 inches of the existing fill is removed.  

 
Younger Alluvial Fan Deposits (Qyfa) 
 
Younger alluvial fan deposits were encountered within the drill holes to the maximum depth 
explored (51 feet). The alluvial deposits encountered consisted mainly of loose to dense, light 
brown to yellowish brown, crudely stratified sandy clays, silty sands, clayey sands, and poorly 
graded sands. The soils are generally dry to moist. Moisture contents and dry unit weights varied 
as summarized on Table B-1 of Appendix B.   
 

Suitability: The in-situ alluvial deposits are not suitable for foundation and building slab 
support. In areas supporting other on-site improvements (i.e., flatwork, fence post 
foundations, etc.), the alluvial deposits are suitable for support of the improvements and/or 
fills required to achieve design grades.  

 
 
LOCAL GROUNDWATER 
 
No static groundwater was encountered within our drill holes to the maximum depth explored (51 
feet). This is in general agreement with the depth of historically high groundwater provided in the 
reference Seismic Hazard Zone Report for the Tustin Quadrangle (CDMG, 2001) which indicates 
that historic high groundwater is in excess of 40 feet below the ground surface. 
 
It should be noted that seasonal fluctuations in the groundwater level may occur. However, given 
that no groundwater was encountered to a depth of 51 feet below existing ground surface for this 
investigation and historic high groundwater is in excess of 40 feet below the ground surface, it is 
anticipated that present and/or future groundwater is not expected to have an impact on the 
proposed building construction.  
 
 
SEISMIC CONDITIONS 
 
Faulting and Seismicity 
 
The site is not located within an official Alquist-Priolo Earthquake Fault Zone (Jennings, 1994; 
Hart and Bryant, 2007), and no known active faults are shown on the reviewed geologic maps 
crossing the site. The site is however located within close proximity to several surface faults that 
are presently zoned as active or potentially active by the California Geological Survey (CGS). The 
nearest known active fault is the San Joaquin Hills blind thrust fault, which is located 
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approximately 0.9 miles from the site and capable of generating a maximum earthquake magnitude 
(Mw) of 7.10. The site is also located within 10 miles of the Newport Inglewood fault, which is 
capable of generating a maximum earthquake magnitude (Mw) of 7.5.   
 
Most of southern California is subject to some level of ground shaking (ground motion) because 
of movement along active and potentially active fault zones in the region. Several sizeable, historic 
earthquakes have occurred in southern California. Given the proximity of the site to several active 
and potentially active faults, the site will likely be subject to earthquake ground motions in the 
future. The level of ground motion at a given site resulting from an earthquake is a function of 
several factors including earthquake magnitude, type of faulting, rupture propagation path, 
distance from the epicenter, earthquake depth, duration of shaking, site topography, and site 
geology. 
 
Seismic Hazard Zones 
 
According to the reference Seismic Hazard Zone map for the Tustin 7.5-Minute Quadrangle, the 
subject site does not lie within an area that is susceptible to earthquake-induced liquefaction or 
land sliding. However, approximately 1 mile northwest of the subject site is a mapped liquefaction 
zone located on the west side of Jeffrey Road.   
 

 
GEOTECHNICAL ENGINEERING FINDINGS 

 
 
STATIC SETTLEMENT/COMPRESSIBILITY 
 
Proposed grades of the new building and site improvements are planned to be essentially the same 
elevations as existing grades. Therefore, static settlement of the site will only be induced by 
introducing new building loads to existing grades and subsurface soils. The underlying alluvial 
deposits encountered were found to be loose/soft to dense/stiff and are considered susceptible to 
consolidation. Static settlement at the site was analyzed for fill over in-situ alluvial deposits 
condition under our recommended bearing capacity utilizing the approximate preliminary assumed 
building foundation loads by means of our consolidation laboratory test from the subject site. 
Calculated total static settlements for the foundation support is approximately 1-inch with 
differential settlement of 0.5 inches over a span of 40 feet.  
 
LIQUEFACTION AND EARTHQUAKE-INDUCED SETTLEMENTS 
 
Liquefaction 
 

The subject site is not located within a zone of potential liquefaction per the Seismic Hazard Zone 
Map for the Tustin Quadrangle (CDMG, 2001). However, it is adjacent to a liquefaction zone 
located approximately 1 mile northwest of the subject site. Therefore, a liquefaction analysis was 
performed to verify the potential for liquefaction is low. 
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Soil liquefaction results from loss of strength during cyclic loading, such as imposed by 
earthquakes. Soils most susceptible to liquefaction are loose to moderately dense, saturated 
granular soils with poor drainage, such as silty sands or sands and gravels capped by or containing 
seams of impermeable sediment. 
 
When seismic ground shaking occurs, the soil is subjected to cyclic shear stresses that can cause 
increased hydrostatic pressure that induces liquefaction. Liquefaction can cause softening, which 
can result in large cyclic deformations. In loose granular soils, softening can also be accompanied 
by a loss of shear strength that may lead to large shear deformations or even flow failure under 
moderate to high shear stresses, such as beneath a foundation or sloping ground (NCEER/NSF, 
1998).   
 
Loose granular soil can also settle (compact) during liquefaction and as pore pressures dissipate 
following an earthquake. Very limited field data is available on this subject; however, in some 
cases, settlement on the order of 2 to 3 percent of the thickness of the liquefied zone has been 
measured.  
 
Youd and Idriss et al. (2001) methodology was used to evaluate the liquefaction resistance of 
subsurface soils at the site from drill hole data. Our liquefaction analysis was based on the ASCE 7-
16 ground motion criteria. The California Geological Survey (CDMG, 2001) groundwater data, 
which provides a historical high groundwater depth in excess of 40 feet, was used in our analysis. 
Our liquefaction analysis confirmed the potential for liquefaction at the subject site is low for a 
design groundwater table at or deeper than 40 feet below ground surface. The results of our 
liquefaction analysis are included in Appendix C.   
 
Earthquake-Induced Settlement 
 

If near-surface soils vary in composition both vertically and laterally, strong earthquake shaking 
can cause non-uniform compaction of soil strata, resulting in movement of the near-surface soils. 
Because the subsurface soils encountered at the site do not appear to change in thickness or 
consistency abruptly over short distances, we judge the probability of significant differential 
compaction at the site to be low. The total and differential earthquake-induced settlements are 
expected to be less than 1-inch and ½-inch, respectively. 
 
Lateral Spreading 
 

Lateral spreading typically occurs as a form of horizontal displacement of relatively flat-lying 
alluvial material toward an open or “free” face such as an open body of water, channel, or 
excavation. In soils, this movement is generally due to failure along a weak plane and may often 
be associated with liquefaction. As cracks develop within the weakened material, blocks of soil 
displace laterally towards the open face. Cracking and lateral movement may gradually propagate 
away from the face as blocks continue to break free. Generally, failure in this mode is analytically 
unpredictable since it is difficult to determine where the first tension crack will occur. 
 
The liquefaction potential is considered low at the site and there are no creeks or open bodies of 
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water within an appropriate distance from the site for lateral spreading to occur on the site. For 
this reason, the probability of lateral spreading occurring at the site during a seismic event is low. 
 
 
TSUNAMI, SEICHE, AND FLOODING 
 

The site is not located on any State of California – County of Orange Tsunami Inundation Map for 
Emergency Planning. The potential for the site to be adversely impacted by earthquake-induced 
tsunamis is considered to be negligible because the site is located several miles inland from the 
Pacific Ocean coast at an elevation exceeding the maximum height of potential tsunami 
inundation.  
 
The potential for the site to be adversely impacted by earthquake-induced seiches is considered to 
be negligible due to the lack of any significant enclosed bodies of water located in the vicinity of 
the site.  
 
According to the County of Orange FEMA Flood Insurance Rate Map, the site is located within 
“Zone X”, an area of minimal flood hazards. The potential for the site to be adversely impacted by 
significant flooding is considered low.  
 
 
SOIL EXPANSION 
 
According to the 2019 CBC, soils meeting all four of the following provisions shall be considered 
expansive, except that tests for compliance with Items 1, 2, and 3 shall not be required if the test 
prescribed in Item 4 is conducted: 
 

1. Plasticity index (PI) of 15 or greater (ASTM D4318). 
2. More than 10 percent of the soil particles pass the #200 sieve (ASTM D422). 
3. More than 10 percent of the soil particles are less than 5 micrometers in size (ASTM 

D422). 
4. Expansion index greater than 20 (ASTM D422). 

 
 
In addition to gradation laboratory testing, one expansion index (EI) test was performed on the 
near surface soils at the site. The expansion index of the tested soil was 86, which indicates a 
medium to high expansion potential. Therefore, the shallow soils within the site have a potential 
for expansion, and special design considerations will be required for design of the proposed 
improvements. Test results are provided in Appendix B. 
 
 
SOIL CORROSION 
 
Based on the test results for pH, soluble chlorides, sulfate, and minimum resistivity obtained during 
this investigation (presented in Appendix B), the on-site soils should be considered to have:  
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 A low to moderate minimum resistivity (corrosive to ferrous metals).   
 A negligible sulfate exposure to concrete per the ACI 318 Table 19.3.1.1 (Exposure 

Class S0).   
 A low to medium chloride content (corrosive to ferrous metals).   

 
Further corrosivity testing is recommended below proposed building and improvements upon 
completion of precise grading and prior to construction to confirm the preliminary results provided 
herein. 
 
 
EXCAVATION CHARACTERISTICS 
 
Rippability 
 
The soil materials to be encountered for the project can be excavated with conventional grading 
and excavation equipment. 
 
Excavation and Trenching 
 
We expect that proposed corrective grading and excavation of the proposed biofiltration system 
and utility trenches can be accomplished utilizing conventional excavating and trenching machines 
and backhoes. Significant quantities of gravels or oversize materials were not observed during our 
field investigation. However, zones of loose, sandy soils were encountered during our exploration 
and therefore, these materials may be subject to caving due to the granular nature of the 
uncemented soil matrix. Trench support requirements will be limited to those required by safety 
laws or other locations where trench slopes will need to be flattened or supported by shoring 
designed to suit the specific conditions exposed. 
 
Excavation Stability 
 
Excavations created for corrective grading, construction of stormwater biofiltration system, and 
utility trenches will need to be laid back at an angle no greater than 1:1 up to a depth of 4 feet 
and/or shored per OSHA requirements. Below 4 feet, excavations will need to be laid back 1.5:1 
as Type C soils were encountered during investigation. For steeper removals near existing 
buildings, excavations will need to be conducted in slots if the excavation is below the elevation 
of the existing building foundation bottoms. Recommendations for slot cutting are provided in the 
“Recommendations” section of this report. 
 
The above verbiage regarding excavation stability is presented for general guidance only. All 
aspects of construction stability are the responsibility of the contractor. All governing regulations 
in regards to excavation stability (i.e., OSHA, City of Irvine, etc.) should be followed.  
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Volume Change 
 
In order to aid in the planning for the anticipated precise grading, we estimate that the change in 
volume of on-site engineered fill excavated and placed as compacted fill at an average relative 
compaction of 90%, will result in about 2% to 5% decrease of volume or shrink.   
 
 
IN-SITU SOIL MOISTURE CHARACTERISTICS 
 
The fill and alluvial soils within the site are generally dry to moist. Fills within the upper 5 to 10 
feet have an average degree of saturation between 55 to 90 percent. Consequently, the potential 
for expansive soil movements to impact all improvements is moderate to high. It should be noted, 
however, that the moisture content within the upper several feet may vary depending on rainfall 
and the time of year in which grading occurs. One or more of the following measures during site 
grading may be required: 1) moisture conditioning, 2) locally drying back of the soils, and/or 
3) mixing of the soils.   
 
 

CONCLUSIONS 
 
Based on the geologic and geotechnical findings, the following is a summary of our conclusions: 

 
1. It is our opinion that the proposed project is feasible assuming all applicable 

recommendations contained herein are implemented.   
 

2. The existing engineered fills will need to be evaluated during corrective grading 
operations to determine if they are suitable for support of foundations or building slabs. 
The existing engineered fills are suitable for support of new engineered fill under 
proposed flatwork provided the upper approximately 18 inches of the existing fill is 
removed. The existing alluvial deposits are not suitable for foundation support, 
excluding fence pole foundations, but are suitable for support of new engineered fill.  
 

3. The alluvial deposits are subject to caving due to the granular nature of the uncemented 
soil matrix. 

4. The proposed buildings and miscellaneous structures may be supported on shallow 
conventional spread or continuous footings supported by engineered fill. Proposed 
shade structures, lighting, signage, and fencing may be supported on pole foundations 
supported by engineered fill or competent alluvial materials.  

 
5. Groundwater is not anticipated to be a design constraint and/or encountered during the 

planned precise grading or during the installation of shallow underground utilities.   
 

6. There are no known active faults crossing the subject site. The site seismicity is typical 
for the Irvine area. Structure design should be in accordance with the current CBC.   
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7. The magnitude of total static settlements beneath the proposed buildings are not 
expected to exceed 1 inch.   

 

8. The potential for liquefaction and lateral spreading is considered low and earthquake-
induced settlement is expected to be less than 1 inch.  
 

9. The on-site soils have a medium to high expansion potential. Due to the potential for 
expansive soils, special design considerations will be required for the foundations, 
slabs, and flatwork associated with the proposed improvements. The previously graded 
site contains soils within the upper 5 to 10 feet that have an average degree of saturation 
between 55 and 90% indicating damp to moist conditions and a medium to high 
potential for expansive soil movements.   

 

10. The on-site soils are corrosive to ferrous metals and have a potential for chloride 
corrosion exposure to concrete (i.e., as defined by the CBC) and reinforcement. Special 
design considerations will be required for proposed improvements in contact with on-
site soil.   

 
 

RECOMMENDATIONS 
 
 
GEOTECHNICAL APPROACH  
 
From a geotechnical engineering viewpoint, the proposed development is feasible, provided design 
and construction are performed in accordance with the recommendations presented in this report. 
Geotechnical recommendations provided in this report include the following: 
 

 Recommendations for corrective grading under proposed improvements (i.e., 
foundations, building pads, and pavement/flatwork areas); 

 Slot cutting recommendations for excavations adjacent to existing structures; 
 Design parameters for spread and continuous footings and pole foundations to support 

the proposed building additions and site improvements;  
 Utility trench excavation and backfill recommendations; 
 Excavation and backfill recommendations for the proposed stormwater biofiltration 

system; and 
 Asphalt pavement, synthetic turf, and concrete flatwork recommendations.  
 
 

GENERAL SITE PREPARATION AND GRADING 
 
General 
 
The following recommendations pertain to any required grading associated with the proposed 
improvements and corrective grading needed to support the proposed improvements. All site 
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preparation and grading should be performed in accordance with the City of Irvine grading code 
requirements and the recommendations presented in this report.   
 
Clearing 
 
All significant organic material such as weeds, brush, tree branches, or roots, or construction debris 
such as old irrigation lines, asphalt concrete, and other decomposable material should be removed 
from the area to be graded. No rock or broken concrete greater than 6 inches in diameter should 
be utilized in the fills. 
 
Corrective Grading 
 
Corrective grading will serve to create a firm and workable platform for construction of the 
proposed developments such as new building additions and associated pavement and site flatwork. 
 
It should be noted that the recommendations provided herein are based on our subsurface 
exploration and knowledge of the on-site geology.  Actual removals may vary in configuration and 
volume based on observations of geologic materials and conditions encountered during grading.  
The bottom of all remedial grading removals should be observed by a GMU representative to 
verify the suitability of in-place soil prior to performing scarification and recompaction.  
Corrective grading recommendations are outlined below. 
 
 Building Pad: Grading recommendations for support of the new building pads should 

consist of the following: 
 

o The building pad should be excavated to a depth of at least 2 feet below existing 
grade across the entire pad and extend laterally a minimum of 5 feet from the edge 
of the new footings, where possible. The bottom of the excavation should be 
observed and tested (i.e., by means of test pits and field density testing) by a GMU 
representative to verify the suitability of in-place soils. If the bottom of the 
excavation is verified to be suitable for foundation and building slab support, then 
the proposed building foundation can be constructed on the existing fill materials 
encountered at least 2 feet below existing grade.  

o If the existing fill is verified by a GMU representative to not be suitable for building 
foundation support, over-excavation will be required to a minimum depth of 2 feet 
below the bottom of the proposed building foundation. Slot cutting will be required 
adjacent to the existing structures if over-excavation is required below the elevation 
of the existing building foundation bottoms. See following “Slot Cutting” section 
for recommendations adjacent to the existing buildings. 

o The bottom of the excavation should then be scarified to a depth of at least 6 inches, 
moisture conditioned to 3% above optimum moisture content, and compacted to at 
least 90% relative compaction.  
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o Following the approval and processing of the over-excavation bottom by a 
representative of GMU, the onsite material may be used as fill material to achieve 
the planned subgrade elevation. 

o The fill material should then be placed in 6- to- 8-inch-thick lifts, moisture 
conditioned to at least 3% above optimum moisture content, blended to achieve 
uniform moisture content and compacted to achieve 90% relative compaction. 

 
Flatwork/Pavement/Synthetic Turf Areas: Grading recommendations for the support of the 
asphalt and concrete pavement, flatwork, and synthetic turf areas should consist of the 
following: 
 

o The upper 18 inches of existing fill within new pavement, flatwork, and synthetic 
turf areas should be removed. The removal should, at a minimum, provide for at 
least 1 foot of new engineered fill supporting the structural asphalt, flatwork, and 
synthetic turf sections. 

o The bottom of the removal should be scarified to a depth of 6 inches, moisture 
conditioned to least 3% above optimum moisture content, and recompacted to at 
least 90% relative compaction.  

 
Stormwater Biofiltration Structure: Corrective grading recommendations for the 
stormwater biofiltration structure are as follows: 
 

o The subgrade for the structure should be over-excavated 2 feet to provide at a 
minimum of 2 feet of engineered fill under the design section for the structure. The 
over-excavation should extend at least 2 feet outside the footprint of the structure. 

o The bottom of the excavation should then be scarified to a depth of at least 6 inches, 
moisture conditioned to 3% above optimum moisture content, and compacted to at 
least 90% relative compaction.  

o Following the approval and processing of the over-excavation bottom by a 
representative of GMU, the onsite material may be used as fill material to achieve 
the planned subgrade elevation. 

o The fill material should then be placed in 6- to- 8-inch-thick lifts, moisture 
conditioned to at least 3% above optimum moisture content, blended to achieve 
uniform moisture content and compacted to achieve 90% relative compaction. 

 
Foundations for Shade Structure, Light Poles, Signage, and Fence Posts: Corrective 
grading to support foundations for shade structures, light poles, signage, and fence posts 
are provided below: 
 

o If isolated pads or continuous foundations are used for the shade structure, the 
foundation should be supported by at least 2 feet of new engineering fill placed on 
in-situ alluvial soils. 

o No corrective grading is expected to be required if the shade structure is supported 
by pole foundations constructed in minimum conformance with the 
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recommendations provided in this report. 
o No corrective grading is expected to be required for the light pole and fence post 

foundations provided they are constructed in minimum conformance with the 
recommendations contained in this report. 

 
 
SLOT CUTTING 
 
As shown on Plate 2, new building additions are proposed adjacent to the existing buildings. As 
stated in the above “Corrective Grading” section, slot cutting will be required adjacent to the 
existing structures if over-excavation is required below the elevation of the existing building 
foundation bottoms.  
 
The slot cutting should be performed by first cutting down the temporary excavation at a maximum 
inclination of 1:1 (horizontal to vertical) projected from the existing footings towards the middle 
of the subject corrective grading excavation with the top of the cuts located 12 inches away from 
the edges of the footings. The 1:1 slopes should then be divided into approximately equal sections 
not exceeding a width of 15 feet. Each section should be excavated and backfilled before 
excavation of the adjacent slot is performed. Slot cut operations should be performed subject to 
the observation of GMU and if any evidence of potential instability is observed, revised 
recommendations such as narrower slot cut sections may be necessary.   
 
 
FILL MATERIAL AND PLACEMENT 
 
Suitability and Selective Grading 
 
All on-site soil materials within the limits of grading are suitable for use as compacted fill if care 
is taken to remove all significant organic and other decomposable debris and to separate and 
selectively place and/or stockpile rock materials larger than 6 inches in diameter. 
 
Compaction Standard and Moisture Requirements 
 
All on-site soil material used as compacted fill, material processed in place, or used to backfill 
trenches should be moistened, dried, or blended as necessary to achieve a minimum of 3% over 
optimum moisture content (i.e., if the optimum moisture content is 10.5%, the compacted fill’s 
moisture content shall be at least 13.5%), and densified to at least 90% relative compaction as 
determined by ASTM Test Method D 1557. Final surface subgrade soils should be frequently 
watered in order to keep the soil moist until building slabs, flatwork, or any other final 
improvements are installed. If the soil is allowed to dry out and deep shrinkage cracks appear, at 
least the upper 6 inches should be re-processed, moisture conditioned to 3% over optimum, and 
re-compacted.   
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Use of Rock or Broken Concrete 
 
No rock or broken concrete greater than 6 inches in diameter should be utilized in the fills. 
 
 
STRUCTURE SEISMIC DESIGN 
 
The average shear wave velocity for the upper 100 feet of subsurface soils (Vs30) was estimated to 
be approximately 970 feet per second (fps) based on the empirical relationship between SPT blow 
counts and shear wave velocity of DH-2 and DH-4.  Based on this shear wave velocity, Table 20.3-
1 of ASCE 7-16 indicates that the site should be designated as Site Class D which corresponds to 
a “stiff soil” profile. The seismic design coefficients based on ASCE 7-16 are listed in Table 1.   
 

Table 1. 2019 CBC and ASCE 7-16 Seismic Design Parameters 
(To be utilized as per the requirements of Section 11.4.8 of ASCE 7-16) 

 

Seismic Item 
Design 
Value

2016 ASCE 7-16 or  
2019 CBC Reference 

Site Class based on soil profile (ASCE 7-16 Table 20.3-1)  D(a) ASCE 7-16 Table 20.3-1 

Short Period Spectral Acceleration Ss 1.245(a) CBC Figures 1613.2.1 (1-8) 

1-sec.  Period Spectral Acceleration S1 0.446(a) CBC Figures 1613.2.1 (1-8) 

Site Coefficient Fa (2019 CBC Table 1613.2.3(1))  1.002(a) CBC Table 1613.2.3 (1) 

Site Coefficient Fv (2019 CBC Table 1613.2.3(2)) 1.845(b) CBC Table 1613.2.3 (2)
Short Period MCE* Spectral Acceleration SMS     SMS = Fa Ss 1.248(a) CBC Equation 16-36 

1-sec.  Period MCE Spectral Acceleration SM1    SM1 = Fv S1 0.823(b) CBC Equation 16-37
Short Period Design Spectral Acceleration SDS    SDS = 2/3SMs 0.832(a) CBC Equation 16-38 

1-sec.  Period Design Spectral Acceleration SD1    SD1 = 2/3SM1 0.549(b) CBC Equation 16-39
Short Period Transition Period TS (sec)                         TS = SD1/SDS 0.660(b) ASCE 7-16 Section 11.4.6
Long Period Transition Period Tl (sec)  8(b) ASCE 7-16 Figures 22-14 to 22-17
MCE(c) Peak Ground Acceleration (PGA)  0.520(a) ASCE 7-16 Figures 22-9 to 22-13 

Site Coefficient FPGA (ASCE 7-16 Table 11.8-1)  1.100(a) ASCE 7-16 Table 11.8-1 

Modified MCE(c) Peak Ground Acceleration (PGAM)  0.572(a) ASCE 7-16 Equation 11.8-1 

Seismic Design Category D(b) ASCE 7-16 Tables 11.6.1 and 11.6.2
 

(a)  Design Values Obtained from USGS Earthquake Hazards Program website that are based on the ASCE-7-16 
and 2019 CBC and site coordinates of N33.674942o and W117.763555o. 

(b)  Design Values Determined per ASCE Table 11.4-2 and CBC Equations 16-36 through 16-39. 
(c)  MCE: Maximum Considered Earthquake. 

 
The Maximum Considered Earthquake (MCE) Peak Horizontal Ground Acceleration (PGAM) is 
0.57g as determined in accordance with ASCE 7-16. This PGAM is primarily dominated by 
earthquakes with a mean magnitude of 6.6 at a mean distance of 9 miles from the site using the 
USGS 2014 Interactive Deaggregation website. 
 
Since the Site Class is designated as D and the S1 value is greater than or equal to 0.2, the 2019 
CBC requires either a site-specific ground motion hazard analysis per Section 21.2 of ASCE 7-16 
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or the application of Exception 2 of Section 11.4.8 of ASCE 7-16.  Exception 2 states that a site-
specific ground motion hazard analysis is not required provided that the value of the seismic 
response coefficient, Cs, is conservatively calculated by the project structural engineer using 
Equation 12.8-2 of ASCE 7-16 for values of T<1.5Ts and taken as equal to 1.5 times the value 
computed in accordance with either Equation 12.8-3 for TL>T>1.5Ts or Eqn. 12.8-4 for T>TL.   
 
The project structural engineer should apply all requirements of Section 11.4.8 of ASCE 7-16 to 
determine if increases to the seismic response coefficient (i.e., increases to the loading of the 
structure) are required. If increases to the loading of the structure are required, a site-specific 
seismic hazard analysis may result in decreased loading and possible cost savings. Please contact 
GMU if a site-specific seismic hazard analysis is desired. 
 
Per the 2019 CBC and ASCE 7-16, the Design Earthquake peak ground acceleration (PGAD) may 
be assumed to be equivalent to SDS/2.5; therefore, for the subject site, a PGAD value of 0.33g 
(0.832g/2.5) should be used. This PGAD is primarily dominated by earthquakes with a mean 
magnitude of 6.6 at a mean distance of 11.5 miles from the site using the USGS 2014 Interactive 
Deaggregation website.  
 
It should be recognized that much of southern California is subject to some level of damaging 
ground shaking as a result of movement along the major active (and potentially active) fault zones 
that characterize this region. Design utilizing the 2019 CBC is not meant to completely protect 
against damage or loss of function. Therefore, the preceding parameters should be considered as 
minimum design criteria. 
 
 
BUILDING FOUNDATION RECOMMENDATIONS 
 
General 
 
The following design parameters are considered applicable for shallow foundations and slab-on-
grade systems that may be constructed for the proposed buildings provided the grading 
recommendations outlined above are followed.   
 
 
Standard Foundation Parameters 
 

Bearing Material: 2ft of Engineered Fill 
 

Minimum Footing Sizes (for designing): 
 Spread (i.e., Square): 1.5 feet wide and 1.5 feet embedment below lowest 

adjacent soil grade (depth) 
 Continuous: 1.5 feet wide and 1.5 feet embedment below lowest adjacent soil 

grade (depth) 
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Settlement: 
 Static: 

o Total:  1.0” 
o Differential:  0.5” over 40 feet 

 Seismic Settlement: 
o Total:  1.0” 
o Differential:  0.5” over 40 feet 

 
Allowable Bearing Capacity:   

 Allowable bearing capacity: 3,500 psf for minimum footing size 
 May be increased by 250 psf for each additional foot of footing depth and by 

50 psf for each additional foot of footing width to a maximum of 5,000 psf  
 Above value may be increased by 1/3 for temporary loads such as wind or 

seismic 
 

Lateral Foundation Resistance: 
 Allowable passive resistance:  300 psf/ft (disregard upper 6 inches, max 

3,000 psf) 
 Allowable friction coefficient:  0.28 
 Above values may be combined without reduction and may be increased by 

1/3 for temporary loads such as wind or seismic  
 
Slab Subgrade and Slab Design 
 

Minimum Thickness:  The minimum slab thickness shall be 5 inches. 
 
Minimum Slab Reinforcement:  

 Minimum slab reinforcement shall not be less than No. 4 bars placed at 18 
inches on center.  
 

 Welded wire mesh is not recommended. Care should be taken to position the 
reinforcement bars in the center of the slab.   
 

 Final design details should be provided to our office by the design structural 
engineer for review.   

 
Slab Subgrade 

 The on-site soils and subgrade soil should be moisture conditioned to a minimum 
of 3% over optimum moisture content. 

 
 4-inch section of ¾-inch gravel or crushed stone layer (i.e., to act as a capillary 

break) placed over engineered fill.   
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 Sand above the moisture retarder/barrier (i.e., directly below the slab) is not 
a geotechnical issue. This should be provided by the structural engineer of 
record or architect based on the type of slab, potential for curling, etc. 

 
 
MOISTURE VAPOR TRANSMISSION 
 
Moisture Vapor Retarder 
 
A vapor retarder or barrier such as Stego 15 Mil Class A or equivalent should be utilized overtop of 
the required gravel/stone course. The retarder/barrier should be installed as follows: 
 

 Below moisture-sensitive floor areas. 
 Installed per manufacture’s specifications as well as with all applicable recognized 

installation procedures such as ASTM E1643. 
 Joints between the sheets and the openings for utility piping should be lapped and 

taped. If the retarder/barrier is not continuously placed across footings/ribs, the 
retarder/barrier should, as a minimum, be lapped into the sides of the footing/rib 
trenches down to the bottom of the trench. 

 A 4-inch section of ¾-inch gravel or crushed stone layer shall be provided directly 
below the moisture vapor retarder/barrier to act as a moisture or capillary break. 

 Punctures in the vapor retarder/barrier should be repaired prior to concrete placement. 
 
The need for sand and/or the amount of sand above the moisture vapor retarder/barrier should be 
specified by the owner with approval by the structural engineer. The selection of sand above the 
retarder/barrier is not a geotechnical engineering issue and is hence outside our purview. However, 
if sand is to be placed above the retarder/barrier for this project, the sand should be placed in a dry 
condition. 
 
Water Vapor Transmission Discussion 
 
As discussed above, placement of a moisture vapor retarder/barrier below all slab areas is 
recommended where moisture sensitive flooring will be placed. This moisture vapor retarder/barrier 
recommendation is intended only to reduce moisture vapor transmissions from the soil beneath the 
concrete and is consistent with the current standard of the industry for construction in southern 
California. It is not intended to provide a “waterproof” or “vapor proof” barrier or reduce vapor 
transmission from sources above the retarder. Sources above the retarder/barrier include any sand 
placed on top of the retarder/barrier (i.e., to be determined by the project structural designer) and 
from the concrete itself (i.e., vapor emitted during the curing process). The evaluation of water 
vapor from any source and its effect on any aspect of the proposed living space above the slab 
(i.e., floor covering applicability, mold growth, etc.) is outside our purview and the scope of this 
report. 
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Floor Coverings 
 
Prior to the placement of flooring, the floor slabs should be properly cured and tested to verify that 
the water vapor transmission rate (WVTR) is compatible with the flooring requirements. 
 
 
SHALLOW FOUNDATION RECOMMENDATIONS 
 
General 
 
The following design parameters are considered applicable for shallow foundations systems that 
may be constructed for site improvements (i.e., possible shade structures, signage, etc.) provided 
the grading recommendations outlined above are followed.   
 
Standard Foundation Parameters 
 

Bearing Material: 2ft of Engineered Fill 
 

Minimum Footing Sizes (for designing): 
 Spread (i.e., Square): 1.5 feet wide and 1.5 feet embedment below lowest 

adjacent soil grade (depth) 
 Continuous: 1.5 feet wide and 1.5 feet embedment below lowest adjacent soil 

grade (depth) 
 
Settlement: 

 Static: 
o Total:  1.0” 
o Differential:  0.5” over 40 feet 

 Seismic Settlement: 
o Total:  1.0” 
o Differential:  0.5” over 40 feet 

 
Allowable Bearing Capacity:   

 Allowable bearing capacity: 3,500 psf for minimum footing size 
 May be increased by 250 psf for each additional foot of footing depth and by 

50 psf for each additional foot of footing width to a maximum of 5,000 psf  
 Above value may be increased by 1/3 for temporary loads such as wind or 

seismic 
 

Lateral Foundation Resistance: 
 Allowable passive resistance:  300 psf/ft (disregard upper 6 inches, max 

3,000 psf) 
 Allowable friction coefficient:  0.28 
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 Above values may be combined without reduction and may be increased by 
1/3 for temporary loads such as wind or seismic  

 
 
POLE FOUNDATION DESIGN PARAMETERS 
 
The following design parameters are considered applicable for pole foundations systems that may 
be constructed for site improvements (i.e., possible shade structures, light poles, or signage) 
provided the grading recommendations outlined above are followed. Final depth and size of pole 
foundations should be determined by the project structural engineer.  
 

Bearing Material: Engineered Fill or Competent Alluvium 
 

Minimum Pole Foundation Diameter: 18 inches 
 

Minimum Pole Foundation Depth: 5 feet (final depth to be determined by structural engineer) 
 
End Bearing: 

 3,000 psf (minimum pole depth of 5 feet) 
o One-third increase for wind or seismic loading 
o Assumes bottom of drill hole thoroughly cleaned of all loose soil prior 

to pour. 
 

Allowable Skin Friction:   
 200 psf (minimum pole foundation depth of 5 feet)  

o One-third increase for wind or seismic loading 
 

Allowable Passive Resistance: 
 Allowable passive resistance:  200 psf/ft of pole foundation depth  

o Disregard the upper 1 foot due to possible soil disturbance. 
o Passive may be increased by an isolated pile factor of 2 (e.g., 400 psf/ft 

of pole diameter per foot of depth) when center to center distance of 
poles is greater than 3 times their diameter. 

o One-third increase for wind or seismic loading. 
 
Construction Considerations for Pole Foundations 
 
GMU recommends the following construction considerations for the mono-pole foundations: 
 

 Drilling for pole foundations should be performed under the observation of GMU to 
confirm the poles have been extended to the design embedment depths.  

 The alluvial deposits may be subject to caving due to the granular nature of some 
subsurface alluvial deposits. Casing or other means of sidewall stabilization and 
protection may be required.  
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 The drill holes should be cleaned of loose soil prior to placement of rebar and concrete. 
 
 
FENCE POST POLE FOUNDATION RECOMMENDATIONS 
 
It is expected that pole foundations will be required for the fence posts and gates planned on the 
site. These fence post foundations may be designed using the following soil parameters. Final 
depth and size of fence post foundations should be determined by the project structural engineer.  
 

Bearing Material: Engineered Fill or Competent Alluvium 
 

Minimum Pole Foundation Diameter: 12 inches 
 

Minimum Pole Foundation Depth: 2 feet (final depth to be determined by structural engineer) 
 
End Bearing: 

 1,500 psf (minimum pole depth of 2 feet) 
o One-third increase for wind or seismic loading 
o Assumes bottom of drill hole thoroughly cleaned of all loose soil prior 

to pour. 
 

Allowable Skin Friction:   
 250 psf (minimum pole foundation depth of 2 feet)  

o One-third increase for wind or seismic loading 
 

Allowable Passive Resistance: 
 Allowable passive resistance:  250 psf/ft of pole foundation depth  

o Disregard the upper 1 foot due to possible soil disturbance. 
o Passive may be increased by an isolated pile factor of 2 (e.g., 500 psf/ft 

of pole diameter per foot of depth) when center to center distance of 
poles is greater than 3 times their diameter. 

o One-third increase for wind or seismic loading. 
 
 
UTILITY TRENCH BACKFILL CONSIDERATIONS 
 
General 
 
New utility line pipeline trenches should be backfilled with select bedding materials beneath and 
around the pipes (pipe zone) and compacted soil above the pipe bedding. Recommendations for 
the types of the materials to be used and the proper placement of these materials are provided in 
the following sections.   
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Pipe Zone (Bedding and Shading) 
 
The pipe bedding and shading materials should extend from at least 6 inches below the pipes to at 
least 12 inches above the crown of the pipes. Pipe bedding and shading should consist of either 
clean sand with a sand equivalent (SE) of at least 30, or crushed rock. If crushed rock is used, it 
should consist of ¾-inch crushed rock that conforms to Table 200-1.2.1 (A) of the 
2015 “Greenbook.” Pipe bedding and shading should also meet the minimum requirements of the 
City of Irvine. If the requirements of the City are more stringent, they should take precedence over 
the geotechnical recommendations. Sufficient laboratory testing should be performed to verify the 
bedding and shading meets the minimum requirements of the Greenbook and City of Irvine 
grading code.   
 
Based on our subsurface exploration and knowledge of the onsite materials, the soils that will be 
excavated from the pipeline trenches will not meet the recommendations for pipe bedding and 
shading materials; therefore, imported materials will be required for pipe bedding and shading.   
 
Granular pipe bedding and shading material having a sand equivalent of 30 or greater should be 
properly placed in thicknesses not exceeding 3 feet, and then sufficiently flooded or jetted in place. 
Crushed rock, if used, should be capped with filter fabric (Mirafi 180N, or equivalent) to prevent 
the migration of fines into the rock.  
 
Trench Backfill 
 
All existing soil material within the limits of the site are considered suitable for use as trench 
backfill above the pipe bedding and shading zone if care is taken to remove all significant organic 
and other decomposable debris, moisture condition the soil materials as necessary, and separate 
and selectively place and/or stockpile any inert materials larger than 6 inches in maximum 
diameter. 
 
Imported soils are not anticipated for backfill since the on-site soils are suitable. However, if 
imported soils are used, the soils should consist of clean, granular materials with physical and 
chemical characteristics similar to or better than those described herein for on-site soils. Any 
imported soils to be used as backfill should be evaluated and approved by GMU prior to placement.   
 
Soils to be used as trench backfill should be moistened, dried, or blended as necessary to achieve 
a minimum of 3% over optimum moisture content (i.e., if the optimum moisture content is 12.0%, 
the compacted fill’s moisture content shall be at least 15.0%), placed in lifts, which prior to 
compaction, shall not exceed the thickness specified in section 306-12.3 of the 2018 “Greenbook” 
for various types of equipment, and mechanically compacted/densified to at least 90% relative 
compaction as determined by ASTM Test Method D 1557. Jetting is not permitted in this trench 
zone.   
 
No rock or broken concrete greater than 6 inches in maximum diameter should be utilized in the 
trench backfills. 
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STORMWATER BIOFILTRATION SYSTEM RECOMMENDATIONS 
 
The following design parameters are considered applicable for the proposed stormwater 
biofiltration system provided the grading recommendations outlined in the “Corrective Grading” 
section of this report are followed. These recommendations are based on preliminary standard 
details provided by BKF Engineers, the project Civil engineer, and may require revisions once the 
final design of the stormwater biofiltration system has been determined.  
 
Foundation Type 
 
The stormwater biofiltration system shall be underlain by a minimum of 6 inches of gravel or 
crushed stone containing not more than 10% of material passing through a No. 4 (4.75 mm) sieve 
should be placed in a dry condition over the subgrade. 
 
Lateral Earth Pressure for Retaining Structures 
 
Based on the laboratory test results and our experience with the soils in the area, we recommend 
the following lateral earth pressures for the stormwater biofiltration system:   

 
Table 2.  Lateral Earth Pressures 

 

Conditions Equivalent Fluid Pressure 

Active 50 (pcf) 
At-Rest 65 (pcf)

EQ-Induced EFP 15 (pcf)
Passive 300 (pcf) with a maximum of 3,000 psf 

Friction Coefficient 0.28 
  Note: “H” is the height of the retained soil. 

 
Determination of appropriate design conditions (active or at-rest) depends on flexibility. If rotation 
at the base and at the top is allowed, the active pressure condition applies; otherwise, the at-rest 
condition governs.   
Surcharge loads (dead or live) should be added to the indicated lateral earth pressures and should 
be applied uniformly, if such loads are within a horizontal distance that is less than the exposed 
wall height. The corresponding lateral earth pressures will be approximately 30 and 50 percent of 
the vertical surcharge for active and at-rest conditions, respectively. Surcharge pressures from 
concentrated loads should be evaluated after geometric constraints and loading conditions are 
determined on an individual basis by the geotechnical engineer of record.  
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PAVEMENTS 
 
Asphalt Pavement Design 
 
Pavement engineering analyses was performed in accordance with the Caltrans Highway Design 
Manual. Topic 633 of the Caltrans Design Manual was followed to develop pavement thickness 
design recommendations. This design method considers the relationship between the subgrade R-
value, gravel factor of the various pavement layers, and the traffic index (TI).  
 
Pavement thickness recommendations were developed based on an assumed range of traffic 
indices (TI’s) for a 20-year design life. A traffic engineer should review and confirm the 
appropriateness of the TI’s used in our analysis. Based on our R-value test result and shallow soil 
types encountered, an R-value of 17 was used for the design. 
 
The actual service life of the pavement can be extended through proper maintenance and 
rehabilitation (i.e., slurry seal every 7 years, mill-and-overlay every 12-16 years, etc.) 
 
The following table summarizes the recommended minimum pavement thicknesses.  
 

Table 3. Conventional Asphalt Concrete (AC) Pavement Thickness Recommendations 
 

Assumed 
Traffic 
Index 

Composite Pavement 
Asphalt Concrete over Aggregate Base 

(AC over AB over subgrade) 

Full-Depth Asphalt Concrete 
(AC over subgrade) 

5.0 
4.0” AC over 
8.5” AB over 

Properly Prepared Subgrade 

7.0” AC over 
Properly Prepared Subgrade 

6.0 
4.0” AC over 
11.0” AB over 

Properly Prepared Subgrade 

8.5” AC over 
Properly Prepared Subgrade 

7.0 
4.5” AC over 
13.0” AB over 

Properly Prepared Subgrade 

10.0” AC over 
Properly Prepared Subgrade 

 
Implementing any of these recommendations involves:  
 

 Grading the existing site to create sufficient depth for the recommended asphalt 
concrete (AC) or asphalt concrete over aggregate base (AC/AB) sections; 

 
 Processing and re-compacting the exposed subgrade material to a depth of at least 

12 inches in accordance with Greenbook Sections 301-1.2 and 301-1.3. The required 
relative compaction of the subgrade is 90% minimum with an above optimum moisture 
content for the composite section and 95% relative compaction at above optimum 
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moisture content for the full depth section. Maximum density and optimum moisture 
content of the subgrade should be determined by ASTM D1557;  

 
 Placing the aggregate base (AB) section to at least 95% relative compaction and 

moisture conditioning to near optimum moisture content. Maximum density and 
optimum moisture content of the aggregate base should be determined by ASTM 
D1557; and 

 
 Constructing the asphalt concrete (AC) section in two lifts.  

 
All materials used and work performed should meet the current edition of the Standard 
Specifications for Public Works Construction (Greenbook) with all supplements, unless 
superseded by the recommendations provided within this report.  
 
The AB section may be Crushed Miscellaneous Base (CMB) or Crushed Aggregate Base (CAB) 
meeting Greenbook Section 200-2. 
 
We recommend using the Greenbook Type IIIC3 AC mix with PG 64-10 asphalt binder for both 
the AC surface and AC base course sections.  
 
 
Concrete Pavement Design 
 
Driveways, vehicular drives, and appurtenant concrete paving such as trash receptacle bays, will 
require PCC pavement. Assuming a T.I. of 6 to 7, a design section of 8 inches of PCC over 6 
inches AB should be adequate. The AB should be compacted to a minimum of 95% relative 
compaction as per ASTM D 1557.   
 
 
SYNTHETIC TURF 
 
The synthetic turf areas should be constructed in accordance with the synthetic turf manufacture’s 
recommendations provided the grading recommendations outlined in the “Corrective Grading” 
section of this report are followed.   
 
 
CONCRETE FLATWORK DESIGN AND CONSTRUCTION 
 
We recommend that the subgrade for the subject concrete flatwork be moisture conditioned to 3% 
over optimum moisture content (i.e., if the optimum moisture content is 12%, the compacted fill’s 
moisture content shall be at least 15%) to a depth of 18 inches below finish grade and compacted 
to 90% relative compaction as per ASTM D1557.  
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Concrete flatwork should be designed and constructed per the City of Irvine Standard plans (such 
as Standard Plans 201, 204, 205, and/or 206) or the flatwork recommendations provided in 
Appendix D, whichever is more conservative.  
 
 
CONCRETE 
 
Due to low to moderate soil resistivity and medium chloride levels, the potential for on-site 
corrosion to ferrous metals and hence reinforcing steel are severe. Thus, we recommend the 
following: 
 
Structural Elements (i.e., foundations, slabs, etc.) 
 

 Cement Type: Type II/V 
 Maximum Water Cement Ratio: 0.50 
 Minimum Strength: 4,000 psi (geotechnical perspective only) 

 
Utilization of CBC moderate sulfate level requirements will also serve to reduce the permeability 
of the concrete and help minimize the potential of water and/or vapor transmission through the 
concrete. Wet curing of the concrete per ACI Publication 308 is also recommended. 
 
Non-structural Elements (i.e., flatwork, pavement, etc.) 
 
Concrete mix design shall be selected by the concrete designer such that sulfate and chloride attack 
mitigations are balanced with shrinkage crack control. Concrete mix design is outside the 
geotechnical engineer’s purview. 
 
The aforementioned recommendations in regards to all concrete (i.e., structural and non-structural) 
are made from a soil’s perspective only. Final concrete mix design is beyond our purview. All 
applicable codes, ordinances, regulations, and guidelines should be followed in regard to designing a 
durable concrete with respect to the potential for sulfate exposure from the on-site soils and/or 
changes in the environment. 
 
 
CORROSION PROTECTION OF METAL STRUCTURES 
 
The results of the laboratory chemical tests performed on soil samples collected within the subject 
area indicate that the on-site soils are corrosive to ferrous metals. Consequently, metal structures 
which will be in direct contact with the soil (i.e., underground metal conduits, pipelines, metal sign 
posts, metal door frames, etc.) and/or in close proximity to the soil (wrought iron fencing, etc.) 
may be subject to corrosion. The use of special coatings or cathodic protection around buried metal 
structures has been shown to be beneficial in reducing corrosion potential. The potential for 
corrosion of ferrous metal reinforcing elements embedded in structural concrete will be reduced 
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by the use of the recommended maximum water/cement ratio for concrete and additional concrete 
cover. 
 
The laboratory testing program performed for this project does not address the potential for 
corrosion to copper piping. In this regard, a corrosion engineer should be consulted to perform 
more detailed testing and develop appropriate mitigation measures (if necessary). Otherwise, the 
on-site soils should be considered corrosive to copper. 
 
The above discussion is provided for general guidance in regards to the corrosiveness of the on-site 
soils to typical metal structures used for construction. Detailed corrosion testing and 
recommendations for protecting buried ferrous metal and/or copper elements is beyond our 
purview.  
 
 
PLANTERS AND TREES 
 
Where new trees or large shrubs are to be located in close proximity of new concrete flatwork, 
pavement, or building foundations, rigid moisture/root barriers should be placed around the 
perimeter of the flatwork to at least 2 feet in depth in order to offer protection to the adjacent 
flatwork against potential root and moisture damage. Existing mature trees near flatwork areas 
should also incorporate a rigid moisture/root barrier placed at least 2 feet in depth below the top 
of the flatwork, pavement, or building foundations.   
 
 
SURFACE DRAINAGE 
 
Surface drainage should be carefully controlled during and after grading to prevent ponding and 
uncontrolled runoff adjacent to building structures and/or other properties. Particular care will be 
required during grading to maintain slopes, swales, and other erosion control measures needed to 
direct runoff toward permanent surface drainage facilities. Positive drainage of at least 2% away 
from the perimeters of the structures and site pavements should be incorporated into the design. In 
addition, it is recommended that nuisance water be directed away from the perimeter of the 
structures by the use of swales and/or area drains in adjacent landscape and flatwork areas.  
 
 
PLAN REVIEW/GEOTECHNICAL TESTING DURING GRADING/FUTURE REPORTS 
 
Plan Review 
 
The final precise grading, foundation, and landscape plans should be reviewed by our office to 
verify that the plans have incorporated the recommendations provided in this report. 
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Geotechnical Testing 
 
It is recommended that geotechnical observation and testing be performed by GMU during the 
following stages of precise grading and construction: 
 

 During site clearing and grubbing. 
 During removal of any buried irrigation lines or other subsurface structures. 
 During all phases of precise grading including over-excavation, temporary excavations, 

removals, scarification, ground preparation, moisture conditioning, proof-rolling, 
over-excavation, and placement and compaction of all fill materials. 

 During installation of all conventional foundations and floor slab elements. 
 During backfill of the biofiltration system and underground utilities. 
 During hardscape subgrade and base placement and compaction. 
 During pavement section placement and compaction. 
 When any unusual conditions are encountered. 

 
Future Reports 
 
It is expected that a geotechnical observation report will be required following all site precise 
grading and construction.   
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LIMITATIONS 
 
 

All parties reviewing or utilizing this report should recognize that the findings, conclusions, and 
recommendations presented represent the results of our professional geological and geotechnical 
engineering efforts and judgements. Due to the inexact nature of the state of the art of these 
professions and the possible occurrence of undetected variables in subsurface conditions, we 
cannot guarantee that the conditions actually encountered during grading and foundation 
installation will be identical to those observed and sampled during our study or that there are no 
unknown subsurface conditions which could have an adverse effect on the use of the property.  We 
have exercised a degree of care comparable to the standard of practice presently maintained by 
other professionals in the fields of geotechnical engineering and engineering geology, and believe 
that our findings present a reasonably representative description of geotechnical conditions and 
their probable influence on the grading and use of the property. 
 
Because our conclusions and recommendations are based on a limited amount of current and 
previous geotechnical exploration and analysis, all parties should recognize the need for possible 
revisions to our conclusions and recommendations during grading of the project. Additionally, our 
conclusions and recommendations are based on the assumption that our firm will act as the 
geotechnical engineer of record during grading of the project to observe the actual conditions 
exposed, to verify our design concepts and the grading contractor's general compliance with the 
project geotechnical specifications, and to provide our revised conclusions and recommendations 
should subsurface conditions differ significantly from those used as the basis for our conclusions 
and recommendations presented in this report. 
 
Detailed corrosion testing and recommendations for protecting buried ferrous metal and/or copper 
elements are beyond our purview. 
 
This report has not been prepared for use by other parties or projects other than those named or 
described herein.  This report may not contain sufficient information for other parties or other 
purposes.   
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CLOSURE 
 
 

We are pleased to present the results of our geotechnical foundation investigation for this project.  
The Plates and Appendices that complete this report are listed in the Table of Contents. 
 
If you have any questions concerning our findings or recommendations, please do not hesitate to 
contact us and we will be happy to discuss them with you. 
 

Respectfully submitted, 
 
GMU GEOTECHNICAL, INC. 
 

 
 
Dustin R. Williams, M.Sc., PG 9883 
Senior Staff Geologist 
 
 
 
 
 
 
Ashley A. Varni, M.Sc., PE 89576 
Project Engineer 
 
 

 
Alan B. Mutchnick, PG, CEG 1789 
Associate Engineering Geologist 

 
 
 
 
 
 
dw/aav/21-030-00R (3-26-21) 
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APPENDIX A 

GMU GEOTECHNICAL EXPLORATION PROCEDURES AND LOGS 

Our exploration at the subject site consisted of five drill holes. The estimated locations of the 
explorations are shown on Plate 2 – Geotechnical Map.  Our drill holes were logged by a 
Certified Engineering Geologist and California Modified, SPT, and bulk samples of the 
excavated soils were collected. “Undisturbed” samples were taken using a 3.0-inch outside-
diameter drive sampler which contains a 2.416-inch-diameter brass sample sleeve 6 inches in 
length. Standard penetration testing (SPT) with a 2.0-inch outside diameter split spoon sampler 
without liners was performed in the borings during advancement. Blow counts recorded during 
sampling from the California Modified and SPT sampler are shown on the drill hole logs.  The 
logs of each drill hole are contained in this Appendix A, and the Legend to Logs is presented as 
Plate A-1 and A-2.  

The geologic and engineering field descriptions and classifications that appear on these logs are 
prepared according to Corps of Engineers and Bureau of Reclamation standards.  Major soil 
classifications are prepared according to the Unified Soil Classification System as modified by 
ASTM Standard No. 2487.  Since the descriptions and classifications that appear on the Log of 
Drill Hole are intended to be that which most accurately describe a given interval of a drill hole 
(frequently an interval of several feet), discrepancies do occur in the Unified Soil Classification 
System nomenclature between that interval and a particular sample in that interval.  For example, 
an 8-foot-thick interval in a log may be identified as silty sand (SM) while one sample taken 
within the interval may have individually been identified as sandy silt (ML).  This discrepancy is 
frequently allowed to remain to emphasize the occurrence of local textural variations in the 
interval. 
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SANDY CLAY (CL); brown, damp, firm,
fine- to medium-grained sand

Becomes dark brown, moist, and stiff

SILTY SAND (SM); yellowish brown, dry,
dense, fine- to medium-grained sand, few
coarse-grained sand

SANDY CLAY (CL); medium brown to
light brown, damp, firm, fine- to
medium-grained sand

CLAYEY SAND to SILTY SAND (SC-SM);
light brown, damp, loose, fine- to
medium-grained sand, some
coarse-grained sand

Total Depth = 11.5'
No Groundwater
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Trace rootlets, few pinhole porosity, yellow
fine-grained sand stringers
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24 97
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SANDY CLAY (CL); dark brown, moist,
stiff, fine- to medium-grained sand

SILTY SAND (SM) with minor CLAY; light
brown, damp, loose, fine- to
medium-grained sand

CLAYEY SAND (SC); medium brown,
damp, loose, fine- to medium-grained
sand

Some SANDY CLAY (CL); brown, very
moist, firm

SILTY SAND (SM); yellowish brown, dry
to damp, loose, fine- to medium-grained
sand
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5
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4
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SILTY SAND (SM); brownish yellow, dry,
medium dense, fine- to medium-grained
sand

Becomes light brown, dry to damp, loose
to medium dense, few clay

POORLY GRADED SAND to SILTY
SAND (SP-SM) with minor CLAY;
yellowish brown, dry to damp, dense, fine-
to medium-grained sand, trace
fine-grained gravel

SILTY SAND (SM) with minor CLAY;
yellowish brown, damp, loose, fine- to
medium-grained sand, trace
coarse-grained sand and fine-grained
gravel

SILTY SAND (SM); yellow, dry to damp,
dense, fine- to medium-grained sand

YOUNGER ALLUVIAL DEPOSITS (Qyfa)

Fewer fine-grained sand stringers,
uncemented, rare fine gravel clasts

Slow drilling, water added to the hole to
assist drilling

Slow drilling

Some lenses of increased sand grain size
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15 67

5
10
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11
50/6"

SILTY SAND (SM); yellow, dry, medium
dense, fine- to medium-grained sand,
trace coarse-grained sand

CLAYEY SAND to SANDY CLAY
(SC-CL); medium brown, damp to moist,
very dense, fine- to medium-grained sand

Total Depth = 51'
No Groundwater

YOUNGER ALLUVIAL DEPOSITS (Qyfa)

Some minor clay lenses
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14 987
10
9

3
4
4

SANDY CLAY (CL); dark brown, moist, 
stiff, fine- to medium-grained sand

SILTY SAND (SM) with some CLAY; light
brown, damp, medium dense, fine- to
medium-grained sand

CLAYEY SAND to SANDY CLAY
(SC-CL); brown, moist, medium
dense/stiff, fine- to medium-grained sand

SILTY SAND (SM) with some CLAY;
yellowish brown, damp, loose, fine- to
medium-grained sand

Total Depth = 11.5'
No Groundwater
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13

4
5
5

8
10
14

3
4
4

ASPHALT CONCRETE - 4"
SILTY SAND (SM) with CLAY; olive,
damp, dense, fine- to medium-grained
sand

SANDY CLAY (CL); brown, moist, stiff,
fine- to medium-grained sand

SILTY SAND (SM); light brown, damp,
medium dense to dense, fine- to
medium-grained sand

CLAYEY SAND (SC); light brown, damp,
loose, medium dense, fine- to
medium-grained sand

Becomes damp to moist with some SILT

Becomes yellowish brown, damp, and
loose

SILTY SAND (SM); yellowish brown,
damp, loose, fine- to medium-grained
sand
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CLAYEY SAND (SC) with SILT; medium
brown, damp, medium dense, fine- to
medium-grained sand

Becomes light brown

SILTY SAND (SM) with minor CLAY;
brownish yellow, dry, dense, fine- to
medium-grained sand, trace
coarse-grained sand and fine-grained
gravel

Becomes yellow with little to no CLAY

POORLY GRADED SAND to SILTY
SAND (SP-SM); yellow, dry, dense, fine-
to medium-grained sand, trace
coarse-grained sand

YOUNGER ALLUVIAL DEPOSITS (Qyfa)

Partial recovery, fine-grained sand stringers

Fine-grained sand stringers

Slow drilling, water added to assist in
drilling

Slow drilling

Lenses of fine- to coarse-grained sand with
fine-grained gravel
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8 118

5
7
12

28
50/6"

SILTY SAND (SM) with some CLAY;
yellowish brown, damp, medium dense,
fine- to medium-grained sand

SANDY CLAY to CLAYEY SAND
(CL-SC); medium brown, damp, very
dense, fine- to medium-grained sand

Total Depth = 51'
No Groundwater
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EI, RV,
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20 102

5
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5
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4
7
8

ASPHALT CONCRETE - 6"

CRUSHED MISCELLANEOUS BASE - 6"

SANDY CLAY (CL); brown, moist, stiff,
fine- to medium-grained sand

SILTY SAND (SM); brownish yellow,
damp, medium dense, fine- to
medium-grained sand

CLAYEY SAND to SANDY CLAY
(SC-CL); yellowish brown, damp,
loose/stiff, fine- to medium-grained sand

SANDY CLAY (CL); dark brown, moist,
stiff, fine- to medium-grained sand, some
coarse-grained sand, few gravel

SILTY SAND (SM) with CLAY; yellowish
brown, damp, medium dense, fine- to
medium-grained sand
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14 10510
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12

SANDY CLAY (CL); yellowish brown,
damp, firm, fine- to medium-grained sand

Total Depth = 21.5'
No Groundwater
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APPENDIX B 

GMU GEOTECHNICAL LABORATORY PROCEDURES AND TEST RESULTS 

MOISTURE AND DENSITY 

Field moisture content and in-place density were determined for each 6-inch sample sleeve of 
undisturbed soil material obtained from the drill holes. The field moisture content was determined 
in general accordance with ASTM Test Method D2216 by obtaining one-half the moisture sample 
from each end of the 6-inch sleeve. The in-place dry density of the sample was determined by 
using the wet weight of the entire sample. 

At the same time the field moisture content and in-place density were determined, the soil material 
at each end of the sleeve was classified according to the Unified Soil Classification System. The 
results of the field moisture content and in-place density determinations are presented on the right-
hand column of the Log of Drill Hole and are summarized on Table B-1. The results of the visual 
classifications were used for general reference. 

PARTICLE SIZE DISTRIBUTION 

As part of the engineering classification of the materials underlying the site, a sample was tested 
to determine the distribution of particle sizes. The distribution was determined in general 
accordance with ASTM Test Method D422 using U.S. Standard Sieve No. 200.   

EXPANSION TESTS 

To provide a standard definition of one-dimensional expansion, a test was performed on typical 
on-site materials in general accordance with ASTM Test Method D4829. The result from this test 
procedure is reported as an “expansion index”. The results of this test are contained in Appendix 
B and also Table B-1. 

CHEMICAL TESTS 

The corrosion potential of typical on-site materials under long-term contact with both metal and 
concrete was determined by chemical and electrical resistance tests. The soluble sulfate test for 
potential concrete corrosion was performed in general accordance with California Test Method 
417, the minimum resistivity test for potential metal corrosion was performed in general 
accordance with California Test Method 643, and the concentration of soluble chlorides was 
determined in general accordance with California Test Method 422. The results of these tests are 
contained in Appendix B and also Table B-1. 
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COMPACTION TESTS 

A bulk sample representative of the on-site materials was tested to determine the maximum dry 
density and optimum moisture content of the soil. These compactive characteristics were 
determined in general accordance with ASTM Test Method D1557. The results of this test are 
contained in Appendix B and also Table B-1. 

CONSOLIDATION TESTS  

The one-dimensional consolidation properties of “undisturbed” samples were evaluated in general 
accordance with the provisions of ASTM Test Method D2435.  Sample diameter was 2.416 inches 
and sample height was 1.0 inch. Water was added during the test at various normal loads to 
evaluate the potential for hydro-collapse and to produce saturation during the remainder of the 
testing. Consolidation readings were taken regularly during each load increment until the change 
in sample height was less than approximately 0.0001 inch over a two-hour period. The graphic 
presentation of consolidation data is a representation of volume change in change in axial load.   

DIRECT SHEAR STRENGTH TESTS 

A direct shear test was performed on typical on-site materials. The general philosophy and 
procedure of the test was in accord with ASTM Test Method D 3080 - “Direct Shear Tests for 
Soils Under Consolidated Drained Conditions”. 

The test is a single shear test and is performed using a sample diameter of 2.416 inches and a height 
of 1.00 inch. The normal load is applied by a vertical dead load system. A constant rate of strain 
is applied to the upper one-half of the sample until failure occurs. Shear stress is monitored by a 
strain gauge-type precision load cell and deflection is measured with a digital dial indicator.  This 
data is transferred electronically to data acquisition software which plots shear strength vs. 
deflection. The shear strength plots are then interpreted to determine either peak or ultimate shear 
strengths. Residual strengths were obtained through multiple shear box reversals. A strain rate 
compatible with the grain size distribution of the soils was utilized. The interpreted result of this 
test is shown in Appendix B.   

R-VALUE TESTS 

Bulk samples representative of the underlying on-site materials were tested to measure the 
response of a compacted sample to a vertically applied pressure under specific conditions. The R-
value of a material is determined when the material is in a state of saturation such that water will 
be exuded from the compacted test specimen when a 16.8 kN load (2.07 MPa) is applied. The 
results from these test procedures are reported in this Appendix B-1. 
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DH-1 5 167.0 Qyfa CL 12.7 106 60

DH-2 0 173.0 Qaf/Qyfa CL 21.9 114.0 12.0

DH-2 10 163.0 Qyfa CL 23.7 97 90

DH-2 20 153.0 Qyfa SM 8.6 103 38

DH-2 30 143.0 Qyfa SP-SM 4.9 120 34

DH-2 40 133.0 Qyfa SM 2.9 110 15

DH-2 50 123.0 Qyfa SC-CL 14.9 67 27

DH-3 5 171.0 Qyfa SC-CL 14.3 98 55

DH-4 10 164.0 Qyfa SC 12.6

DH-4 20 154.0 Qyfa SC-CL 12.5 101 52

DH-4 30 144.0 Qyfa SM 3.8 119 26

DH-4 40 134.0 Qyfa SM-SP 3.0 106 14 6

DH-4 50 124.0 Qyfa SC-CL 8.2 118 54

DH-5 0 173.0 Qaf/Qyfa CL 12.3 86 17 8.5 224 66 1455

DH-5 10 163.0 Qyfa CL 19.5 102 84

DH-5 20 153.0 Qyfa CL 14.2 105 65

SUMMARY  OF  SOIL  LABORATORY  DATA
TABLE  B-1

USCS
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Symbol

PIPL

Sample Information
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%
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APPENDIX B-1 
 

Previous Geotechnical Laboratory  
Test Results by GMU 
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APPENDIX C 
 

Liquefaction Analysis 
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Project Name
IACC

Figure C-1

Integrated SPT Method for Estimating
Subsurface Stratification & Liquefaction

Drill Hole DH-2
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Project No.
21-030-00

Project Name
IACC

Figure C-2

Integrated SPT Method for Estimating
Subsurface Stratification & Liquefaction

Drill Hole DH-4
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Concrete Flatwork Recommendations 
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TABLE 4. FLATWORK RECOMMENDATIONS 

IACC Site Project 
 

Description Subgrade Preparation 
Minimum Concrete 

Thickness (Full) 
Edge Thickness Reinforcement(2) 

Joint Spacing 
(Maximum) 

Cement 
Type 

Sulfate 
Resistance 

Isolated Concrete 
Sidewalks and 
Walkways (<6 feet 
in width) (4) 

1) 3% over optimum to 12" (1), 2) optional 2” 
of sand or well graded rock (i.e., Class II base 
or equiv.) above moisture conditioned 
subgrade. 

4 inches Not Required 1) No. 3 bars at 24" o.c. (2), 2) where 
adjacent to curbs or structures  and at 
cold joints/  expansion joints  use 
dowels: No. 3 bars at 24" o.c. (5) 

6 feet II/V (3) 

Concrete Walkways,  
Patios, Entryways 
and Courtyards (> 6 
feet in width)  (4) 

 

1) 3% over optimum to 18"(1),  2) optional 2” 
of sand or well graded rock (i.e., Class II base 
or equiv.) above moisture conditioned 
subgrade. 

5 inches Where adjacent to 
landscape areas – 12" 
from adjacent finish 
grade. Min. 8" width  

1) No. 3 bars at 24" o.c. (2) extend into 
thickened edge,  2) Thickened Edge: 
one No. 3 bar placed in long direction, 
3) dowel into adjacent curbs or 
structures  and across cold joints/ 
expansion joints w/No. 3 bars at 24" 
o.c. (5) 

8 feet II/V (3) 

Concrete 
Driveways, Trash 
Enclosures and Fire 
Access Lanes (4) 

1) 3% over optimum to 18" (1), 2) 6” of sand 
or well graded rock (i.e., Class II base or 
equiv.) above moisture conditioned subgrade. 
 

8 inches Where adjacent to 
landscape areas - 12" 
from adjacent finish 
grade. Min. 8" width 

1) No. 3 bars at 24" o.c. (2) extend into 
thickened edge,  2) Thickened Edge: 
one No. 3 bar placed in long direction, 
3) dowel into adjacent curbs or 
structures  and across cold joints/ 
expansion joints w/No. 3 bars at 24" 
o.c. (5) 

10 feet II/V (3) 

 
 

 
(1) The moisture content of the subgrade must be verified by the geotechnical consultant prior to sand/rock placement. 
(2) Reinforcement to be placed both ways and at or above the mid-point of the slab (i.e., a minimum of 2.0 to 2.5 inches above the prepared subgrade).  
(3) Soils having negligible levels of sulfates as defined by CBC are expected.  Concrete mix design shall be selected by the concrete designer.  Concrete mix design is outside the geotechnical engineer’s purview. 
(4) Where concrete/ flatwork is adjacent a stucco surface, a ¼" to ½" foam separation/expansion joint should be used. 
(5) If dowels are placed in cored holes, the core holes shall be placed at alternating in-plane angles (i.e., not cored straight into slab). 
 
General Note: Minor deviations to the above recommendations may be required at the discretion of the soils engineer or his representative. 
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