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Appendix A: Submittal Templates

The following templates were developed to assist the project applicant and the plan reviewer:
e Checklist for Determination of Project Category
e Standard SWQMP
e PDP SWQMP

Submittal templates can be found on the City’s Engineering and Public Works website under
“Forms, Schedules, Guides”:

https://www.ci.solana-beach.ca.us/?SEC=8ED8A8CE-3DCB-4D48-AF57-A96C42443CEA

A1l February 2020
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CITY OF SOLANA BEACH

Checklist for Determination of Project Category

Based on Federal, State, and local regulations, all project applicants must submit stormwater documentation for all
proposed development or redevelopment projects. Responses to the checklist represent an initial assessment of the
proposed project conditions and impacts. City of Solana Beach (City) staff will confirm this checklist based on assessment
of the development application and/or project plans. Results of the checklist will classify a project as one of the following:
Priority Development Project (PDP), Standard Project, or Non-development Project. If additional information is needed
while completing this checklist, please refer to the City’s BMP Design Manual.

Project Information

Project Name:

Project Address: Project APN:

Prepared by: Prepared for:

SECTION 1: POST CONSTRUCTION STORMWATER REQUIREMENT EXEMPTIONS

This section determines whether your project is exempt from post-construction BMP requirements and would be vEs | NO

classified as a Non-Development Project. Please check “YES” or “NO” after every question.

Will the work involve the replacement of impervious surfaces that are part of a routine maintenance

activity, such as:

e Replacing roof material on an existing building

e Rebuilding a structure to original design after damage from earthquake, fire or similar disasters

e Restoring pavement or other surface materials affected by trenches from utility work

e Resurfacing existing roads and parking lots, including slurry, overlay and restriping

e Routine replacement of damaged pavement, including full depth replacement, if the sole purpose is to | 0
repair the damage

e Resurfacing existing sidewalk, pedestrian ramps or bike lanes on existing roads (within existing street
right-of-way)

e Restoring a historic building to its original historic design

e Routine replacement of damaged pavement, such as pothole repair

Note: Work that creates impervious surface outside of the existing impervious footprint is not considered

routine maintenance.

Will the work involve the repair or improvements to an existing building or structure that does not

alter the size:

e Plumbing, electrical and HVAC work

e Interior alterations including major interior remodels and tenant build-out within an existing | U O
commercial building

e Exterior alterations that do not change the general dimensions and structural framing of the building
(does not include building additions or projects where the existing building is demolished)

If you answered YES to either question above, your project is considered a Non-Development Project, and post
construction BMP requirements do not apply. Please proceed to Section 4 and check the Non-Development Project box.

If you answered NO, please proceed to Section 2.

City of Solana Beach, 635 S. HWY 101, Solana Beach, CA 92075
(858) 720-2400




SECTION 2: PRIORITY DEVELOPMENT PROJECT DETERMINATION

This section determines whether your project is a Priority Development Project (PDP) or a Standard Project. This
includes commercial, industrial, residential, mixed-use, and public development projects on public or private land.
The following types of projects are defined as PDPs:

For additional information see Section 1.4 of the Solana Beach BMP Design Manual.

YES

NO

New development projects that create 10,000 square feet or more of impervious surfaces (collectively over
the entire project site). This includes commercial, industrial, residential, mixed-use, and public
development projects on public or private land.

Redevelopment projects that create and/or replace 5,000 square feet or more of impervious surface
(collectively over the entire project site on an existing site of 10,000 square feet or more of impervious
surfaces).

New and redevelopment projects that create and/or replace 5,000 square feet or more of impervious surface
(collectively over the entire project site), and support one or more of the following uses:

e Restaurants. This category is defined as a facility that sells prepared foods and drinks for consumption,
including stationary lunch counters and refreshment stands selling prepared foods and drinks.

e Hillside development projects on any natural slope that is twenty-five percent or greater.
e Parking lots for the temporary parking or storage of motor vehicles.

e Streets, roads, highways, freeways, and driveways.

New or redevelopment projects that create and/or replace 2,500 square feet or more of impervious surface
(collectively over the entire project site), and discharge directly to an Environmentally Sensitive Area (ESA)
or Water Quality Sensitive Area (WQSA). “Discharging directly to” includes flow that is conveyed overland
adistance of 200 feet or less from the project to the ESA, or conveyed in a pipe or open channel any distance
as an isolated flow from the project to the ESA (i.e. not commingled with flows from adjacent lands).

New development projects, or redevelopment projects that create and/or replace 5,000 square feet or more
of impervious surface, that support one or more of the following uses:

e Automotive repair shops.

e Retail gasoline outlets. This category includes Retail gasoline outlets that meet the following criteria:
(a) 5,000 square feet or more or (b) a projected Average Daily Traffic of 100 or more vehicles per day.

New or redevelopment projects that result in the disturbance of one or more acres of land and are expected
to generate pollutants post construction. This means any activity that moves soils or substantially alters
the pre-existing vegetated or man-made cover of any land. This includes, but is not limited to the following:

e Grading, digging, cutting, scraping, stockpiling, pavement removal, and exterior construction;

e Substantial removal of vegetation where soils are disturbed including but not limited to removal by
clearing or grubbing; or

e Any activity which bares soil or rock or involves streambed alterations or the diversion or piping of any
watercourse.

If you answered YES to any of the categories above, your project is considered a PDP. Please proceed to section 3 and

check the Priority Development Project Box in Section 4.

If you answer NO, then your project is considered a Standard Project. Please proceed to Section 4 and check the Standard

Project Box.

City of Solana Beach, 635 S. HWY 101, Solana Beach, CA 92075
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SECTION 3: SPECIAL CONSIDERATIONS FOR REDEVELOPMENT PROJECTS

This section determines additional considerations required for Redevelopment PDPs. YES | NO
Will redevelopment result in the creation or replacement of impervious surface in an amount of more than
50 percent of the surface area of the previously existing development? See calculation of the ratio of
impervious surface below.
These requirements for managing storm water on an entire redevelopment project site are commonly
referred to as the "50 Percent Rule".
The total existing (pre-project) impervious area at the site: f2(A)
The total proposed newly created or replaced impervious area: ft2(B)
Percent impervious surface created or replaced (B/A)*100: %
The percent impervious surface created or replaced is (select one based on the above calculation):
(] (]
O less than or equal to fifty percent (50%) - only new impervious areas are considered a PDP (check
NO in the right column)
OR
O greater than fifty (50%) - the entire project is considered a PDP (check YES in the right column)
For example, a 10,000 square foot development proposes replacement of 4,000 square feet of impervious
area. The treated area is less than 50 percent of the total development area and only the 4,000 square foot
area is required to be treated.
If instead, the development proposes replacement of 6,000 square feet of impervious area. The treated is
greater than 50 percent of the total and the entire 10,000 square foot area is required to be treated.
SECTION 4: FINAL DETERMINATION
Based On The Information Provided In Sections 1-3, This Project Is Determined To Be A:
a Priority Development Project. Priority requirements apply and a PDP Storm Water Quality Management Plan
(SWQMP) must be submitted at the time of application.
O This Is a redevelopment project subject to the 50 percent rule.
O This Is Not a redevelopment project subject to the 50 percent rule.

O Standard Project. Standard requirements apply and applicable sections of a Standard SWQMP must be

submitted at the time of application.

a Non-Development Project.

Applicant Information and Signature Box

Applicant Name: Applicant Title:

Applicant Signature: Date:

Supporting discussion for this checklist, as well as BMP requirements for Priority Development Projects and

Standard Projects, is provided in the City of Solana Beach’s BMP Design Manual.
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CITY OF SOLANA BEACH

Standard Project Storm Water Quality Management Plan

The Standard Project Storm Water Quality Management Plan (SWQMP) is intended to comply with the Standard
Project requirements of the City of Solana Beach’s (City’s) BMP Design Manual, which is a design manual for
compliance with the City and MS4 Permit (California Regional Water Quality Control Board San Diego Region Order
No. 2013-0001, as amended by Order No. R9-2015-0001) requirements for storm water management.

1. Project Summary Information

Project Name:

Project Address: Assessor’s Parcel Number(s) (APN(s)):
Permit Application Number: Prepared by: kjhbjhbjhbjhbjhbjhbjhbjhbljhbjlh kh kjh
kjnkjbbjbbb Ihvbkh kgvyg kgh. I Thu lhuh lhu ljh Prepared for: jhbjh khg hg hg jhg gv jg jg hjg kh khgv khgv

Project Description: Please provide a brief description of the work to be performed, current drainage conditions, and
proposed drainage conditions.

2. Project Size’s

Parcel Area (total area of Assessor’s Parcel(s) associated with the project) | Acres ( Square Feet)
Area to be Disturbed by the Project (Project Area) _ Acres ( Square Feet)
Project Existing Impervious Area (subset of Project Area) _ Acres ( Square Feet)
Project Proposed Impervious Area (subset of Project Area) _ Acres ( Square Feet)
Project Proposed Pervious Area (subset of Project Area) _ Acres ( Square Feet)

o Attachment 1: BMP Site Plan — A BMP Site Plan must be attached to this Standard SWOQMP. The BMP Site Plan
must show, at a minimum: the change in impervious area for the site (Pre vs Post), the locations of all proposed
stormwater BMPs, existing and proposed drainage patterns, and locations of all existing and proposed stormwater
Improvements.

Project Hydrologic Unit
o San Dieguito 905.11 o Carlsbad (San Elijo Lagoon) 904.6

City of Solana Beach, 635 S. HWY 101, Solana Beach, CA 92075
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3. Source Control BMPs required for Requirements for All Projects (check boxes where applicable)

Required (see Section 4.2 of the City BMP Design
Manual for additional information)

Describe how it is shown on BMP Site Plan OR why it
is not applicable. Each box must be completed.

Prevention of Illicit Discharges into the MS4 (SC-1)

0 Storm drain system stenciling or signage (SC-2)

o Include properly designed outdoor material storage
areas. Protect Materials Stored in Outdoor Work Areas
from Rainfall, Run-On, Runoff, and Wind Dispersal (SC-
3&4)

O Protect Trash Storage Areas from Rainfall, Run-On,
Runoff, and Wind Dispersal (SC-5)

4. Additional BMPs Based on Potential Sources of Runoff Pollutants — SC-6 (check boxes where applicable):

Potential pollutant source present (check indicates
present)

Describe the BMP implemented for each applicable
pollutant source (see Appendix E.1 of the City BMP
Design Manual). Provide justification if no BMP is
implemented but the pollutant source is present. Each
box must be completed.

(] Interior floor drains and elevator shaft sump pumps

"] Interior parking garages

"I Need for future indoor & structural pest control

"] Landscape/Outdoor Pesticide Use

1 Pools, spas, ponds, fountains, and other water features

[ Food service

[J Refuse areas

"] Industrial processes

1 Outdoor storage of equipment or materials

"] Vehicle and Equipment Cleaning

(] Vehicle/Equipment Repair and Maintenance

"1 Fuel Dispensing Areas

"1 Loading Docks

"1 Fire Sprinkler Test Water

[1 Miscellaneous Drain or Wash Water

"] Plazas, sidewalks, and parking lots

City of Solana Beach, 635 S. HWY 101, Solana Beach, CA 92075
(858) 720-2400




5. Site Design/LID Requirements for All Projects (check boxes where applicable)

Site Design Requirements: Check if used Describe how it will be implemented OR why it is not
applicable OR not feasible. Each box must be
completed.

0 SD-1: Maintain Natural Drainage Pathways and
Hydrologic Features

o SD-2:Conserve Natural Areas, Soils, and Vegetation

0 SD-3: Minimize Impervious Area— Specify net change in
impervious area in the adjacent box.

0 SD-4: Minimize Soil Compaction

o SD-5: Impervious Area Dispersion — Route runoff from
impervious surfaces such as hardscape, driveways and
roofs to pervious areas (landscaping).

o SD-6: Runoff Collection — Collect and store runoff at the
source to minimize the transport of runoff and pollutants.

0 SD-7: Landscaping with Native or Drought Tolerant
Species

o SD-8: Harvesting and Using Precipitation — Collect
runoff in rain barrels or cisterns.

Certification

Owner’s Certification:

[, the undersigned, certify that the provisions of this document have been reviewed and accepted. The selected BMPs will
be incorporated into the project design and constructed per the plan(s).

Property Owner: Date:
For Office Use Only:
Verified by: Date:

City of Solana Beach, 635 S. HWY 101, Solana Beach, CA 92075
(858) 720-2400




ATTACHMENT 1
BMP Site Plan

This is the cover sheet for Attachment 1.

Use this checklist to ensure the required information has been included.

The BMP Site Plan should include:

O

O
Ol
Ol

All applicable permanent site design and source control BMPs
Show and call out the change in impervious area for the site (Pre vs Post)
Show and callout the location of all existing and proposed stormwater improvements

Show and call out the existing and proposed drainage patterns

City of Solana Beach, 635 S. HWY 101, Solana Beach, CA 92075
(858) 720-2400



CITY OF SOLANA BEACH

PRIORITY DEVELOPMENT PROJECT (PDP)
STORM WATER QUALITY MANAGEMENT PLAN (SWQMP)
FOR
[INSERT PROJECT NAME]
[INSERT PERMIT APPLICATION NUMBERS]

[INSERT PROJECT ADDRESS]
[INSERT PROJECT CITY, STATE ZIP CODE]

ASSESSOR'S PARCEL NUMBER(S):
[INSERT APN(S)]

ENGINEER OF WORK:

[INSERT CIVIL ENGINEER'S NAME AND PE NUMBER HERE, PROVIDE WET SIGNATURE AND
STAMP ABOVE LINE]

PREPARED FOR:
[INSERT APPLICANT NAME]
[INSERT ADDRESS]
[INSERT CITY, STATE ZIP CODE]
[INSERT TELEPHONE NUMBER]

PDP SWQMP PREPARED BY:
[INSERT COMPANY NAME]
[INSERT ADDRESS]
[INSERT CITY, STATE ZIP CODE]
[INSERT TELEPHONE NUMBER]

DATE OF SWQMP:
[INSERT MONTH, DAY, YEAR]

PLANS PREPARED BY:
[INSERT CIVIL ENGINEER OR ARCHITECT]
[INSERT ADDRESS]
[INSERT CITY, STATE ZIP CODE]
[INSERT TELEPHONE NUMBER]
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ACRONYMS

APN
BMP
HMP
HSG
MS4
N/A
NRCS
PDP

PE

SC

SD
SDRWQCB
SIC
SWQMP

Assessor's Parcel Number

Best Management Practice
Hydromodification Management Plan
Hydrologic Soil Group

Municipal Separate Storm Sewer System
Not Applicable

Natural Resources Conservation Service
Priority Development Project
Professional Engineer

Source Control

Site Design

San Diego Regional Water Quality Control Board
Standard Industrial Classification

Storm Water Quality Management Plan
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PDP SWQMP PREPARER'S CERTIFICATION PAGE

Project Name: [Insert Project Name]
Permit Application Number: [Insert Permit Application Number]

PREPARER'S CERTIFICATION

| hereby declare that | am the Engineer in Responsible Charge of design of storm water best
management practices (BMPs) for this project, and that | have exercised responsible charge over
the design of the BMPs as defined in Section 6703 of the Business and Professions Code, and that
the design is consistent with the PDP requirements of the City of Solana Beach BMP Design
Manual, which is a design manual for compliance with the City of Solana Beach and the MS4
Permit (California Regional Water Quality Control Board San Diego Region Order No. R9-2015-
0100) requirements for storm water management.

| have read and understand that the City Engineer has adopted minimum requirements for
managing urban runoff, including storm water, from land development activities, as described in
the BMP Design Manual. | certify that this PDP SWQMP has been completed to the best of my
ability and accurately reflects the project being proposed and the applicable BMPs proposed to
minimize the potentially negative impacts of this project's land development activities on water
quality. l understand and acknowledge that the plan check review of this PDP SWQMP by the City
Engineer is confined to a review and does not relieve me, as the Engineer in Responsible Charge
of design of storm water BMPs for this project, of my responsibilities for project design.

Engineer of Work's Signature, PE Number & Expiration Date

Print Name

Company

Date
Engineer's Seal:
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PDP SWQMP PROJECT OWNER'S CERTIFICATION PAGE

Project Name: [Insert Project Name]
Permit Application Number: [Insert Permit Application Number]

PROJECT OWNER'S CERTIFICATION

This PDP SWQMP has been prepared for [INSERT PROJECT OWNER'S COMPANY NAME] by
[INSERT SWQMP PREPARER'S COMPANY NAME]. The PDP SWQMP is intended to comply with
the PDP requirements of the City of Solana Beach BMP Design Manual, which is a design manual
for compliance with the City of Solana Beach and the MS4 Permit (California Regional Water
Quality Control Board San Diego Region Order No. R9-2015-0100) requirements for storm water
management.

The undersigned, while it owns the subject property, is responsible for the implementation of
the provisions of this plan. Once the undersigned transfers its interests in the property, its
successor-in-interest shall bear the aforementioned responsibility to implement the best
management practices (BMPs) described within this plan, including ensuring on-going operation
and maintenance of structural BMPs. A signed copy of this document shall be available on the
subject property into perpetuity.

Project Owner's Signature

Print Name

Company

Date
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SUBMITTAL RECORD

Use this Table to keep a record of submittals of this PDP SWQMP. Each time the PDP SWQMP is
re-submitted, provide the date and status of the project. In column 4 summarize the changes
that have been made or indicate if response to plancheck comments is included. When
applicable, insert response to plancheck comments behind this page.

Submittal | Date Project Status Summary of Changes
Number
1 I Preliminary Design / Initial Submittal
Planning/ CEQA
[IFinal Design
2 [IPreliminary Design /
Planning/ CEQA
[IFinal Design
3 [ Preliminary Design /
Planning/ CEQA
[IFinal Design
4 I Preliminary Design /

Planning/ CEQA
[IFinal Design
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PROJECT VICINITY MAP

Project Name: [Insert Project Name]
Permit Application Number: [Insert Permit Application Number]

[Insert Project Vicinity Map here]
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1. Site Information Checklist

Form 1 (PDPs)

City of Solana Beach BMP
For PDPs

Design Manual

Project Summary Information:

Project Name:

Project Address:

Assessor's Parcel Number(s) (APN(s))

Permit Application Number

Project Hydrologic Unit

Select One:

[]San Dieguito (HA Solana Beach, HSA Rancho
Santa Fe) 905.11

[ICarlsbad (HA Escondido Creek, HAS San Elijo)
904.61

Project Watershed
(Complete Hydrologic Unit, Area, and
Subarea Name with Numeric Identifier)

Parcel Area

(total area of Assessor's Parcel(s) associated

with the project) Acres ( Square Feet)
Area to be Disturbed by the Project
(Project Area)

Acres ( Square Feet)
Project Proposed Impervious Area
(subset of Project Area)

Acres ( Square Feet)
Project Proposed Pervious Area
(subset of Project Area)

Acres ( Square Feet)

This may be less than the Parcel Area.

Note: Proposed Impervious Area + Proposed Pervious Area = Area to be Disturbed by the Project.
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Description of Existing Site Condition

Current Status of the Site (select all that apply):

[ Existing development

[JPreviously graded but not built out

[IDemolition completed without new construction
[IAgricultural or other non-impervious use
[1Vacant, undeveloped/natural

Description / Additional Information:

Existing Land Cover Includes (select all that apply):

[1Vegetative Cover
[INon-Vegetated Pervious Areas
[1lmpervious Areas

Description / Additional Information:

Underlying Soil belongs to Hydrologic Soil Group (select all that apply):

[INRCS Type A
[INRCS Type B
[INRCS Type C
[INRCS Type D

Approximate Depth to Groundwater (GW):

[JGW Depth < 5 feet

[J5 feet < GW Depth < 10 feet
[110 feet < GW Depth < 20 feet
[JGW Depth > 20 feet

Page | 9



Existing Natural Hydrologic Features (select all that apply):

[l Watercourses
[1Seeps
[1Springs

[ Wetlands
[INone

Description / Additional Information:

Description of Existing Site Drainage Patterns

How is storm water runoff conveyed from the site? At a minimum, this description should
answer:

(1) whether existing drainage conveyance is natural or urban;

(2) Is run-on conveyed through the site? if yes, quantify all offsite drainage areas, design flows,
and locations where offsite flows enter the project site, and summarize how such flows are
conveyed through the site;

(3)Provide details regarding existing project site drainage conveyance network, including any
existing storm drains, concrete channels, swales, detention facilities, storm water treatment
facilities, natural or constructed channels; and

(4) Identify all discharge locations from the existing project site along with a summary of
conveyance system size and capacity for each of the discharge locations. Provide summary of the
pre-project drainage areas and design flows to each of the existing runoff discharge locations.

Describe existing site drainage patterns:
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Description of Proposed Site Development

Project Description / Proposed Land Use and/or Activities:

List/describe proposed impervious features of the project (e.g., buildings, roadways, parking lots,
courtyards, athletic courts, other impervious features):

List/describe proposed pervious features of the project (e.g., landscape areas):
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Does the project include grading and changes to site topography?

[1Yes
[INo

Description / Additional Information:
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Description of Proposed Site Drainage Patterns

Does the project include changes to site drainage (e.g., installation of new storm water
conveyance systems)?

[1Yes
[INo

If yes, provide details regarding the proposed project site drainage conveyance network,
including storm drains, concrete channels, swales, detention facilities, storm water treatment
facilities, natural or constructed channels, and the method for conveying offsite flows through or
around the proposed project site. Identify all discharge locations from the proposed project site
along with a summary of the conveyance system size and capacity for each of the discharge
locations. Provide a summary of pre- and post-project drainage areas and design flows to each
of the runoff discharge locations. Reference the drainage study for detailed calculations.

Describe proposed site drainage patterns::
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Identify whether any of the following features, activities, and/or pollutant source areas will be
present (select all that apply):

[1On-site storm drain inlets

[ Interior floor drains and elevator shaft sump pumps
[ Interior parking garages

[INeed for future indoor & structural pest control
[ILandscape/Outdoor Pesticide Use

[JPools, spas, ponds, decorative fountains, and other water features
[ Food service

[JRefuse areas

[ Industrial processes

[1Outdoor storage of equipment or materials
[1Vehicle and Equipment Cleaning
[JVehicle/Equipment Repair and Maintenance

[IFuel Dispensing Areas

[JLoading Docks

(I Fire Sprinkler Test Water

[ Miscellaneous Drain or Wash Water

[IPlazas, sidewalks, and parking lots

Description / Additional Information:
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Identification and Narrative of Receiving Water and Pollutants of Concern

Describe flow path of storm water from the project site discharge location(s), through urban
storm conveyance systems as applicable, to receiving creeks, rivers, and lagoons as applicable,
and ultimate discharge to the Pacific Ocean (or bay, lagoon, lake or reservoir, as applicable):

List any 303(d) impaired water bodies within the path of storm water from the project site to the
Pacific Ocean (or bay, lagoon, lake or reservoir, as applicable), identify the pollutant(s)/stressor(s)
causing impairment, and identify any TMDLs and/or Highest Priority Pollutants from the WQIP
for the impaired water bodies:

TMDLs / WQIP Highest
303(d) Impaired Water Body Pollutant(s)/Stressor(s) Priority Pollutant

Identification of Project Site Pollutants*

*Identification of project site pollutants is only required if flow-through treatment BMPs are
implemented onsite in lieu of retention or biofiltration BMPs (note the project must also
participate in an alternative compliance program unless prior lawful approval to meet earlier
PDP requirements is demonstrated)

Identify pollutants expected from the project site based on all proposed use(s) of the site (see
BMP Design Manual Appendix B.6):
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Pollutant

Not Applicable to the
Project Site

Expected from the
Project Site

Also a Receiving
Water Pollutant of
Concern

Sediment

Nutrients

Heavy Metals

Organic Compounds

Trash & Debris

Oxygen Demanding
Substances

Oil & Grease

Bacteria & Viruses

Pesticides
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Hydromodification Management Requirements

Do hydromodification management requirements apply (see Section 1.6 of the BMP Design
Manual)?

[JYes, hydromodification management flow control structural BMPs required.

[INo, the project will discharge runoff directly to existing underground storm drains
discharging directly to an exempt receiving water such as the Pacific Ocean, and exempt river
reach, or a tidally-influenced area.

[INo, the project will discharge runoff directly to conveyance channels whose bed and bank are
concrete-lined all the way from the point of discharge to the Pacific Ocean, a tidally-
influenced area, or an exempt river reach.

[INo, the project will discharge runoff directly to an area identified as appropriate for an
exemption by the WMAA for the watershed in which the project resides.

Description / Additional Information (to be provided if a 'No' answer has been selected above):

Page | 17



Critical Coarse Sediment Yield Areas*

*This Section only required if hydromodification management requirements apply

Based on the maps provided within the WMAA, do potential critical coarse sediment yield areas
exist within the project drainage boundaries?

[1Yes
[JNo, No critical coarse sediment yield areas to be protected based on WMAA maps

If yes, have any of the optional analyses presented in Appendix H of the BMP Design Manual been
performed?

[1H.6.1 Site-Specific Geomorphic Landscape Units (GLUs) Analysis
[1H.7 Downstream Systems Sensitivity to Coarse Sediment
[1H.7.3 Coarse Sediment Source Area Verification

[INo optional analyses performed, the project will avoid critical coarse sediment yield areas
identified based on WMAA maps

If optional analyses were performed, what is the final result?

[JNo critical coarse sediment yield areas to be protected based on verification of GLUs onsite

[ICritical coarse sediment yield areas exist but additional analysis has determined that
protection is not required. Documentation attached in Attachment 2.b of the SWQMP.

[ Critical coarse sediment yield areas exist and require protection. The project will implement
management measures described in Sections H.2, H.3, and H.4 as applicable, and the areas
are identified on the SWQMP Exhibit.

Discussion / Additional Information:

Page | 18




Flow Control for Post-Project Runoff*
*This Section only required if hydromodification management requirements apply

List and describe point(s) of compliance (POCs) for flow control for hydromodification
management (see Section 6.3.1). For each POC, provide a POC identification name or number
correlating to the project's HMP Exhibit and a receiving channel identification name or number
correlating to the project's HMP Exhibit.

Has a geomorphic assessment been performed for the receiving channel(s)?

[INo, the low flow threshold is 0.1Q2 (default low flow threshold)
[1Yes, the result is the low flow threshold is 0.1Q2
[1Yes, the result is the low flow threshold is 0.3Q2
[1Yes, the result is the low flow threshold is 0.5Q2

If a geomorphic assessment has been performed, provide title, date, and preparer:

Discussion / Additional Information: (optional)
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Other Site Requirements and Constraints

When applicable, list other site requirements or constraints that will influence storm water
management design, such as zoning requirements including setbacks and open space, or local
codes governing minimum street width, sidewalk construction, allowable pavement types, and
drainage requirements.
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Optional Additional Information or Continuation of Previous Sections As Needed

This space provided for additional information or continuation of information from previous
sections as needed.
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Form 2 (PDPs)

2. Source Control BMP Checklist e

for All Development Projects 5,0 Design Manual

Project Identification

Project Name:

Permit Application Number:

Source Control BMPs

All development projects must implement source control BMPs SC-1 through SC-6 where
applicable and feasible. See Chapter 4 and Appendix E of the BMP Design Manual for information
to implement source control BMPs shown in this checklist.

Answer each category below pursuant to the following.

e "Yes" means the project will implement the source control BMP as described in Chapter 4
and/or Appendix E of the City of Solana Beach BMP Design Manual. Discussion / justification is
not required.

e "No" means the BMP is applicable to the project but it is not feasible to implement. Discussion /
justification must be provided.

e "N/A" means the BMP is not applicable at the project site because the project does not include
the feature that is addressed by the BMP (e.g., the project has no outdoor materials storage
areas). Discussion / justification may be provided.

Source Control Requirement Applied?

4.2.1 Prevention of lllicit Discharges into the MS4 [Yes ‘ [INo ‘ CIN/A

Discussion / justification if SC-1 not implemented:

[1Yes [INo [IN/A
4.2.2 Storm Drain Stenciling or Signage

Discussion / justification if SC-2 not implemented:
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Source Control Requirement Applied?
UYes [JNo CIN/A

4.2.3 Protect Outdoor Materials Storage Areas from Rainfall,
Run-On, Runoff, and Wind Dispersal

Discussion / justification if SC-3 not implemented:

UYes [JNo CIN/A
4.2.4 Protect Materials Stored in Outdoor Work Areas from

Rainfall, Run-On, Runoff, and Wind Dispersal

Discussion / justification if SC-4 not implemented:

UYes [JNo CIN/A
4.2.5 Protect Trash Storage Areas from Rainfall, Run-On, Runoff,

and Wind Dispersal

Discussion / justification if SC-5 not implemented:
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Source Control Requirement Applied?

4.2.6 Additional BMPs Based on Potential Sources of Runoff

Pollutants (must answer for each source listed below) “Yes “INo IN/A

UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A
UYes [JNo CIN/A

[1On-site storm drain inlets

[ lInterior floor drains and elevator shaft sump pumps

[ Interior parking garages

[INeed for future indoor & structural pest control

[ILandscape/Outdoor Pesticide Use

[1Pools, spas, ponds, decorative fountains, and other water
features

[ Food service

[ Refuse areas

[ Industrial processes

[1Outdoor storage of equipment or materials

[1Vehicle and Equipment Cleaning

[JVehicle/Equipment Repair and Maintenance

[IFuel Dispensing Areas

[JLoading Docks

(I Fire Sprinkler Test Water

[ Miscellaneous Drain or Wash Water

[IPlazas, sidewalks, and parking lots

Discussion / justification if SC-6 not implemented. Clearly identify which sources of runoff

pollutants are discussed. Justification must be provided for all "No" answers shown above.
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Form 3 (PDPs)
City of Solana Beach
BMP Design Manual

3. Site Design/LID BMP Checklist

for All Development Projects

Project Identification

Project Name:

Permit Application Number:

Site Design/LID BMPs

All development projects must implement site design/LID BMPs SD-1 through SD-8 where
applicable and feasible. See Chapter 4 and Appendix E of the BMP Design Manual for information
to implement site design BMPs shown in this checklist.

Answer each category below pursuant to the following.

e "Yes" means the project will implement the site design/LID BMP as described in Chapter 4
and/or Appendix E of the City of Solana Beach BMP Design Manual. Discussion / justification is
not required.

e "No" means the BMP is applicable to the project but it is not feasible to implement. Discussion /
justification must be provided.

e "N/A" means the BMP is not applicable at the project site because the project does not include
the feature that is addressed by the BMP (e.g., the project site has no existing natural areas to
conserve). Discussion / justification may be provided.

Site Design Requirement Applied?

UYes [JNo CIN/A
4.3.1 Maintain Natural Drainage Pathways and Hydrologic

Features

Discussion / justification if SD-1 not implemented:

UYes [JNo CIN/A
4.3.2 Conserve Natural Areas, Soils, and Vegetation

Discussion / justification if SD-2 not implemented:
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Source Control Requirement Applied?
UYes [JNo CIN/A

4.3.3 Minimize Impervious Area

Discussion / justification if SD-3 not implemented:

4.3.4 Minimize Soil Compaction LYes LINo LN/A

Discussion / justification if SD-4 not implemented:

4.3.5 Impervious Area Dispersion Yes -INo DN/A

Discussion / justification if SD-5 not implemented:

4.3.6 Runoff Collection LYes UNo IN/A

Discussion / justification if SD-6 not implemented:

4.3.7 Landscaping with Native or Drought Tolerant Species LYes -INo DN/A

Discussion / justification if SD-7 not implemented:

4.3.8 Harvesting and Using Precipitation UYes UNo HIN/A

Discussion / justification if SD-8 not implemented:
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Form 4 (PDPs)
4. Summary of PDP Structural BMPs  City of Solana Beach BMP

Design Manual

Project Identification

Project Name:

Permit Application Number:

PDP Structural BMPs

All PDPs must implement structural BMPs for storm water pollutant control (see Chapter 5 of the
BMP Design Manual). Selection of PDP structural BMPs for storm water pollutant control must
be based on the selection process described in Chapter 5. PDPs subject to hydromodification
management requirements must also implement structural BMPs for flow control for
hydromodification management (see Chapter 6 of the BMP Design Manual). Both storm water
pollutant control and flow control for hydromodification management can be achieved within
the same structural BMP(s).

PDP structural BMPs must be verified by the local jurisdiction at the completion of construction.
This may include requiring the project owner or project owner's representative and engineer of
record to certify construction of the structural BMPs (see Section 1.12 of the BMP Design
Manual). PDP structural BMPs must be maintained into perpetuity, and the local jurisdiction must
confirm the maintenance (see Section 7 of the BMP Design Manual).

Use this form to provide narrative description of the general strategy for structural BMP
implementation at the project site in the box below. Then complete the PDP structural BMP
summary information sheet (page 3 of this form) for each structural BMP within the project (copy
the BMP summary information page as many times as needed to provide summary information
for each individual structural BMP).
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Describe the general strategy for structural BMP implementation at the site. This information
must describe how the steps for selecting and designing storm water pollutant control BMPs
presented in Section 5.1 of the BMP Design Manual were followed, and the results (type of BMPs
selected). For projects requiring hydromodification flow control BMPs, indicate whether
pollutant control and flow control BMPs are integrated or separate.

(Continue on next page as necessary.)
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(Page reserved for continuation of description of general strategy for structural BMP
implementation at the site)

Continued from page 1)

Page | 29



Form 4 (Copy as many as needed)

Structural BMP Summary Information
(Copy this page as needed to provide information for each individual proposed structural
BMP)

Structural BMP ID No.

Construction Plan Sheet No.

Type of structural BMP:

[]Retention by harvest and use (HU-1)

[ Retention by infiltration basin (INF-1)

[]Retention by bioretention (INF-2)

[JRetention by permeable pavement (INF-3)

[IRetention by dry well (INF-4)

[]Partial retention by biofiltration with partial retention (PR-1)

[]Biofiltration (BF-1, BF-2, BF-3)

[ Biofiltration with Nutrient Sensitive Media Design (BF-2)

[ Proprietary Biofiltration (BF-3) meeting all requirements of Appendix F

[ Flow-through treatment control with prior lawful approval to meet earlier PDP requirements
(provide BMP type/description in discussion section below)

[ Flow-through treatment control included as pre-treatment/forebay for an onsite retention or
biofiltration BMP (provide BMP type/description and indicate which onsite retention or
biofiltration BMP it serves in discussion section below)

(] Detention pond or vault for hydromodification management

[1Other (describe in discussion section below)
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Purpose:

[ Pollutant control only

[JHydromodification control only

[1Combined pollutant control and hydromodification control
[ Pre-treatment/forebay for another structural BMP
[1Other (describe in discussion section below)

Form 4 (Copy as many as needed)

Who will certify construction of this BMP?

Provide name and contact information for the
party responsible to sign BMP verification
forms if required by the City Engineer (See
Section 1.12 of the BMP Design Manual).

Who will be the final owner of this BMP?

Who will maintain this BMP into perpetuity?
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What is the funding mechanism for
maintenance?
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Form 4 (Copy as many as needed)

Structural BMP ID No.

Construction Plan Sheet No.

Discussion (as needed):
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Form 5 (PDPs)

5. Harvest and Use Feasibility Checklist City of Solana Beach BMP
Design Manual

1. Is there a demand for harvested water (check all that apply) at the project site that is reliably present
during the wet season?
Toilet and urinal flushing
I:ILandscape irrigation
|:IOther:

2. If there is a demand; estimate the anticipated average wet season demand over a period of 36 hours.
Guidance for planning level demand calculations for toilet/urinal flushing and landscape irrigation is
provided in Section B.3.2.

[Provide a summary of calculations here]

3. Calculate the DCV using worksheet B-2.1.

DCV = (cubic feet)
3a. Is the 36 hour demand 3b. Is the 36 hour demand greater than | 3c. Is the 36 hour demand
greater than or equal to the DCV? | 0.25DCV but less than the full DCV? less than 0.25DCV?
T Yes / [No = IYes / [ No = I Yes
{4

Harvest and use appears to be Harvest and use may be feasible. Harvest and use is
feasible. Conduct more detailed Conduct more detailed evaluation and | considered to be
evaluation and sizing calculations | sizing calculations to determine infeasible.
to confirm that DCV can be used feasibility. Harvest and use may only be
at an adequate rate to meet able to be used for a portion of the site,
drawdown criteria. or (optionally) the storage may need to

be upsized to meet long term capture

targets while draining in longer than 36

hours.

Is harvest and use feasible based on further evaluation?
[ Yes, refer to Appendix E to select and size harvest and use BMPs.

[J No, select alternate BMPs.

Note: 36-hour demand calculations are for feasibility analysis only. Once feasibility analysis is complete
the applicant may be allowed to use a different drawdown time provided they meet the 80% annual
capture standard (refer to B.4.2) and 96-hour vector control drawdown requirement.
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6. Factor of Safety and Design Infiltration Rate

Form 6 (PDPs)
City of Solana Beach

Worksheet :
BMP Design Manual
e G Factor Descrioti Assigned Factor Product (p)
actor Catego actor Description
einy 2 Weight (w) Value (v) P=WXV
Soil assessment methods 0.25
Predominant soil texture 0.25
A Suitability Site soil variability 0.25
Assessment Depth to groundwater / impervious 0.25
layer )
Suitability Assessment Safety Factor, Sa=Zp
Level of pretreatment/ expected
. 0.5
sediment loads
B Design Redundancy/resiliency 0.25
Compaction during construction 0.25
Design Safety Factor, Sg = Zp

Combined Safety Factor, Stota= SaX Sg

Observed Infiltration Rate, inch/hr, Kobserved

(corrected for test-specific bias)

Design Infiltration Rate, in/hr, Kgesign = Kobserved / Stotal

Supporting Data

Briefly describe infiltration test and provide reference to test forms:
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ATTACHMENT 1

BACKUP FOR PDP POLLUTANT CONTROL BMPS

This is the cover sheet for Attachment 1.

Indicate which Items are Included behind this cover sheet:

Attachment Contents
Attachment 1a | DMA Exhibit (Required) [JIncluded

See DMA Exhibit Checklist on the back of
this Attachment cover sheet.

Attachment 1b

Tabular Summary of DMAs Showing
DMA ID matching DMA Exhibit, DMA
Area, and DMA Type (Required)*

*Provide table in this Attachment OR on
DMA Exhibit in Attachment 1.a

[JIncluded on DMA Exhibit in
Attachment 1.a

ClIncluded as Attachment 1.b,
separate from DMA Exhibit

Attachment 1c

Form 5, Harvest and Use Feasibility
Screening Checklist (Required unless the
entire project will use infiltration BMPs)

Refer to Appendix B.3-1 of the BMP
Design Manual to complete Form 5.

lIncluded

[JNot included because the
entire project will use
infiltration BMPs

Attachment 1d

Infiltration Feasibility Information.
Contents of Attachment 1d depend on
the infiltration condition:

¢ No Infiltration Condition:

o Infiltration Feasibility
Condition Letter (Note:
must be stamped and
signed by licensed
geotechnical engineer)

o Form I-8A of the BMP
Design Manual (optional)

o Form I-8B (optional)

ePartial Infiltration Condition:

o Infiltration Feasibility
Condition Letter (Note:
must be stamped and
signed by licensed
geotechnical engineer)

o Form I-8A

lIncluded

[JNot included because the
entire project will use harvest
and use BMPs
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o Form I-8B
eFull Infiltration Condition:
o Form I-8A
o Form I-8B
o Worksheet C.4-3
o FormI-9
Refer to Appendices C and D of the
BMP Design Manual for guidance.

Attachment le

Pollutant  Control BMP Design
Worksheets / Calculations (Required)

Refer to Appendices B and E of the BMP
Design Manual for structural pollutant
control BMP design guidelines

[JIncluded
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Use this checklist to ensure the required information has been included on the DMA Exhibit:
The DMA Exhibit must identify:

[ Underlying hydrologic soil group

[l Approximate depth to groundwater

[l Existing natural hydrologic features ( watercourses, seeps, springs, wetlands)

[ Critical coarse sediment yield areas to be protected

[ Existing topography and impervious areas

[1Existing and proposed site drainage network and connections to drainage offsite

[JProposed demolition

[JProposed grading

[IProposed impervious features

[IProposed design features and surface treatments used to minimize imperviousness

[IDrainage management area (DMA) boundaries, DMA ID numbers, and DMA areas (square
footage or acreage), and DMA type (i.e., drains to BMP, self-retaining, or self-mitigating)

I Potential pollutant source areas and corresponding required source controls (see Chapter 4,
Appendix E.1, and Form 1)

[JStructural BMPs (identify location, type of BMP, and size/detail)
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Place Holder for DMA Exhibit
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ATTACHMENT 2

BACKUP FOR PDP HYDROMODIFICATION CONTROL MEASURES

This is the cover sheet for Attachment 2.

[IMark this box if this attachment is empty because the project is exempt from PDP
hydromodification management requirements.

Indicate which Items are Included behind this cover sheet:

Attachment

Contents Checklist
Sequence
Attachment | Hydromodification Management Exhibit | [JIncluded
2a (Required)
See Hydromodification Management
Exhibit Checklist on the back of this
Attachment cover sheet.
Attachment | Management of Critical Coarse Sediment | []Exhibit showing project drainage
2b Yield Areas (WMAA Exhibit is required, boundaries marked on WMAA
additional analyses are optional) Critical Coarse Sediment Yield Area
See Section 6.2 of the BMP Design Manual. Map (Required)
Optional analyses for Critical Coarse
Sediment Yield Area Determination
[16.2.1 Verification of Geomorphic
Landscape Units Onsite
[16.2.2 Downstream Systems
Sensitivity to Coarse Sediment
[16.2.3 Optional Additional Analysis
of Potential Critical Coarse
Sediment Yield Areas Onsite
Attachment | Geomorphic Assessment of Receiving | [INot performed
2c Channels (Optional) CIncluded
See Section 6.3.4 of the BMP Design Manual. | [1Submitted as separate stand-alone
document
Attachment | Flow Control Facility Design, including | [JIncluded
2d Structural BMP Drawdown Calculations and | []Submitted as separate stand-alone
Overflow Design Summary (Required) document
See Chapter 6 and Appendix G of the BMP
Design Manual
Attachment | Vector Control Plan (Required when | [JIncluded
2e structural BMPs will not drain in 96 hours) [INot required because BMPs will

drain in less than 96 hours
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Use this checklist to ensure the required information has been included on the
Hydromodification Management Exhibit:

The Hydromodification Management Exhibit must identify:

[ Underlying hydrologic soil group

[l Approximate depth to groundwater

L] Existing natural hydrologic features ( watercourses, seeps, springs, wetlands)

[ Critical coarse sediment yield areas to be protected

[ Existing topography

[1Existing and proposed site drainage network and connections to drainage offsite

[JProposed grading

[IProposed impervious features

[IProposed design features and surface treatments used to minimize imperviousness

[ Point(s) of Compliance (POC) for Hydromodification Management

] Existing and proposed drainage boundary and drainage area to each POC (when necessary,
create separate exhibits for pre-development and post-project conditions)

[JStructural BMPs for hydromodification management (identify location, type of BMP, and
size/detail)
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ATTACHMENT 3

Structural BMP Maintenance Information

This is the cover sheet for Attachment 3.

Indicate which Items are Included behind this cover sheet:

Attachment Contents
Attachment 3a | Structural BMP Maintenance | []Included

Thresholds and Actions (Required)

See Structural BMP Maintenance
Information Checklist on the back of
this Attachment cover sheet.

Attachment 3b

Draft Maintenance Agreement (when
applicable)

[(Included
[INot Applicable
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Use this checklist to ensure the required information has been included in the Structural BMP

Maintenance Information Attachment:

1 Preliminary Design / Planning / CEQA level submittal:

Attachment 3a must identify:

[l Typical maintenance indicators and actions for proposed structural BMP(s) based

on Section 7.7 of the BMP Design Manual

Attachment 3b is not required for preliminary design / planning / CEQA level submittal.

] Final Design level submittal:

Attachment 3a must identify:

[

O

O

Specific maintenance indicators and actions for proposed structural BMP(s). This
shall be based on Section 7.7 of the BMP Design Manual and enhanced to reflect
actual proposed components of the structural BMP(s)

How to access the structural BMP(s) to inspect and perform maintenance
Features that are provided to facilitate inspection (e.g., observation ports,
cleanouts, silt posts, or other features that allow the inspector to view necessary
components of the structural BMP and compare to maintenance thresholds)
Manufacturer and part number for proprietary parts of structural BMP(s) when
applicable

Maintenance thresholds specific to the structural BMP(s), with a location-specific
frame of reference (e.g., level of accumulated materials that triggers removal of
the materials, to be identified based on viewing marks on silt posts or measured
with a survey rod with respect to a fixed benchmark within the BMP)
Recommended equipment to perform maintenance

When applicable, necessary special training or certification requirements for
inspection and maintenance personnel such as confined space entry or hazardous
waste management

Attachment 3b: For private entity operation and maintenance, Attachment 3b shall
include a draft maintenance agreement in the local jurisdiction's standard format (PDP
applicant to contact the City Engineer to obtain the current maintenance agreement
forms).
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ATTACHMENT 4
Copy of Plan Sheets Showing Permanent Storm Water BMPs

This is the cover sheet for Attachment 4.
Use this checklist to ensure the required information has been included on the plans:
The plans must identify:

[IStructural BMP(s) with ID numbers matching Form 4 Summary of PDP Structural BMPs

[1The grading and drainage design shown on the plans must be consistent with the delineation
of DMAs shown on the DMA exhibit

I Details and specifications for construction of structural BMP(s)

[1Signage indicating the location and boundary of structural BMP(s) as required by the City
Engineer

[1How to access the structural BMP(s) to inspect and perform maintenance

[l Features that are provided to facilitate inspection (e.g., observation ports, cleanouts, silt
posts, or other features that allow the inspector to view necessary components of the
structural BMP and compare to maintenance thresholds)

[IManufacturer and part number for proprietary parts of structural BMP(s) when applicable

[IMaintenance thresholds specific to the structural BMP(s), with a location-specific frame of
reference (e.g., level of accumulated materials that triggers removal of the materials, to be
identified based on viewing marks on silt posts or measured with a survey rod with respect to
a fixed benchmark within the BMP)

[JRecommended equipment to perform maintenance

[IWhen applicable, necessary special training or certification requirements for inspection and
maintenance personnel such as confined space entry or hazardous waste management

OInclude landscaping plan sheets showing vegetation requirements for vegetated structural
BMP(s)

[1All BMPs must be fully dimensioned on the plans

[IWhen proprietary BMPs are used, site-specific cross section with outflow, inflow, and model
number shall be provided. Photocopies of general brochures are not acceptable.

[JA single plan BMP sheet for each construction drawing highlighting only those BMPs included
in the referenced construction drawing. (See Section 5.5.2 of the City’s JRMP for further
detail.)
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Appendix B: Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

Table of Contents:

B.1. DCV

B.2. Adjustments to Account for Site Design BMPs

B.3. Harvest and Use BMPs

B.4. Infiltration BMPs

B.5. Biofiltration BMPs

B.o. Flow-Thru Treatment Control BMPs (for use with Alternative Compliance)
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Appendix B: Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

DCV is defined as the volume of storm water runoff resulting from the 85" percentile, 24-hr storm
event. The following hydrologic method shall be used to calculate the DCV:
DCV =C xdxAx43,560 sf/acx1/12 in/ft
DCV =3,630x CxdxA

Where:

DCV = Design Capture Volume in cubic feet

C = Runoff factor (unitless); refer to section B.1.1

d = 85" percentile, 24-hr storm event rainfall depth (inches), refer to section B.1.3

A = Tributary area (acres) which includes the total area draining to the BMP, including any
offsite or onsite areas that comingles with project runoff and drains to the BMP. Refer
to Chapter 3, Section 3.3.3 for additional guidance. Street redevelopment projects consult
section 1.4.3.

B.1.1 Runoff Factor

Estimate the area weighted runoff factor for the tributary area to the BMP using runoff factor (from
Table B.1-1) and area of each surface type in the tributary area and the following equation:

2 CAy
YAy

C =

Where:

Cs = Runoff factor for area X

Ay = Tributary area X (acres)
These runoff factors apply to areas receiving direct rainfall only. For conditions in which runoff is
routed onto a surface from an adjacent surface, see Section B.2 for determining composite runoff

factors for these areas.

Table B.1-1: Runoff factors for sutfaces draining to BMPs — Pollutant Control BMPs

Surface Runoff Factor
Roofs' 0.90
Concrete or Asphalt' 0.90
Unit Pavers (grouted)’ 0.90
Decomposed Granite 0.30
Cobbles or Crushed Aggregate 0.30
Amended, Mulched Soils or Landscape 0.10
Compacted Soil (e.g., unpaved parking) 0.30
Natural (A Soil) 0.10
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Appendix B: Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

Surface Runoff Factor
Natural (B Soil) 0.14
Natural (C Soil) 0.23
Natural (D Soil) 0.30

ISurface is considered impervious and could benefit from use of Site Design BMPs and adjustment of the runoff
factor per Section B.2.1.

B.1.2 Offline BMPs

Diversion flow rates for offline BMPs shall be sized to convey the maximum flow rate of runoff
produced from a rainfall intensity of 0.2 inch of rainfall per hour, for each hour of every storm event.
The following hydrologic method shall be used to calculate the diversion flow rate for off-line BMPs:
Q=CxixA
Where:
Q = Diversion flow rate in cubic feet per second
C = Runoff factor, area weighted estimate using Table B.1-1
i = Rainfall intensity of 0.2 in/hr
A = Tributary area (acres) which includes the total area draining to the BMP, including any
offsite or onsite areas that comingle with project runoff and drain to the BMP. Refer to
Chapter 3, Section 3.3.3 for additional guidance. Street redevelopment projects also consult
Section 1.4.3.

B.1.3 85th Percentile, 24-Hour Storm Event

The 85th percentile, 24-hour isopluvial map is provided as Figure B.1-1. The rainfall depth to estimate
the DCV shall be determined using Figure B.1-1. The methodology used to develop this map is
presented below:

B.1.3.1 Gage data and calculation of 85th percentile

The method of calculating the 85th percentile is to produce a list of values, order them from smallest
to largest, and then pick the value that is 85 percent of the way through the list. Only values that are
capable of producing run off are of interest for this purpose. Lacking a legislative definition of rainfall
values capable of producing runoff, Flood Control staff in San Diego County have observed that the
point at which significant runoff begins is rather subjective, and is affected by land use type and soil
moisture. In highly-urbanized areas, the soil has a high impermeability and runoff can begin with as
little as 0.02" of rainfall. In rural areas, soil impermeability is significantly lower and even 0.30" of rain
on dry soil will frequently not produce significant runoff. For this reason, San Diego County has
chosen to use the more objective method of including all non-zero 24-hour rainfall totals when
calculating the 85th percentile. To produce a statistically significant number, only stations with 30
years or greater of daily rainfall records are used.
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Appendix B: Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

B.1.3.2 Mapping the gage data

A collection of 56 precipitation gage points was developed with 85th percentile precipitation values
based on multiple years of gage data. A raster surface (grid of cells with values) was interpolated from
that set of points. The surface initially did not cover the County's entire jurisdiction. A total of 13
dummy points were added. Most of those were just outside the County boundary to enable the
software to generate a surface that covered the entire County. A handful of points were added to
enforce a plausible surface. In particular, one point was added in the desert east of Julian, to enforce
a gradient from high precipitation in the mountains to low precipitation in the desert. Three points
were added near the northern boundary of the County to adjust the surface to reflect the effect of
elevation in areas lacking sufficient operating gages.

Several methods of interpolation were considered. The method chosen is named by Environmental
Systems Research Institute as the Natural Neighbor technique. This method produces a surface that
is highly empirical, with the value of the surface being a product of the values of the data points
nearest each cell. It does not produce peaks or valleys of surface based on larger area trends, and is
free of artifacts that appeared with other methods.
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Appendix B:

San Diego County
85 th Percentile Isopluvials
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Appendix B: Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

This section provides methods to adjust the DCV (for sizing pollutant control BMPs) as a result of
implementing site desigh BMPs. The adjustments are provided by one of the following two methods:

e Adjustment to impervious runoff factor
e Adjustment to DCV

B.2.1 Adjustment to Impervious Runoff Factor

When one of the following site design BMPs is implemented the runoff factor of 0.9 for impervious
surfaces identified in Table B.1-1 should be adjusted using the factors listed below and an adjusted
area weighted runoff factor shall be estimated following guidance from Section B.1.1 and used to

calculate the DCV.

e SD-B Impervious area dispersion
e SD-C Green roofs

e SD-D Permeable pavement
B.2.1.1 Impervious area dispersion (SD-B)

Dispersion of impervious areas through pervious areas: The following adjustments are allowed to
impervious runoff factors when dispersion is implemented in accordance with the SD-B fact sheet
(Appendix E). Adjustments are only credited up to a 4:1 maximum ratio of impervious to pervious
areas. In order to adjust the runoff factor, the pervious area shall have a minimum width of 10 feet
and a maximum slope of 5%. Based on the ratio of impervious area to pervious area and the
hydrologic soil group of the pervious area, the adjustment factor from Table B.2-1 shall be multiplied
with the unadjusted runoff factor (Table B.1-1) of the impervious area to estimate the adjusted runoff
factor for sizing pollutant control BMPs. The adjustment factors in Table B.2-1 are only valid for
impervious surfaces that have an unadjusted runoff factor of 0.9.

Table B.2-1: Impervious area adjustment factors that accounts for dispersion

Petvious area Ratio = Impetvious area/Petvious area
hydrologic soil
group 2 3
A 0.00 0.00 0.23 0.36
B 0.00 0.27 0.42 0.53
C 0.34 0.56 0.67 0.74
D 0.86 0.93 0.97 1.00
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Appendix B: Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

Continuous simulation modeling in accordance with Appendix G is required to develop adjustment
factors for surfaces that have an unadjusted runoff factor less than 0.9. Approval of adjustment factors
for surfaces that have an unadjusted runoff factor less than 0.9 is at the discretion of the City Engineer.

The adjustment factors in Table B.2-1 were developed by performing continuous simulations in
SWMM with default parameters from Appendix G and impervious to pervious area ratios of 1, 2, 3,
and 4. When using adjustment factors from Table B.2-1:

e Linear interpolation shall be performed if the impervious to pervious area ratio of the site is

in between one of ratios for which an adjustment factor was developed;

e Use adjustment factor for a ratio of 1 when the impervious to pervious area ratio is less than
1; and

e Adjustment factor is not allowed when the impervious to pervious area ratio is greater than 4,
when the pervious area is designed as a site design BMP.

Example B.2-1: DMA is comprised of one acre of impervious area that drains to a 0.4 acre hydrologic
soil group B pervious area and then the pervious area drains to a BMP. Impervious area dispersion is
implemented in the DMA in accordance with SD-B factsheet. Estimate the adjusted runoff factor for
the DMA.

e Baseline Runoff Factor per Table B.1-1 = [(1*0.9+0.4%0.14)/1.4] = 0.68.

e Impervious to Pervious Ratio = 1 acre impervious area/ 0.4 acre pervious area = 2.5; since the
ratio is 2.5 adjustment can be claimed.

e From Table B.2-1 the adjustment factor for hydrologic soil group B and a ratio of 2 = 0.27; ratio
of 3 = 0.42.

e Linear interpolated adjustment factor for a ratio of 2.5 = 0.27 + {[(0.42 -0.27)/(3-2)]*(2.5-2)} =
0.345.

e Adjusted runoff factor for the DMA = [(1*0.9*0.345+0.4*0.14)/1.4] = 0.26.

e Note only the runoff factor for impervious area is adjusted, there is no change made to the

pervious area.

B.2.1.2 Green Roofs

When green roofs are implemented in accordance with the SD-C factsheet the green roof footprint
shall be assigned a runoff factor of 0.10 for adjusted runoff factor calculations.

B.2.1.3 Permeable Pavement

When a permeable pavement is implemented in accordance with the SD-D factsheet and it does not
have an impermeable liner and has storage greater than the 85" percentile depth below the underdrain,
if an underdrain is present, then the footprint of the permeable pavement shall be assigned a runoff
factor of 0.10 for adjusted runoff factor calculations.
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Appendix B: Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

Permeable Pavement can also be designed as a structural BMP to treat run on from adjacent areas.
Refer to INF-3 factsheet and Appendix B.4 for additional guidance.

B.2.2 Adjustment to DCV

When the following site design BMPs are implemented the anticipated volume reduction from these
BMPs shall be deducted from the DCV to estimate the volume for which the downstream structural
BMP should be sized for:

o SD-A: Tree Wells

e SD-E: Rain barrels

B.2.2.1 Tree Wells

Tree well credit volume from tree trenches or boxes (tree BMPs) is a sum of three runoff reduction
volumes provided by trees that decrease the required DCV for a tributary area. The following
reduction in DCV is allowed per tree based on the mature diameter of the tree canopy, when trees are

implemented in accordance with SD-A factsheet and meet the following criteria:

e Total tree credit volume is less than 0.25DCV of the project footprint and

e Single tree credit volume is less than 400 ft’

Credit for trees that do not meet the above criteria shall be based on the criteria for sizing the tree as

a storm water pollutant control BMP in SD-A fact sheet.

Mature Tree Canopy Tree Credit Volume (ft’/tree)
Diameter (ft)
5 10
10 40
15 100
20 180
25 290
30 400

Basis for the reduction in DCV:

Tree credit volume was estimated based on typical characteristics of tree wells as follows:
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Appendix B: Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

It is assumed that each tree and associated trench or box is considered a single BMP, with calculations
based on the media storage volume and/or the individual tree within the tree BMP as appropriate.
Tree credit volume is calculated as:

TCV =TIV +TCIV +TETV

Where:

e TCI” = Tree credit volume (ft)
e TIIV = Total infiltration volume of all storage layers within tree BMPs (ft))
e TCIV = Total canopy interception volume of all individual trees within tree BMPs (ft’)

e TETI = Total evapotranspiration volume, sums the media evapotranspiration storage within
each tree BMP (ft))

Total infiltration volume was calculated as the total volume infiltrated within the BMP storage layers.
Infiltration volume was assumed to be 20% of the total BMP storage layer volume, the available pore
space in the soil volume (porosity — field capacity). Total canopy interception volume was calculated
for all tree wells within the tributary area as the average interception capacity for the entire mature tree
total canopy projection area. Interception capacity was determined to be 0.04 inches for all tree well
sizes, an average from the findings published by Breuer et al (2003) for coniferous and deciduous
trees. Total evapotranspiration volume is the available evapotranspiration storage volume (field
capacity — wilting point) within the BMP storage layer media. TEVT is assumed to be 10% of the
minimum soil volume. The minimum soil volume as required by SD-A fact sheet of 2 cubic feet per
unit canopy projection area was assumed for estimating reduction in DCV.

B.2.2.2 Rain Barrels

Rain barrels are containers that can capture rooftop runoff and store it for future use. Credit can be
taken for the full rain barrel volume when each barrel volume is smaller than 100 gallons,
implemented per SD-E fact sheet and meet the following criteria:

e Total rain barrel volume is less than 0.25 DCV and

e Landscape areas are greater than 30 percent of the project footprint.

Credit for harvest and use systems that do not meet the above criteria shall be based on the criteria
in Appendix B.3 and HU-1 fact sheet.
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Appendix B: Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

Worksheet B.2-1. DCV

Design Capture Volume Worksheet B-2.1

1| 85" percentile 24-hr storm depth from Figure B.1-1 d= inches

2 | Area tributary to BMP (s) A= acres
Area weighted runoff factor (estimate using Appendix

3| B.1.1 and B.2.1) C= unitless

4 | Tree well volume reduction TCV= cubic-feet

5 | Rain barrels volume reduction RCV= cubic-feet
Calculate DCV =

6] (3630xCxdxA)-TCV-RCV DCV= cubic-feet
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Appendix B: Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

The purpose of this section is to provide guidance for evaluating feasibility of harvest and use BMPs,
calculating harvested water demand and sizing harvest and use BMPs.

B.3.1 Planning Level Harvest and Use Feasibility

Harvest and use feasibility should be evaluated at the scale of the entire project, and not limited to a
single DMA. For the purpose of initial feasibility screening, it is assumed that harvested water collected
from one DMA could be used within another. Types of non-potable water demand that may apply
within a project include:

e Toilet and urinal flushing

e Irrigation

e Vehicle washing

e Evaporative cooling

e Dilution water for recycled water systems
e Industrial processes

e Other non-potable uses

Worksheet B.3-1 provides a screening process for determining the preliminary feasibility for harvest
and use BMPs. This worksheet should be completed for the overall project.
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Appendix B: Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

Worksheet B.3-1. Harvest and Use Feasibility Screening

Harvest and Use Feasibility Screening Worsksheet B.3-1

1. Is there a demand for harvested water (check all that apply) at the project site that is reliably
present during the wet season?

O Toilet and urinal flushing

O Landscape irrigation

O Other:

2. If there is a demand; estimate the anticipated average wet season demand over a period of 36 hours.
Guidance for planning level demand calculations for toilet/urinal flushing and landscape itrigation is
provided in Section B.3.2.

[Provide a summary of calculations here]

3. Calculate the DCV using worksheet B-2.1.
[Provide a results here]

3a. Is the 36-hour demand 3b. Is the 36-hour demand greater 3c. Is the 36-hour
greater than or equal to the than 0.25DCV but less than the full demand less than
DCV? DCV? 0.25DCV?

Yes / No |:> Yes / No |:> Yes
4 J 4

Harvest and use appears to be Harvest and use may be feasible. Harvest and use is
feasible. Conduct more detailed | Conduct more detailed evaluation and | considered to be
evaluation and sizing sizing calculations to determine infeasible.
calculations to confirm that feasibility. Harvest and use may only

DCV can be used at an adequate | be able to be used for a portion of the
rate to meet drawdown criteria. | site, or (optionally) the storage may
need to be upsized to meet long term
capture targets while draining in

longer than 36 hours.

Note: 36-hour demand calculations are for feasibility analysis only. Once feasibility analysis is complete the
applicant may be allowed to use a different drawdown time provided they meet the 80% annual capture
standard (refer to B.4.2) and 96-hour vector control drawdown requirement.
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B.3.2 Harvested Water Demand Calculation

The following sections provide technical references and guidance for estimating the harvested water
demand of a project. These references are intended to be used for the planning phase of a project for
feasibility screening purposes.

B.3.2.1 Toilet and Urinal Flushing Demand Calculations

The following guidelines should be followed for computing harvested water demand from toilet and
urinal flushing:

e If reclaimed water is planned for use for toilet and urinal flushing, then the demand for
harvested storm water is equivalent to the total demand minus the reclaimed water supplied,
and should be reduced by the amount of reclaimed water that is available during the wet
season.

e Demand calculations for toilet and urinal flushing should be based on the average rate of use
during the wet season for a typical year.

e Demand calculations should include changes in occupancy over weekends and around
holidays and changes in attendance/enrollment over school vacation petiods.

e For facilities with generally high demand, but periodic shut downs (e.g., for vacations,
maintenance, or other reasons), a project specific analysis should be conducted to determine
whether the long term storm water capture performance of the system can be maintained
despite shut downs.

e Such an analysis should consider the statistical distributions of precipitation and demand,
most importantly the relationship of demand to the wet seasons of the year.

Table B.3-1 provides planning level demand estimates for toilet and urinal flushing per resident, or
employee, for a variety of project types. The per capita use per day is based on daily employee or
resident usage. For non-residential types of development, the “visitor factor” and “student factor”
(for schools) should be multiplied by the employee use to account for toilet and urinal usage for non-
employees using facilities.

Note: Table B.3-1 provides a demand estimate for 24 hours, for feasibility analysis this estimate must
be multiplied by 1.5 to calculate the 36-hour demand.
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Table B.3-1. Toilet and Urinal Water Usage per Resident or Employee

Per Capita Use per Total Use
Day per
Land Use Type Toilet User Toilet Water Resident
Unit of Flushing’ Visitor Efficiency or
Normalization 2 Utrinals3? Factor* Factor Employee
Residential Resident 18.5 NA NA 0.5 9.3
Empl
Office mpoyee 9.0 2.27 1.1 05
(non-visitor) 7
Empl
Retail e 9.0 2.11 14 05 (ave)
(non-visitor)
Empl
Schools mpoyee 6.7 35 6.4 05 33
(non-student)
Various Industrial Emol
mployee
Uses (excludes proy 9.0 2 1 0.5 5.5

(non-visitor)

process water)

1- Based on American Waterworks Association Research Foundation,1999. Residential End Uses of Water. Denver, CO: AWWARF
2 - Based on use of 3.45 gallons per flush and average number of per employee flushes per subsector, Table D-1 for MWD (Pacific
Institute, 2003)

3 - Based on use of 1.6 gallons per flush, Table D-4 and average number of per employee flushes per subsector, Appendix D (Pacific
Institute, 2003)

4 - Multiplied by the demand for toilet and urinal flushing for the project to account for visitors. Based on proportion of annual use
allocated to visitors and others (includes students for schools; about 5 students per employee) for each subsector in Table D-1 and D-
4 (Pacific Institute, 2003)

5 — Accounts for requirements to use ultra low flush toilets in new development projects; assumed that requirements will reduce toilet
and urinal flushing demand by half on average compared to literature estimates. Ultra low flush toilets are required in all new
construction in California as of January 1, 1992. Ultra low flush toilets must use no more than 1.6 gallons per flush and Ultra low
flush urinals must use no more than 1 gallon per flush. Note: If zero flush urinals are being used, adjust accordingly.

B.3.2.2 General Requirements for Irrigation Demand Calculations

The following guidelines should be followed for computing harvested water demand from landscape
irrigation:

e If reclaimed water is planned for use for landscape irrigation, then the demand for harvested
storm water should be reduced by the amount of reclaimed water that is available during the
wet season.

e Irrigation rates should be based on the irrigation demand exerted by the types of landscaping
that are proposed for the project, with consideration for water conservation requirements.

e Irrigation rates should be estimated to reflect the average wet season rates (defined as October
through April) accounting for the effect of storm events in offsetting harvested water demand.
In the absence of a detailed demand study, it should be assumed that irrigation demand is not
present during days with greater than 0.1 inches of rain and the subsequent 3-day period. This
irrigation shutdown period is consistent with standard practice in land application of
wastewater and is applicable to storm water to prevent irrigation from resulting in dry weather
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runoff. Based on a statistical analysis of San Diego County rainfall patterns, approximately 30
percent of wet season days would not have a demand for irrigation.

e If land application of storm water is proposed (irrigation in excess of agronomic demand),
then this BMP must be considered to be an infiltration BMP and feasibility screening for
infiltration must be conducted. In addition, it must be demonstrated that land application
would not result in greater quantities of runoff as a result of saturated soils at the beginning
of storm events. Agronomic demand refers to the rate at which plants use water.

The following sections describe methods that should be used to calculate harvested water irrigation
demand. While these methods are simplified, they provide a reasonable estimate of potential harvested
water demand that is appropriate for feasibility analysis and project planning. These methods may be
replaced by a more rigorous project-specific analysis that meets the intent of the criteria above.

B.3.2.2.1 Demand Calculation Method

This method is based on the San Diego Municipal Code Land Development Code Landscape
Standards Appendix E which includes a formula for estimating a project’s annual estimated total water
use based on reference evaporation, plant factor, and irrigation efficiency.

For the purpose of calculating harvested water irrigation demand applicable to the sizing of harvest
and use systems, the estimated total water use has been modified to reflect typical wet-season irrigation
demand. This method assumes that the wet season is defined as October through April. This method
further assumes that no irrigation water will be applied during days with precipitation totals greater
than 0.1 inches or within the 3 days following such an event. Based on these assumptions and an
analysis of Lake Wohlford, Lindbergh and Oceanside precipitation patterns, irrigation would not be
applied during approximately 30 percent of days from October through April.

The following equation is used to calculate the Modified Estimated Total Water Usage:
Modified ETWU = ETowe X [[X(PF x HA)/IE] + SLA] x 0.015

Whetre:

Modified ETWU = Estimated daily average water usage during wet season

ETowe. = Average reference evapotranspiration from October through April (use 2.8 inches
per month, using CIMS Zone 4 from Table G.1-1)

PF = Plant Factor
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Table B.3-2. Planning Level Plant Factor Recommendations

Plant Water Use ‘ Plant Factor ‘ Also Includes
Low <0.1-0.2 Artificial Turf
Moderate 0.3-0.7
High 0.8 and greater | Water features
Special Landscape Area | 1.0

HA = Hydrozone Area (sq-ft); A section or zone of the landscaped area having plants with

similar water needs.

2(PF x HA) = The sum of PF x HA for each individual Hydrozone (accounts for different

landscaping zones).

IE = Irrigation Efficiency (assume 90 percent for demand calculations)

SLA = Special Landscape Area (sq-ft); Areas used for active and passive recreation areas,

areas solely dedicated to the production of fruits and vegetables, and areas irrigated with

reclaimed water.

In this equation, the coefficient (0.015) accounts for unit conversions and shut down of irrigation

during and for the three days following a significant precipitation event:

0.015 = (1 mo/30 days)X(1 ft/12 in)X(7.48 gal/cu-ft) X (approximately 7 out of 10 days with
irrigation demand from October through April)

B.3.2.2.2 Planning Level Irrigation Demands

To simplify the planning process, the method described above has been used to develop daily average
wet season demands for a one-acre irrigated area based on the plant/landscape type. These demand

estimates can be used to calculate the drawdown of harvest and use systems for the purpose of LID

BMP sizing calculations.

Table B.3-3. Planning Level Irrigation Demand by Plant Factor and Landscape Type

36-Hour Planning Level Irrigation Demand

General Landscape Type (gallons per irrigated acre per 36 hour period)
Hydrozone — Low Plant Water Use 390
Hydrozone — Moderate Plant Water Use 1,470
Hydrozone — High Plant Water Use 2,640
2,640

Special Landscape Area
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B.3.2.3 Calculating Other Harvested Water Demands

Calculations of other harvested water demands should be based on the knowledge of land uses,
industrial processes, and other factors that are project-specific. Demand should be calculated based

on the following guidelines:

¢ Demand calculations should represent actual demand that is anticipated during the wet
season (October through April).

e Sources of demand should only be included if they are reliably and consistently present
during the wet season.

e Where demands are substantial but irregular, a more detailed analysis should be conducted
based on a statistical analysis of anticipated demand and precipitation patterns.

B.3.3 Sizing Harvest and Use BMPs

Sizing calculations shall demonstrate that one of two equivalent performance standards is met:

1. Harvest and use BMPs are sized to drain the tank in 36 hours following the end of rainfall.
The size of the BMP is dependent on the demand (Section B.3.2) at the site.
2. Harvest and use BMP is designed to capture at least 80 percent of average annual (long term)

runoff volume.

It is rare cisterns can be sized to capture the full DCV and use this volume in 36 hours. So when using
Worksheet B.3-1 if it is determined that harvest and use BMP is feasible then the BMP should be sized
to the estimated 36-hour demand.

Sizing calculations shall demonstrate that one of two equivalent performance standards is met:

1. The BMP or series of BMPs captures the DCV and infiltrates this volume fully within 36 hours
following the end of precipitation. This can be demonstrated through the Simple Method
(Section B.4.1).

2. The BMP or series of BMPs infiltrates at least 80 percent of average annual (long term) runoff
volume. This can be demonstrated using the percent capture method (Section B.4.2), through
reporting of output from the San Diego Hydrology Model, or through other continuous
simulation modeling meeting the criteria in Appendix G, as acceptable to the City Engineer.
This method is not applicable for sizing biofiltration BMPs.

The methods to show compliance with these standards are provided in the following sections.
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B.4.1 Simple Method

Stepwise Instructions:

1.
2.
3.

Compute DCV using Worksheet B.4-1
Estimate design infiltration rate using Worksheet D.5-1

Design BMP(s) to ensure that the DCV is fully retained (i.e., no surface discharge during the
design event) and the stored effective depth draws down in no longer than 36 hours.

Worksheet B.4-1: Simple Sizing Method for Infiltration BMPs

Simple Sizing Method for Infiltration BMPs Worksheet B.4-1

1| DCV (Worksheet B-2.1) DCV= cubic-feet

2 | Estimated design infiltration rate Klcsign= in/hr

3 | Available BMP surface area Apmp= sq-ft
Average effective depth in the BMP footprint _

4 (DCV/ An) Dae= feet
Drawdown time, T (Davg *12/Klcsign) T= hours

Provide alternative calculation of drawdown time, if needed.

Provide calculations for effective depth provided in the BMP:

! Effective Depth = Surface ponding (below the overflow elevation) + gravel storage thickness
x gravel porosity (0.4)
Notes:

Drawdown time must be less than 36 hours. This criterion was set to achieve average annual
capture of 80% to account for back to back storms (See rationale in Section B.4.3). In order
to use a different drawdown time, BMPs should be sized using the percent capture method
(Section B.4.2).

The average effective depth calculation should account for any aggregate/media in the BMP.
For example, 4 feet of stone at a porosity of 0.4 would equate to 1.6 feet of effective depth.

This method may overestimate drawdown time for BMPs that drain through both the bottom
and walls of the system. BMP specific calculations of drawdown time may be provided that
account for BMP-specific geometry.
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B.4.2 Percent Capture Method

This section describes the recommended method of sizing volume-based BMPs to achieve the 80

percent capture performance criterion. This method has a number of potential applications for sizing
BMPs, including:

e Use this method when a BMP can draw down in less than 36 hours and it is desired to
demonstrate that 80 percent capture can be achieved using a BMP volume smaller than the
DCV.

e Use this method to determine how much volume (greater than the DCV) must be provided
to achieve 80 percent capture when the drawdown time of the BMP exceeds 36 hours.

e Use this method to determine how much volume should be provided to achieve 80 percent
capture when upstream BMP(s) have achieved some capture, but have not achieved 80 percent
capture.

By nature, the percent capture method is an iterative process that requires some initial assumptions
about BMP design parameters and subsequent confirmation that these assumptions are valid. For
example, sizing calculations depend on the assumed drawdown time which depends on BMP depth,
which may in turn need to be adjusted to provide the required volume within the allowable
footprint. In general, the selection of reasonable BMP design parameters in the first iteration will
result in minimal required additional iterations. Figure B.4-1 presents the nomograph for use in
sizing retention BMPs in San Diego County.
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B.4.2.1 Stepwise Instructions for sizing a single BMP:

1.

Estimate the drawdown time of the proposed BMP by estimating the design infiltration rate
(Worksheet D.5-1) and accounting for BMP dimensions/geometry. See the applicable BMP
Fact Sheet for specific guidance on how to convert BMP geometry to estimated drawdown
time.

Using the estimated drawdown time and the nomograph from Figure B.4-1 locate where the
line corresponding to the estimated drawdown time intersects with 80 percent capture. Pivot
to the X axis and read the fraction of the DCV that needs to be provided in the BMP to
achieve this level of capture.

Calculate the DCV using Worksheet B.2-1.

Multiply the result of Step 2 by the DCV (Step 3). This is the required BMP design volume.
Design the BMP to retain the required volume, and confirm that the drawdown time is no
more than 25 percent greater than estimated in Step 1. If the computed drawdown time is
greater than 125 percent of the estimated drawdown, then return to Step 1 and revise the
initial drawdown time assumption.

See the respective BMP facts sheets for BMP-specific instructions for the calculation of volume and

drawdown time. The above method can also be used to size and/or evaluate the petformance of other

retention BMPs (evapotranspiration, harvest and use) that have a drawdown rate that can be

approximated as constant throughout the year or over the wet season. In order to use this method for

other retention BMPs, drawdown time in Step 1 will need to be evaluated using an applicable method
for the type of BMP selected. After completing Step 1 continue to Step 2 listed above.

Example B.4.2.1 Percent Capture Method for Sizing a Single BMP:

Given:

e Fstimated drawdown time: 72 Hours
e DCV: 3000 ft’

Required:
e Determine the volume required to achieve 80 percent capture.
Solution:
1. Estimated drawdown time = 72 Hours
2. Fraction of DCV required = 1.35
3. DCV = 3000 ft’ (Given for this example; To be estimated using Worksheet B.2-1)
4. Required BMP volume = 1.35 x 3000 = 4050 ft
5. Design BMP and confirm drawdown Time is < 90 Hours (72 Hours +25%)
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Example B.4.2.1 Continued:

Graphical Operations Supporting Solution:
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B.4.2.2 Stepwise Instructions for sizing BMPs in series:

For projects where BMPs in series have to be implemented to meet the performance standard the

following stepwise procedure shall be used to size the downstream BMP to achieve the 80 percent

capture performance criterion:

1.

Using the upstream BMP parameters (volume and drawdown time) estimate the average
annual capture efficiency achieved by the upstream BMP using the nomograph.

Estimate the drawdown time of the proposed downstream BMP by estimating the design
infiltration rate (Wotksheet D.5-1) and accounting for BMP dimensions/geometry. See the
applicable BMP Fact Sheet for specific guidance on how to convert BMP geometry to
estimated drawdown time. Use the nomograph and locate where the line corresponding to the
estimated drawdown time intersects with 80 percent capture. Pivot to the horizontal axis and
read the fraction of the DCV that needs to be provided in the BMP. This is referred to as X;.
Trace a horizontal line on the nomograph using the capture efficiency of the upstream BMP
estimated in Step 1. Find where the line traced intersects with the drawdown time of the
downstream BMP (Step 2). Pivot and read down to the horizontal axis to yield the fraction of
the DCV already provided by the upstream BMP. This is referred to as Xo.
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4. Subtract X, (Step 3) from X (Step 2) to determine the fraction of the design volume that must
be provided in the downstream BMP to achieve 80 percent capture to meet the performance

standard.

5. Multiply the result of Step 4 by the DCV. This is the required downstream BMP design
volume.

6. Design the BMP to retain the required volume, and confirm that the drawdown time is no
more than 25 percent greater than estimated in Step 2. If the computed drawdown time is

greater than 125 percent of the estimated drawdown, then return to Step 2 and revise the initial

drawdown time assumption.

See the respective BMP facts sheets for BMP-specific instructions for the calculation of volume and

drawdown time.

Example B.4.2.2 Percent Capture Method for Sizing BMPs in Series:

Given:

Estimated drawdown time for downstream BMP: 72 Hours
DCV for the area draining to the BMP: 3000 ft’

Upstream BMP volume: 900 ft’

Upstream BMP drawdown time: 24 Hours

2.

w

Required:

e Determine the volume required in the downstream BMP to achieve 80 percent capture.
Solution:

1. Step 1A: Upstream BMP Capture Ratio = 900/3000 = 0.3; Step 1B: Average annual

capture efficiency achieved by upstream BMP = 44%

Downstream BMP drawdown = 72 hours; Fraction of DCV required to achieve 80%
capture = 1.35

Locate intersection of design capture efficiency and drawdown time for upstream BMP
(See Graph); Fraction of DCV already provided (X5) = 0.50 (See Graph)

Fraction of DCV Required by downstream BMP = 1.35-0.50 = 0.85

DCYV (given) = 3000 ft’ ; Required downstream BMP volume = 3000 ft’ x 0.85 = 2,550 ft’
Design BMP and confirm drawdown Time is < 90 Hours (72 Hours +25%)
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Example B.4.2.2 Continued:

Graphical Operations Supporting Solution:
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B.4.3 Technical Basis for Equivalent Sizing Methods

Storm water BMPs can be conceptualized as having a storage volume and a treatment rate, in various
proportions. Both are important in the long-term performance of the BMP under a range of actual
storm patterns, depths, and inter-event times. Long-term performance is measured by the operation
of a BMP over the course of multiple years, and provides a more complete metric than the
performance of a BMP during a single event, which does not take into account antecedent conditions,
including multiple storms arriving in short timeframes. A BMP that draws down more quickly would
be expected to capture a greater fraction of overall runoff (i.e., long-term runoff) than an identically
sized BMP that draws down more slowly. This is because storage is made available more quickly, so
subsequent storms are more likely to be captured by the BMP. In contrast a BMP with a long
drawdown time would stay mostly full, after initial filling, during periods of sequential storms. The
volume in the BMP that draws down more quickly is more “valuable” in terms of long term
performance than the volume in the one that draws down more slowly. The MS4 permit definition of
the DCV does not specify a drawdown time, therefore the definition is not a complete indicator of a

BMP's level of performance. An accompanying performance-based expression of the BMP sizing
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standard is essential to ensure uniformity of performance across a broad range of BMPs and helps
prevents BMP designs from being used that would not be effective.

An evaluation of the relationships between BMP design parameters and expected long term capture
efficiency has been conducted to address the needs identified above. Relationships have been
developed through a simplified continuous simulation analysis of precipitation, runoff, and routing,
that relate BMP design volume and storage recovery rate (i.e., drawdown time) to an estimated long
term level of performance using United States Environmental Protection Agency (USEPA) SWMM
and parameters listed in Appendix G for Lake Wohlford, Lindbergh, and Oceanside rain gages.
Comparison of the relationships developed using the three gages indicated that the differences in
relative capture estimates are within the uncertainties in factors used to develop the relationships. For
example, the estimated average annual capture for the BMP sized for the DCV and 36 hour drawdown
using Lake Wohlford, Lindbergh, and Oceanside are 80%, 76% and 83% respectively. In an effort to
reduce the number of curves that are made available, relationships developed using Lake Wohlford
are included in this manual for use in the whole San Diego County region.

Figure B.4-1 demonstrated that a BMP sized for the runoff volume from the 85™ percentile, 24-hour
storm event (i.e., the DCV), which draws down in 36 hours is capable of managing approximately 80
percent of the average annual. There is long precedent for 80 percent capture of average annual runoff
as approximately the point at which larger BMPs provide decreasing capture efficiency benefit (also
known as the “knee of the curve”) for BMP sizing. The characteristic shape of the plot of capture
efficiency versus storage volume in Figure B.4-1 illustrates this concept.

As such, this equivalency (between DCV draw down in 36-hours and 80 percent capture) has been
utilized to provide a common currency between volume-based BMPs with a wide range of drawdown
rates. This approach allows flexibility in the design of BMPs while ensuring consistent performance.

Biofiltration BMPs must be sized using one of the following sizing methods:

e Option 1: Treat 1.5 times the portion of the DCV not reliably retained onsite, OR

e Option 2: Treat 1.0 times the portion of the DCV not reliably retained onsite; and additionally
check that the system has a total static (i.e., non-routed) storage volume, including pore spaces
and pre-filter detention volume, equal to at least 0.75 times the portion of the DCV not reliably

retained onsite.

When using sizing Option 1 a routing period of 6 hours is allowed. The routing period was estimated
based on 50th percentile storm duration for storms similar to 85th percentile rainfall depth. It was
estimated based on inspection of continuous rainfall data from Lake Wohlford, Lindbergh and

Oceanside rain gages.

The MS4 Permit specifies (Footnote 29) that the hydraulic loading rate and other biofiltration design
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criteria must be selected such that storm water retention and pollutant removal are maximized. To
meet this provision, this manual includes specific criteria for design of biofiltration BMPs. Among
other criteria, a minimum footprint sizing factor of 3 percent (BMP footprint area as percent of
contributing area times adjusted runoff factor) and a volume retention performance standard (Figure
B.5-2) based on the reliable infiltration rate at the site (i.e. measured infiltration rate/factor of safety
of 2) is specified. Appendix B.5.3 provides the technical rationale for the 3 percent minimum sizing
factor and the volume retention performance standard.

Effective Area = Plan view area at

the surface of the BMP before any
ponding

Surface
ponding

Retained Pore
Storage=FC - WP

Freely drained soil
water = porosity - FC

. J( L ]
4 > 2
;’O.JO"'/ a5 ol
[.. .J. /‘Q{..d. below underdrain

FC = field capacity of media
WP = wilting point of media

Figure B.5-1 Explanation of Biofiltration Volume Compartments for Sizing Purposes

Note: For sizing calculations, it shall be assumed that only 50% of the retained pore storage (field
capacity — wilting point) is available for evapotranspiration to account for typical irrigation practices.

The numeric sizing criteria in this appendix are subdivided into:
e Appendix B.5.1: Standard' biofiltration BMP sizing; and
e Appendix B.5.2: Non-Standard® and Compact’ biofiltration BMP sizing.

If a BMP meets the criteria in Appendix B.5.1, then it is considered compliant with the required
pollutant control performance standard (i.e., for both retention and pollutant removal). It is not

! Standard biofiltration BMPs have a media filtration rate equal to or smaller than 5 in/hr. and a media surface area
of 3% of contributing area times adjusted runoff factor or greater.

2 Non-Standard biofiltration BMPs have a media filtration rate equal to or smaller than 5 in/hr. and a media surface
area smaller than 3% of contributing area times adjusted runoff factor.

3 Compact (high rate) biofiltration BMPs have a media filtration rate greater than 5 in/hr. and a media surface area
smaller than 3% of contributing area times adjusted runoff factor. Compact biofiltration BMPs are typically
proprietary BMPs that may qualify as biofiltration.
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necessary to complete worksheets in this appendix for BMPs that meet the criteria in Appendix B.5.1.
The volume retention performance standard for biofiltration BMPs is presented in Figure B.5-2.

When mapped hydrologic soil groups are used for feasibility screening, applicants are allowed to use
the following reliable infiltration rates for sizing partial retention BMPs:

e Reliable infiltration rate for NRCS Type D soils = 0.05 in/ht.
e Reliable infiltration rate for NRCS Type C soils = 0.15 in/hr.

The applicant also has an option to perform infiltration testing in lieu of using the rates listed above.

If an applicant performs site-specific testing using a device that has a precision of 0.1 in/hr. and
determines that the average measured infiltration rates in the DMA are less than 0.1 in/hr., then the
applicant is allowed to size the biofiltration BMP assuming the DMA is a “No Infiltration Condition”.
In instances where the actual infiltration is not measured because the testing device has a precision of
0.1 in/ht., if the applicant elects to propose a non-standard or a compact biofiltration BMP then a
reliable infiltration rate of 0.025 in/hr. must be used to size site design BMPs when there ate no
geotechnical and/or groundwater hazards identified in Appendix C.

If there are geotechnical and/or groundwater hazards identified in Appendix C, then the applicant
must use a reliable infiltration rate of 0.0 in/hr. for estimating the target volume retention and sizing
equivalent site design BMPs.

The required performance standards for different biofiltration BMPs are summarized in Table B.5-1.
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Figure B.5-2 Volume Retention Performance Standard for Partial Infiltration Condition

Note: For biofiltration BMP sizing, the reliable infiltration rate must be calculated using a factor of safety of 2 i.e., Reliable infiltration rate

= Measured infiltration rate /2
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Table B.5-1. Summary of Biofiltration Petformance Standards

Performance Standard

Condition

Partial Infiltration
Condition

(Based on Worksheet
C.4-1: Form I-8A and
Worksheet C.4-2: Form I-
8B)

[There is no hierarchy in
selecting the type of
biofiltration BMP as long
as the performance
standard for the selected
biofiltration BMP is met]

Infiltration

Feasibility

Condition

Standard Biofiltration BMPs:

BMPs must meet the criteria in Appendix B.5.1.1

Non-Standard Biofiltration BMPs:
Pollutant Removal: BMP must be sized using Worksheet B.5-1 and Worksheet B.5-4; AND

Yolume Retention: DMA must meet the target volume retention calculated using Worksheet B.5-2 (based on Figure B.5-
2).

Compliance with volume retention requirements can be documented using Worksheet B.5-3 (to estimate retention from
the BMP) and/or Worksheet B.5-7 (if dispersion and/or amended soils are proposed) and/or by implementing other site
design BMPs (e.g. rain barrels, trees, etc.).

Compact Biofiltration BMPs:

Pollutant Removal: BMP must meet the criteria in Appendix F. Form 1-10 must be completed and submitted with the
PDP SWQMP; AND

Volume Retention: DMA must meet the target volume retention calculated using Worksheet B.5-2 (based on Figure B.5-
2).

Compliance with volume retention requirements can be documented using Worksheet B.5-3 (to estimate retention from
the BMP) and/or Worksheet B.5-7 (if dispersion and/or amended soils are proposed) and/or by implementing other site
design BMPs (e.g. rain barrels, trees, etc.).

Performance Standard
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No Infiltration
Condition

(Based on Infiltration
Feasibility Condition
Letter and/or

Worksheet C.4-1: Form I-
8A and/or

Worksheet C.4-2: Form I-
8B)

[There is no hierarchy in
selecting the type of
biofiltration BMP as long
as the performance
standard for the selected
biofiltration BMP is met]

Appendix B: Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

Standard Biofiltration BMPs:

BMPs must meet the criteria in Appendix B.5.1.2

Non-Standard Biofiltration BMPs:
Pollutant Removal: BMP must be sized using Worksheet B.5-1 and Worksheet B.5-4; AND

Yolume Retention: DMA must meet the target volume retention calculated using Worksheet B.5-2 (based on Figure B.5-
2).

Compliance with volume retention requirements can be documented by:

DMA has a combined BMP footprint and landscaped area (that meet the criteria in SD-B and SD-F factsheet) of 3°Io of
contributing area times adjusted runoff factor or greater. The landscaped area must have an impervious area to pervious
area ratio greater than 1.5:1. This can be documented using Worksheet B.5-6. [OR]

Applicant has an option to use other site design BMPs that will meet the target volume retention calculated using
Wortksheet B.5-2. This can be documented using Worksheet B.5-6 and/or Worksheet B.5-7.

Compact Biofiltration BMPs:

Pollutant Removal: BMP must meet the criteria in Appendix F. Form I-10 must be completed and submitted with the
PDP SWQMP; AND

Volume Retention: DMA must meet the target volume retention calculated using Worksheet B.5-2 (based on Figure B.5-
2).

Compliance with volume retention requirements can be documented by:

DMA has a combined BMP footprint and landscaped area (that meet the criteria in SD-B and SD-F factsheet) of 3°1o of
contributing area times adjusted runoff factor or greater. The landscaped area must have an impervious area to pervious
area ratio greater than 1.5:1. This can be documented using Worksheet B.5-6. [OR]

Applicant has an option to use other site design BMPs that will meet the target volume retention calculated using
Worksheet B.5-2. This can be documented using Worksheet B.5-6 and/or Worksheet B.5-7.
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B.5.1 Standard Biofiltration BMP Sizing
B.5.1.1 Standard Biofiltration Sizing for Partial Infiltration Condition

If a BMP meets the following criteria and the design criteria in PR-1 fact sheet (Appendix E.17), then
the BMP is considered to meet its pollutant control performance standard.

1. DMA is categorized as “partial infiltration condition”. Completed Worksheet C.4-1: Form I-
8A and Worksheet C.4-2: Form 1-8B are submitted with the PDP SWQMP;

2. BMP has a media surface area of 3% of contributing area times adjusted runoff factor or
greater and does not have an impermeable liner on the bottom of the BMP;

3. Additional documentation (Worksheet B.5-1) that show the pollutant control requirements
are met is included in the SWQMP submittal if the media filtration rate of the BMP is outlet
controlled (example for outlet control: underdrain outlet retrofitted with an orifice cap that
controls the filtration flow rate); AND

4. BMP provides an aggregate storage thickness greater than the thickness specified in Table B.5-
2 below the underdrain invert.

Table B.5-2. Reliable infiltration rate versus required aggregate storage

eoate Oraoe
- -

0
R~ = » = S
210 At10

DE acrara

>0.05 in/hr. and £0.10 in/hr. 6 inches
> 0.10 in/hr. and £0.15 in/hr. 12 inches
> (0.15 in/hr. and < 0.50 in/hr. 18 inches

Note: For biofiltration BMP sizing, the design infiltration rate must be calculated using a factor of
safety of 2 i.e., Reliable infiltration rate = Measured infiltration rate/2.

When mapped hydrologic soil groups are used for feasibility screening, applicants are allowed to use
the following reliable infiltration rates for sizing partial retention BMPs:

e Reliable infiltration rate for NRCS Type D soils = 0.05 in/hr.
e Reliable infiltration rate for NRCS Type C soils = 0.15 in/hr.

The applicant also has an option to perform infiltration testing in lieu of using the rates listed above.

To document compliance applicant must include the following information in the SWQMP submittal
for each standard BMP:

e Required BMP Footprint = Area draining to the BMP * Adjusted runoff factor * 0.03;
e Provided BMP Footprint;
e Reliable Infiltration rate;
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e Provided aggregate storage thickness below the underdrain invert;

e Documentation that shows the BMP meets the requirements in PR-1 fact sheet (Appendix
E.17); and

e Completed Worksheet B.5-1 if the BMP is the outlet controlled. Worksheet B.5-1 is not
required if the BMP is not outlet controlled.

B.5.1.2 Standard Biofiltration Sizing in No Infiltration Condition

If a BMP meets the following criteria and the design criteria in BF-1 fact sheet (Appendix E.18), then
the BMP is considered to meet its pollutant control performance standard.

1. DMA is categorized as “no infiltration condition”. Completed “Infiltration Feasibility
Condition Letter” or Worksheet C.4-1: Form I-8A or Worksheet C.4-2: Form I-8B that
supports the categorization submitted with the PDP SWQMP;

2. BMP has a media surface area of 3% of contributing area times adjusted runoff factor or
greater and has an impermeable liner on the bottom of the BMP (applicant also has an option
to not install an impermeable liner on the bottom of the BMP if there are no
geotechnical/groundwater hazards identified while completing forms in Appendix C); AND

3. Additional documentation (Worksheet B.5-1) that show the pollutant control requirements
are met is included in the SWQMP submittal if the media filtration rate of the BMP is outlet
controlled (example for outlet control: underdrain outlet retrofitted with an orifice cap that
controls the filtration flow rate).

To document compliance applicant must include the following information in the SWQMP submittal
for each standard BMP:

e Required BMP Footprint = Area draining to the BMP * Adjusted runoff factor * 0.03;
e Provided BMP Footprint;

e Documentation that shows the BMP meets the requirements in BF-1 fact sheet (Appendix
E.18); and

e Completed Worksheet B.5-1 if the BMP is the outlet controlled. Worksheet B.5-1 is not
required if the BMP is not outlet controlled.

BMPs that meet the criteria in Appendix B.5.1 are not required to complete and submit Worksheets
in Appendix B.5.2 in the PDP SWQMP submittal (except in scenarios where the biofiltration BMP is
outlet controlled in this case applicant must complete Worksheet B.5-1 and include in the SWQMP
submittal).

B.5.2 Non-Standard and Compact Biofiltration BMP Sizing

The following worksheets were developed for project applicants electing to use non-standard
nonproprietary biofiltration BMPs and/or use compact biofiltration BMPs.
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1.

2.
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Worksheet B.5.1: Sizing Method for Pollutant Removal Criteria

Worksheet B.5.2: Sizing Method for Volume Retention Criteria

Worksheet B.5.3: Volume Retention from Biofiltration with Partial Retention BMPs
Worksheet B.5.4: Alternative Minimum Footprint Sizing Factor for Non-Standard
Biofiltration

Worksheet B.5.5: Optimized Biofiltration BMP Footprint when Downstream of a Storage
Unit

Worksheet B.5.6: Volume Retention for No Infiltration Condition

Worksheet B.5.7: Volume Retention from Amended Soils

Project applicants that meet the criteria in Appendix B.5.1 are not required to complete the
worksheets in Appendix B.5.2.

Project applicants have an option to perform continuous simulation (following guidelines in
Appendix G) to document conformance with the performance standard from Chapter 2 in
licu of using the worksheets in Appendix B.5.2.

a. Ifanapplicant elects to perform continuous simulation, the applicant must model both
the standard configuration (impervious footprint draining to a 3% biofiltration BMP)
and the proposed configuration to show that proposed configuration would achieve
volume reduction equal to or greater than the standard configuration. The modeling
analysis must be documented in the PDP SWQMP.

Design Assumptions:

For the footprint of non-proprietary BMPs, applicants are allowed to use the plan view area at the

sutrface

of the BMP before any ponding, when performing sizing calculations using worksheets

presented in Appendix B.5.2.

One of the following two methods may also be acceptable:

Method 1: Effective area/effective depth method. This method involves determining the
effective depth of water stored in the BMP and identifying the effective area at that elevation.
For systems with vertical walls, the effective area is simply the plan view area. For systems
with side slopes, the effective area can be approximated as the plan view area inundated when
the ponded depth is half full. This is the area of the contour at an elevation half way between
the surface of the BMP and the overflow elevation.

Method 2: Area takeoff/trapezoidal method. For more complex BMP geometries, it may
be necessary to perform area takeoffs at regular contour intervals within the BMP and apply
trapezoidal geometry calculations. The effectively breaks the BMP into horizontal slices. Each
horizontal “slice” would have a vertical thickness, an average surface area, and an effective
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porosity. The product of these values is the storage volume in the slice. The sum of all slices
is the total storage volume. The effective area can then be estimated by dividing the total
storage volume with depth.

In both methods, volume should only be tabulated below the overflow or bypass elevation of the
BMP. Surcharge or freeboard storage should not be included in calculations. When one of the above
two methods are used detailed calculations must be included in the SWQMP submittal.

Area draining to the BMP must also include the area of the BMP. Use runoff factor for impervious

area (i.e. concrete or asphalt) for the area of the BMP to determine the composite runoff factor for
the DMA.

If an applicant performs site-specific testing using a device that has a precision of 0.1 in/hr. and
determines that the measured infiltration rates in the DMA are less than 0.1 in/ht., then the applicant
is allowed to size the biofiltration BMP assuming the DMA is a “No Infiltration Condition”. In
instances where the actual infiltration is not measured because the testing device has a precision of 0.1
in/ht., if the applicant elects to propose a non-Standatrd or a compact biofiltration BMP then a reliable
infiltration rate of 0.025 in/hr. must be used to size site design BMPs when there are no geotechnical
and/or groundwater hazards identified in Appendix C.

If there are geotechnical and/or groundwater hazards identified in Appendix C, then the applicant
must use a reliable infiltration rate of 0.0 in/hr. for estimating the target volume retention and sizing
equivalent site design BMPs.

The 36-hour drawdown percent capture nomograph that can be used to estimate the fraction of the
DCV that must be retained to meet the average annual capture performance standard is presented in
Figure B.5-3 below.
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Figure B.5-3. Fraction of DCV versus Average Annual Capture
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Worksheet B.5-1: Sizing Method for Pollutant Removal Criteria

Sizing Method for Pollutant Removal Criteria Worksheet B.5-1
1 | Area draining to the BMP sq. ft.
2 | Adjusted runoff factor for drainage area (Refer to Appendix B.1 and B.2)
3 | 85% percentile 24-hour rainfall depth inches
4 | Design capture volume [Line 1 x Line 2 x (Line 3/12)] cu. ft.
BMP Parameters
5 | Surface ponding [6 inch minimum, 12 inch maximum]| inches
6 Media thickness [18 inches minimum]|, also add mulch layer and washed inches
ASTM 33 fine aggregate sand thickness to this line for sizing calculations
Aggregate storage (also add ASTM No 8 stone) above underdrain invert (12
7 | inches typical) — use O inches if the aggregate is not over the entire bottom inches
surface area
Aggregate storage below underdrain invert (3 inches minimum) — use 0 .
8 | . . . . inches
inches if the aggregate is not over the entire bottom surface area
9 | Freely drained pore storage of the media 0.2 in/in
10 | Porosity of aggregate storage 0.4 in/in
Media filtration rate to be used for sizing (maximum filtration rate of 5
in/ht. with no outlet control; if the filtration rate is controlled by the outlet .
1 use the outlet controlled rate (includes infiltration into the soil and flow in/he.
rate through the outlet structure) which will be less than 5 in/ht.)
Baseline Calculations
12 | Allowable routing time for sizing 6 hours
13 | Depth filtered during storm [ Line 11 x Line 12] inches
Depth of Detention Storage .
14 ) . : : . . . inches
[Line 5 + (Line 6 x Line 9) + (Line 7 x Line 10) + (Line 8 x Line 10)]
15 | Total Depth Treated [Line 13 + Line 14] inches
Option 1 — Biofilter 1.5 times the DCV
16 | Required biofiltered volume [1.5 x Line 4] cu. ft.
17 | Required Footprint [Line 16/ Line 15] x 12 sq. ft.
Option 2 - Store 0.75 of remaining DCYV in pores and ponding
18 | Required Storage (surface + pores) Volume [0.75 x Line 4] cu. ft.
19 | Required Footprint [Line 18/ Line 14] x 12 sq. ft.
Footprint of the BMP
20 BMP Footprint Sizing Factor (Default 0.03 or an alternative minimum
footprint sizing factor from Line 11 in Worksheet B.5-4)
21 | Minimum BMP Footprint [Line 1 x Line 2 x Line 20] sq. ft.
22 | Footprint of the BMP = Maximum (Minimum (Line 17, Line 19), Line 21) sq. ft.
23 | Provided BMP Footprint sq. ft.
Is Line 23 = Line 227
24 | If Yes, then footprint criterion is met. O Yes 0 No
If No, increase the footprint of the BMP.
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Worksheet B.5-2: Sizing Method for Volume Retention Criteria
Worksheet B.5-2

Sizing Method for Volume Retention Criteria

Area draining to the BMP

sq. ft.

Adjusted runoff factor for drainage area (Refer to Appendix B.1 and B.2)

85t percentile 24-hour rainfall depth

inches

1
2
3
4

Design capture volume [Line 1 x Line 2 x (Line 3/12)]

cu. ft.

Volume Retention Requirement

Measured infiltration rate in the DMA
Note:

When mapped hydrologic soil groups are used enter 0.10 for NRCS Type
D soils and for NRCS Type C soils enter 0.30

When in no infiltration condition and the actual measured infiltration rate
is unknown enter 0.0 if there are geotechnical and/or groundwater hazards
identified in Appendix C or enter 0.05

in/hr.

Factor of safety

Reliable infiltration rate, for biofiltration BMP sizing [Line 5/ Line 6]

in/hr.

Average annual volume reduction target (Figure B.5-2)
When Line 7 > 0.01 in/hr. = Minimum (40,166.9 x Line 7 +6.62)
When Line 7 < 0.01 in/hr. = 3.5%

%

Fraction of DCV to be retained (Figute B.5-3)

When Line 8 > 8% =

0.0000013 x Line 83 - 0.000057 x Line 82 + 0.0086 x Line 8 - 0.014
When Line 8 < 8% = 0.023

10

Target volume retention [Line 9 x Line 4]

cu. ft.
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Worksheet B.5-3: Volume Retention from Biofiltration with Partial Retention BMPs

Volume Retention from Biofiltration with Partial Retention BMPs

Worksheet B.5-3

1 | Area draining to the BMP sq. ft.
2 | Adjusted runoff factor for drainage area (Refer to Appendix B.1 and B.2)
3 | 85 percentile 24-hour rainfall depth inches
4 | Design capture volume [Line 1 x Line 2 x (Line 3/12)] cu. ft.
BMP Parameters
5 | Footprint of the BMP sq. ft.
5 Media thickness [18 inches minimum], also add mulch layer and washed inches
ASTM 33 fine aggregate sand thickness to this line for sizing calculations che
7 | Media retained pore space [50% of (Field Capacity-Wilting Point)] 0.05 in/in
Aggregate storage below underdrain invert (3 inches minimum) — use 0 .
8 | . . . . inches
inches if the aggregate is not over the entire bottom surface area
9 | Porosity of aggregate storage 0.4 in/in
Measured infiltration rate in the DMA
10 L in/hr.
Note: When mapped hydrologic soil groups are used enter 0.10 for NRCS
Type D soils and for NRCS Type C soils enter 0.30
11 | Factor of safety 2
Reliable infiltration rate, for biofiltration BMP sizing .
12 . . in/hr.
[Line 10/ Line 11]
Evapotranspiration: Average Annual Volume Retention
13 | Effective evapotranspiration depth [Line 6 x Line 7] inches
14 | Retained pore volume [(Line 13 x Line 5)/12] cu. ft.
15 | Fraction of DCV retained in pore spaces [Line 14/Line 4
Evapotranspiration average annual capture [use ET Nomographs in Figure .
16 1 B.5.5, Refer to Appendix B.5.4] /o
Infiltration: Average Annual Volume Retention
17 | Drawdown for infiltration storage [(Line 8 x Line 9)/Line 12] hours
18 Equivalent DCV fraction from evapotranspiration
(use Line 16 and Line 17 in Figure B.4-1; Refer to Appendix B.4.2.2)
19 | Infiltration volume storage [(Line 5 x Line 8 x Line 9)/12] cu. ft.
20 | Infiltration storage: Fraction of DCV [Line 19 /Line 4]
21 | Total Equivalent Fraction of DCV [Line 18 + Line 20]
2 Biofiltration BMP average annual capture Y
[use Line 21 and 17 in Figure B.4-1] ’
23 Fraction of DCV retained (Figure B.5-3)
0.0000013 x Line 223 - 0.000057 x Line 222 + 0.0086 x Line 22- 0.014
o4 Volume retention achieved by biofiltration BMP f
[Line 23 x Line 4] cu-
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B.5.2.1 Alternative Minimum Sizing factor for Clogging Risk

Worksheet B.5-4 below must be used to support a request for an alternative minimum footprint sizing
factor (for clogging) in Worksheet B.5-1. Based on a review of the submitted worksheet and
supporting documentation, the use of a smaller footprint sizing factor may be approved at the
discretion of the City Engineer. If approved, the estimated footprint from the worksheet below can
be used in line 20 of Worksheet B.5-1 in lieu of the 3 percent minimum footprint value.

e This worksheet includes the following general steps to calculate the minimum footprint sizing
factor:

e Sclect a “load to clog” that is representative of the type of BMP proposed

e Sclect a target life span (i.e., frequency of major maintenance) that is acceptable to the City
Engineer. A default value of 10 years is recommended.

e Compile information about the DMA from other parts of the SWQMP development process.
e Determine the event mean concentration (EMC) of TSS that is appropriate for the DMA

e Perform calculations to determine the minimum footprint to provide the target lifespan.

Table B.5-3: Typical land use total suspended solids (T'SS) event mean concentration (EMC) values.

Land Use TSS EMC*, mg/L

Single Family Residential 123
Commercial 128
Industrial 125
Education (Municipal) 132
Transportation® 78
Multi-family Residential 40
Roof Runofft 14
Low Traffic Areas’ 50
Open Space 216

* EMCs are from SBPAT datasets for SLR and SDR Watersheds — Arithmetic Estimates of the Lognormal Summary
Statistics for San Diego, unless otherwise noted.

5> EMCs are based on Los Angeles region default SBPAT datasets due to lack of available San Diego data.

6 Value represents the average first flush concentration for roof runoff (Charters et al., 2015).

7 Davis and McCuen (2005)
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TableB.5-4: Guidance for Selecting Load to Clog (Lc

Load to Clog, L.,

BMP Configuration 1b/sq-ft
Baseline: Approximately 50 percent vegetative cover; 5
typical fine sand and compost blend
Baseline + increase vegetative cover to at least 75 percent 3
Baseline + include coarser sand to increase initial permeability to 20 to 30 3
in/hr; control flowrate with outlet control
Baseline + increase vegetative cover and include more permeable media 4

with outlet control, per above

References
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Worksheet B.5-4: Calculation of Alternative Minimum Footprint Sizing Factor for Non-Standard
Biofiltration
Alternative Minimum Footprint Sizing Factor for Non-

Worksheet B.5-4

Standard Biofiltration

1 | Area draining to the BMP sq. ft.
2 | Adjusted Runoff Factor for drainage area (Refer to Appendix B.1 and B.2)
3 | Load to Clog (default value when using Appendix E fact sheets is 2.0) Ib/sq. ft.
4 | Allowable Period to Accumulate Clogging Load (TL) (default value is 10) years
Volume Weighted EMC Calculation
Fraction of TSS EMC
Land Use Total DCV (mg/L) Product
Single Family Residential 123
Commercial 128
Industrial 125
Education (Municipal) 132
Transportation 78
Multi-family Residential 40
Roof Runoff 14
Low Traffic Areas 50
Open Space 216
Other, specify:
Other, specify:
Other, specify:
5 | Volume Weighted EMC (sum of all products) | mg/L
Sizing Factor for Clogging
Adjustment for pretreatment measures
6 Where: Line 6 = 0 if no pretreatment; Line 6 = 0.25 when pretreatment is
included; Line 6 = 0.5 if the pretreatment has an active Washington State
TAPE approval rating for “pre-treatment.”
7 Avergge Ar.mual Precipitation [Provide documentation of the data source in inches
the discussion box; SanGIS has a GIS layer for average annual precipitation]
8 | Calculate the Average Annual Runoff (Line 7/12) x Line 1 x Line2 cu-ft/yr
9 Ca.lculate the AveFage Annual TSS Load Ib/yr
(Line 8 x 62.4 x Line 5 x (1 — Line 6))/10¢
10 | Calculate the BMP Footprint Needed (Line 9 x Line 4)/Line 3 sq. ft.
Calculate the Minimum Footprint Sizing Factor for Clogging [ Line 10/
1 (Line 1 x Line 2)]
Discussion:

B-41 February 2020



Appendix B: Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods
B.5.2.2 Sizing Biofiltration BMPs Downstream of a Storage Unit

Introduction

In scenarios, where the BMP footprint is governed based on Option 1 (Line 17 of Worksheet B.5-1)
or the required volume reduction for partial infiltration conditions (Line 10 of Worksheet B.5-2) the
footprint of the biofiltration BMP can be reduced using the sizing calculations in this Appendix B.5.2.2
when there is an upstream storage unit (e.g. cistern) that can be used to regulate the flows through the
biofiltration BMP.

When this approach is used for sizing biofiltration BMPs the applicant must also verify that the storage
unit meets the hydromodification management drawdown requirements and the discharge from the
downstream biofiltration BMP will still meet the hydromodication flow control requirements. These
calculations must be documented in the PDP SWQMP.

This methodology is not applicable when the minimum footprint factor is governed based on the
alternative minimum footprint sizing factor calculated using Worksheet B.5-4 (Line 11). A biofiltration
BMP smaller than the alternative minimum footprint sizing factor is considered compact biofiltration
BMP and may be allowed at the discretion of the City Engineer if the BMP meets the requirements in
Appendix F and the applicant submits a completed Form I-10.

Sizing Calculation

Sizing calculations for the biofiltration footprint must demonstrate that one of the following two
equivalent performance standards is met:

1. Use continuous simulation and demonstrate the following is met:

a. The BMP or series of BMPs biofilters at least 92 percent of average annual (long term)
runoff volume and achieves a volume reduction equivalent to Line 10 of Worksheet
B.5-2. This can be demonstrated through reporting of output from the San Diego
Hydrology Model, or through other continuous simulation modeling meeting the
criteria in Appendix G, as acceptable to the City Engineer. The 92 percent of average
annual runoff treatment corresponds to the average capture achieved by implementing
a BMP with 1.5 times the DCV and a drawdown time of 36 hours (Appendix B.4.2).

2. Use the simple optimized method in Worksheet B.5-5. The applicant is also required to
complete Worksheet B.5-1, B.5-2 and B.5-4 when the applicant elects to use Worksheet B.5-
5 to reduce the biofiltration BMP footprint. Worksheet B.5-5 was developed to satisfy the
following two criteria as applicable:

a. Greater than 92 percent of the average annual runoff volume from the storage unit is
routed to the biofiltration BMP through the low flow orifice and the peak flow from
the low flow orifice can instantaneously be filtered through the biofiltration media. If
the outlet design for the storage unit includes orifices at different elevations and an

overflow structure, only flows from the overflow structure should be excluded from
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the calculation (both for 92 percent capture and for peak flow to the biofiltration BMP
that needs to be instantaneously filtered), unless the flows from other orifices also
bypass the biofiltration BMP, in which case flows from the orifices that bypass should
also be excluded.

b. The retention losses from the optimized biofiltration BMP are equal to or greater than
the retention losses from the conventional biofiltration BMP. This second ctiterion is
only applicable for partial infiltration condition.

For drawdown times that are outside the range of values presented in Table B.5-5 below, the storage
unit should be designed to discharge greater than 92% average annual capture to the downstream
Biofiltration BMP.

Table B.5-5: Storage required for different drawdown times

Storage requirement (below the

Drawdown overflow elevation, or below outlet
Time (hours) elevation that bypass the
biofiltration BMP)
12 0.85 DCV
24 1.25 DCV
36 1.50 DCV
48 1.80 DCV
72 2.20 DCV
96 2.60 DCV
120 2.80 DCV
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Optimized Biofiltration BMP Footprint when

Downstream of a Storage Unit

print when Downstream of a Storage Unit

Worksheet B.5-5

Area draining to the storage unit and biofiltration BMP sq. ft.
2 | Adjusted runoff factor for drainage area (Refer to Appendix B.1 and B.2)
Effective impervious area draining to the storage unit and biofiltration BMP
3 | [Line 1 x Line 2] 5q. ft.
4 | Remaining DCV after implementing retention BMPs cu. ft.
5 | Design infiltration rate (measured infiltration rate / 2) ft./hr.
6 Media Thickness [1.5 fee'F minimum], .als.o add rn.ul.ch layer and washed ASTM f
33 fine aggregate sand thickness to this line for sizing calculations
7 Media ﬁlt;ation rate to be used for sizing (0.42 ft/hr. with no outlet control; if ft./hr
the filtration rate is controlled by the outlet use the outlet controlled rate) v
8 | Media retained pore space 0.05 in./in.
Storage Unit Requirement
9 Drawdown time of 'the storage unit, minimgm (from the elevation that hours
bypasses the biofiltration BMP, overflow elevation)
10 | Storage required to achieve greater than 92 percent capture (see Table B.5-5) fraction
11 | Storage required in cubic feet (Line 4 x Line 10) cu. ft.
1 S'Forage Provided in the design, migimum (from the elevation that bypasses the cu fi.
biofiltration BMP, overflow elevation)
13 | Is Line 12 = Line 11. If no increase storage provided until this criteria is met O Yes O No
Criteria 1: BMP Footprint Biofiltration Capacity
14 Peak flow from the storage unit to the biofiltration BMP (using the elevation ofs
used to evaluate the percent capture)
15 | Required biofiltration footprint (3,600 x Line 14)/Line 7] sq. ft.
Criteria 2: Alternative Minimum Sizing Factor (Clogging)
16 | Alternative Minimum Footprint Sizing Factor [Line 11 of Worksheet B.5- 4] Fraction
17 | Required biofiltration footprint [Line 3 x Line 10] sq. ft.
Criteria 3: Retention requirement [Not applicable for No Infiltration Condition]
18 | Retention Target (Line 10 in Worksheet B.5-2) cu. ft.
19 | Average discharge rate from the storage unit to the biofiltration BMP cfs
Depth retained in the optimized biofiltration BMP
201 {Tine 6 x Line 8} + {[(Line 4)/(2400 x Line 19)] x Line 5} fr.
21 | Required optimized biofiltration footprint (Line 18/Line 20) sq. ft.
Optimized Biofiltration Footprint
22 | Optimized biofiltration footprint, maximum (Line 15, Line 17, Line 21) | sq. ft.
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Worksheet B.5-6: Volume Retention for No Infiltration Condition

Volume Retention for No Infiltration Condition Worksheet B.5-6
1 | Area draining to the biofiltration BMP sq. ft.
2 | Adjusted runoff factor for drainage area (Refer to Appendix B.1 and B.2)
3 | Effective impervious area draining to the BMP [Line 1 x Line 2] sq. ft.
4 | Required area for Evapotranspiration [Line 3 x 0.03] sq. ft.
5 | Biofiltration BMP Footprint sq. ft.

Landscape Area (must be identified on DS-3247)

Identification A B C D E

Landscape area that meet the requirements

0 in SD-B and SD-F Fact Sheet (sq. ft.)
7 Impervious area draining to the landscape
area (sq. ft.)
g Impervious to Pervious Area ratio
[Line 7/Line 6]
Effective Credit Area
9 | If Line 8 >1.5, use Line 6; if not use Line
7/1.5
10 | Sum of Landscape area [sum of Lines 9A-9E] sq. ft.
11 | Provided footprint for evapotranspiration [Line 5 + Line 10] sq. ft.
Volume Retention Performance Standard
Is Line 11 2> Line 4?
12 | If yes, then volume retention performance standard for no infiltration O Yes 0 No
condition is met. If no, proceed to Line 13
13 Fraction of the performance standard met through the BMP footprint
and/or landscaping [Line 11/Line 4]
14 | Target Volume Retention [Line 10 from Worksheet B.5.2] cu. ft.
15 Volume retention required from other site design BMPs cu. ft
[(1-Line 13) x Line 14] T
Site Design BMP
Identification Site Design Type Credit
A cu. ft.
B cu. ft.
C cu. ft.
D cu. ft.
16 E cu. ft.
Sum of volume retention benefits from other site design BMPs (e.g.
trees; rain barrels etc.). [sum of Lines 16A-16E] cu. ft.
Provide documentation of how the site design credit is calculated in
the PDP SWQMP.
Is Line 16 = Line 15?
17 | If yes, then volume retention performance standard for no infiltration O Yes ONo
condition is met. If no, implement additional site design BMPs.
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Worksheet B.5-7: Volume Retention from Amended Soils

Volume Retention From Amended Soils Wotksheet B.5-7

1 | Impervious area draining to the pervious area sq. ft.
2 | Pervious area (must meet the requirements in SD-B and SD-F Fact Sheets) sq. ft.
3 Dispersion Ratio [Line 1/Line 2]

Note: This worksheet is not applicable when Line 3 > 50 or Line 3 < 0.25
4 | Adjusted runoff factor [(Line 1 * 0.9 + Line 2 * 0.1) / (Line 1 + Line 2)]
5 | 85% percentile 24-hour rainfall depth inches
6 | Design capture volume [(Line 1 + Line 2) x Line 4 x (Line 5/12)] cu. ft.
7 | Amendment Depth (Choose from 37, 6”, 97,127, 15” and 18”) inches
8 | Storage [(porosity — field capacity) + 0.5 * (field capacity — wilting point)] 0.25 in./in.
9 | Pervious Storage [Line 2 * (Line 7/12) * Line 8] cu. ft.
10 | Fraction of DCV [Line 9 / Line 6]

Measured Infiltration Rate

When mapped hydrologic soil groups are used enter 0.10 for NRCS Type D

soils and for NRCS Type C soils enter 0.30 .
11 in/hr.

When in no infiltration condition and the actual measured infiltration rate is

unknown enter 0.0 if there are geotechnical and/or groundwater hazards

identified in Appendix C or enter 0.05
12 | Factor of Safety 2
13 | Reliable Infiltration Rate [Line 11/Line 12] in/ht.
14 | Dispersion Credit (Based on Figures B.5.6 to B.5.11; Line 10 and Line 13)
15 | Volume retention due to amendment [Line 1 * (Line 5/12) * Line 14] cu. ft.

The following criteria must be met to get volume reduction credit from amended soils:

e DPervious area must not have an underdrain;

e If pervious area has an impermeable liner, the applicant must use 0.000001 in/ht. for reliable
infiltration rate;

e Impervious area must be dispersed uniformly across the pervious area and at non-erosive
velocities;

e Pervious area must have a minimum width of 10 feet (exemption to this minimum width
critetion is allowed when the contributing flow path length of the impervious area /petvious
area width = 2) and a maximum slope of 5%; and

e Impervious to pervious area ratio must be less than 50:1.

The applicants have an option to deviate from the criteria listed above, in this case the applicant must
perform site specific continuous simulation modeling (following guidelines in Appendix G) to
estimate the volume retention benefits from the amended soils and document the analysis in the PDP
SWQMP.
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B.5.3 Basis for Minimum Sizing Factor for Biofiltration BMPs

B.5.3.1 Introduction

MS4 Permit Provision E.3.c.(1)(a)(i)

The MS4 Permit describes conceptual performance goals for biofiltration BMPs and specifies
numeric criteria for sizing biofiltration BMPs (See Section 2.2.1 of this Manual).

However, the MS4 Permit does not define a specific footprint sizing factor or design profile that
must be provided for the BMP to be considered “biofiltration.”” Rather, the MS4 Permit specifies
(Footnote 29):

As part of the Copermittee’s update to its BMP Design Manual, pursuant to Provision E.3.d,
the Copermittee must provide guidance for hydraulic loading rates and other biofiltration
design criteria necessary to maximize storm water retention and pollutant removal.

To meet this provision, this manual includes specific criteria for design of biofiltration BMPs.
Among other criteria, a minimum footprint sizing factor of 3 percent (BMP footprint area as
percent of contributing area times adjusted runoff factor) and a volume retention performance
standard (Figure B.5-2) based on the reliable infiltration rate at the site (i.e. measured infiltration
rate/2) is specified. The purpose of this section is to provide the technical rationale for this 3
percent minimum sizing factor and the volume retention performance standard.

B.5.3.2 Conceptual Need for Minimum Sizing Factor

Under the 2011 Model SUSMP, a sizing factor of 4 percent was used for sizing biofiltration BMPs.
This value was derived based on the goal of treating the runoff from a 0.2 inch per hour uniform
precipitation intensity at a constant media flow rate of 5 inches per hour. While this method was
simple, it was considered to be conservative as it did not account for significant transient storage
present in biofiltration BMPs (i.e., volume in surface storage and subsurface storage that would need
to fill before overflow occurred). Under this manual, biofiltration BMPs will typically provide
subsurface storage to promote infiltration losses; therefore typical BMP profiles will tend to be
somewhat deeper than those provided under the 2011 Model SUSMP. A deeper profile will tend to
provide more transient storage and allow smaller footprint sizing factors while still providing similar
or better treatment capacity and pollutant removal. Therefore, a reduction in the minimum sizing
factor from the factor used in the 2011 Model SUSMP is supportable. However, as footprint decreases,
issues related to potential performance, operations, and/or maintenance can increase for a number of

reasons:

1. As the surface area of the media bed decreases, the sediment loading per unit area increases,
increasing the risk of clogging. While vigorous plant growth can help maintain permeability of
soil, there is a conceptual limit above which plants may not be able to mitigate for the sediment
loading. Scientific knowledge is not conclusive in this area.

2. With smaller surface areas and greater potential for clogging, water may be more likely to
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bypass the system via overflow before filling up the profile of the BMP.

3. As the footprint of the system decreases, the amount of water that can be infiltrated from
subsurface storage layers and evapotranspire from plants and soils tends to decrease.

4. With smaller sizing factors, the hydraulic loading per unit area increases, potentially reducing
the average contact time of water in the soil media and diminishing treatment performance.

The MS4 Permit requires that volume and pollutant retention be maximized. Therefore, a minimum
sizing factor was determined to be needed. This minimum sizing factor does not replace the need to
conduct sizing calculations as described in this manual; rather it establishes a lower limit on required
size of biofiltration BMPs as the last step in these calculations. Additionally, it does not apply to
alternative biofiltration designs that utilize the checklist in Appendix F (Biofiltration Standard and
Checklist). Acceptable alternative designs (such as proprietary systems meeting Appendix F criteria)
typically include design features intended to allow acceptable performance with a smaller footprint
and have undergone field scale testing to evaluate performance and required O&M frequency.

B.5.3.3 Lines of Evidence to Select Minimum Sizing Factor

Three primary lines of evidence were used to select the minimum sizing factor of 3 percent (BMP
footprint area as percent of contributing area times adjusted runoff factor) in this manual:

1. Typical design calculations.
2. Volume reduction performance.
3. Sediment clogging calculations.

These lines of evidence and associated findings are explained below.

Typical Design Calculations

A range of BMP profiles were evaluated for different design rainfall depths and soil conditions.
Worksheet B.5-1 was used for each case to compute the required footprint sizing factor. For these
calculations, the amount of water filtered during the storm event was determined based on a media
filtration rate of 5 inches per hour and a routing time of 6 hours. These input assumptions are
considered to be well-supported and consistent with the intent of the MS4 Permit. These calculations
generally yielded footprint sizing factors between 1.5 and 4.9 percent. In the interest of establishing a
uniform County-wide minimum sizing factor, a 3 percent sizing factor was selected from this range,
consistent with other lines of evidence.

Volume Reduction Performance

Consistent with guidance in Fact Sheet PR-1, the amount of retention storage (in gravel sump below
underdrain) that would drain in 36 hours was calculated for a range of soil types. This was used to
estimate the volume reduction that would be expected to be achieved. For a sizing factor of 3 percent
and a soil filtration rate of 0.20 inches per hour (NRCS Type B Soils, moderate infiltration rates), the
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average annual volume reduction was estimated to be approximately 40 percent (via percent capture
method; see Appendix B.4.2).

In describing the basis for equivalency between retention and biofiltration (1.5 multiplier), the MS4
Permit Fact Sheet referred to analysis prepared in the Ventura County Technical Guidance Manual.
The Ventura County analysis considered the pollutant treatment as well as the volume reduction
provided by biofiltration in considering equivalency to retention. This analysis assumed an average
long term volume reduction of 40 percent based on analysis of data from the International Stormwater
BMP Database. The calculations of estimated volume reduction at a 3 percent sizing factor is (previous
paragraph) consistent with this value. While estimated volume reduction is sensitive to site-specific
factors, this analysis suggests that a sizing factor of approximately 3 percent provides levels of volume
reduction that are reasonably consistent with the intent of the MS4 Permit.

Volume Retention Performance Standard

The volume retention performance standard in Figure B.5-2 was developed to allow for adjustment
of the volume retention requirement based on the type of soils present onsite. Constrained sites with
poorly draining soils may not be able to install BMPs having a sufficient footprint to satisfy 40%
retention performance standard. As such, a sliding scale was developed to adjust the performance
standard to match the ability of the site to infiltrate. In effect, the sliding scale produces similar BMP
footprint sizes across a varying range of infiltration rates (up to 0.20 inches per hour) for a given 85th
percentile 24-hour storm depth.

The “sliding scale” portion (i.e. the sloped portion of the line) of the performance standard indicated
in Figure B.5-2 was determined by estimating the retention associated with a very low infiltration rate
(effectively the Y-axis intercept) and then connecting that point to the unadjusted performance
standard (0.2 in/ht. infiltration rate, 40% average annual retention) with a straight line. The unadjusted
performance standard is based on a 3% BMP footprint size factor and results in a rainfall depth of
approximately 0.74 inches. Fixing this rainfall depth and using the same 3% BMP footprint factor, the
feasible retention associated with an infiltration rate of 0.01 inches per hour (very low) was estimated
using the drawdown percent capture curves presented in Figure B.4-1 and ET percent capture curves
presented in Figure B.5-5. The resulting retention was estimated to be 8.3% (for 0.01 in/hr. infiltration
rate), which became the starting point of the line that then connects to the unadjusted performance
standard (0.2 in/ht., 40% retention). The resulting performance standard curve allows flexibility in the
design of BMPs or site design features while ensuring consistent performance within the City.

Sediment Clogging Calculations

As sediment accumulates in a filter, the permeability of the filter tends to decline. The lifespan of the
filter bed can be estimated by determining the rate of sediment loading per unit area of the filter bed.
To determine the media bed surface area sizing factor needed to provide a target lifespan, simple
sediment loading calculations were conducted based on typical urban conditions. The inputs and
results of this calculation are summarized in Table B.5-6.
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Table B.5-6: Inputs and Results of Clogging Calculation

Parameter

Representative TSS Event Mean Approximate average of San Diego Land Use

Concentration, me /L 100 Event Mean Concentrations from San Diego
> M8 River and San Luis Rey River WQIP

Runoff Coefficient of Impervious Surface 0.90 Table B.1-1

Runoff Coefficient of Pervious Surface 0.10 Table B.1-1 for landscape areas

Planning level assumption, covers typical

0,
Imperviousness 48 6?) /to range of single family to commercial land
’ uses
Average Annual Precipitation, inches 11 to 13 Typical range for much of urbanized San

Diego County
Pitt, R. and S. Clark, 2010. Evaluation of

Load to Initial Maintenance, kg/m? 10 Biofiltration Media for Engineered Natural
Treatment Systems.

Allowable period to initial clogging, yr 10 Planning-level assumption
HEstimated BMP Footprint Needed for 10- 2.8% to
Year Design Life 3.3% Caleulated

This analysis suggests that a 3 percent sizing factor, coupled with sediment source controls and careful
system design, should provide reasonable protection against premature clogging. However, there is
substantial uncertainty in sediment loading and the actual load to clog that will be observed under field
conditions in the San Diego climate. Additionally, this analysis did not account for the effect of plants
on maintaining soil permeability. Therefore, this line of evidence should be considered provisional,
subject to refinement based on field scale experience. As field scale experience is gained about the
lifespan of biofiltration BMPs in San Diego and the mitigating effects of plants on long term clogging,
it may be possible to justify lower factors of safety and therefore smaller design sizes in some cases.
If a longer lifespan is desited and/or greater sediment load is expected, then a larger sizing factor may
be justified.

B.5.3.4 Discussion

Generally, the purpose of a minimum sizing factor is to help improve the performance and reliability
of standard biofiltration systems and limit the use of sizing methods and assumptions that may lead
to designs that are less consistent with the intent of the MS4 Permit.

Ultimately, this factor is a surrogate for a variety of design considerations, including clogging and
associated hydraulic capacity, volume reduction potential, and treatment contact time. A prudent
design approach should consider each of these factors on a project-specific basis and identify whether
site conditions warrant a larger or smaller factor. For example, a system treating only rooftop runoff
in an area without any allowable infiltration may have negligible clogging risk and negligible volume
reduction potential — a smaller sizing factor may not substantially reduce performance in either of
these areas. Alternatively, for a site with high sediment load and limited pre-treatment potential, a
larger sizing factor may be warranted to help mitigate potential clogging risks. The City Engineer has
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discretion to accept alternative sizing factor(s) based on project-specific considerations. Additionally,
the recommended minimum sizing factor may change over time as more experience with biofiltration
is obtained.

B.5.4 Volume Retention Mechanisms

A series of nomographs were developed using United States Environmental Protection Agency
(USEPA) SWMM and parameters listed in Appendix G for the Lake Wohlford rain gage and presented
in this Appendix B.5.4 to provide applicants tools to quantify volume retention achieved by a BMP
and/or a site design feature that is implemented at the project site.

B.5.4.1 Technical Framework

The total amount of volume retention (reduction) achieved through a BMP and/or site design feature
is a function of the amount of water that enters the BMP and/or a site design feature and does not
immediately overflow (i.e., the amount of water that is captured), and the portion of the captured
water that is “lost” via infiltration, evapotranspiration, and/or consumptive use (i.e., the total of all
three is the volume reduction), such that it does not discharge directly to surface water.

When evaluating volume retention and capture efficiency, each BMP and/or site design can be
considered to consist of a set of storage compartments, each with a distinct storage volume, discharge
rate, and pathway by which water discharges (i.e., surface discharge, infiltration, evapotranspiration).
Figure B.5-4 illustrates this concept. When storage capacity is available in a given compartment, then
that compartment of the BMP and/or site design can capture additional inflow. When storage capacity
is not available in a given compartment to accept additional inflow, then inflowing water either fills
the next storage compartment of the BMP and/or site design, or bypasses the system (if no additional
storage is available). The volume retention and capture performance of a BMP and/or site design is
primarily a function of the amount of storage volume provided and the rate at which the storage drains
to volume retention pathways (i.e., infiltration, evapotranspiration, consumptive use) versus surface
discharge pathways.

Detention Storage
Surface storage

+
Freely drained pore storage
(above underdrain, if present)

Outlet size

Surface Discharge

Discharged from system to
surface water (underdrain,
riser, orifice, etc.)

>

Retention Storage
Surface retention
+
Retained soil moisture
+
Sump storage (below underdrain)

-

Infiltration, ET, and

Lost Volume

Evapotranspiration volume
-
Infiltration volume
-
Volume used

use rates

Figure B.5-4. Schematic Representation for Purpose of Volume Retention Analysis
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Capture efficiency (or “percent capture”) is a metric that measures the percent of rainfall that is
captured and managed by a BMP and/or a site design feature (i.e., does not bypass or immediately
overflow). Captured storm water may be infiltrated, evapotranspired, or retained for harvest and use,
and/or treated and released. Capture efficiency is typically expressed as annual average percent
capture. Runoff volume that is not captured by a BMP and/or site design feature is referred to as
bypass or overflow. Volume reduction processes can only occur in a BMP and/or site design feature
when water is captured.

Long term capture efficiency is primarily a function of the BMP and/or site design feature storage
volume (relative to the size and the DCV of the DMA), the drawdown rate and pattern of the storage
compartment, and rainfall pattern. Practically, this means that the following parameters can be isolated
as primary predictors of capture efficiency for the purpose of developing an approximate predictive

tool:

e Normalized storage volume, expressed as a fraction of DCV. For example, a 1,000 cubic
foot storage volume for a watershed that is 1 acre with a runoff coefficient of 0.9 and an 85th
percentile rainfall depth of 0.6 inches would translate to 0.51 times the DCV [1,000 cu-ft X 12
in/ft. / (1 ac X 43,560 sq-ft/ac X 0.9 x 0.6 in)].

e Drawdown time of the storage volume. For BMP and/or site design feature storage
elements with nominally consistent drawdown rates regardless of season (i.e., infiltration,
filtration, orifice-controlled surface discharge), the representative drawdown time can be
expressed in hours. For example, a bioretention area with an effective storage depth of 12
inches and an underlying design infiltration rate of 0.2 inches per hour would have a nominal
drawdown time of 60 hours (12 inches / 0.2 in/ht.). For BMP and/or site design feature
storage elements with seasonally varying drawdown rates (i.e., storage drained by
evapotranspiration or irrigation-based consumptive use), the concept of a representative
drawdown time is not applicable. In this case, the evapotranspiration storage depth (i.e., the
amount of potential evapotranspiration that must occur for the stored water to empty) is a
more appropriate indicator of how quickly storage is recovered and can be used (along with
climate data input to the model) as a predictor of long term capture efficiency.

By isolating these two most important predictive variables, a limited number of continuous simulation
model runs and associated results can be used to describe the expected long term performance of a
wide range of BMP and/or site design types and configurations. For example, the results of a long
term model simulation for a 0.5xDCV storage with 48-hour drawdown would be representative of a
wide range of different BMP and/or site design configurations. The two examples would both be
reliably represented by this single model run.

e Example 1: 10,000 cu-ftinfiltration basin draining 10.2 acres of pavement (equates to 0.5DCV
when 85th percentile rainfall is 0.6 inches), with 3-foot ponding depth and a design infiltration
rate of 0.75 inches per hour (equates to 48-hour drawdown time).

e Example 2: 300 cu-ft of aggregate storage volume below the underdrain invert in a
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biofiltration with partial retention BMP with a tributary area of 0.367 acres of pavement
(equates to 0.5DCV when 85th percentile rainfall is 0.5 inches), with an effective depth of 6
inches and a design infiltration rate of 0.125 in/hr. (equates to 48-hour drawdown time).

It can be seen that an infinite number of potential design combinations could be reflected by this
single model run.

B.5.4.2 Modeling Methodology and Results

Three sets of continuous simulation runs were executed in the EPA SWMM using the default
parameters in Appendix G and the Lake Wohlford rain gage to develop the nomographs that can be
used to estimate the volume retention benefits from BMPs and/or site design BMPs.

¢ Consistent drawdown runs: Consistent drawdown runs were used to represent BMPs
and/or site design elements that can be approximated as draining at a relatively consistent rate
throughout a long term continuous simulation (e.g., infiltration, media filtration, orifice
discharge). The template model setup developed for these runs included a tributary
subcatchment draining to a storage unit of a given size (varied between runs) modeled with a
drawdown rate (varied between runs) that was held constant throughout each simulation.
Continuous rainfall-runoff processes were simulated to estimate the continuous runoff
hydrograph. Routing through the storage unit was simulated to estimate the long term capture
efficiency associated with the given configuration. The results from these runs are presented
in Figure B.4-1 in Appendix B.4.2.

e Evapotranspiration drawdown runs: Evapotranspiration runs were used to represent BMPs
and/or site design elements that drain via evapotranspiration processes, at rates that inherently
vary with climatic factors throughout the year. The template model setup developed for these
runs included a tributary subcatchment draining to a storage unit of a given size (varied
between runs) modeled with a given stored water depth (varied between runs) that was drawn
down at the applied evapotranspiration rate (varies on a monthly basis). Continuous rainfall-
runoff processes were simulated to estimate the continuous runoff hydrograph. Routing
through the storage unit was simulated to estimate the long term evapotranspiration loss
associated with the given configuration. Results from these runs are presented in Figure B.5-

5.

Dispersion runs: Dispersion runs were used to represent site design elements that cannot be simply
divided into different storage units because water is dispersed in a thin layer and is acted upon by both
infiltration and evapotranspiration processes. The template model setup developed for these runs
included a tributary subcatchment draining to two broad, shallow storage units in series (area varied
between runs to represent different proportions of pervious area receiving dispersion). The first
storage unit was used to represent water stored in the “suction storage” of soil pores that did not
freely drain via gravity. This was filled first and was drawn down at the rate established by
evapotranspiration inputs. This storage unit also received flow from a “dummy catchment” with 100
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percent imperviousness and zero depression storage; effectively representing precipitation directly on
the dispersion area. The second storage unit had the same footprint as the first storage unit (i.e., equal
to the size of the dispersion area) and received flow when the first storage unit overflowed. These
storage units were effectively “stacked” in the model. This storage unit represented the freely drained
pore storage (i.e., drained by gravity) in the amended media and any surface ponding in closed
depressions. This storage unit was drained via Green-Ampt infiltration processes based on the
assigned infiltration parameters (varied between runs). The depth of stored water in the first and
second storage compartments was calculated based on the assumed depth of soil amendments (varied
between runs) and typical amended soil properties. Continuous rainfall-runoff processes were
simulated to estimate the runoff hydrograph. Routing through the storage units was simulated to
estimate the long-term capture efficiency and the dispersion credit for the impervious area associated
with the given configuration. Results from these runs are presented in Figure B.5-6 (3" amendment);
Figure B.5-7 (6” amendment); Figure B.5-8 (9” amendment); Figure B.5-9 (12” amendment); Figure
B.5-10 (15” amendment) and Figure B.5-11 (18” amendment).
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Figure B.5-5. Evapotranspiration Nomographs
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The following methodology shall be used for selecting and sizing onsite flow-thru treatment control
BMPs. These BMPs are to be used only when the project is participating in an alternative compliance
program. This methodology consists of three steps:

1) Determine the PDP most significant pollutants of concern (Appendix B.6.1).

2) Select a flow-thru treatment control BMP that treats the PDP most significant pollutants of
concern and meets the pollutant control BMP treatment performance standard

(Appendix B.6.2).
3) Size the selected flow-thru treatment control BMP (Appendix B.6.3).

B.6.1 PDP Most Significant Pollutants of Concern

The following steps shall be followed to identify the PDP most significant pollutants of concern:
1) Compile the following information for the PDP and receiving water:

a. Receiving water quality (including pollutants for which receiving waters are listed as
impaired under the Clean Water Act section 303(d) List; refer to Section 1.9);

b. Pollutants, stressors, and/or receiving water conditions that cause or contribute to the
highest priority water quality conditions identified in the WQIP (refer to Section 1.9);

c. Land use type(s) proposed by the PDP and the storm water pollutants associated with
the PDP land use(s) (see Table B.6-1).

2) From the list of pollutants identified in Step 1 identify the most significant PDP pollutants of
concern. A PDP could have multiple most significant pollutants of concerns and shall include
the highest priority water quality condition identified in the watershed WQIP and pollutants
anticipated to be present onsite/generated from land use.
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TABLE B.6-1: Anticipated and Potential Pollutants Generated by Land Use Type

General Pollutant Categories

Priority
Project Sediment  Nutrients
Categories

Heavy Organic Trash & . i Bacteria &

Metals Compounds Viruses Pesticides

Detached
Residential X X X X X X X
Development

Attached
Residential X X X P(1) P2) P X
Development

Commercial
Development P(1) P(1) X P2) X P(5) X P(3) P(5)
>one acre

Heavy
Industry

Automotive

Repair Shops % X®H0G) = =

Restaurants X X X X P(1)

Hillside
Development X X X X X X
>5,000 ft2

Parking Lots P(1) P(1) X X P(1) X P(1)

Retail
Gasoline X X X X X
Outlets

Streets,
Highways & X P(1) X X4 X P(5) X X P(1)
Freeways

X = anticipated

P = potential

(1) A potential pollutant if landscaping exists onsite.

(2) A potential pollutant if the project includes uncovered parking ateas.

(3) A potential pollutant if land use involves food or animal waste products.

(4) Including petroleum hydrocarbons.

(5) Including solvents.
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B.6.2 Selection of Flow-Thru Treatment Control BMPs

The following steps shall be followed to select the appropriate flow-thru treatment control BMPs for
the PDP:

1) For each PDP most significant pollutant of concern identify the grouping using Table B.6-2.
Table B.6-2 is adopted from the Model SUSMP.

2) Select the flow-thru treatment control BMP based on the grouping of pollutants of concern
that are identified to be most significant in Step 1. This section establishes the pollutant control
BMP treatment performance standard to be met for each grouping of pollutants in order to
meet the standards required by the MS4 permit and how an applicant can select a non-
proprietary or a proprietary BMP that meets the established performance standard. The

grouping of pollutants of concern are:

a. Coarse Sediment and Trash (Appendix B.6.2.1)
Pollutants that tend to associate with fine particles during treatment (Appendix
B.6.2.2)

c. Pollutants that tend to be dissolved following treatment (Appendix B.6.2.3)

TABLE B.6-2: Grouping of Potential Pollutants of Concern

Sediment X X
Nutrients X

Heavy Metals

<ins

Organic Compounds
Trash & Debris X
Oxygen Demanding

Bacteria
Oil & Grease
Pesticides

P | A A

! Pollutants in this category can be addressed to Medium or High effectiveness by effectively removing suspended
sediments and associated particulate-bound pollutants. Some soluble forms of these pollutants will exist, however
treatment mechanisms to address soluble pollutants are not necessary to remove these pollutants to a Medium or High
effectiveness.

2 Pollutants in this category are not typically addressed to a Medium or High level of effectiveness with particle and

particulate-bound pollutant removal alone.

One flow-thru BMP can be used to satisfy the required pollutant control BMP treatment performance
standard for the PDP most significant pollutants of concern. In some situations it might be necessary
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to implement multiple flow-thru BMPs to satisfy the pollutant control BMP treatment performance
standards. For example, a PDP has trash, nutrients and bacteria as the most significant pollutants of
concern. If a vegetated filter strip is selected as a flow-thru BMP then it is anticipated to meet the
performance standard in Appendix B.6.2.2 and B.6.2.3 but would need a trash removal BMP to meet
the pollutant control BMP treatment performance standard in Appendix B.6.2.1 upstream of the
vegetated filter strip. This could be achieved by fitting the inlets and/or outlets with racks or screens
on to address trash.

B.6.2.1 Coarse Sediment and Trash

If coarse sediment and/or trash and debris are identified as a pollutant of concern for the PDP, then
BMPs must be selected to capture and remove these pollutants from runoff. The BMPs described
below can be effective in removing coarse sediment and/or trash. These devices must be sized to treat
the flow rate estimated using Worksheet B.6-1. Applicant can only select BMPs that have High or
Medium effectiveness.

Trash Racks and Screens [Coarse Sediment: Low effectiveness; Trash: Medium to High
effectiveness] are simple devices that can prevent large debris and trash from entering storm drain
infrastructure and/or ensure that trash and debris are retained with downstream BMPs. Trash racks
and screens can be installed at inlets to the storm drain system, at the inflow line to a BMP, and/or
on the outflow structure from the BMP. Trash racks and screens are commercially available in many
sizes and configurations or can be designed and fabricated to meet specific project needs.

Hydrodynamic Separation Devices [Coarse Sediment: Medium to High effectiveness; Trash:
Medium to High effectiveness] are devices that remove coarse sediment, trash, and other debris
from incoming flows through a combination of screening, settlement, and centrifugal forces. The
design of hydrodynamic devises varies widely, more specific information can be found by contacting
individual vendors. A list of hydrodynamic separator products approved by the Washington State
Technology Acceptance Protocol-Ecology protocol can be found at:

http://www.ecy.wa.gov/programs/wq/stormwater/newtech/technologies.html.

Systems should be rated for “pretreatment” with a General Use Level Designation or provide results

of field-scale testing indicating an equivalent level of performance.

Catch Basin Insert Baskets [Coarse Sediment: Low effectiveness; Trash: Medium
effectiveness, if appropriately maintained] are manufactured filters, fabrics, or screens that are
placed in inlets to remove trash and debris. The shape and configuration of catch basin inserts varies
based on inlet type and configuration. Inserts are prone to clogging and bypass if large trash items are
accumulated, and therefore require frequent observation and maintenance to remain effective.
Systems with screen size small enough to retain coarse sediment will tend to clog rapidly and should
be avoided.
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Other Manufactured Particle Filtration Devices [Coarse Sediment: Medium to High
effectiveness; Trash: Medium to High effectiveness] include a range of products such as cartridge
filters, bag filters, and other configurations that address medium to coarse particles. Systems should
be rated for “pretreatment” with a General Use Level Designation under the Technology Acceptance
Protocol-Ecology program or provide results of field-scale testing indicating an equivalent level of

performance.

Note, any BMP that achieves Medium or High performance for suspended solids (See Section B.6.2.2)

is also considered to address coarse sediments. However, some BMPs that address suspended solids

do not retain trash (for example, swales and detention basins). These types of BMPs could be fitted

with racks or screens on inlets or outlets to address trash.

BMP Selection for Pretreatment:

Devices that address both coarse sediment and trash can be used as pretreatment devices for other
BMPs, such as infiltration BMPs. However, it is recommended that BMPs that meet the
performance standard in Appendix B.6.2.2 be used. A device with a “pretreatment” rating and
General Use Level Designation under Technology Acceptance Protocol-Ecology is required for
pretreatment upstream of infiltration basins and underground galleries. Pretreatment may also be
provided as presettling basins or forebays as part of a pollutant control BMP instead of
implementing a specific pretreatment device for systems where maintenance access to the facility
surface is possible (to address clogging), expected sediment load is not high, and appropriate
factors of safety are included in design.
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B.6.2.2 Suspended Sediment and Particulate-Bound Pollutants

Performance Standard

The pollutant treatment performance standard is shown in Table B.6-3. This performance standard is
consistent with the Washington State Technology Acceptance Protocol-Ecology Basic Treatment
Level, and is also met by technologies receiving Phosphorus Treatment or Enhanced Treatment
certification. This standard is based on pollutant removal performance for total suspended solids.
Systems that provide effective TSS treatment also typically address trash, debris, and particulate bound
pollutants and can serve as pre-treatment for offsite mitigation projects or for onsite infiltration BMPs.

Table B.6-3: Performance Standard for Flow-Thru Treatment Control

Influent Range Criteria

20 - 100 mg/L TSS Effluent goal < 20 mg/L TSS
100 — 200 mg/L TSS = 80% TSS removal

>200 mg/L TSS > 80% TSS removal

Selecting Non-Proprietary BMPs

Table B.6-4 identifies the categories of non-proprietary BMPs that are considered to meet the
pollutant treatment performance standard if designed to contemporary design standards®. BMP types
with an “High” ranking should be considered before those with an “Medium” ranking. Statistical
analysis by category from the International Stormwater BMP Database (also presented in Table B.6-
4) indicates each of these BMP types (as a categorical group) meets or nearly meets the performance
standard. The International Stormwater BMP Database includes historic as well as contemporary BMP
studies; contemporary BMP designs in these categories are anticipated to meet or exceed this standard

on average.

8 Contemporary design standards refers to design standards that are reasonably consistent with the current state of practice
and are based on desired outcomes that are reasonably consistent with the context of the MS4 Permit and this manual.
For example, a detention basin that is designed solely to mitigate peak flow rates would not be considered a contemporary
water quality BMP design because it is not consistent with the goal of water quality improvement. Current state of the
practice recognizes that a drawdown time of 24 to 72 hours is typically needed to promote settling. For practical purposes,
design standards can be considered “contemporary” if they have been published within the last 10 years, preferably in
California or Washington State, and are specifically intended for storm water quality management.
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Table B.6-4: Flow-Thru Treatment Control BMPs Meeting Performance Standard

Statistical Analysis of International Evaluation of Conformance to Performance
Stormwater BMP Database Standard

List of

Acceptable Volume- Level of
Flow-Thru TSS TSS Average Adjusted Volume- Attainment of
Treatment Mean Mean Category Effluent Adjusted Performance
Control Count  Influent, Effluent! Volume Conc?, Removal Standard (with
BMPs In/Out mg/L , mg/L Reduct. mg/L Efficiency? rationale)

Medium, effluent <
Vegetated 361/ 69 31 38% 19 72% 20 mg/L after
Filter Strip 282 .
volume adjustment
Medium, effluent <
Vegetated 399/ 45 33 48% 17 61% | 20 mg/L after
Swale 346 .
volume adjustment
Medium, percent
1 0
Det-entlon 321/ 125 42 33% 28 779 removal near 80%
Basin 346 after volume
adjustment
Sand Filter/ | 50, Sli’nﬁ;egegd
Media Bed 95 19 NA3 19 80% o OV
. 358 criteria without
Filter i
adjustment
. High, % removal
Lined Porous | 356/ 229 46 NA3 46 80% meets criteria
Pavement* 220 . .
without adjustment
923/ 5 o Medium, percent
Wet Pond 033 119 31 NA 31 74% removal near 80%

Source: 2014 BMP Performance Summaries and Statistical Appendices; 2010 Volume Performance Summary; available at:
www.bmpdatabase.org

1 - A statistically significant difference between influent and effluent was detected at a p value of 0.05 for all categories.

2 - Estimates were adjusted to account for category-average volume reduction.

3 - Not Applicable as these BMPs are not designed for volume reduction and are anticipated to have very small incidental
volume reduction.

4 - The category presented in this table represents a lined system for flow-thru treatment purposes. Porous pavement for
retention purposes is an infiltration BMP, not a flow-thru BMP. This table should not be consulted for porous pavement
for infiltration.

Selecting Proprietary BMPs

Proprietary BMPs can be used if the BMP meets each of the following conditions:

(1) The proposed BMP meets the performance standard in Appendix B.6.2.2 as certified
through third-party, field scale evaluation. An active General Use Level Designation for
Basic Treatment, Phosphorus Treatment or Enhanced Treatment under the Washington State

Technology Acceptance Protocol-Ecology program is the preferred method of demonstrating
that the performance standard is met. The list of certified technologies is updated as new
technologies are approved (link below). Technologies with Pilot Use Level Designation and
Conditional ~ Use  Level  Designations are  not  acceptable.  Refer  to:

http://www.ecy.wa.gov/programs/wq/stormwater/newtech/technologies.html.
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Alternatively, other field scale verification of 80 percent TSS capture, such as through
Technology Acceptance Reciprocity Partnership or New Jersey Corporation for Advance
Testing may be acceptable. A list of field-scale verified technologies under Technology
Acceptance Reciprocity Partnership Tier I and New Jersey Corporation for Advance Testing
can be accessed at: http://www.njcat.org/verification-process/technology-verification-

database.html (refer to field verified technologies only).

(2) The proposed BMP is designed and maintained in a manner consistent with its
performance certifications (see explanation below). The applicant must demonstrate
conclusively that the proposed application of the BMP is consistent with the basis of its
certification/verification. Certifications or verifications issued by the Washington Technology
Acceptance Protocol-Ecology program and the Technology Acceptance Reciprocity
Partnership or New Jersey Corporation for Advance Testing programs are typically
accompanied by a set of guidelines regarding appropriate design and maintenance conditions
that would be consistent with the certification/verification. It is common for these approvals
to specify the specific model of BMP, design capacity for given unit sizes, type of media that
is the basis for approval, and/or other parameters.

(3) The proposed BMP is acceptable at the discretion of the City Engineer. The applicant
may be requited to provide additional studies and/or required to meet additional design
criteria beyond the scope of this document in order to demonstrate that these criteria are met.
In determining the acceptability of a proprietary flow-thru treatment control BMP, the City
Engineer should consider, as applicable, (a) the data submitted; (b) representativeness of the
data submitted; (c) consistency of the BMP performance claims with pollutant control
objectives; certainty of the BMP performance claims; (d) for projects within the public right
of way and/or public projects: maintenance requirements, cost of maintenance activities,
relevant previous local experience with operation and maintenance of the BMP type, ability to
continue to operate the system in event that the vending company is no longer operating as a
business; and (e) other relevant factors. If a proposed BMP is not accepted by the City
Engineer, a written explanation/reason will be provided to the applicant
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B.6.2.3 Soluble-form dominated Pollutants (Nutrients)

If nutrients are identified as a most significant pollutant of concern for the PDP, then BMPs must
be selected to meet the performance standard described in Appendix B.6.2.2 and must be selected
to provide medium or high level of effectiveness for nutrient treatment as described in this section.
The most common nutrient of concern in the San Diego region is nitrogen, therefore total nitrogen
(TN) was used as the primary indicator of nutrient performance in storm water BMPs.

Selection of BMPs to address nutrients consists of two steps:

1) Determine if nutrients can be addressed via source control BMPs as described in Appendix E
and Chapter 4. After applying source controls, if there are no remaining source areas for
soluble nutrients, then this pollutant can be removed from the list of pollutants of concerns
for the purpose of selecting flow-thru treatment control BMPs. Particulate nutrients will be
addressed by the performance standard in Appendix B.6.2.2.

2) If soluble nutrients cannot be fully addressed with source controls, then select a flow-thru
treatment control BMPs that meets the performance criteria in Table B.6-5 or select from the
nutrient-specific menu of treatment control BMPs in Table B.6-6.

a. The performance standard for nitrogen removal (Table B.6-5) has been developed
based on evaluation of the relative performance of available categories of non-
proprietary BMPs.

b. For proprietary BMPs, submit third party performance data indicating that the criteria
in Table B.6-5 are met. The applicant may be required to provide additional studies
and/or required to meet additional design critetia beyond the scope of this document
in order to demonstrate that these criteria are met. In determining the acceptability of
a proprietary flow-thru treatment control BMP, the City Engineer should consider, as
applicable, (a) the data submitted; (b) representativeness of the data submitted; (c)
consistency of the BMP performance claims with pollutant control objectives;
certainty of the BMP performance claims; (d) for projects within the public right of
way and/or public projects: maintenance requirements, cost of maintenance activities,
relevant previous local experience with operation and maintenance of the BMP type,
ability to continue to operate the system in event that the vending company is no
longer operating as a business; and (e) other relevant factors. If a proposed BMP is
not accepted by the City Engineer, a written explanation/reason will be provided to
the applicant.

Table B.6-5: Performance Standard for Flow-Thru Treatment Control BMPs for Nutrient Treatment
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Treatment Basis

Comparison of mean influent and effluent
indicates significant concentration reduction of
TN approximately 40 percent or higher based on
studies with representative influent concentrations

Combined Treatment and Volume
Reduction Basis

Combination of concentration reduction and
volume reduction yields TN mass removal of
approximately 40 percent or higher based on
studies with representative influent concentrations

Table B.6-6: Flow-Thru Treatment Control BMPs Meeting Nutrient Treatment Performance
Standard

List of Statistical Analysis of International Evaluation of Conformance to Petformance
Acceptable Stormwater BMP Database Standard
Flow-Thru
Treatment
sl TN TN Average Vo.lume- Volume- L.e VELof
BMPs for Adjusted : Attainment of
. Mean Mean Category Adjusted
Nutrients Effluent Performance
Influent, Effluentl, @ Volume Removal .
mg/L  mg/L  Reduct e B R B
g g i mg/L y rationale)
Medium, if designed
Vegetated | 30,155 1.53 1.37 38% 0.85 44% to include volume
Filter Strip !
reduction processes
Detention Medium, if designed
B N i‘; © 90/ 89 2.34 2.01 33% 1.35 42% to include volume
as reduction processes
Medium, best
concentration
0 reduction among
Wet Pond 397/ 425 212 1.33 NA 1.33 37% BMP categotics, but
limited volume
reduction

Source: 2014 BMP Performance Summaries and Statistical Appendices; 2010 Volume Performance Summary; available at:

www.bmpdatabase.org

1 - A statistically significant difference between influent and effluent was detected at a p value of 0.05 for all categories

included.

2 - Estimates were adjusted to account for category-average volume reduction.
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B.6.3 Sizing Flow-Thru Treatment Control BMPs:

Flow-thru treatment control BMPs shall be sized to filter or treat the maximum flow rate of runoff

produced from a rainfall intensity of 0.2 inch of rainfall per hour, for each hour of every storm event.
The required flow-thru treatment rate should be adjusted for the portion of the DCV already retained
or biofiltered onsite as described in Worksheet B.6-1. The following hydrologic method shall be used

to calculate the flow rate to be filtered or treated:

Q=CxixA

Where:

Q = Design flow rate in cubic feet per second

C = Runoff factor, area-weighted estimate using Table B.1-1.

i = Rainfall intensity of 0.2 in/hr.

A = Tributary area (acres) which includes the total area draining to the BMP, including any
offsite or onsite areas that comingle with project runoff and drain to the BMP. Refer to Section
3.3.3 for additional guidance. Street projects consult Section 1.4.3.

Worksheet B.6-1: Flow-Thru Design Flows

Flow-thru Design Flows Worksheet B.6-1

1| DCV DCV cubic-feet

2 | DCV retained DCV eqined cubic-feet

3 | DCV biofiltered DCVuyiofiitered cubic-feet
DCV requiring flow-thru .

* | (Line 1 Line 2~ 0.67*Line 3) DV cubic-feet

5 | Adjustment factor (Line 4 / Line 1)* AF= unitless

6 | Design rainfall intensity 1= 0.20 in/hr

7 | Area tributary to BMP (s) A= acres
Area-weighted runoff factor (estimate using _ .

® | Appendix B.2) c= uniless

9 | Calculate Flow Rate = AF x (Cxix A) Q= cfs

1) Adjustment factor shall be estimated considering only retention and biofiltration BMPs located upstream

2)

3)

of flow-thru BMPs. That is, if the flow-thru BMP is upstream of the project's retention and biofiltration
BMPs then the flow-thru BMP shall be sized using an adjustment factor of 1.

Volume based (e.g., dry extended detention basin) flow-thru treatment control BMPs shall be sized to the
volume in Line 4 and flow based (e.g., vegetated swales) shall be sized to flow rate in Line 9. Sand filter
and media filter can be designed either by volume in Line 4 or flow rate in Line 9.

Proprietary BMPs, if used, shall provide certified treatment capacity equal to or greater than the calculated
flow rate in Line 9; certified treatment capacity per unit shall be consistent with third party certifications.
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Appendix C: Geotechnical and Groundwater Investigation Requirements

Feasibility of storm water infiltration is dependent on the geotechnical and groundwater
conditions at the project site. The feasibility analysis must be conducted at a DMA level.

This appendix is subdivided into the following:

e Appendix C.1 Simple Feasibility Criteria: This appendix is applicable when standard setbacks
are used to make a determination that the DMA is in a no infiltration condition.

e Appendix C.2 Detailed Feasibility Criteria: This appendix can be used for feasibility
determination for all DMAs.

e Appendix C.3 Geotechnical and Groundwater Investigation Report Requirements: This is
applicable to all projects.

The permits required for land development and construction within the City are issued by the
Development Services Department. These permits fall into two general categories: development
permits and construction permits. Development permits or entitlements are discretionary in nature,
granted at the discretion of a decision maker. Depending on the type of project, the decision maker
could be City staff, a Hearing Officer, the Planning Commission, or the City Council. Examples of
development permits include Coastal Development Permits, Site Development Permits,
Neighborhood Development Permits, Conditional Use Permits, lot splits, condominium conversions,
and Tentative Maps. Construction permits are ministerial, which means that projects found to comply
with City standards and existing property entitlements can be permitted without a public hearing.
Grading plans, improvement plans, and building plans are examples of ministerial permits.
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C.1 Simple Feasibility Criteria

When one of the following standard setbacks cannot be avoided, the applicant can classify the DMA
as no infiltration condition provided an infiltration feasibility condition letter that meets the
requirements in Appendix C.1.1. is included in the SWQMP submittal.

e Full and partial infiltration BMPs shall not be placed within existing fill materials greater than
5 feet thick; or

e Tull and partial infiltration BMPs shall not be proposed within 10 feet (horizontal radial
distance) of existing underground utilities, structures, or retaining walls; or

e TFull and partial infiltration BMPs shall not be proposed within 50 feet of a natural slope
(>25%) or within a distance of 1.5H from fill slopes where H is the height of the fill slope; or

e Full and partial infiltration BMPs shall not be proposed within 100 feet of contaminated soil
or groundwater sites; or

e  Other physical impairments (i.e., fire road egress, public safety considerations, etc.)

The setbacks must be the closest horizontal radial distance between the surface edge (at the overflow
elevation) of the BMP to existing underground utilities, structures, retaining walls; or natural slopes;

or fill slopes; or contaminated soil or groundwater site. The schematic for the setbacks is shown below.
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C.1.1 Infiltration Feasibility Condition Letter

The geotechnical engineer shall provide an Infiltration Feasibility Condition Letter in the SWQMP to
demonstrate that the DMA is in a no infiltration condition. The letter shall be stamped/signed by a
licensed geotechnical engineer who prepared the letter.

The letter shall be submitted during the discretionary phase for private projects and during the initial
project submittal to the Public Works Department for public projects. The letter shall at a minimum
document:

e The phase of the project in which the geotechnical engineer first analyzed the site for
infiltration feasibility.

e Results of previous geotechnical analyses conducted in the project area, if any.

e The development status of the site prior to the project application (i.e., new development with
raw ungraded land, or redevelopment with existing graded conditions).

e The history of design discussions for the project footprint, resulting in the final design
determination.

e Full/partial infiltration BMP standard setbacks to underground utilities, structures, retaining
walls, fill slopes, and natural slopes applicable to the DMA that prevent full/partial infiltration.

e The physical impairments (i.e., fire road egress, public safety considerations, etc.) that prevent
full /partial infiltration.

e The consideration of site design alternatives to achieve partial/full infiltration within the
DMA.

e The extent site design BMPs requirements were included in the overall design.

e Conclusion or recommendation from the geotechnical engineer regarding the DMA’s
infiltration condition.
e An Exhibit for all applicable DMAs that clearly labels:

o Proposed development areas and development type.

o All applicable features and setbacks that prevent partial or full infiltration, including
underground utilities, structures, retaining walls, fill slopes, natural slopes, and existing
fill materials greater than 5 feet.

o Potential locations for structural BMPs.

o Areas where full/partial infiltration BMPs cannot be proposed.

Completion of Worksheet C.4-1(Form I-8A) and/or Worksheet C.4-2 (Form I-8B) is not required in
instances where the applicant submits an infiltration feasibility condition letter that meets the

requirements in this section.
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This appendix provides guidelines for performing and reporting feasibility analysis for infiltration with
respect to geotechnical and groundwater conditions. It provides a framework for feasibility analysis at
two phases of project development:

¢ Planning Phase: Simpler methods of conducting preliminary screening for feasibility; and

e Design Phase: When preliminary screening indicates infiltration is feasible, more rigorous
analysis is needed to confirm feasibility and to develop design considerations and mitigation
measures, if required.

Planning Phase: At this project stage, information about the site may be limited, the proposed design
features may be conceptual, and there may be an opportunity to adjust project plans to incorporate
infiltration into the project layout during development. During this phase, project geotechnical
consultants are typically responsible for exploring geologic conditions, performing preliminary
analyses, and identifying particular design aspects that require more detailed investigation at later
phases. As part of this process, the role of a planning- level infiltration feasibility assessment is to
reach tentative conclusions regarding where infiltration is likely feasible, possibly feasible if done
carefully, or clearly infeasible. This determination can help guide the design process by influencing
project layout, selection of infiltration BMPs, and identifying if more detailed studies are necessary.
The purpose of the planning phase is to identify potential geotechnical and groundwater impacts
resulting from infiltration and to determine which impacts may be considered fatal flaws and which
impacts may be possible to mitigate with design features. Determination of acceptable risks and/or
mitigation measures may involve discussions with adjacent land owners and/or utility operators, as
well as coordination with other projects under planning or design in the project vicinity. Early
involvement of potentially impacted parties is critical to avoid potential late-stage design changes and
schedule delays and to reduce potential future liabilities.

Design Phase: During this phase, potential geotechnical and groundwater impacts must be evaluated

and mitigation measures should be incorporated in the BMP design, as appropriate. Mitigation
measures refer to design features or assumptions intended to reduce risks associated with storm water
infiltration. While rules of thumb may be useful, if applied carefully, for the planning phase, the
analyses conducted in the design phase require the involvement of a geotechnical professional familiar
with the local conditions. One of the first steps in the design phase should be to determine if additional
field and/or laboratory investigations atre requited (e.g., borings, test pits, laboratory or field testing)
to further assess the geotechnical impacts of storm water infiltration. As the design of infiltration
systems are highly dependent on the subsurface conditions, coordination with the storm water design
team may be beneficial to limit duplicative efforts and costs.

Worksheet C.4-1 (Form I-8A) and Worksheet C.4-2 (From I-8B) are provided to document
infiltration feasibility screening. Worksheet C.4.1 (Form I-8A) includes information to be evaluated
by geotechnical professionals and Worksheet C.4-2 (Form I-8B) includes information to be evaluated
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by environmental professionals, hydrogeologists and civil engineers. These worksheets are divided
Into two parts:

Part 1 “Full Infiltration Feasibility Screening Criteria” is used to determine if the full design
volume can be potentially infiltrated onsite.

Part 2 “Partial Infiltration versus No Infiltration Feasibility Screening Criteria” is used to
determine if any amount of volume can be infiltrated. This is only used when the result of Part
1 is negative.

Note: It is not required to investigate each and every criterion in the worksheet, a single “no”

answer in Part 1 and Part 2 controls the feasibility. If all the answers in Part 1 are “yes” then
completion of Part 2 is not required. Note that a planning phase categorization, is typically based on
initial site assessment results; therefore, it is not necessarily conclusive. Categorizations should be
confirmed or revised, as necessary, based on more detailed design-level investigation and analysis
during BMP design.

The applicant has discretion to implement full infiltration BMPs even in scenarios where the reliable
infiltration rate is less than or equal to 0.5 inches per hour if there are no geotechnical or groundwater
hazards associated with implementation of full infiltration BMPs.

C.2.1 Geotechnical Feasibility Criteria

This section is divided into seven factors that shall be considered by the project geotechnical
professional, as applicable, while assessing the feasibility of infiltration related to geotechnical
conditions. Note that during the planning phase, if one or more of these factors precludes
infiltration as an approach, it is not required to assess the remaining factors. However, if
proposing infiltration BMPs, then each applicable factor in this section must be addressed.

The requirements in this section (Appendix C.2.1) are not applicable for DMAs that are identified as
no infiltration condition based on one of the setbacks listed under Appendix C.1 and submission of
the Infiltration Condition Letter with the SWQMP that meets the requirements in Appendix C.1.1.

C.2.1.1 Soil and Geologic Conditions

Site soils and geologic conditions influence the rate at which water can physically enter the soils. Site
assessment approaches for soil and geologic conditions may consist of:

e Review of soil survey maps;

e Review of available reports on local geology to identify relevant features, such as depth to
bedrock, rock type, lithology, faults, presence of fill materials and hydrostratigraphic or
confining units;

e Review of previous geotechnical investigations in the area; and
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e Site-specific geotechnical and/or geologic investigations (e.g., borings, infiltration tests, etc.).

Geotechnical investigations shall also seek to provide an assessment of whether soil infiltration
properties are likely to be uniform or variable across the project site. Appendix D provides guidance
on determining infiltration rates for planning and design phases.

C.2.1.2 Settlement and Volume Change

Settlement and volume change limits the amount of infiltration that can be allowed without resulting
in adverse impacts that cannot be mitigated. Upon considering the impacts of an infiltration design,
the designer must identify areas where soil settlement or heave is likely and whether these conditions
would be unfavorable to existing or proposed features. Settlement refers to the condition when soils

decrease in volume, and heave refers to expansion of soils or increase in volume.

Volume changes in the soil can be induced by infiltration. The designer(s) must be aware of and
consider these mechanisms while completing the feasibility screening including:

e Hydroconsolidation;
e Hydrocollapse;
e Expansive soils; and

e Liquefaction.
C.2.1.3 Slope Stability

Infiltration of storm water has the potential to result in increased risk of slope failure of nearby slopes.
This shall be assessed as part of both the project planning and design phases. Many factors impact the
stability of slopes, including, but not limited to, slope inclination, soil strength, unit weight, geologic
structure, and seepage forces. Increases in moisture content or rising ground water in the vicinity of a
slope, which may result from storm water infiltration, have the potential to change the soil strength,
unit weight and to add or cause seepage forces to the slope, which may destabilize the slope. When
evaluating the effect of infiltration on the slope stability, the designer must consider all types of
potential slope failures.

Slopes steeper than 4:1 (horizontal to vertical) are generally not suitable for infiltration systems unless
demonstrated otherwise in a geotechnical investigation report. Slope setbacks for infiltration BMPs
shall be determined on an individual project basis by a qualified professional and the approval of the
setbacks is at the discretion of the City Engineer. Worksheet C.4-1 (Form I-8A) provides standard
setbacks that may be used to establish infeasibility for infiltration BMPs without performing additional
analysis. As a guideline, infiltration zones shall be set back at least 50 feet or 1.5 times the height of

the slope unless evaluated by the geotechnical engineer.
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C.2.1.4 Utility Considerations

Utilities are either public or private infrastructure components that include underground pipelines and
vaults (e.g., potable water, sewer, storm water, and gas pipelines), underground wires/conduit (e.g.,
telephone, cable, electrical) and above ground wiring and associated structures (e.g., electrical
distribution and transmission lines). Utility considerations are typically within the purview of a
geotechnical site assessment and shall be considered in assessing the feasibility of storm water
infiltration. Infiltration has the potential to damage subsurface utilities and/or underground utilities
may pose geotechnical hazards when infiltrated water is introduced. Impacts related to storm water
infiltration in the vicinity of underground utilities are not likely to cause a fatal flaw in the design, but
the designer must be aware of the potential cost impacts to the design during the planning phase.

Utility setbacks for infiltration BMPs shall be determined on an individual project basis by a qualified
professional, the approval of the setbacks is at the discretion of the City Engineer. Worksheet C.4-1
(Form I-8A) provides standard setbacks that may be used to establish infeasibility for infiltration
BMPs without performing additional analysis.

C.2.1.5 Groundwater Mounding

Storm water infiltration and recharge to the underlying groundwater table may create a groundwater
mound beneath the infiltration facility. The height and shape of the mound depends on the infiltration
system design, the recharge rate, and the hydrogeologic conditions at the site, especially the horizontal
hydraulic conductivity and the saturated thickness. Elevated groundwater levels can lead to several
problems, including flooding and damage to structures and utilities through buoyancy and moisture
intrusion, increase in inflow and infiltration into municipal sanitary sewer systems, and flow of water
through existing utility trenches, including sewers, potentially leading to formation of sinkholes (Gobel
et al., 2004). Mounding shall be considered by the geotechnical professional while performing the
infiltration feasibility screening.

C.2.1.6 Retaining Walls and Foundations

Development projects may include retaining walls or foundations in close proximity to proposed
infiltration BMPs. These structures are designed to withstand the forces of the retained earth and
other surface loading conditions such as nearby structures. Foundations include shallow foundations
(spread and strip footings, mats) and deep foundations (piles, piers). Retaining walls and foundations
can be impacted by increased water infiltration and result of potential increases in lateral pressures and
reductions in soil strength. The geotechnical professional shall consider these factors while performing
the infiltration feasibility screening.

C.2.1.7 Other Factors

While completing the feasibility screening, other factors determined by the geotechnical professional
to influence the feasibility of infiltration related to geotechnical conditions shall also be considered.
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C.2.1.8 Geotechnical Mitigation Measures

The following are intended as examples (not exclusive) of reasonable and not reasonable mitigation
measures. Other measures may need to be considered for specific projects.

Typically reasonable:

e Configure infiltration BMPs to infiltrate water into native soil to avoid fill or other geotechnical
hazards.

e Configure site with consideration to infiltration feasibility to avoid geotechnical hazards.

e Over-excavate and backfill with permeable material below BMPs to avoid infiltration into less
permeable fill. A reasonable excavation limit below the BMP is 5 feet.

e Implement selective grading practices to place permeable materials in areas of proposed
BMPs.

e Inclusion of an impermeable barrier in BMP side walls (5 feet) to reduce potential for lateral
water movement.

e Consider that partial infiltration BMPs have a supplemental discharge pathway (underdrains)
to limit infiltration when soil infiltration capacity is exceeded.

Not typically reasonable:

e Major improvements to existing building foundations to increase structural stability, such as
requiring deep foundations when such foundations would not otherwise be required.

e Inclusion of cutoff trenches and drainage features to control downslope or off-site effects of
increased infiltration.

e Installing mechanical devices to pump storm water to another area on the property for the
purposes of implementing pollutant control BMPs across DMAs.

C.2.2 Groundwater Quality and Water Balance Feasibility Criteria

This section is divided into seven factors that shall be considered by qualified design professionals as
applicable, while assessing the feasibility of infiltration related to groundwater quality and water
balance. Note that during the planning phase, if one or more of these factors precludes infiltration as
an approach, it is not required to assess the remaining factors. However, if proposing infiltration
BMPs, then each applicable factor in this section must be addressed.

The requirements in this section (Appendix C.2.2) are not applicable for DMAs that are identified as
no infiltration condition based on one of the setbacks listed under Appendix C.1 and submission of
the Infiltration Condition Letter with the SWQMP that meets the requirements in Appendix C.1.1.
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C.2.2.1 Soil and Groundwater Contamination

Infiltration shall be avoided in areas with:

e Physical and chemical characteristics (e.g., appropriate cation exchange capacity, organic
content, clay content and infiltration rate) which are not adequate for proper infiltration
durations and treatment of runoff for the protection of groundwater beneficial uses. If ALL
of the following criteria are met, then full infiltration must be avoided:

o Cation Exchange Capacity(CEC) < 5 millequivalents per 100 g, as measured by the
sodium acetate method (US EPA Method 9081); and,

o United States Department of Agriculture (USDA) texture class of loamy sand or sand
as determined by laboratory analysis of soil texture; and,

o Soil organic matter content < 1% by mass as determined by loss on ignition (ASTM
D2974); and,

o A seasonally high groundwater table within 10 feet of the bottom surface of the
proposed full infiltration BMP.

e Groundwater contamination and/or soil pollution, if infiltration could contribute to the
movement or dispersion of soil or groundwater contamination or adversely affect ongoing
clean-up efforts, either onsite or down-gradient of the project.

If full infiltration is under consideration for one of the above conditions, a site-specific analysis shall
be conducted to determine where infiltration-based BMPs can be used without adverse impacts.

C.2.2.2 Separation to Seasonal High Groundwater

The depth to seasonally high groundwater tables (normal high depth during the wet season) beneath
the base of any infiltration BMP must be greater than 10 feet for full infiltration BMPs to be allowed.
The depth to groundwater requirement can be reduced from 10 feet at the discretion of the approval
agency if the underlying groundwater basin does not support beneficial uses and the groundwater
quality is maintained at the proposed depth. Depth to seasonally high groundwater levels can be
estimated based on well level measurements or redoximorphic methods.

C.2.2.3 Wellhead Protection

Wellheads natural and man-made are water resources that may potentially be adversely impacted by
storm water infiltration through the introduction of contaminants or alteration in water supply and
levels. It is recommended that the locations of wells and springs be identified eatly in the planning
phase and site design be developed to avoid infiltration in the vicinity of these resources. Infiltration
BMPs must be located a minimum of 100 feet horizontally from any water supply well.

C.2.2.4 Contamination Risks from Land Use Activities

Concentration of storm water pollutants in runoff is highly dependent on the land uses and activities

C-9 February 2020



Appendix C: Geotechnical and Groundwater Investigation Requirements

present in the area tributary to an infiltration BMP. Likewise, the potential for groundwater
contamination due to the infiltration BMP is a function of pollutant abundance, concentration of
pollutants in soluble forms, and the mobility of the pollutant in the subsurface soils. Hence, full
infiltration BMPs must not be used for areas of industrial or light industrial activity.

The project applicant has an option to classify other land uses and activities that pose high threat to
water quality not suitable for infiltration BMPs if source control BMPs to prevent exposure of high
threat activities could not be implemented, or runoff from such activities could not be first treated or
filtered to remove pollutants prior to infiltration. Approval of infeasibility due to high threat to water
quality is evaluated on a case by case basis and is at the discretion of the City Engineer.

C.2.2.5 Consultation with Applicable Groundwater Agencies

Infiltration activities should be coordinated with the applicable groundwater management agency,
such as groundwater providers and/or resource protection agencies, to ensure protection of
groundwater quality. It is recommended that coordination be initiated early in the planning phase to
determine whether specific site assessment activities apply or whether these agencies have data
available that may support the planning and design phases.

C.2.2.6 Water Balance Impacts on Stream Flow

Use of infiltration systems to reduce surface water discharge volumes may result in additional volume
of deeper infiltration compared to natural conditions, which may result in impacts to receiving
channels associated with change in dry weather flow regimes. A relatively simple survey of
hydrogeologic data (piezometer measurements, boring logs, regional groundwater maps) and
downstream receiving water characteristics is generally adequate to determine whether there is
potential for impacts and whether a more rigorous assessment is needed.

Where water balance conditions appear to be sensitive to development impacts and there is an elevated
risk of impacts, a computational analysis may be warranted to evaluate the feasibility of infiltration.
Such an analysis should account for precipitation, runoff, irrigation inputs, soil moisture retention,
evapotranspiration, baseflow, and change in groundwater recharge on a long-term basis. Because water
balance calculations are sensitive to the timing of precipitation versus evapotranspiration, it is most
appropriate to utilize a continuous model simulation rather than basing calculations on average annual
or monthly normal conditions.

The following simple screening criteria can be used to determine if a more in-depth analysis is required:

e Proposed infiltration BMP is located within 250 feet of an ephemeral or year round stream;
and

>

e The proposed BMPs will be full infiltration BMPs; and,

e The seasonal high groundwater depth below the bottom surface of the infiltration BMP is less
than 20 feet.
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If any of the above screening criteria are not met, then infiltration is feasible. If all of the above
screening criteria are met, additional investigations shall be performance by a qualified design
professional.

C.2.2.7 Other Factors

While completing the feasibility screening, other factors determined by the qualified design
professional to influence the feasibility and desirability of infiltration related to groundwater quality
and water balance shall also be considered.

C.2.2.8 Groundwater Quality and Water Balance Mitigation Measures

The following are intended as examples (not exclusive) of reasonable and not reasonable mitigation
measures. Other measures may need to be considered for specific projects.

Typically reasonable:

e Consider site layout changes to avoid contaminated soils or soils that lack adequate treatment
capacity.

e Design infiltration BMPs to include biofiltration media or an amended media layer if site soils
are deemed to lack the treatment capacity to be protective of groundwater quality.

Not typically reasonable:

e Requiring cleanup of contaminated sites for the primary purpose of allowing storm water
infiltration.

e Active storm water pretreatment methods.

e Inclusion of cutoff trenches and drainage features to prevent groundwater migration toward
contaminated sites.
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The geotechnical investigation report(s) addressing onsite storm water infiltration shall include the
following elements, as applicable. These and other reports may need to be completed by multiple
professional disciplines, depending on the issues that need be addressed for a given site. It may also
be necessary to prepare separate report(s) at the planning phase and design phase of a project if the
methods and timing of analyses differ.

C.3.1 Site Evaluation
Site evaluation shall identify the following:

e Areas of contaminated soil or contaminated groundwater within the site;
e “Brown fields” near the site;

e Mapped soil type(s);

e Historic high groundwater level;

e Slopes steeper than 25 percent; and

e Location of water supply wells, septic systems (and expansion area), or underground storage
tanks, or permitted gray water systems within 100 feet of a proposed infiltration BMP.

C.3.2 Field Investigation

Where the site evaluation indicates potential feasibility for onsite storm water infiltration BMPs, the
following field investigations will be necessary to demonstrate suitability and to provide design

recommendations.
C.3.2.1 Subsurface Exploration

Characterization of potential infiltration rates is a critical step in the categorization of the infiltration
feasibility condition. Typically, subsurface exploration, sampling, and testing are necessary for
characterizing infiltration rates as well as evaluating potential geologic or geotechnical hazards and
constraints associated with storm water infiltration.

For the design phase, a minimum of two (2) in situ percolation or infiltration tests shall be conducted
within 50-feet of each proposed full storm water infiltration BMP (also refer to Table D.3-2 as in some
instances based on the test method selected more than 2 tests may be required). The tests shall be
conducted at the same elevation as the base of the proposed full infiltration BMP and be representative
of the conditions below the proposed full infiltration BMP.

An exploratory excavation shall be extended to a depth of at least 10-feet below the base of a proposed
tull infiltration BMP to demonstrate adequate separation from groundwater.
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All exploratory excavations shall be logged in detail and the logs shall be included in the geotechnical
investigation report. Low permeability or impermeable materials (i.e. clay horizons) shall be identified.

Indicate any obvious evidence of soil contamination.
All exploratory excavations shall be propetly filled at the completion of testing.

C.3.2.2 Material Testing and Infiltration Testing

Various material testing and in situ infiltration testing methods and guidance for appropriate factor of
safety for full infiltration BMPs are discussed in detail in Appendix D. Infiltration testing methods
described in Appendix D include surface and shallow excavation and deeper subsurface tests.

C.3.2.3 Evaluation of Depth to Groundwater

An evaluation of the depth to groundwater is required to confirm the feasibility of infiltration. Full
infiltration BMPs may not be feasible in high groundwater conditions (within 10 feet of the base of
infiltration BMP) unless an exemption is granted by the City Engineer. The 10 feet separation criterion
is not applicable for partial infiltration condition BMPs.

C.3.3 Reporting Requirements by the Project Geotechnical
Consultant

The geotechnical investigation report shall address the following key elements, and where appropriate,
mitigation recommendations shall be provided.

e Identify areas of the project site where infiltration is likely to be feasible and provide
justifications for selection of those areas based on soil types, slopes, proximity to existing
features, etc.

e Worksheet C.4-1 (Form I-8A) completed by the project geotechnical consultant.

o Note: Form I-8A is not required for DMAs that are determined to be in a No
Infiltration Condition based on Worksheet C.4-2 (Form I-8B) or by submitting a no
infiltration condition letter that meets the requirements in Appendix C.1.1.

e Investigate, evaluate and estimate the vertical infiltration rates and capacities in accordance
with the guidance provided in Appendix D which describes infiltration testing and appropriate
factors of safety to be applied to infiltration testing results. The site may be broken into sub-
basins based on the opinion of the geotechnical consultant with different infiltration rates.

e Describe the infiltration test results and/or correlation with published infiltration rates based
on soil parameters or classification. For planning phase feasibility screening and design of
partial infiltration BMPs, a factor of safety of 2 must be used. When full infiltration BMPs are
proposed, the geotechnical engineer must complete Section A (Suitability Assessment) in
Worksheet D.5-1 (Form 1-9) and include it in the geotechnical report.

e Investigate the subsurface geological conditions and geotechnical conditions that would affect
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infiltration or migration of storm water toward structures, slopes, utilities, or other features.
Provide an opinion on the anticipated flow path of infiltrated water. Indicate if the water will
flow into pavement sections, utility trench bedding, wall drains, foundation drains, other
permeable improvements, or daylight.

Investigate depth to groundwater. Include an estimate of the high seasonal groundwater

elevations.
Provide the reliable infiltration rates.

Provide a concluding opinion regarding whether or not the proposed onsite storm water
infiltration BMP will result in soil piping, daylight water seepage, slope instability, or ground
settlement.

Recommend reasonable measures to substantially mitigate or avoid potentially detrimental
effects of the storm water infiltration BMPs or associated soil response on existing or
proposed improvements or structures, utilities, slopes or other features within and adjacent to
the site.

Provide guidance for the selection and location of infiltration BMPs, including the minimum
separations between such infiltration BMPs and structures, streets, utilities, manufactured and
existing slopes, engineered fills, utilities, or other features. Include guidance for reasonable
measures that could be used to reduce the minimum separations or to mitigate the potential
impacts of infiltration BMPs.

C.3.4 Reporting Requirements by the Project SWQMP Preparer

The project SWQMP preparer has the following responsibilities:

Complete Worksheet C.4-2 (Form I-8B) and include it in the PDP SWQMP submittal.

o Note: Form I-8B is not required for DMAs that are determined to be in a No
Infiltration Condition based on Worksheet C.4-1 (Form I-8A) or by submitting a no
infiltration condition letter that meets the requirements in Appendix C.1.1.

In the PDP SWQMP provide a concluding opinion whether or not proposed infiltration
BMPs will affect seasonality of ephemeral streams.

Evaluate proposed use of the site (industrial use, residential use, etc.), soil and groundwater
data and provide a concluding opinion in the PDP SWQMP whether proposed storm water
infiltration could cause adverse impacts to groundwater quality, and if it does cause impacts,
whether the impacts could be reasonably mitigated.

Worksheet C.4-3 and Worksheet D.5-1 (Form I-9) must be completed and included it in the
PDP SWQMP submittal when full infiltration BMPs are proposed.
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GEOTECHNICAL SUBMITTAL FOR CATEGORIZATION OF INFILTRATION FEASIBILITY CONDITION

(Worksheet C4-1/FORM I-8A)

PART 1: FULL INFILTRATION
FEASIBILITY SCREENING CRITERIA

PART 2: PARTIAL VS. NO INFILTRATION
FEASIBILITY SCREENING CRITERIA

*Based on geotechnical criteria only,
proceed to worksheet C.4-2/Form |-8B

YES TO ALL
STATEMENTS
The infiltration rate The infiltration rate is
supports full greater than or equal
YES TO ALL infiltration NO TO ANY DetAHPINe T 10 0.05 inches/hour
STATEMENTS STATEMENT Hoie ara
criteria that =
There are no allow partial There are no
geotechnical hazards infiltration geotechnical hazards
thatngrevent full that prfg.lfveng partial
infiltration infiltration NO TO ANY
STATEMENTS

A4
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Worksheet C.4-1: Categorization of Infiltration Feasibility Condition Based on Geotechnical
Conditions®

Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-1: Form I-

Geotechnical Conditions 8A"
Part 1 - Full Infiltration Feasibility Screening Criteria
DMAC(s) Being Analyzed: Project Phase:

Criteria 1: Infiltration Rate Screening

Is the mapped hydrologic soil group according to the NRCS Web Soil Survey or UC Davis Soil
Web Mapper Type A or B and corroborated by available site soil data!!?

O Yes; the DMA may feasibly support full infiltration. Answer “Yes” to Critetia 1 Result or
continue to Step 1B if the applicant elects to perform infiltration testing.

O No; the mapped soil types are A or B but is not corroborated by available site soil data

1A (continue to Step 1B).

O No; the mapped soil types are C, D, or “urban/unclassified” and is corroborated by
available site soil data. Answer “No” to Criteria 1 Result.

0 No; the mapped soil types are C, D, or “urban/unclassified” but is not corroborated by
available site soil data (continue to Step 1B).

Is the reliable infiltration rate calculated using planning phase methods from Table D.3-1?
1B O Yes; Continue to Step 1C.
O No; Skip to Step 1D.

Is the reliable infiltration rate calculated using planning phase methods from Table D.3-1 greater
than 0.5 inches per hour?

1€ O Yes; the DMA may feasibly support full infiltration. Answer “Yes” to Criteria 1 Result.

O No; full infiltration is not required. Answer “No” to Criteria 1 Result.
q

Infiltration Testing Method. Is the selected infiltration testing method suitable during the
design phase (see Appendix D.3)? Note: Alternative testing standards may be allowed with

D appropriate rationales and documentation.

O Yes; continue to Step 1E.

0 No; select an appropriate infiltration testing method.

9 Note that it is not required to investigate each and every criterion in the worksheet, a single “no” answer in Part 1,
Part 2, Part 3, or Part 4 determines a full, partial, or no infiltration condition.

10 This form must be completed each time there is a change to the site layout that would affect the infiltration feasibility
condition. Previously completed forms shall be retained to document the evolution of the site storm water design.

11 Available data includes site-specific sampling or observation of soil types or texture classes, such as obtained from
borings or test pits necessary to support other design elements.
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Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-1: Form I-

Geotechnical Conditions 8AY

1E

Number of Percolation/Infiltration Tests. Does the infiltration testing method petformed
satisfy the minimum number of tests specified in Table D.3-2?

O Yes; continue to Step 1F.

0 Noj; conduct approptiate number of tests.

IF

Factor of Safety. Is the suitable Factor of Safety selected for full infiltration design? See guidance
in D.5; Tables D.5-1 and D.5-2; and Worksheet D.5-1 (Form 1-9).

O Yes; continue to Step 1G.

0 No; select appropriate factor of safety.

1G

Full Infiltration Feasibility. Is the average measured infiltration rate divided by the Factor of
Safety greater than 0.5 inches per hour?

(1 Yes; answer “Yes” to Criteria 1 Result.

] No; answer “No” to Criteria 1 Result.

Criteria 1
Result

Is the estimated reliable infiltration rate greater than 0.5 inches per hour within the DMA where
runoff can reasonably be routed to a BMP?

O Yes; the DMA may feasibly support full infiltration. Continue to Criteria 2. E No; full
infiltration is not required. Skip to Part 1 Result.

Summarize infiltration testing methods, testing locations, replicates, and results and summarize estimates of
reliable infiltration rates according to procedures outlined in D.5. Documentation should be included in project]
geotechnical report.

Criteria 2: Geologic/Geotechnical Screening
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Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-1: Form I-

Geotechnical Conditions 8AY

2A

If all questions in Step 2A are answered “Yes,” continue to Step 2B.

For any “No” answer in Step 2A answer “No” to Criteria 2, and submit an “Infiltration Feasibility
Condition Letter” that meets the requirements in Appendix C.1.1. The

geologic/geotechnical analyses listed in Appendix C.2.1 do not apply to the DMA because one of
the following setbacks cannot be avoided and therefore result in the DMA being in a no
infiltration condition. The setbacks must be the closest horizontal radial distance from the surface
edge (at the overflow elevation) of the BMP.

2A-1

Can the proposed full infiltration BMP(s) avoid areas with existing fill

materials greater than 5 feet thick below the infiltrating surface? L Yes U No

2A-2

Can the proposed full infiltration BMP(s) avoid placement within 10 feet of
existing underground utilities, structures, or retaining walls?

O Yes O No

2A-3

Can the proposed full infiltration BMP(s) avoid placement within 50 feet of
a natural slope (>25%) or within a distance of 1.5H from fill slopes where | [] Yes O No
H is the height of the fill slope?

2B

When full infiltration is determined to be feasible, a geotechnical investigation report must be
prepared that considers the relevant factors identified in Appendix C.2.1.

If all questions in Step 2B are answered “Yes,” then answer “Yes” to Criteria 2 Result. If there are
“No” answers continue to Step 2C.

2B-1

Hydroconsolidation. Analyze hydroconsolidation potential per approved
ASTM standard due to a proposed full infiltration BMP.

oy O
Can full infiltration BMPs be proposed within the DMA without increasing es No

hydroconsolidation risks?

2B-2

Expansive Soils. Identify expansive soils (soils with an expansion index
greater than 20) and the extent of such soils due to proposed full infiltration

BMPs. O Yes O No

Can full infiltration BMPs be proposed within the DMA without increasing
expansive soil risks?

2B-3

Liquefaction. If applicable, identify mapped liquefaction areas. Evaluate
liquefaction hazards in accordance with Section 6.4.2 of the City of San
Diego's Guidelines for Geotechnical Reports (2011 or most recent edition).
Liquefaction hazard assessment shall take into account any increase in
groundwater elevation or groundwater mounding that could occur as a
result of proposed infiltration or percolation facilities.

O Yes O No

Can full infiltration BMPs be proposed within the DMA without increasing
liquefaction risks?
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2B-4

Appendix C: Geotechnical and Groundwater Investigation Requirements

Geotechnical Conditions 8AY

Slope Stability. If applicable, perform a slope stability analysis in
accordance with the ASCE and Southern California Earthquake Center
(2002) Recommended Procedures for Implementation of DMG Special
Publication 117, Guidelines for Analyzing and Mitigating Landslide
Hazards in California to determine minimum slope setbacks for full

infiltration BMPs. See the City of San Diego's Guidelines for
Geotechnical Reports (2011) to determine which type of slope stability
analysis is required.

Can full infiltration BMPs be proposed within the DMA without increasing
slope stability risks?

O Yes

Wotrksheet C.4-1: Form I-

O No

2B-5

Other Geotechnical Hazards. Identify site-specific geotechnical
hazards not already mentioned (refer to Appendix C.2.1).

Can full infiltration BMPs be proposed within the DMA without increasing
risk of geologic or geotechnical hazards not already mentioned?

O Yes

O No

2B-6

Setbacks. Establish setbacks from underground utilities, structures,
and/or retaining walls. Reference applicable ASTM or other recognized
standard in the geotechnical report.

Can full infiltration BMPs be proposed within the DMA using established
setbacks from underground utilities, structures, and/or retaining walls?

O Yes

O No

2C

Mitigation Measures. Propose mitigation measures for each
geologic/geotechnical hazard identified in Step 2B. Provide a discussion of
geologic/geotechnical hazards that would prevent full infiltration BMPs that
cannot be reasonably mitigated in the geotechnical report. See Appendix
C.2.1.8 for a list of typically reasonable and typically unreasonable mitigation|
measures.

Can mitigation measures be proposed to allow for full infiltration BMPs?
If the question in Step 2 is answered “Yes,” then answer “Yes” to Criteria
2 Result.

If the question in Step 2C is answered “No,” then answer “No” to Criteria
2 Result.

O Yes

O No

Criteria 2
Result

Can infiltration greater than 0.5 inches per hour be allowed without
increasing risk of geologic or geotechnical hazards that cannot be
reasonably mitigated to an acceptable level?

O Yes

[ No
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Categorization of Infiltration Feasibility Condition based on

Geotechnical Conditions

Wotrksheet C.4-1: Form I-
8A10

Summarize findings and basis; provide references to related reports or exhibits.

Part 1 Result — Full Infiltration Geotechnical Screening’?

Result

If answers to both Criteria 1 and Criteria 2 are “Yes”, a full infiltration
design is potentially feasible based on Geotechnical conditions only.

If either answer to Criteria 1 or Criteria 2 is “No”, a full infiltration
design is not required.

O Full infiltration Condition

0O Complete Part 2

Part 2 — Partial vs. No Infiltration Feasibility Screening Criteria

DMAC(s) Being Analyzed:

Project Phase:

Criteria 3: Infiltration Rate Screening

and corroborated by available site soil data?

NRCS Type C, D, or “urban/unclassified”: Is the mapped hydrologic soil group according to
the NRCS Web Soil Survey or UC Davis Soil Web Mapper is Type C, D, or “urban/unclassified”

O Yes; the site is mapped as C soils and a reliable infiltration rate of 0.15 in/hr. is used to size
3A partial infiltration BMPS. Answer “Yes” to Criteria 3 Result.

O Yes; the site is mapped as D soils or “urban/unclassified” and a reliable infiltration rate of
0.05 in/ht. is used to size partial infiltration BMPS. Answer “Yes” to Criteria 3 Result.

O No; infiltration testing is conducted (refer to Table D.3-1), continue to Step 3B.

12To be completed using gathered site information and best professional judgement considering the definition of MEP
in the MS4 Permit. Additional testing and/or studies may be required by City Engineer to substantiate findings.
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Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-1: Form I-

Geotechnical Conditions 8AY

Infiltration Testing Result: Is the reliable infiltration rate (i.e. average measured
infiltration rate/2) greater than 0.05 in/hr. and less than or equal to 0.5 in/ht?

3B 0 Yes; the site may support partial infiltration. Answer “Yes” to Criteria 3 Result.

O No; the reliable infiltration rate (i.e. average measured rate/2) is less than 0.05 in/ht., partial
infiltration is not required. Answer “No” to Criteria 3 Result.

Is the estimated reliable infiltration rate (i.e., average measured infiltration rate/2) greater than or
equal to 0.05 inches/hour and less than or equal to 0.5 inches/hour at any location within each
Criteria 3 | DMA where runoff can reasonably be routed to a BMP?

Result
[dYes; Continue to Criteria 4.
[ No: Skip to Part 2 Result.

Summarize infiltration testing and/or mapping results (i.e. soil maps and series description used for
infiltration rate).

Criteria 4: Geologic/Geotechnical Screening

If all questions in Step 4A are answered “Yes,” continue to Step 2B.
For any “No” answer in Step 4A answer “No” to Criteria 4 Result, and submit an “Infiltration
Feasibility Condition Letter” that meets the requirements in Appendix C.1.1. The

4A geologic/geotechnical analyses listed in Appendix C.2.1 do not apply to the DMA because one of
the following setbacks cannot be avoided and therefore result in the DMA being in a no
infiltration condition. The setbacks must be the closest horizontal radial distance from the surface
edge (at the overflow elevation) of the BMP.
Can the proposed partial infiltration BMP(s) avoid areas with existing fill

4A-1 materials greater than 5 feet thick? L Yes | LINo

4AD Can t.he' proposed partial igﬁlFradon BMP(s) avoid Plgcement within 10 feet | Yes | O No

of existing underground utilities, structures, or retaining walls?
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Appendix C: Geotechnical and Groundwater Investigation Requirements

Geotechnical Conditions 8AY

Can the proposed partial infiltration BMP(s) avoid placement within 50 feet
of a natural slope (>25%) or within a distance of 1.5H from fill slopes where
H is the height of the fill slope?

O Yes

Wotrksheet C.4-1: Form I-

O No

4B

When full infiltration is determined to be feasible, a geotechnical investigation report must be

prepared that considers the relevant factors identified in Appendix C.2.1

If all questions in Step 4B are answered “Yes,” then answer “Yes” to Criteria 4 Result. If there

are any “No” answers continue to Step 4C.

4B-1

Hydroconsolidation. Analyze hydroconsolidation potential per approved
ASTM standard due to a proposed full infiltration BMP.

Can partial infiltration BMPs be proposed within the DMA without increasing
hydroconsolidation risks?

O Yes

O No

4B-2

Expansive Soils. Identify expansive soils (soils with an expansion index
greater than 20) and the extent of such soils due to proposed full infiltration
BMPs.

Can partial infiltration BMPs be proposed within the DMA without
increasing expansive soil risks?

O Yes

O No

4B-3

Liquefaction. If applicable, identify mapped liquefaction areas. Evaluate
liquefaction hazards in accordance with Section 6.4.2 of the City of San
Diego's Guidelines for Geotechnical Reports (2011). Liquefaction hazard
assessment shall take into account any increase in groundwater elevation or
groundwater mounding that could occur as a result of proposed infiltration or
percolation facilities.

Can partial infiltration BMPs be proposed within the DMA without increasing
liquefaction risks?

[ Yes

O No

4B-4

Slope Stability. If applicable, perform a slope stability analysis in accordance
with the ASCE and Southern California Earthquake Center (2002)
Recommended Procedures for Implementation of DMG Special Publication
117, Guidelines for Analyzing and Mitigating Landslide Hazards in California to
determine minimum slope setbacks for full infiltration BMPs. See the City of
San Diego's Guidelines for Geotechnical Reports (2011) to determine which
type of slope stability analysis is required.

Can partial infiltration BMPs be proposed within the DMA without increasing
slope stability risks?

O Yes

O No
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Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-1: Form I-

Geotechnical Conditions 8AY

Other Geotechnical Hazards.Identify site-specific geotechnical hazards not

already mentioned (refer to Appendix C.2.1).
4B-5 O Yes | O No

Can partial infiltration BMPs be proposed within the DMA without increasing
risk of geologic or geotechnical hazards not already mentioned?

Setbacks. Establish setbacks from underground utilities, structures, and/or
retaining walls. Reference applicable ASTM or other recognized standard in the

geotechnical report.
4B-6 L Yes | ONo

Can partial infiltration BMPs be proposed within the DMA using
recommended setbacks from underground utilities, structures, and/or retaining|
walls?

Mitigation Measures. Propose mitigation measures for each
geologic/geotechnical hazard identified in Step 4B. Provide a discussion on
geologic/geotechnical hazards that would prevent partial infiltration BMPs that
cannot be reasonably mitigated in the geotechnical report. See Appendix
C.2.1.8 for a list of typically reasonable and typically unreasonable mitigation

4C measures. OYes | O No
Can mitigation measures be proposed to allow for partial infiltration BMPs?
If the question in Step 4C is answered “Yes,” then answer “Yes” to Criteria 4
Result.

If the question in Step 4C is answered “No,” then answer “No” to Criteria 4
Result.

Can infiltration of greater than or equal to 0.05 inches/hour and less than or
Criteria equal to 0.5 inches/hour be allowed without increasing the risk of geologic or Oves | 0O No
4 Result | geotechnical hazards that cannot be reasonably mitigated to an acceptable
level?
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Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-1: Form I-

Geotechnical Conditions 8AY

Summarize findings and basis; provide references to related reports or exhibits.

Part 2 — Partial Infiltration Geotechnical Screening Result!3 Result

If answers to both Criteria 3 and Criteria 4 are “Yes”, a partial
infiltration design is potentially feasible based on geotechnical
conditions only. O Partial Infiltration Condition

If answers to either Criteria 3 or Criteria 4 is “No”, then infiltration of
any volume is considered to be infeasible within the site. 0 No Infiltration Condition

13 To be completed using gathered site information and best professional judgement considering the definition of MEP
in the MS4 Permit. Additional testing and/or studies may be required by City Engineer to substantiate findings.
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SWQMP PREPARER SUBMITTAL FOR CATEGORIZATION OF INFILTRATION FEASIBILITY CONDITION
(Worksheet C.4-2/FORM 1-88)

PART 1: FULL INFILTRATION
FEASIBILITY SCREENING CRITERIA

PART 2: PARTIAL VS. NO INFILTRATION
FEASIBILITY SCREENING CRITERIA

Determine if there

are criteria that all
full infiltration

/

Infiltration

:

/a

Determine if there
re criteria that allow
full infiltration

YESTO ALL
STATEMENTS

1

Determine if

!

There are no
water balance
Issues that

partia
infiltraticn

NO TO ANY
STATEMENT

YES TO ALL NO TO ANY
STATEMENTS STATEMENT i q‘l'::r":a;;(
allow partial
infiltration
*Final result
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Worksheet C.4-2: Categorization of Infiltration Feasibility Condition based on Groundwater and
Water Balance Condition™

Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-2: Form I-

Groundwater and Water Balance Conditions 8B"”
Part 1 - Full Infiltration Feasibility Screening Criteria
DMAC(s) Being Analyzed: Project Phase:

Criteria 1: Groundwater Screening

Groundwater Depth. Is the depth to seasonally high groundwater tables (normal high depth
during the wet season) beneath the base of any full infiltration BMP greater than 10 feet?

O Yes; continue to Step 1B.

0 No; The depth to groundwater is less than ot equal to 10 feet, but site layout changes or
reasonable mitigation measures can be proposed to support full infiltration BMPs. Continue
to step 1B.

1A

O No; The depth to groundwater is less than or equal to 10 feet and site layout changes or
reasonable mitigation measures cannot be proposed to support full infiltration BMPs. Answer
“No” for Criteria 1 Result.

Contaminated Soil/Groundwater. Are proposed full infiltration BMPs at least 250 feet away
from contaminated soil or groundwater sites? This can be confirmed using GeoTracker
(geotracker.waterboards.ca.gov) to identify open contaminated sites. The setbacks must be the
closest horizontal radial distance from the surface edge (at the overflow elevation) of the BMP.

1B O Yes; continue to Step 1C.

O No; Howevert, site layout changes or reasonable mitigation measures can be proposed to
support full infiltration BMPs. Continue to Step 1C.

0 No; Site layout changes or reasonable mitigation measures cannot be proposed to support full
infiltration BMPs. Answer “No” to Criteria 1 Result.

1% Note that it is not required to investigate each and every criterion in the worksheet, a single “no” answer in Part 1,
Part 2, Part 3, or Part 4 determines a full, partial, or no infiltration condition.

15 This form must be completed each time there is a change to the site layout that would affect the infiltration feasibility
condition. Previously completed forms shall be retained to document the evolution of the site storm water design.
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Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-2: Form I-

Groundwater and Water Balance Conditions 8B

Inadequate Soil Treatment Capacity. Are full infiltration BMPs proposed in DMA soils
that have adequate soil treatment capacity?

The DMA has adequate soil treatment capacity if ALL of the following criteria (detailed in
C.2.2.1) for all soil layers beneath the infiltrating surface are met:

e USDA texture class is sandy loam or loam or silt loam or silt or sandy clay loam or clay
loam or silty clay loam or sandy clay or silty clay or clay; and

e Cation Exchange Capacity (CEC) greater than 5 milliequivalents/100g; and
1C e Soil organic matter is greater than 1%; and

e Groundwater table is equal to or greater than 10 feet beneath the base of the full
infiltration BMP.

O Yes; continue to Step 1D.

O No; However, site layout changes or reasonable mitigation measures can be proposed to
support full infiltration BMPs. Continue to Step 1D.

O No; Site layout changes or reasonable mitigation measutes cannot be proposed to support full
infiltration BMPs. Answer “No” to Criteria 1 Result.

Other Groundwater Contamination Hazards. Are there site-specific groundwater
contamination hazards not already mentioned (refer to Appendix C.2.2) that can be reasonably
mitigated to support full infiltration BMPs?

O Yes; there are other contamination hazards identified that can be mitigated. Answer “Yes”
1D to Criteria 1 Result.

0 No; there are other contamination hazards identified that cannot be mitigated. Answer “No”
to Criteria 1 Result.

O N/A; no contamination hazards are identified. Answer “Yes” to Criteria 1 Result.

Can infiltration greater than 0.5 inches per hour be allowed without increasing risk of
groundwater contamination that cannot be reasonably mitigated to an acceptable level? See
Criteria 1 | Appendix C.2.2.8 for a list of typically reasonable and typically unreasonable mitigation measures.
Result
[ Yes; Continue to Part 1, Criteria 2.

1 No; Continue to Part 1 Result.
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Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-2: Form I-

Groundwater and Water Balance Conditions 8B

Summarize groundwater quality and any mitigation measures proposed. Documentation should focus on
groundwater table, mapped soil types and contaminated site locations.
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Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-2: Form I-

Groundwater and Water Balance Conditions 8B

Criteria 2: Water Balance Screening

Ephemeral Stream Setback. Does the proposed full infiltration BMP meet both the following?

e The full infiltration BMP is located at least 250 feet away from an ephemeral stream;
AND

2A e The bottom surface of the full infiltration BMP is at a depth 20 feet or greater from
seasonally high groundwater tables.

[ Yes; Answer “Yes” to Criteria 2 Result.

U No; Continue to Step 2B.

Mitigation Measures. Can site layout changes be proposed to support full infiltration BMPs?

O Yes; the site can be reconfigured to mitigate potential water balance issues. Answer “Yes” to
2B Criteria 2 Result.

0 No; the site cannot be reconfigured to mitigate potential water balance issues. Continue to Step
2C and provide discussion.

Additional studies. Do additional studies support full infiltration BMPs?

In the event that water balance effects are used to reject full infiltration (anticipated to be rare),
additional analysis shall be completed and documented by a qualified professional indicating the

2C site-specific information evaluated and the technical basis for this finding.
[d Yes; Answer “Yes” to Criteria 2 Result.
O No; Answer “No” to Criteria 2 Result.
Can infiltration greater than 0.5 inches per hour be allowed without causing potential water
_ balance issues such as change of seasonality of ephemeral streams?
Criteria 2

Result [d Yes; Continue to Part 1 Result.
O No; Continue to Part 1 Result.
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Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-2: Form I-

Groundwater and Water Balance Conditions 8B

Summarize potential water balance effects. Documentation should focus on mapping and soil data regarding
proximity to ephemeral streams and groundwater depth.

Part 1 — Full Infiltration Groundwater and Water Balance Screening Result! Result

If answers to Criteria 1 and 2 are “Yes”, a full infiltration design is potentially feasible.
The feasibility screening category is Full Infiltration based on groundwater conditions. | [ Full Infiltration

If answer to Criteria 1 or Criteria 2 is “No”, infiltration may be possible to some
extent but would not generally be feasible or desirable to achieve a “full infiltration” O Complete Part 2
design based on groundwater conditions. Proceed to Part 2.

Part 2 — Partial vs. No Infiltration Feasibility Screening Criteria

16 To be completed using gathered site information and best professional judgement considering the definition of MEP
in the MS4 Permit. Additional testing and/or studies may be required by City Engineer to substantiate findings.
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Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-2: Form I-

Groundwater and Water Balance Conditions 8B

DMAC(s) Being Analyzed: Project Phase:

Criteria 3: Groundwater Screening

Contaminated Soil/Groundwater. Are partial infiltration BMPs proposed at least 100 feet away from
contaminated soil or groundwater sites? This can be confirmed using GeoTracker
(geotracker.waterboards.ca.gov) to identify open contaminated sites. This criterion is intentionally a smaller
radius than full infiltration, as the potential quantity of infiltration from partial infiltration BMPs is smaller.

[ Yes; Answer “Yes” to Criteria 3 Result.

O No; However, site layout changes can be proposed to avoid contaminated soils or soils that lack
adequate treatment capacity. Select “Yes” to Criteria 3 Result. It is a requirement for the SWQMP
preparer to identify potential mitigation measures.

0 No; Contaminated soils or soils that lack adequate treatment capacity cannot be avoided and partial
infiltration BMPs are not feasible. Select “No” to Criteria 3 Result.

Criteria 3 Result: Can infiltration of greater than or equal to 0.05 inches/hour and less than ot equal to 0.5
inches/hour be allowed without increasing tisk of groundwater contamination that cannot be reasonably
mitigated to an acceptable level?

[ Yes; Continue to Part 2, Criteria 4.
O No; Skip to Part 2 Result.

Summarize findings and basis. Documentation should focus on mapped soil types and contaminated site
locations.

Criteria 4: Water Balance Screening
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Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-2: Form I-

Groundwater and Water Balance Conditions 8B

Additional studies. In the event that water balance effects are used to reject partial infiltration (anticipated
to be rare), a qualified professional must provide an analysis of the incremental effects of partial infiltration
BMPs on the water balance compared to incidental infiltration under a no infiltration scenario (e.g.
precipitation, irrigation, etc.).

Criteria 4 Result: Can infiltration of greater than or equal to 0.05 inches/hour and less than or equal to 0.5
inches/hour be allowed without causing potential water balance issues such as change of seasonality of
ephemeral streams?

O Yes: Continue to Part 2 Result.

O No: Continue to Part 2 Result.

Summarize potential water balance effects. Documentation should focus on mapping and soil data regarding
proximity to ephemeral streams and groundwater depth.

Part 2 — Partial Infiltration Groundwater and Water Balance Screening Result” | Result

If answers to Criteria 3 and Criteria 4 are “Yes”, a partial infiltration design is potentially
feasible. The feasibility screening category is Partial Infiltration based on groundwater

and water balance conditions. . .
O Partial Infiltration

If answer to Criteria 3 or Criteria 4 is “No”, then infiltration of any volume is Condition
considered to be infeasible within the site. The feasibility screening category is No
Infiltration based on groundwater or water balance condition.

O No Infiltration
Condition

Criteria Question Yes No

17To be completed using gathered site information and best professional judgement considering the definition of MEP
in the MS4 Permit. Additional testing and/or studies may be required by City Engineer to substantiate findings.
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Categorization of Infiltration Feasibility Condition based on  Worksheet C.4-2: Form I-

Groundwater and Water Balance Conditions 8B

Will the storm water runoff undergo pretreatment such as sedimentation or
filtration prior to infiltration?

Are pollution prevention and source control BMPs implemented at a level
2 appropriate to protect groundwater quality for areas draining to infiltration O O
BMPs?

Is the vertical distance from the base of the full infiltration BMP to the
seasonal high groundwater mark greater than 10 feet?

This vertical distance may be reduced when the groundwater basin does not
support beneficial uses and the groundwater quality is maintained

Does the soil through which infiltration is to occur have physical and
chemical characteristics that are adequate for proper infiltration durations and
treatment of runoff for the protection of groundwater beneficial uses? Refer

to Appendix C.3.1.

Is the following statement true?

Full infiltration BMPs are not used for areas of industrial or light industrial
activity, and other high threat to water quality land uses and activities, unless
source control BMPs to prevent exposure of high threat activities are
implemented, or runoff from such activities is first treated or filtered to
remove pollutants prior to infiltration.

Is the full infiltration BMP located at a distance greater than 100 feet
horizontally from any water supply well?

6

Basis and Documentation:

All the answers for Criteria 1 to 6 must be “Yes” for acceptance of a full infiltration BMP.
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Table C.4-1 lists the feasibility screening exhibits that were generated using readily available GIS data
sets to assist the project applicant during planning phase.

Table C.4-1: Feasibility Screening Exhibits
Figures Layer Data Sources

Hydrologic Soil NRCS Web Soil Survey
Group—A,B,C,D http:/ /websoilsutvey.sc.egov.usda.gov/
C.1 Soils USDA Web Soil Survey. Hydric soils, (ratings of 100) were
Hydric Soils classified as hydric.
http:/ /websoilsurvey.sc.egov.usda.gov/ App/HomePage. htm
SanGIS
Slopes =25% http:/ /www.sangis.org/
CoSopesind | DGR | SIS
Geologic otentia ttp: Www.sar.1g1s.org .
Hazards SanGIS Geologic Hazards lay'er. Subset of polygon§ with .
Landslide Potential }}az.ard codes re%ated to land§hdes were selected. This data is
limited to the City of San Diego Boundary.
http:/ /www.sangis.org/
C3 GeoTracket. Data downloaded for San Diego county from
Groundwater 2014 and 2013. In cases where there were multiple
Table Groundwater measurements made at the same well, the average was taken
Elevations Depths over that year.
http://geotracket.waterboards.ca.gov/data_download_by_co
unty.asp
C4 Contaminated soils GeoTracker. Data downloaded for San Diego county and
Contaminated | and/or groundwater | limited to active cleanup sites
Sites sites http://geotracker.waterboards.ca.gov/
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Appendix D: Approved Infiltration Rate Assessment Methods

Characterization of potential infiltration rates is a critical step in evaluating the degree to which

infiltration reduces storm water runoff volume. This appendix is intended to provide guidance to help

answer the following questions:

1.

2.

3.

How and where does infiltration testing fit into the project development process? Appendix
D.2 discusses the role of infiltration testing in different stages of project development and
how to plan a phased investigation approach.

What infiltration rate assessment methods are acceptabler Appendix D.3 describes the
acceptable infiltration rate assessment methods.

What factors should be considered in selecting the most appropriate testing method for a
project?

Appendix D.4 provides guidance on site-specific considerations that influence which
assessment methods are most appropriate.

How should factors of safety be selected and applied for BMP selection and design? Appendix
D.5 provides guidance for selecting factor of safety.

Note, that this appendix does not consider other feasibility criteria that may make infiltration

infeasible, such as groundwater contamination and geotechnical considerations (these are covered in

Appendix C). In general, infiltration testing should only be conducted after other feasibility criteria

specified in this manual have been evaluated.
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Appendix D: Approved Infiltration Rate Assessment Methods

In the process of planning and designing infiltration facilities, there are a number of ways that
infiltration testing or estimation factor into project development, as summarized in Table D.2-1. When
selecting infiltration testing methods, the geotechnical consultant should select methods applicable to
the relevant project phase.

Table D.2-1: Role of Infiltration Testing

Project Phase Key Questions General Assessment Strategies

Use existing data and maps to the extent

Where within the project area is possible.

infiltration potentially feasible? Use less expensive methods to allow a

broader area to be investigated more

Planning Phase What Volu'me red'uction approaches rapidly.
are potentially suitable for my . . .
project? Reach tentative conclusions that are subject
to confirmation/refinement at the design
phase.

Use more rigorous testing methods at

What infiltration rates should be used e BRI loeifios.

to design infiltration and biofiltration

facilities? Support or modify preliminary feasibility

Design Phase findings.

What factor of safety should be

ied?
applied: Estimate design infiltration rates with

approptiate factors of safety.
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The geotechnical consultant should select appropriate testing methods for the site conditions, subject
to the geotechnical consultant’s discretion and approval of the City Engineer, that are adequate to
evaluate applicability at each phase of the project (See Table D.3-1):

e At the planning phase, the testing method must be selected to provide a reliable estimate of
the locations where infiltration is feasible and allow a reasonably confident determination of
infiltration feasibilility to support the selection between full infiltration, partial infiltration, and
no infiltration BMPs.

e At the design phase, the testing method must be selected to provide a reliable infiltration rate
to be used in design. The degree of certainty provided by the selected test should be
considered.

Table D.3-1 provides a matrix comparison of these methods. Appendices D.3.1 to D.3.3 provide a
summary of each method. This appendix is not intended to be an exhaustive reference on infiltration
testing. It does not attempt to discuss every method for testing, nor is it intended to provide step-by-
step procedures for each method. The user is directed to supplemental resources (referenced in this
appendix) or other appropriate references for more specific information. Alternative testing
standards may be allowed with appropriate rationales and documentation.

To select an infiltration testing method, it is important to understand how each test is applied and
what specific physical properties the test is designed to measure. Infiltration testing methods vary
considerably in these regards. For example, a borehole percolation test is conducted by drilling a
borehole, filling a portion of the hole with water, and monitoring the rate of fall of the water. This
test directly measures the three dimensional flux of water into the walls and bottom of the borehole.
An approximate correction is applied to indirectly estimate the vertical infiltration rate from the results
of the borehole test. In contrast, a double-ring infiltrometer test is conducted from the ground surface
and is intended to provide a direct estimate of vertical (one-dimensional) infiltration rate at this point.
Both of these methods are applicable under different conditions.

Submit the field test measurements and tabulated results for each location tested. Submit the calculated
infiltration rate and method of calculation. For the purposes of this manual, saturated hydraulic
conductivity and infiltration rate may be assumed to be equal.
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Table D.3-1: Comparison of Infiltration Rate Estimation and Testing Methods!$
Test Suitability at Planning Phase Suitability at Design Phase"”

Yes, for partial infiltration designs
when mapped soils are
corroborated with soil samples
collected during investigation
activities.

No, for full infiltration designs.

Yes, but mapped soil types must be
confirmed with site observations.
Regional soil maps are known to contain
inaccuracies at the scale of typical
development sites.

NRCS Soil Survey
Maps

Not preferred. Should only be used if a
strong correlation has been developed
Grain Size Analysis between grain size analysis and No
measured infiltration rate testing results
of site soils.

Not preferred. Should only be used if a
strong correlation has been developed
between CPT results and measured No
infiltration rate testing results of site
soils.

Cone Penetrometer

Test (CPT)

Yes, with appropriate correction
Simple Open Pit Test Yes for infiltration into side walls and
elevated factor of safety.

Yes, with appropriate correction

Open Pit Falling Head Yes for infiltration into side walls and
Test
elevated factor of safety.
Double Ring
Infiltrometer Test Yes Yes
(ASTM 3385)
Single Ring
Infiltrometer Test Yes Yes
. Yes, but generally cost prohibitive and Yes, but should consider relatively
Large-scale Pilot . ; e .
. too water-intensive for preliminary large water demand associated
Infiltration Test . . .
screening of a large area. with this test.
Smaller-scale Pilot Yes Yes

Infiltration Test

Well Permeameter
Method Yes Yes
(USBR 7300-89)

18 Percolation rates measured in pit tests and borehole percolation tests should be converted to infiltration rates using
the Porchet method (Appendix D.3.4).

19 Design phase confirmation of infiltration rate is only required if full infiltration BMPs are proposed. Partial
infiltration BMPs are not as sensitive to infiltration rate and do not warrant design phase verification.
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Test Suitability at Planning Phase Suitability at Design Phase"”

Yes, in areas of proposed cut
where other tests are not possible;
a boring log should be recorded
and used to interpret test; should
be confirmed with a more ditect
measurement following
excavation.

Borehole Percolation
Tests
(various methods)

Yes, reliability of this test can be
improved by obtaining a continuous
core where tests are conducted.

Yes, only suitable for evaluating
potential infiltration rates in proposed

. . . No. However, may be part of a
fill areas. For sites with proposed cut, it » may be p

Laboratory . . line of evidence for estimating the
- is preferred to do a borehole percolation L . .

Permeability Tests (e.g., test at the br d orade instead of design infiltration of partial

ASTM D2434) est at fue proposed grade mstead o infiltration BMPs constructed in

analyzing samples in the lab. A
combination of both tests may improve
reliability.

future compacted fill.

Table D.3-2 provides recommendations for number of tests, based on test method, needed to provide
adequate characterization of the design phase infiltration rate. Testing must be done at the location
and elevation of proposed infiltration BMPs. This guidance is only applicable for full infiltration
BMPs at the design phase. It is not applicable for planning phase investigations or for design
of partial infiltration BMPs. The “low” and “medium” concerns relate to the factor of safety
presented in Appendix D.5.

Table D.3-2. Recommended Replicates and Levels of Concern for Design Phase Infiltration Testing
for Full Infiltration Designs

Small BMPs Medium BMPs

Test Method Large BMPs

Category (BMP area < 250 ft’) (BMP area < 2,000 ft’) (BMP area > 2,000 ft%)
Pit Testing 2 tests per 5,000 ft> =
Is\gztehgfl,; ';;;:ﬁ;_ 2 tests = Low Concern | 2+ tests = Low Concern xeilslgr;go; (c)g(r)nftz _
scale PIT Low Concern
Surface
Infiltrometer
Tests and
Smaller Pit
Testing Methods: | 2 tests = Medium 3 _ . 3 tests per 5,000 ft> =
Simple Open Pit Concern (st = hileethm Medium Concern

ple -Jpen Concern
Open Pit Falling 3+ tests = Low 4 — Low C 5+ tests per 5,000 ft2 =
Head Concern tests = Low Loncern | y o Concern
Single Ring
Double ring
Other surface
infiltrometer
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Test Method Small BMPs Medium BMPs Large BMPs
Category (BMP area < 250 ftz) (BMP area < 2,000 ftz) (BMP area > 2,000 ftz)
Well and
Borehole
Permeameter
= 1 2 =
Methods 2 tests = Medium 3 tests = Medium 3 test's per 5,000 ft
(must b Concern Concern Medium Concern
ustbe 3+ tests = Low once N 5+ tests per 5,000 ft2 =
accompanied by 4+ tests = Low Concern
Concern Low Concern
bore logs to be
suitable for
design phase)
Mapping or soil

texture methods Not Acceptable for Full Infiltration Design Phase

D.3.1 Desktop Approaches and Data Correlation Methods

This section reviews common methods used to evaluate infiltration characteristics based on desktop-
available information, such as GIS data. This section also introduces methods for estimating
infiltration properties via correlations with other measurements.

D.3.1.1 NRCS Soil Survey Maps

NRCS Soil Sutvey maps (http://websoilsutvey.nres.usda.gov/app/HomePage.htm) can be used to

estimate preliminary feasibility conditions, specifically by mapping hydrologic soil groups, soil texture
classes, and presence of hydric soils relative to the site layout. For planning feasibility determinations,
mapped conditions must be supplemented with available data from the site (e.g., soil borings, observed
soil textures, biological indicators). For planning feasibility, the presence of C or D soils, if confirmed
by available data, provides a reasonable basis to determine that full infiltration is not feasible for a

given DMA.

D.3.1.2 Grain Size Analysis Testing and Correlations to Infiltration Rate

Hydraulic conductivity can be estimated indirectly from correlations with soil grain-size distributions.
While this method is approximate, correlations have been relatively well established for some soil
conditions. One of the most commonly used correlations between grain size parameters and hydraulic
conductivity is the Hazen (1892, 1911) empirical formula (Philips and Kitch, 2011), but a variety of
others have been developed. Correlations must be developed based on testing of site-specific soils.
For the purposes of this manual, saturated hydraulic conductivity and infiltration rate can be assumed
to be equal.

D.3.1.3 Cone Penetrometer Testing and Correlations to Infiltration Rate

Hydraulic conductivity can also be estimated indirectly from cone penetrometer test (CPT). A cone
penetrometer test involves advancing a small probe into the soil and measuring the relative resistance
encountered by the probe as it is advanced. The signal returned from this test can be interpreted to
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yield estimated soil types and the location of key transitions between soil layers. If this method is used,
correlations must be developed based on testing of site-specific soils. For the purposes of this manual,
saturated hydraulic conductivity and infiltration rate can be assumed to be equal.

D.3.2 Surface and Shallow Excavation Methods

This section describes tests that are conducted at the ground surface or within shallow excavations
close to the ground surface. These tests are generally applicable for cases where the bottom of the
infiltration system will be near the existing ground surface. They can also be conducted to confirm the
results of borehole methods after excavation/site grading has been completed.

D.3.2.1 Simple Open Pit Test

The Simple Open Pit Test is most appropriate for planning level screening of infiltration feasibility.
Although it is similar to Open Pit Falling Head tests used for establishing a design infiltration rate (see
below), the Simple Open Pit Test is less rigorous and is generally conducted to a lower standard of
care. This test can be conducted by a nonprofessional as part of planning level screening phase.

The Simple Open Pit Test is a falling head test in which a hole at least two feet in diameter is filled
with water to a level of 6” above the bottom. Water level is checked and recorded regularly until either
an hour has passed or the entire volume has infiltrated. The test is repeated two more times in
succession and the rate at which the water level falls in the third test is used as the percolation rate.

Measured percolation rate shall be converted to an infiltration rate using the Porchet method
(Appendix D.3.4).

This test has the advantage of being inexpensive to conduct, yet it is believed to be faitly reliable for
screening as the dimensions of the test are similar, proportionally, to the dimensions of a typical BMP.
The key limitations of this test are that it measures a relatively small area, does not necessarily result
in a precise measurement, and may not be uniformly implemented.

Source: City of Portland, 2008. Storm water Management Manual

D.3.2.2 Open Pit Falling Head Test

This test is similar to the Simple Open Pit Test, but covers a larger footprint, includes more specific
instructions, returns more precise measurements, and generally should be overseen by a geotechnical
professional. Nonetheless, it remains a relatively simple test.

To perform this test, a hole is excavated at least 2 feet wide by 4 feet long (larger is preferred) and to
a depth of at least 12 inches. The bottom of the hole should be approximately at the depth of the
proposed infiltrating surface of the BMP. The hole is pre-soaked by filling it with water at least a foot
above the soil to be tested and leaving it at least 4 hours (or overnight if clays are present). After
presoaking, the hole is refilled to a depth of 12 inches and allowed to drain for one hour (2 hours
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for slower soils), while measuring the rate at which the water level drops. The test is then repeated
until successive trials yield a result with less than a 10 percent change.

In comparison to a double-ring infiltrometer, this test has the advantage of measuring infiltration over
a larger area and better resembles the dimensionality of a typical small scale BMP. Because it includes
both vertical and lateral infiltration, it should be adjusted to estimate design rates for larger scale BMPs.

D.3.2.3 Double Ring Infiltrometer Test (ASTM 3385)

The Double Ring Infiltrometer was originally developed to estimate the infiltration rate of low
permeability materials, such as clay liners for ponds, but has seen significant use in storm water
applications. The most recent revision of this method from 2009 is known as ASTM 3385-09. The
testing apparatus is designed with concentric rings that form an inner ring and an annulus between
the inner and outer rings. Infiltration from the annulus between the two rings is intended to saturate
the soil outside of the inner ring such that infiltration from the inner ring is restricted primarily to the
vertical direction.

To conduct this test, both the center ring and annulus between the rings are filled with water. There
is no pre-wetting of the soil in this test. However, a constant head of 1 to 6 inches is maintained for 6
hours, or until a constant flow rate is established. Both the inner flow rate and annular flow rate are
recorded, if they are different, the inner flow rate should be used. There are a variety of approaches
that are used to maintain a constant head on the system, including use of a Mariotte tube, constant
level float valves, or manual observation and filling. This test must be conducted at the elevation of
the proposed infiltrating surface; therefore application of this test is limited in cases where the
infiltration surface is a significant distance below existing grade at the time of testing.

However, given the small diameter of the inner ring (standard diameter is 12 inches, but it can be
larger), this test only measures infiltration rate in a small area. Additionally, given the small quantity of
water used in this test compared to larger scale tests, this test may be biased high in cases where the
long term infiltration rate is governed by groundwater mounding and the rate at which mounding
dissipates (i.e., the capacity of the infiltration receptor). Finally, the added effort and cost of isolating
the vertical infiltration rate may not necessarily be warranted considering that BMPs typically have a
lateral component of infiltration as well. Therefore, while this method has the advantages of being
technically rigorous and well standardized, it should not necessarily be assumed to be the most
representative test for estimating full-scale infiltration rates.

Source: American Society for Testing and Materials (ASTM) International (2009)

D.3.2.4 Single Ring Infiltrometer Test

The single ring infiltrometer test is not a standardized ASTM test, however it is a relatively well-
controlled test and shares many similarities with the ASTM standard double ring infiltrometer test
(ASTM 3385-09). This test is a constant head test using a large ring (preferably greater than 40 inches
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in diameter) usually driven 12 inches into the soil. Water is ponded above the surface. The rate of
water addition is recorded and infiltration rate is determined after the flow rate has stabilized. Water
can be added either manually or automatically.

The single ring used in this test tends to be larger than the inner ring used in the double ring test.
Driving the ring into the ground limits lateral infiltration; however some lateral infiltration is generally
considered to occur. Experience in Riverside County (CA) has shown that this test gives results that
are similar to full-scale infiltration facilities. The primary advantages of this test are that it is relatively
simple to conduct and has a larger footprint (compared to the double-ring method), restricts
horizontal infiltration and is more standardized (compared to open pit methods). However, it is still a
relatively small scale test and can only be reasonably conducted near the existing ground surface.

D.3.2.5 Large-Scale Pilot Infiltration Test

As its name implies, this test is closer in scale to a full-scale infiltration facility. This test was developed
by the Washington State Department of Ecology specifically for storm water applications.

To perform this test, a test pit is excavated with a horizontal surface area of roughly 100 square feet
to a depth that allows 3 to 4 feet of ponding above the expected bottom of the infiltration facility.
Water is continually pumped into the system to maintain a constant water level (between 3 and 4 feet
above the bottom of the pit, but not more than the estimated water depth in the proposed facility)
and the flow rate is recorded. The test is continued until the flow rate stabilizes. Infiltration rate is
calculated by dividing the flow rate by the surface area of the pit. Similar to other open pit test, this
test is known to result in a slight bias high because infiltration also moves laterally through the walls
of the pit during the test. The Washington State Department of Ecology requires a correction factor
of 0.75 (factor of safety of 1.33) be applied to results.

This test has the advantage of being more resistant to bias from localized soil variability and being
more similar to the dimensionality and scale of full scale BMPs. It is also more likely to detect long
term decline in infiltration rates associated with groundwater mounding. As such, it remains the
preferred test for establishing design infiltration rates in Western Washington (Washington State
Department of Ecology, 2012). In a comparative evaluation of test methods, this method was found
to provide a more reliable estimate of full-scale infiltration rate than double ring infiltrometer and
borehole percolation tests (Philips and Kitch 2011).

The difficulty encountered in this method is that it requires a larger area be excavated than the other
methods, and this in turn requires larger equipment for excavation and a greater supply of water.
However, this method should be strongly considered when less information is known about spatial
variability of soils and/or a higher degree of certainty in estimated infiltration rates is desired.

Source: Washington State Department of Ecology, 2012.
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D.3.2.6 Smaller-Scale Pilot Infiltration Test

The smaller-scale pilot infiltration test (PIT) is conducted similarly to the large-scale PIT but involves
a smaller excavation, ranging from 20 to 32 square feet instead of 100 square feet for the large-scale
PIT, with similar depths. The primary advantage of this test compared to the full-scale PIT is that it
requires less excavation volume and less water. It may be more suitable for small-scale distributed
infiltration controls where the need to conduct a greater number of tests outweighs the accuracy that
must be obtained in each test, and where groundwater mounding is not as likely to be an issue.
Washington State Department of Ecology establishes a correction factor of 0.5 (factor of safety of
2.0) for this test in comparison to 0.75 (factor of safety of 1.33) for the large-scale PIT to account for
a greater fraction of water infiltrating through the walls of the excavation and lower degree of certainty
related to spatial variability of soils.

D.3.3 Deeper Subsurface Tests

D.3.3.1 Wall Permeameter Method (USBR 7300-89)

Well permeameter methods were originally developed for purposes of assessing aquifer permeability
and associated yield of drinking water wells. This family of tests is most applicable in situations in
which infiltration facilities will be placed substantially below existing grade, which limits the use of
surface testing methods.

In general, this test involves drilling a 6 inch to 8 inch test well to the depth of interest and maintaining
a constant head until a constant flow rate has been achieved. Water level is maintained with down-
hole floats. The Porchet method (Appendix D.3.4) or the nomographs provided in the USBR
Drainage Manual (United States Department of the Interior, Bureau of Reclamation, 1993) are used
to convert the measured rate of percolation to an estimate of vertical hydraulic conductivity. A smaller
diameter boring may be adequate, however this then requires a different correction factor to account
for the increased variability expected.

While these tests have applicability in screening level analysis, considerable uncertainty is introduced
in the step of converting direct percolation measurements to estimates of vertical infiltration.
Additionally, this testing method is prone to yielding erroneous results in cases where the vertical
horizon of the test intersects with minor lenses of sandy soils that allow water to dissipate laterally at
a much greater rate than would be expected in a full-scale facility. To improve the interpretation of
this test method, a bore log should be inspected to determine whether thin lenses of material may be
biasing results at the strata where testing is conducted. Consult USBR procedure 7300-89 for more
details.

Source: (United States Department of the Interior, Bureau of Reclamation, 1990, 1993)
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D.3.3.2 Borehole Percolation Tests (various methods)

Borehole percolation tests were originally developed as empirical tests to estimate the capacity of
onsite sewage disposal systems (septic system leach fields), but have more recently been adopted into
use for evaluating storm water infiltration. Similar to the well permeameter method, borehole
percolation methods primarily measure lateral infiltration into the walls of the boring and are designed
for situations in which infiltration facilities will be placed well below current grade. The percolation
rate obtained in this test should be converted to an infiltration rate using a technique such as the
Porchet method (Appendix D.3.4).

This test is generally implemented similarly to the USBR Well Permeameter Method. Per the Riverside
County Borehole Percolation method, a hole is bored to a depth at least 5 times the borehole radius.
The hole is presoaked for 24 hours (or at least 2 hours if sandy soils with no clay). The hole is filled
to approximately the anticipated top of the proposed infiltration basin. Rates of fall are measured for
six hours, refilling each half hour (or 10 minutes for sand). Tests are generally repeated until consistent
results are obtained.

The same limitations described for the well permeameter method apply to borehole percolation tests,
and their applicability is generally limited to initial screening. To improve the interpretation of this test
method, a continuous soil core can be extracted from the hole and below the test depth, following
testing, to determine whether thin lenses of material may be biasing results at the strata where testing
is conducted.

Sources: Riverside County Percolation Test (2011), California Test 750 (Caltrans, 1986), San
Bernardino County Percolation Test (1992); USEPA Falling Head Test (USEPA, 1980).
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D.3.4 Percolation Rate Conversion Example

Measured percolation rate should be converted to an infiltration rate using the Porchet method (aka
Inverse Borehole Method). See example below for the conversion.

Given:

Time interval, At = 10 minutes

Initial depth to water, Do = 12.25 inches
Final depth to water, D¢= 13.75 inches
Total depth of test hole, D= 60 inches
Test hole radius!, r = 4 inches

Required:

e Determine the tested infiltration rate based on Porchet’s method.

Solution:

1. Solve for the height of water at the beginning of the selected time interval, Ho:
Hy =Dy — Dy = 60 —12.25 = 47.75 inches
2. Solve for the height of water at the end of the selected time interval, He:
Hf = Dy — Dy = 60 — 13.75 = 46.25 inches
3. Solve for the change in height of water over the selected time interval, AH:
AH = Hy — Hf = 47.75 — 46.25 = 1.50 inches

4. Calculate the average head over the selected time interval, Hayg:

Ho+Hy  47.75 + 46.25
Hapg = ——= 2

5. Calculate the tested infiltration rate, I, using the following equation:

aHGeOr) (15060 (4 in)
ETAt(r+ 2Hg,g) (10 min)((4 in) + 2(47 in))

= 47.00 inches

= 0.37 in/hr

Notes:
"The equivalent radius should be determined for rectangular holes based on the area of the rectangular

test hold (i.e., 7 = (A/T[)O.S)

D-12 February 2020



Appendix D: Approved Infiltration Rate Assessment Methods

The following subsections are intended to address specific topics that commonly arise in
characterizing infiltration rates.

D.4.1 Hydraulic Conductivity versus Infiltration Rate versus
Percolation Rate

A common misunderstanding is that the “percolation rate” obtained from a percolation test is
equivalent to the “infiltration rate” obtained from tests such as a single or double ring infiltrometer
test which is equivalent to the “saturated hydraulic conductivity”. In fact, these terms have different
meanings. Saturated hydraulic conductivity is an intrinsic property of a specific soil sample under a
given density. It is a coefficient in Darcy’s equation (Darcy 1856) that characterizes the flux of water
that will occur under a given gradient. The measurement of saturated hydraulic conductivity in a
laboratory test is typically referred to as “permeability”, which is a function of the density, structure,
stratification, fines, and discontinuities of a given sample under given controlled conditions. In
contrast, infiltration is the downward entry of water into the soil. The velocity at which water enters
the soil is infiltration rate. Infiltration rate is typically expressed in inches per hour. For the purposes
of this manual, saturated hydraulic conductivity and infiltration rate can be assumed to be equal.
Similarly, to permeability, infiltration rate can be limited by a number of factors including the layering
of soil, density, discontinuities, and initial moisture content. These factors control how quickly water
can move through a soil. However, infiltration rate can also be influenced by mounding of
groundwater, and the rate at which water dissipates horizontally below a BMP — both of which
describe the “capacity” of the “infiltration receptor’ to accept this water over an extended period. For
this reason, an infiltration test should ideally be conducted for a relatively long duration resembling a
series of storm events so that the capacity of the infiltration receptor is evaluated as well as the rate at
which water can enter the system. Infiltration rates are generally tested with larger diameter holes, pits,
or apparatuses intended to enforce a primarily vertical direction of flux.

In contrast, percolation is tested with small diameter holes, and it is mostly a lateral phenomenon. The
direct measurement yielded by a percolation test tends to overestimate the infiltration rate, except
perhaps in cases in which a BMP has similar dimensionality to the borehole, such as a dry well.
Adjustment of percolation rates may be made to an infiltration rate using a technique such as the
Porchet Method.

D.4.2 Cut and Fill Conditions

Cut Conditions: Where the proposed infiltration BMP is to be located in a cut condition, the

infiltration surface level at the bottom of the BMP might be far below the existing grade. For example,
if the infiltration surface of a proposed BMP is to be located at an elevation that is currently beneath
15 feet of planned cut, how can the proposed infiltration surface be tested to establish a design
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infiltration rate prior to beginning excavation? The question can be addressed in two ways: First, one
of the deeper subsurface tests described above can be used to provide a planning level screening of
potential rates at the elevation of the proposed infiltrating surface. These tests can be conducted at
depths exceeding 100 feet, and therefore are applicable in most cut conditions. Second, the project
can commit to further testing using more reliable methods following bulk excavation to refine or
adjust infiltration rates, and/or apply higher factors of safety to borehole methods to account for the
inherent uncertainty in these measurements and conversions.

Fill Conditions: Materials that are placed to construct grade are referred to as fill. Mechanically placed

fill soil constructed in accordance with current standards is referred to as engineered compacted fill
or structural fill. Per current standards, the placement and compaction of the fill soil is monitored and
tested for quality assurance, and reported in an “as-graded” geotechnical report. Mechanically placed
fill constructed prior to the current standards may or may not have been properly documented.
Suitability of these fills for an intended use must be investigated by a geotechnical professional. Fill
materials have also been placed locally that are not constructed in accordance with any standard and
without any quality control. These fills soils are referred to as undocumented fill or as an uncontrolled

embankment.

Infiltration rates and subsurface water flow pathways in fill soils can vary based on the soil properties,
placement, and compaction of the fill. Select grading using soils with uniform properties can result in
fills with predictable infiltration characteristics. More commonly, however, soils from different sources
are mixed and/or stratified resulting in unpredictable infiltration characteristics and subsutface flow

pathways.

If the bottom of a BMP (infiltration surface) is proposed to be located in a planned fill location, the
infiltration surface may not exist prior to grading. How then can the infiltration rate be determined?
For example, if a proposed infiltration BMP is to be located with its bottom elevation in 5 feet of fill,
how could one reasonably establish an infiltration rate prior to the fill being placed?

Where possible, infiltration BMPs on planned fill materials should be designed such that their
infiltrating surface extends into native soils. Additionally, for shallow fill depths, fill material can be
selectively graded (i.e., high permeability granular material placed below proposed BMPs) to provide
reliable infiltration properties until the infiltrating water reaches native soils. In some cases, due to
considerable fill depth, the extension of the BMP down to natural soil and/or selective grading of fill
material may prove infeasible. In addition, placement of fill material with heavy equipment may result
in some compaction of now buried native soils potentially reducing their ability to infiltrate. In these
cases, because of the uncertainty of fill parameters as described above as well as potential compaction
of the native soils, an infiltration BMP may not be feasible.

If the planned fill material is known to be of a granular nature and that the native soils below is
permeable and will not be highly compacted, infiltration through compacted fill materials may still be
feasible. In this case, a project phasing or selective grading approach could be used including the
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following general steps, (1) collect samples from areas expected to be used as borrow sites for fill
activities, (2) remold samples to approximately the proposed degree of compaction and measure the
saturated hydraulic conductivity of remolded samples using laboratory methods, (3) if infiltration rates
appear adequate for infiltration, then apply an appropriate factor of safety and use the initial rates for
preliminary design, (4) following placement of fill, conduct in-situ testing to refine design infiltration
rates and adjust the design as needed; the infiltration rate of native soil below the fill should also be
tested at this time to determine if compaction as a result of fill placement has significantly reduced its
infiltration rate.

The project geotechnical engineer shall be involved in decision making whenever infiltration is
proposed in the vicinity of engineered compacted fill supporting structures or improvements so that
potential impacts of infiltration can be evaluated. No full infiltration or partial infiltration BMPs shall
be used in existing fills greater than 5 feet thick unless approved by the project geotechnical engineer.
In fills 5 feet or less, full infiltration or partial infiltration may reasonably be achieved beneath fill. Full
or partial Infiltration BMPs proposed within fills 5 feet or less must be evaluated by a geotechnical
professional.

D.4.3 Effects of Direct and Incidental Compaction

It is widely recognized that compaction of soil has a major influence on infiltration rates (Pitt et al.
2008). However, direct (intentional) compaction is an essential aspect of project construction and
indirect compaction (such as by movement of machinery, placement of fill, stockpiling of materials,
and foot traffic) can be difficult to avoid in some parts of the project site. Infiltration testing strategies
should attempt to measure soils at a degree of compaction that resembles anticipated post-
construction conditions.

Ideally, infiltration systems should be located outside of areas where direct compaction will be required
and should be staked off to minimize incidental compaction from vehicles and stockpiling. For these

conditions, no adjustment of test results is needed.

However, in some cases, infiltration BMPs will be constructed in areas to be compacted. For these
areas, it may be appropriate to include field compaction tests or prepare laboratory samples and
conduct infiltration testing to approximate the degree of compaction that will occur in post-
construction conditions. Alternatively, testing could be conducted on undisturbed soil, and an
additional factor of safety could be applied to account for anticipated infiltration after compaction.
To develop a factor of safety associated with incidental compaction, samples could be compacted to
various degrees of compaction, their hydraulic conductivity measured, and a “response curve”
developed to relate the degree of compaction to the hydraulic conductivity of the material.

D.4.4 Temperature Effects on Infiltration Rate

The rate of infiltration through soil is affected by the viscosity of water, which in turn is affected by
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the temperature of water. As such, infiltration rate is strongly dependent on the temperature of the
infiltrating water (Cedergren, 1997). For example, Emerson (2008) found that wintertime infiltration
rates below a BMP in Pennsylvania were approximately half their peak summertime rates. As such, it
is important to consider the effects of temperature when planning tests and interpreting results.

If possible, testing should be conducted at a temperature that approximates the typical runoff
temperatures for the site during the times when rainfall occurs. If this is not possible, then the results
of infiltration tests should be adjusted to account for the difference between the temperature at the
time of testing and the typical temperature of runoff when rainfall occurs. The measured infiltration
can be adjusted by the ratio of the viscosity at the test temperature versus the typical temperature
when rainfall occurs (Cedergren, 1997), per the following formula:

Equation D.4-1: Measured Infiltration Adjustment

Hrest
KTypical = Kiest X (
UTypical
where:
Kerypical = the typical infiltration rate expected at typical temperatures
where rainfall occurs
Keest = the infiltration rate measured or estimated under the
conditions of the test
WTypical = the viscosity of water at the typical temperature expected
when rainfall occurs
Test = the viscosity of water at the temperature at which the test
was conducted

D.4.5 Number of Infiltration Tests Needed

The heterogeneity inherent in soils implies that all but the smallest proposed infiltration facilities
would benefit from infiltration tests in multiple locations. The following requirements apply for in situ
infiltration/percolation testing for full infiltration BMPs:

e TFor the design phase, in situ infiltration testing shall be conducted at a minimum of two
locations within 50-feet of each proposed storm water infiltration BMP.

e Insitu infiltration testing shall be conducted using an approved method listed in Table D.371

e For the design phase, testing shall be conducted at approximately the same depth and in the
same material as the base of the proposed storm water BMP.
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Monitoring of actual facili erformance has shown that the full-
& P Should I use a factor

of safety for design
infiltration rate?

scale infiltration rate can be much lower than the rate measured by
small-scale testing (King County Department of Natural Resources

and Parks, 2009). Factors such as soil variability and groundwater

mounding may be responsible for much of this difference.
Additionally, the infiltration rate of BMPs naturally declines between maintenance cycles as the BMP
surface becomes occluded and particulates accumulate in the infiltrative layer.

In the past, infiltration structures have been shown to have a relatively short lifespan. Over 50 percent
of infiltration systems either partially or completely failed within the first 5 years of operation (United
States EPA. 1999). In a Maryland study on infiltration trenches (Lindsey et al. 1991), 53 percent were

not operating as designed, 36 percent were clogged, and 22 percent showed reduced filtration. In a

study of 12 infiltration basins (Galli 1992), none of which had built-in pretreatment systems, all had

failed within the first two years of operation.

Given the known potential for infiltration BMPs to degrade or fail over time, an appropriate factor of
safety applied to infiltration testing results is required for full infiltration. This section presents a
recommended thought process for selecting a safety factor for full infiltration systems. This method
considers factor of safety to be a function of:

e Site suitability considerations, and

e Design-related considerations.

These factors and the method for using them to compute a safety factor are discussed below.
Importantly, this method encourages rigorous site investigation, good pretreatment, and
commitments to routine maintenance to provide technically-sound justification for using a lower
factor of safety.

D.5.1 Determining Factor of Safety

Worksheet D.5-1 (Form 1-9), at the end of this section can be used in conjunction with Tables D.5-1
and D.5-2 to determine an appropriate safety factor for design phase for full infiltration BMPs. A
factor of safety of 2 must be used for partial infiltration BMPs. Tables D.5-1 and D.5-2 assign point
values to design considerations; the values are entered into Worksheet D.5-1 (Form I-9), which assign
a weighting factor for each design consideration.

The following procedure can be used to estimate an appropriate factor of safety to be applied to the
infiltration testing results for full infiltration BMPs during the design phase. When assigning a factor
of safety, care should be taken to understand what other factors of safety are implicit in other aspects
of the design to avoid incorporating compounding factors of safety that may result in significant over-
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Appendix D: Approved Infiltration Rate Assessment Methods
design.

1. For each consideration shown above, determine whether the consideration is a high,
medium, or low concern.

2. For all high concerns in Table D.5-1, assign a factor value of 3, for medium concerns,
assign a factor value of 2, and for low concerns assign a factor value of 1.

3. Multiply each of the factors in Table D.5-1 by 0.25 and then add them together. This
should yield a number between 1 and 3.

4. For all high concerns in Table D.5-2, assign a factor value of 3, for medium concerns,
assign a factor value of 2, and for low concerns assign a factor value of 1.

5. Multiply the first factor in Table D.5-2 by 0.5, the remaining two factors in Table D.5-2
by 0.25 and then add them together. This should yield a number between 1 and 3.

6. Multiply the two safety factors together to get the final combined safety factor. If the
combined safety factor is less than 2, then 2 should be used as the safety factor.

7. Divide the tested infiltration rate by the combined safety factor to obtain the adjusted
design infiltration rate for use in sizing the infiltration facility.

Note: The minimum combined adjustment factor should not be less than 2.0 and the maximum
combined adjustment factor should not exceed 9.0.

D.5.2 Site Suitability Considerations for Selection of an Infiltation
Factor of Safety

Considerations related to site suitability include:

e Soil assessment methods — the site assessment extent (e.g., number of borings, test pits, etc.)
and the measurement method used to estimate the short-term infiltration rate.

e Predominant soil texture/percent fines — soil texture and the percent of fines can influence
the potential for clogging. Finer grained soils may be more susceptible to clogging.

e Site soil variability — sites with spatially heterogeneous soils (vertically or horizontally) as
determined from site investigations are more difficult to estimate average properties for
resulting in a higher level of uncertainty associated with initial estimates.

e Depth to seasonal high groundwater/impervious layer — groundwater mounding may become
an issue during excessively wet conditions where shallow aquifers or shallow clay lenses are
present.

These considerations are summarized in Table D.5-1 below, in addition to presenting classification of

concern.

Table D.5-1: Suitability Assessment Related Considerations for Full Infiltration Facility Safety
Factors
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Consideration

Appendix D: Approved Infiltration Rate Assessment Methods

High Concern —

Medium Concern —

Low Concern —

3 points

2 points

1 point

Assessment Refer to Table D.3-2 for guidance related to selecting levels of concern based on

methods testing methods, test replicates, and infiltration BMP size.

Texture Class Sl.lty apd y fayey soils Loamy soils Granular. to slightly
with significant fines loamy soils

Highly variable soils

Soil borings/test pits

Soil borings/test pits

Site soil indicated from site . . .
. indicate moderately indicate relatively
variability assessment, or . .
— homogeneous soils homogeneous soils
unknown variability
Depth to - - -
<5 ft below facility 5-15 ft below facility >15 below facility
groundwater/
bottom bottom bottom

impervious layer

D.5.3 Design Related Considerations for Selection of an Infiltration
Factor of Safety

Design related considerations include:

e Level of pretreatment and expected influent sediment loads — credit should be given for good
pretreatment to account for the reduced probability of clogging from high sediment loading.
Appendix B.6 describes performance criteria for “flow-thru treatment” based on 80 percent
capture of total suspended solids, which provides excellent levels of pretreatment.
Additionally, the Washington State Technology Acceptance Protocol-Ecology provides a
certification for “pre-treatment” based on 50 percent removal of TSS, which provides

listed at:

http://www.ecy.wa.gov/programs/wq/stormwater/newtech/technologies.html. Use of

moderate levels of treatment. Current approved

technologies are

certified technologies can allow a lower factor of safety. Also, facilities designed to capture
runoff from relatively clean surfaces such as rooftops are likely to see low sediment loads and
therefore may be designed with lower safety factors. Finally, the amount of landscaped area
and its vegetation coverage characteristics should be considered. For example, in arid areas
with more soils exposed, open areas draining to infiltration systems may contribute excessive
sediments.

e Compaction during construction — proper construction oversight is needed during
construction to ensure that the bottoms of infiltration facility are not impacted by significant
incidental compaction. Facilities that use proper construction practices and oversight need less
restrictive safety factors.

Table D.5-2: Design Related Considerations for Infiltration Facility Safety Factors

Low Concern —
1 point

Medium Concern —
2 points

High Concern —

Consideration

3 points

D-19 February 2020


http://www.ecy.wa.gov/programs/wq/stormwater/newtech/technologies.html

Appendix D: Approved Infiltration Rate Assessment Methods

sediment loads

Limited pretreatment
using gross solids
removal devices only,
such as hydrodynamic
separators, racks and

slopes, high traffic
areas, road sanding, or
any other areas
expected to produce
high sediment, trash,
or debris loads.

Good pretreatment with
BMPs that mitigate
coarse sediments such as
vegetated swales AND
influent sediment loads
from the tributary area

etc.).

Performance of
pretreatment consistent
with “pretreatment BMP
performance criteria”
(50°Io TSS removal) in
Appendix B.6

Excellent pretreatment with
BMPs that mitigate fine
sediments such as
bioretention or media
filtration OR sedimentation
or facility only treats runoff

Level of . are expected to be .

screens AND tributary p from relatively clean
pretreatment/ . moderate (e.g., low

area includes : surfaces, such as
expected traffic, mild slopes,
. landscaped areas, steep . . rooftops/non-sanded road
influent stabilized pervious areas,

surfaces.

Performance of
pretreatment consistent with
“flow-thru treatment control
BMP performance criteria”
(i.e., 80°To TSS removal) in
Appendix B.6

No “backup” system
is provided; the system
design does not allow

The system has a backup
pathway for treated water

The system has a backup
pathway for treated water to

Ret.il.lndancy/ infiltration rates to be to discharge if clqgging discharge if .clogging occurs
resiliency . occurs or infiltration rates | and infiltration rates can be
restored relatively . . . .
N can be restored via relatively easily restored via
easily with . .
. maintenance. maintenance.
maintenance
Construction of Equipment traffic is
. facility . . ffectively i f
Compaction actityona Medium probability of eriectively restrlcted. romt
. compacted site or . o infiltration areas during
during , . unintended/ indirect . .
constraction increased probability compaction construction and there is low
of unintended/ ‘ probability of unintended/
indirect compaction. indirect compaction.
D.5.4 Implications of a Factor of Safety in BMP Feasibility and Design

The above method will provide safety factors for full infiltration systems in the range of 2 to 9. From
a simplified practical perspective, this means that the size of the facility will need to increase in area
from 2 to 9 times relative to that which might be used without a safety factor. It is also possible that
some facilities that were deemed feasible during full infiltration screening (Affirmative response to
Criteria 1 in Worksheet C.4-1) may be deemed infeasible during design phase investigations. Cleatly,
numbers toward the upper end of this range will make all but the best locations prohibitive in land
area, cost, and feasibility.

In order to make full infiltration BMPs more feasible and cost effective, steps should be taken to plan
and execute the implementation of infiltration BMPs in a way that will reduce the safety factors needed
for those projects. A commitment to effective site design and source control through site investigation,
use of effective pretreatment controls, good construction practices, and restoration of the infiltration
rates of soils that are damaged by prior compaction should lower the safety factor that should be
applied, to help improve the long term reliability of the system and reduce BMP construction cost.

D-20 February 2020



Appendix D: Approved Infiltration Rate Assessment Methods

While these practices decrease the recommended safety factor, they do not totally mitigate the need
to apply a factor of safety. The minimum recommended safety factor of 2.0 is intended to account for
the remaining uncertainty and long-term deterioration that cannot be technically mitigated.

Partial infiltration BMPs shall use a factor of safety of 2 for both the feasibility screening and design
phase rather than a factor of safety determined using the method below. Partial infiltration BMPs are
less sensitive and more resilient to uncertainties in true infiltration because water that does not
infiltrate into underlying soils is discharged after being treated through bioretention soil media.

Summary of factor of safety selection:

e During Planning Phase: A factor of safety of 2.0 must be used to estimate the infiltration rate
to categorize the infiltration feasibility condition of the DMA (when completing Worksheet
C.4-1: Form I-8) and to estimate the percentage of volume reduction required when the DMA
is classified as “Partial Infiltration Condition”.

e During Design Phase: During the design phase, Worksheet D.5-1: Form I-9 must be used to
calculate the factor of safety and design infiltration rate to design full infiltration BMPs. If the
calculated combined factor of safety is less than 2, then a safety factor of 2 must be used to
calculate the design infiltration rate. Partial infiltration BMP designs shall use a factor of safety
of 2 for the design phase.

Note: If the observed infiltration rate is greater than ot equal to 1 inches/ht. and the design infiltration
rate calculated using Worksheet D.5-1 is less than or equal to 0.5 inches/ht. then the applicant may
choose to implement partial infiltration BMPs.
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Worksheet D.5-1: Factor of Safety and Design Infiltration Rate Worksheet for Full Infiltration

Designs
Factor of Safety and Design Infiltration Rate Worksheet Worksheet D.5-1: Form I-9
o Assigned Factor Product (p)
Factor Category Factor Description Weight (w) Value (v) p=wxv
Soil assessment methods 0.25
Predominant soil texture 0.25
A Suitability Site soil variability 0.25
Assessment
Depth to groundwater / 0.25
impervious layer '
Suitability Assessment Safety Factor, Sx = Y'p
Level of pretreatment/ expected 05
sediment loads '
B Design Redundancy/resiliency 0.25
Compaction during construction 0.25
Design Safety Factor, Sp = Y p

Combined Safety Factor, Seui= Sa x Sp
[Minimum of 2 and Maximum of 9]

Obsetved Infiltration Rate, inch/hr., Kopserved

(corrected for test-specitic bias)

Note: This worksheet is only applicable when the observed infiltration rate is
greater

Design Infiltration Rate, in/ht., Kiesign = Kobserved / Stotal

Note: If the estimated design infiltration rate is less than ot equal to 0.5 inch/ht.
then the applicant may choose to implement partial infiltration BMPs.

Supporting Data

Briefly describe infiltration test and provide reference to test forms:

Note: Worksheet D.5-1: Form I-9 is only applicable to design BMPs in “full infiltration condition”. This form is not
applicable for categorization of infiltration feasibility (Worksheet C.4-1: Form I-8) and/or for designing BMPs in
“partial infiltration condition” or “no infiltration condition”.
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Appendix E: BMP Design Fact Sheets

The following fact sheets were developed to assist the project applicants with designing BMPs to meet
the storm water obligations. The Fact Sheet Quick Guide on the next page summarizes the layout and
type of information contained in each fact sheet.

MS4 Category Manual Category Design Fact Sheet

SC: Source Control BMP Requirements
SC-Q: Large Trash Generating Facilities
Source Control Source Control SC-R: Animal Facilities

SC-S: Plan Nurseries and Gardens

SC-T: Automotive Facilities

SD-A: Tree Wells
SD-B: Impervious Area Dispersion
SD-C: Green Roofs

Site Design Site Design _ .
SD-D: Permeable Pavement (Site Design BMP)
SD-E: Rain Barrels
SD-F: Amended Soils
Harvest and Use HU-1: Cistern
INF-1: Infiltration Basins
Retention ) INF-2: Bioretention
Infiltration
INF-3: Permeable Pavement (Pollutant Control)
INF-4: Dry Wells
Partial Retention PR-1: Biofiltration with Partial Retention
BF-1: Biofiltration
Biofiltration Biofiltration BF-2: Nutrient Sensitive Media Design
BF-3: Proprietary Biofiltration
FT-1: Vegetated Swales
Flow-thru Treatment FT-2: Media Filters
Flow-thru . . .
Control with Alternative | FT-3: Sand Filters

Treatment Control ,
Compliance FT-4: Dry Extended Detention Basin

FT-5: Proprietary Flow-thru Treatment Control
PL: Plant List
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BF-1 Biofiltration 1

MS4 Permit Category 2
Biofiltration

Manual Category
Biofiltration

Applicable Performance
Standard

Pollutant Control
Flow Control

Primary Benefits
Location: 43 Street and Logan Avenue, San Diego, Californial 3 Treatment

Description 4

Biofiltration (Bioretention with underdrain) facilities are vegetated surface water systems that filter
water through vegetation, and soil or engineered media prior to discharge via underdrain or overflow

to the downstream conveyance system.

Fact Sheet Key

1 | Best Management Practice (BMP) Title
2 | Categories, Standards, and Benefits

3 | BMP Image

Main Content; Categories Include:

eDescription

eDesign Adaptations for Project Goals
eRecommended Siting Criteria
eRecommended BMP Component Dimensions
4 eDesign Criteria and Considerations

eConceptual Design and Sizing Approach for
o Site Design
o Storm Water Pollutant Control Only
o Integrated Storm Water Pollutant Control and Flow Control

eMaintenance Overview

eSummary of Standard Inspection and Maintenance
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Source Control BMP Requirements

Worksheet E.1-1: Source Control BMP Requirements

How to comply: Projects shall comply with this requirement by implementing all source control BMPs listed in this section that are applicable to their project.
Applicability shall be determined through consideration of the development project’s features and anticipated pollutant sources. Appendix E.1 provides guidance
for identifving source control BMPs applicable to a project. Checklist 1.4 in Appendix I shall be used to document compliance with soutce control BMP

requirements.
How to use this worksheet:

1. Review Column 1 and identify which of these potential sources of storm water pollutants apply to your site. Check each box that applies.
2. Review Column 2 and incorporate all of the corresponding applicable BMPs in your project site plan.

3. Review Columns 3 and 4 and incorporate all of the corresponding applicable permanent controls and operational BMPs in a table in your project-
specific storm water management report. Describe your specific BMPs in an accompanying narrative, and explain any special conditions or situations that
required omitting BMPs or substituting alternatives.
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Source Control BMP Requirements

If These Sources Will Be

on the Project Site ... ... Then Your SWQMP Shall Consider These Source Control BMPs
1 2 3 4
Potential Sources of Permanent Controls—Show on Permanent Controls—List in Table Operational BMPs—Include in
Runoff Pollutants Drawings and Narrative Table and Narrative
Q SC-A. Onsite storm | O Locations of inlets. O Mark all inlets with the words “No | O Maintain and periodically repaint
drain inlets Dumping! Flows to Bay” or similar. or replace inlet markings.

O Provide storm water pollution
prevention information to new

Q Not Applicable ;
site owners, lessees, or operators.

O See applicable operational BMPs
in Fact Sheet SC-44, “Drainage
System Maintenance,” in the
CASQA  Stormwater  Quality
Handbooks at
www.cabmphandbooks.com.

O Include the following in lease
agreements: ‘“Tenant shall not
allow anyone to discharge
anything to storm drains or to
store or deposit materials so as to
create a potential discharge to
storm drains.”
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If These Sources Will Be

on the Project Site ...

Source Control BMP Requirements

... Then Your SWQMP shall consider These Source Control BMPs

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
Drawings

3
Permanent Controls—List in Table
and Narrative

4
Operational BMPs—Include in
Table and Narrative

SC-B. Interior floor
drains and elevator
shaft sump pumps

Not Applicable

O State that interior floor drains and
elevator shaft sump pumps will be
plumbed to sanitary sewer.

Inspect and maintain drains to
prevent blockages and overflow.

SC-C. Interior parking
garages

Q State that parking garage floor
drains will be plumbed to the

Inspect and maintain drains to
prevent blockages and overflow.

Not Applicable sanitary sewer.
SC-D1. Need for Q Note building design features that Provide Integrated Pest
future  indoor & discourage entry of pests. Management information  to

structural pest control

Not Applicable

owners, lessees, and operators.
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Source Control BMP Requirements

If These Sources Will Be

on the Project Site ... ... Then Your SWQMP shall consider These Source Control BMPs
1 2 3 4
Potential Sources of Permanent Controls—Show on Permanent Controls—List in Table Operational BMPs—Include in
Runoff Pollutants Drawings and Narrative Table and Narrative

O SC-D2. Landscape/ | O Show locations of existing | State that final landscape plans will [ @ Maintain landscaping using
Outdoor  Pesticide

Use trees or areas of shrubs and | accomplish all of the following. minimum or no pesticides.
: ground  cover  to  be | g pregerve existing drought tol a s licabl ional
O Not Applicable 5 i g drought tolerant trees, ee  applicable  operationa
2 undisturbed and retained. shrubs, and ground cover to the BMPs in Fact Sheet SC-41,
Q Show .?elf—retaining landscape maximum extent possible. “Building and Grounds
areas, if any. ) _ o . .
’ Q Design landscaping to minimize Maintenance,” in the CASQA

O Show storm water treatment

Stormwater Quality Handbooks
facilities.

irrigation and runoff, to promote
at www.cabmphandbooks.com.

surface infiltration where appropriate,
and to minimize the use of fertilizers | @ Provide IPM information to
and pesticides that can contribute to new owners, lessees and
storm water pollution. operators.

Q Where landscaped areas are used to
retain or detain storm water, specify
plants that are tolerant of periodic
saturated soil conditions.

Q Consider using pest-resistant plants,
especially adjacent to hardscape.

O To ensure successful establishment,
select plants appropriate to site soils,
slopes, climate, sun, wind, rain, land
use, air movement, ecological
consistency, and plant interactions.
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Source Control BMP Requirements

If These Sources Will Be

on the Project Site ... ... Then Your SWQMP shall consider These Source Control BMPs
1 2 3 4
Potential Sources of Permanent Controls—Show on Permanent Controls—List in Table Operational BMPs—Include
Runoff Pollutants Drawings and Narrative in

T'able and Narrative

Q SC-E. Pools, spas, Q Show location of water feature | O If the local municipality requires pools | @ See applicable operational

ponds, decorative and a sanitary sewer cleanout in to be plumbed to the sanitary sewer, BMPs in Fact Sheet SC-72,
fountains, and other an accessible area within 10 feet. place a note on the plans and state in “Fountain and Pool
water features. the narrative that this connection will Maintenance,” in the CASQA

O Not Applicable be ' made according to local Stormwater Quality
requirements. Handbooks at

www.cabmphandbooks.com.

Q SC-F. Food service Q For restaurants, grocery stores, | d Describe the location and features of
O Not Applicable and other food service the designated cleaning area.
operations, show location Q Describe the items to be cleaned in

(indoors or in a covered area
outdoors) of a floor sink or other
area for cleaning floor mats,
containers, and equipment.

this facility and how it has been sized
to ensure that the largest items can be
accommodated.

Q On the drawing, show a note that
this drain will be connected to a
grease interceptor before
discharging to the sanitary sewer.
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Source Control BMP Requirements

If These Sources Will Be

on the Project Site ...

... Then Your SWQMP shall consider These Source Control BMPs

1 2 3 4
Potential Sources of Permanent Controls—Show on Permanent Controls—List in Table Operational BMPs—Include in
Runoff Pollutants Drawings and Narrative Table and Narrative

O SC-G. Refuse areas Show where site refuse and | O State how site refuse will be | @ State how the following will be

O Not Applicable recycled  materials Wiu be handled and .provide supporting implemented:
handled and §t9red for. pickup. detail to what is shown on plans. Provide adequate number of
See 10@ municipal FEqUIFEMENES | O State that signs will be posted on receptacles. Inspect receptacles
for sizes and other details of or near dumpsters with the words regularly; repair or replace leaky
refuse areas. “Do not dump hazardous receptacles. Keep receptacles
If dumpsters or other receptacles materials here” or similar. covered. Prohibit/prevent
are outdoors, show how the dumping of liquid or hazardous
designated area will be covered, wastes. Post “no hazardous
graded, and paved to prevent materials” signs. Inspect and pick
run- on and show locations of up litter daily and clean up spills
berms to prevent runoff from immediately. Keep spill control
the area. Also show how the materials available on- site. See
designated area will be protected Fact Sheet SC-34, “Waste
from wind dispersal. Handling and Disposal” in the
Any drains from dumpsters, CASQA  Stormwater  Quality
compactors, and tallow bin areas Handbooks at
shall be connected to a grease www.cabmphandbooks.com.
removal device before discharge
to sanitary sewer.
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Source Control BMP Requirements

IEThese Sources Wil Be ... Then Your SWQMP shall consider These Source Control BMPs

on the Project Site ...

1 2 3 4
Potential Sources of Permanent Controls—Show on Permanent Controls—List in Table and Operational BMPs—Include
Runoff Pollutants Drawings Narrative in Table and Narrative
Table and Narrative
SC-H. Industrial Show process area. Q If industrial processes are to be located | @ See Fact Sheet SC-10, “Non-
processes. onsite, state: “All process activities to be Stormwater Discharges” in the
Not Applicable performed indoors. No processes to CASQA Stormwater Quality
drain to exterior or to storm drain Handbooks at
system.” www.cabmphandbooks.com.
SC-I1. Outdoor Show any outdoor storage | Q Include a detailed description of See the Fact Sheets SC-31,

storage of equipment
or materials. (See
rows J and K for
source control
measures for vehicle
cleaning, repair, and
maintenance.)

Not Applicable

areas, including how materials
will be covered. Show how
areas will be graded and
bermed to prevent run-on or
runoff from area and protected
from wind dispersal.

Storage of non-hazardous
liquids shall be covered by a
roof and/or drain to the
sanitary sewer system, and be
contained by berms, dikes,
liners, or vaults.

Storage of hazardous materials
and wastes must be in
compliance with the local
hazardous materials ordinance
and a Hazardous Materials
Management Plan for the site.

materials to be stored, storage areas, and
structural features to prevent pollutants
from entering storm drains.

Where appropriate, reference
documentation of compliance with the
requirements of local Hazardous
Materials Programs for:

®» Hazardous Waste Generation

» Hazardous Materials Release
Response and Inventory

» California Accidental Release
Prevention Program

* Aboveground Storage Tank

® Uniform Fire Code Article 80
Section 103(b) & (c) 1991

* Underground Storage Tank

“Outdoor Liquid Container
Storage” and SC-33, “Outdoor
Storage of Raw Materials” in
the CASQA  Stormwater
Quality Handbooks at
www.cabmphandbooks.com.
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If These Sources Will Be

Source Control BMP Requirements

... Then Your SWQMP shall consider These Source Control BMPs

on the Project Site ...

1 2 3 4
Potential Sources of Permanent Controls—Show on Drawings Permanent Controls—List in Operational BMPs—Include in
Runoff Pollutants Table and Narrative Table and Narrative
O SCJ. Vehicle and | 8 Show on drawings as appropriate: Q If a car wash area is not | Describe operational measures to
Equipment Cleaning provided, describe measures | implement the following  (if

Q Not Applicable

(1) Commercial/industrial facilities having
vehicle /equipment cleaning needs shall either
provide a covered, bermed area for washing
activities or discourage vehicle/equipment
washing by removing hose bibs and installing
signs prohibiting such uses.

(2) Multi-dwelling complexes shall have a
paved, bermed, and covered car wash area
(unless car washing is prohibited onsite and
hoses are provided with an automatic shut- off
to discourage such use).

(3) Washing areas for cars, vehicles, and
equipment shall be paved, designed to prevent
run-on to or runoff from the area, and
plumbed to drain to the sanitary sewer.

(4) Commercial car wash facilities shall be
designed such that no runoff from the facility
is discharged to the storm drain system.
Wastewater from the facility shall discharge to
the sanitary sewer, or a wastewater reclamation
system shall be installed.

taken to discourage onsite
car washing and explain how
these will be enforced.

applicable):

Q Washwater from vehicle and
equipment washing operations
shall not be discharged to the
storm drain system.

Q Car dealerships and similar
may rinse cars with water only.

QO See Fact Sheet SC-21, “Vehicle
and Equipment Cleaning,” in
the CASQA  Stormwater
Quality Handbooks at
www.cabmphandbooks.com

E-10
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If These Sources Will Be

on the Project Site ...

Source Control BMP Requirements

... Then Your SWQMP shall consider These Source Control BMPs

1 2 3 4
Potential Sources of Permanent Controls—Show on Permanent Controls—List in Operational BMPs—Include in
Runoff Pollutants Drawings Table and Narrative Table and Narrative
Q SC-K. Accommodate all vehicle | @  State that no vehicle repair or | In the report, note that all of the following
Vehicle/Equipment equipment repair and maintenance will be done | restrictions apply to use the site:
Repair and rnai.ntenance indoors. Or outd_oors, or else describe the O No person shall dispose of, nor permit
Maintenance designate an outdoor work area required features of the

Q Not Applicable

and design the area to protect
from rainfall, run-on runoff, and
wind dispersal.

Show secondary containment for
exterior work areas where motor
oil, brake fluid, gasoline, diesel
fuel, radiator  fluid, acid-
containing batteries or other
hazardous materials or hazardous
wastes are used or stored. Drains
shall not be installed within the
secondary containment areas.

Add a note on the plans that states
either (1) there are no floor drains,
or (2) floor drains are connected
to  wastewater  pretreatment
systems prior to discharge to the
sanitary sewer and an industrial
waste discharge permit will be
obtained.

outdoor work area.

Q State that there are no floor
drains or if there are floor
drains, note the agency from
which an industrial waste
discharge permit will be
obtained and that the design
meets that agency’s
requirements.

O State that there are no tanks,
containers or sinks to be used
for parts cleaning or rinsing
or, if there are, note the
agency from which an
industrial waste discharge
permit will be obtained and
that the design meets that
agency’s requirements.

the disposal, directly or indirectly of
vehicle fluids, hazardous materials, or
rinsewater from parts cleaning into
storm drains.

No vehicle fluid removal shall be
performed outside a building, nor on
asphalt or ground surfaces, whether
inside or outside a building, except in
such a manner as to ensure that any
spilled fluid will be in an area of
secondary  containment.  Leaking
vehicle fluids shall be contained or
drained from the vehicle immediately.

No person shall leave unattended drip
parts or other open containers
containing vehicle fluid, unless such
containers are in use or in an area of
secondary containment.

E-11
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Source Control BMP Requirements

IEThese Sources Wil Be ... Then Your SWQMP shall consider These Source Control BMPs

on the Project Site ...

1 2 3 4
Potential Sources of Permanent Controls—Show on Permanent Controls—List in Operational BMPs—Include in
Runoff Pollutants Drawings Table and Narrative Table and Narrative
Q SC-L. Fuel | @ Fueling areas’  shall  have Q The property owner shall dry sweep
Dispensing Areas impermeable floors (i.e., portland the fueling area routinely.

Q Not Applicable cement .concre.te or equivalent Q See the Business Guide Sheet,
smooth impervious surface) that “Automotive Service— Service
are (1) graded at the minimum Stations” in the CASQA Stormwater
slope  necessary to  prevent Quality Handbooks at

ponding; and (2) separated from
the rest of the site by a grade break
that prevents run-on of storm
water to the MEP.

Q Fueling areas shall be covered by a
canopy that extends a minimum of
ten feet in each direction from each
pump. [Alternative: The fueling
area must be covered and the
cover’s minimum dimensions must
be equal to or greater than the area
within the grade break or fuel
dispensing areal.] The canopy [or
cover] shall not drain onto the
tueling area.

www.cabmphandbooks.com.

1. The fueling area shall be defined as the area extending a minimum of 6.5 feet from the corner of each fuel dispenser or the length at which the hose
and nozzle assembly may be operated plus a minimum of one foot, whichever is greater.
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Source Control BMP Requirements

If These Sources Will Be
on the Project Site ...

... Then Your SWQMP shall consider These Source Control BMPs

1 2 3 4
Potential Sources of Permanent Controls—Show on Permanent Controls—List in Operational BMPs—Include in
Runoff Pollutants Drawings Table and Narrative Table and Narrative
Q SC-M. Loading Docks | @  Show a preliminary design for the O Move loaded and unloaded items
O Not Applicable loading  dock area, includ%ng indoors as soon as possible.
roofing and drainage. Loading O See Fact Sheet SC-30, “Outdoor

docks shall be covered and/or Loading and Unloading” in the

graded to minimize run-on to and CASQA Stormwater Quality
runoff from the loading area. Roof Handbooks at

downspouts shall be positioned to
direct storm water away from the
loading area. Water from loading
dock areas should be drained to the
sanitary sewer where feasible.
Direct connections to storm drains
from depressed loading docks are

prohibited.

www.cabmphandbooks.com.

QO Loading dock areas draining
directly to the sanitary sewer shall
be equipped with a spill control
valve or equivalent device, which
shall be kept closed during periods
of operation.

Q Provide a roof overhang over the
loading area or install door skirts
(cowling) at each bay that enclose
the end of the trailer.
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Source Control BMP Requirements

IEThese Sources Wil Be ... Then Your SWQMP shall consider These Source Control BMPs

on the Project Site ...

1 2 3 4
Potential Sources of Permanent Controls— Permanent Controls—List in Table and Operational BMPs—Include in
Runoff Pollutants Show on Drawings Narrative Table and Narrative
Q SC-N. Fire Sprinkler Q Provide a means to drain fire sprinkler test water | O See the note in Fact Sheet SC-
Test Water to the sanitary sewer. 41, “Building and Grounds
O Not Applicable Maintenance,” in the CASQA
Stormwater Quality
Handbooks at
www.cabmphandbooks.com.
O SC-O. Miscellaneous Q Boiler drain lines shall be directly or indirectly
Drain or Wash Water connected to the sanitary sewer system and may
Q Boiler drain lines not discharge to the storm drain system.
O Condensate drain Q Condensate drain lines may discharge to
lines landscaped areas if the flow is small enough that
O Rooftop runoff will not occur. Condensate drain lines may

equipment not discharge to the storm drain system.

O Rooftop mounted equipment with potential to
produce pollutants shall be roofed and/or have
secondary containment.

O Drainage sumps

O Roofing, gutters,

and trim ] ,
QO Any drainage sumps onsite shall feature a

O Not Applicable sediment sump to reduce the quantity of sediment
in pumped water.

Q Avoid roofing, gutters, and trim made of copper
or other unprotected metals that may leach into
runoff.
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Source Control BMP Requirements

If These S Will B
e SaEEee - ... Then Your SWQMP shall consider These Source Control BMPs

on the Project Site ...

1 2 3 4
Potential Sources of Permanent Controls—Show on Permanent Controls—List in Operational BMPs—Include in
Runoff Pollutants Drawings Table and Narrative Table and Narrative
a SC-P. Plazas, Q Plazas, sidewalks, and parking lots shall
sidewalks, and be swept regularly to prevent the
parking lots. accumulation of litter and debris.

a Applicabl
Not Applicable Debris from pressure washing shall be

collected to prevent entry into the storm
drain system. Washwater containing any
cleaning agent or degreaser shall be
collected and discharged to the sanitary
sewer and not discharged to a storm
drain.
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SC-Q Large Trash Generating Facilities

MS4 Permit Category

Source Control
BMP Manual Category

Source Control

Applicable Performance
Standard

Source Control

Primary Benefits

Source Control

Description

Storm water runoff from areas where trash is stored or disposed of can be polluted. In addition, loose
trash and debris can be easily transported by water or wind to nearby storm drain inlets, channels,
and/or creeks. Trash generating facilities that generate large amounts of trash require special attention
to protect trash storage areas from rainfall, run-on, runoff, and wind dispersal. Large trash generating,
ot trash build-up areas, include but are not limited to restaurants, supermarkets, “big box” retail stores
serving food, and pet stores. The City Engineer may designate additional facilities if they are likely to
generate or accumulate large quantities of trash.

Example isometric view and plan view of an allowable trash enclosure facility is presented below. The
project applicant may be allowed to use an alternative trash enclosure design that might be more
appropriate for a project site if the alternative design is approved by the City Engineer.
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SC-Q Large Trash Generating Facilities
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Typical Isometric and Plan View of a Trash Enclosure BMP

Design Adaptations for Project Goals

Source control BMPs reduce the amount of pollutants that are generated. This fact sheet
contains details on the additional measures required to prevent or reduce pollutants in storm water
runoff associated with trash storage and handling for large trash generating facilities. The requirements
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SC-Q Large Trash Generating Facilities

presented here are in addition to the requirements of SC-5 which requires all development projects to
protect trash storage areas from rainfall, run-on, runoff, and wind dispersal:

e Areas where trash containers are stored must be enclosed on four sides to prevent off-
site transport of trash. Four-sided trash enclosures typically consist of three walled sides and
one gated side. Trash enclosures limit the potential for trash to pollute storm water runoff by
limiting mobilization mechanisms (runoff, run-on, and wind dispersal).

e Trash enclosures must be covered to minimize direct precipitation and prevent rainfall
from entering enclosures. Structural overhead covers are required as container lids are often
left open.

e Enclosures must be hydraulically isolated from surrounding areas. Slabs shall be sloped
such that any leaked materials will be contained within the enclosure. Drains must be provided
that capture and direct potential leaks to the sanitary sewer or appropriate BMPs. Divert runoff
from surrounding areas away from the enclosure to prevent contamination and dispersion of
collected materials.

e Owner must provide BMP storm water training to employees. Employee participation is
required to ensure that enclosures are properly maintained and kept clean.

Design Criteria and Considerations

All trash shall be stored in weather-protected receptacles/bins and recyclable materials shall be
protected against adverse weather conditions, which might render the collected materials
unmarketable. Trash enclosure dimensions will vary based on projected usage and the following
information is offered as an aid in planning new projects. Businesses that use dumpsters must design
the enclosure to accommodate three-yard containers at a minimum. The tenants may use any dumpster
size that is appropriate for their needs, but the enclosure must be able to accommodate different
tenants with varying waste production, including any recycling requirements. The design of the
enclosure must be signed and sealed by a California licensed engineer. Substantiating structural
calculations may be required. The location and design of the enclosure will require review and approval
by the City Engineer. Building permits may be required.

The following recommendations for typical bin sizes are adopted from the City of Escondido trash
enclosure guidelines. The following bin/container measurements are approximate (add 8” to width
for side pockets):

Typical Trash Bin Sizes
Size Width - Depth | Height (front) Height (back)
3 cubic yard | 727 bin, 817 plus lid 437 427 70”
4 cubic yard | 727 bin, 817 plus lid 567 727 727

Filled weight should not exceed 1,000 pounds.

1. Enclosures shall be structurally strong and constructed of reinforced masonry block or wood
panels/boatds. Structural requirements for enclosures are detailed in the City of San Diego
specifications for Wood and Masonry Fences.
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SC-Q Large Trash Generating Facilities

http://www.sandiego.gov/development-services/pdf/industry/infobulletin/ib223.pdf

The enclosure should be constructed to the following minimum inside dimensions to

accommodate three cubic-yard dumpsters (larger enclosures may be necessary to

accommodate additional trash bins, recycling bins, and accessibility):

No. of Bins Loading Width
One Front 8 6’ 6’
One Side 7.5 8 ¢
Two Front 16’ ¢ ¢
Two Side 8 16’ 6

The enclosure slab should be designed to keep storm water drainage out of the enclosure area,
typically sloped at 0.5%. Slab construction specifications will vary according to methods of
construction, but should be at least 4 inches of reinforced concrete.

Sturdy gates/doors shall be installed on all enclosures. Gates should not be mounted directly
onto the block wall or inside of enclosure. The enclosure should include hardware to secure
the gate’s doors both open and closed (i.e., cane bolt w/sleeve and latch between doors and
sleeve in pavement).

To prevent trash enclosures from contributing to storm water runoff pollution, all enclosures
must be fitted with a roof deigned to drain into on-site landscape areas (where necessary)
and/or to appropriate BMPs. The roof must provide sufficient clearance to allow the
dumpster lid to open to the 90 degree position.

Enclosure roofs not conforming to City specifications for Patio Covers may require a building
permit. Generally roofs not more than 12 feet in height above grade and constructed with
conventional light-frame wood construction are considered acceptable. The use of metal roofs
is not recommended as they can act as a source of pollutants.

http:/ /www.sandiego.gov/development-services/pdf/industry/infobulletin /ib206.pdf

Dumpsters associated with food establishments shall be sized per County Health Department
requirements for wash down. Drains shall be connected to the business grease interceptor.
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SC-R Animal Facilities

MS4 Permit Category

Source Control

BMP Manual Category
Source Control

Applicable Performance
Standard

Source Control

Primary Benefits

Source Control

Description

Animal facilities have an elevated potential for bacterial loading. If animal fecal material comes into
contact with storm water, the storm water can become polluted. Animal facilities include but are not
limited to animal shelters, dog daycare centers, veterinary clinics, groomers, pet care stores, and
breeding, boarding, and training facilities. The City Engineer may designate additional facilities where
animal fecal material is likely to be found.

Design Adaptations for Project Goals

Source control BMPs reduce the amount of pollutants that are generated. This fact sheet
contains details on the additional measures required to prevent or reduce pollutants in storm water
runoff associated with animal facilities. The requirements presented here are in addition to the source
control requirements for all projects:

¢ Dry weather runoff must be controlled. Dry weather runoff from hosed off areas as part
of animal facility operations must not drain to the MS4. Dry weather flows should be retained
on-site through implementation of BMPs or collected and discharged to the sanitary sewer.

e Outdoor activity areas must be identified on site plans. Plan reviewers must be able to
ensure that runoff from these areas is either diverted to the sanitary sewer or directed to
appropriate treatment BMPs. On-site inspection of facilities, grading, and drainage may be
required.

e Trash enclosures within animal facilities must be covered to minimize direct
precipitation and prevent rainfall from entering enclosures. Structural overhead covers
are required as container lids are often left open.
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SC-S Plant Nurseries and Garden Centers

MS4 Permit Category

Source Control

BMP Manual Category
Source Control

Applicable Performance
Standard

Source Control

Primary Benefits

Source Control

Description

Storm water runoff from plant nurseries and garden centers has an elevated risk of being polluted by
organics, nutrients, and/or pesticides. Nurseries and garden centers require special attention to protect
against these elevated risks. Plant nurseries and garden centers include but are not limited to
commercial facilities that grow, distribute, sell, or store plants and plant material. The City Engineer
may designate additional facilities if they are likely to be a source of organics, nutrients or pesticides.

Design Adaptations for Project Goals

Source control BMPs reduce the amount of pollutants that are generated. This fact sheet
contains details on the additional measures required to prevent or reduce pollutants in storm water
runoff associated with plant nurseries or garden center facilities. The requirements presented here are
in addition to the requirements of SC-1 through SC-5 which require all development projects to avoid
and reduce pollutants in storm water runoff:

¢ Owner must provide BMP storm water training to appropriate employees. Employee
participation is required to ensure that source controls are properly maintained and behavioral
BMPs are followed.

e Eliminate overwatering and overspraying of plants. Overwatering and overspraying of
plants increases dry weather flows and pollutant loading, and wastes water. Delivery systems
and schedules should account for different plant types and containers.

e Discharges from outdoor watering areas must be controlled. Regular runoff from
outdoor watering can contribute un-authorized dry weather flows to the MS4 (e.g., runoff
from watering the plants at garden centers). Runoff water is also likely to be polluted by potting
soil mixes and plants that contain fertilizers and/or pesticides. So, regular runoff should be
treated and/or retained on-site through BMPs or discharged to the sanitary sewer.
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SC-T Automotive Facilities

MS4 Permit Category

Source Control

BMP Manual Category
Source Control

Applicable Performance
Standard

Source Control

Primary Benefits

Source Control

Description

Storm water runoff from automotive facilities can pollute storm water runoff with oils and grease,
metals, and other pollutants. Pollutants sources can include maintenance and repair activities, outside
storage areas, liquid material storage, and others. Automotive facilities require additional measures
because of the potential impact of pollutants. Automotive facilities include but are not limited to
facilities that perform maintenance or repair of vehicles, vehicle washing facilities, and retail gasoline
outlets. The City Engineer may designate additional facilities if they are likely sources of storm water
pollutants.

Design Adaptations for Project Goals

Source control BMPs reduce the amount of pollutants that are generated. This fact sheet
contains details on the additional measures required to prevent or reduce pollutants in storm water
runoff associated with automotive facilities. The requirements presented here are in addition to the
requirements of SC-1 through SC-5 which require all development projects avoid and reduce
pollutants in storm water runoff:

e Auto repair, maintenance activities, fueling, and vehicle washing must be conducted
in covered areas. Activity areas must be protected from precipitation by permanent canopy
ot roof structures. Covers 10 feet high or less should have a minimum overhang of 3 feet on
each side, covers higher than 10 feet should have a minimum overhang of 5 feet on each side.
Overhang should be measured from the perimeter of the hydraulically isolated activity area.

e Hydraulically isolate activity areas. Activity areas should be protected from run-on that
can mobilize pollutants and pollute uncontaminated storm water through the use of grading,
berms, or drains. Direct drainage from the hydraulically isolated area to an approved sanitary
sewer or a BMP.

e DPave activity areas with hydraulic concrete or appropriately sealed asphalt cement.
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SC-T Automotive Facilities

Unpaved activity areas could contaminate ground water. So all activity area, including area for
fueling vehicles or equipment shall be paved with hydraulic concrete. If the area is already
paved with asphalt, apply an asphalt sealant to the pavement surface. Maintain the paved
surface to prevent gaps and cracks.

Provide sedimentation manhole with outlet. Automotive facilities discharging to the
sanitary sewer must follow standards set by the City Industrial Wastewater Control Program
for the outlet design. See Appendix S: Sump/Clarifier Maintenance Standards found here for
the outlet design:

o http://www.sandiego.gov/mwwd/environment/iwcp/other.shtml

Provide appropriate oil controls. All equipment and vehicle washing activity areas should
include oil controls. On-site wash recycling systems may be used for oil control if they meet
applicable effluent discharge limits for the sanitary sewer.

Identify auto-related usage areas on site plans and describe activities and drainage.
Plan checkers must be satisfied that grading and drainage will prevent contact between
pollutants and storm water. Drains within the facilities must be connected to the sanitary
sewer or a BMP. Verification may be required.

Owner must provide BMP storm water training to employees. Employee participation is
required to ensure that activity areas are properly maintained and kept clean.
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SD-A Tree Well

MS4 Permit Category
Site Design

Manual Category
Site Design

Applicable Performance
Standard

Site Design

Primary Benefits

Volume Reduction

Tree Well (Source: County of San Diego LID Manual — EOA, Inc.)

Description

Trees planted to intercept rainfall and runoff can be used as storm water management measures that
provide additional benefits beyond those typically associated with trees, including energy conservation,
air quality improvement, and aesthetic enhancement. Typical storm water management benefits
associated with trees include:

e Interception of rainfall — tree surfaces (roots, foliage, bark, and branches) intercept,
evaporate, store, or convey precipitation to the soil before it reaches surrounding impervious
surfaces

¢ Reduced erosion — trees protect denuded area by intercepting or reducing the velocity of rain
drops as they fall through the tree canopy

¢ Increased infiltration — soil conditions created by roots and fallen leaves promote infiltration

e Treatment of storm water — trees provide treatment through uptake of nutrients and other
storm water pollutants (phytoremediation) and support of other biological processes that
break down pollutants
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SD-A Tree Well

Typical tree well system components
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of underlying layers

e Optional root barrier devices as needed; a root barrier is a device installed in the ground,
between a tree and the sidewalk, intended to guide roots down and away from the sidewalk in
order to prevent sidewalk lifting from tree roots.

e Optional tree grates; to be considered to maximize available space for pedestrian circulation
and to protect tree roots from compaction related to pedestrian circulation; tree grates are
typically made up of porous material that will allow the runoff to soak through.

e Optional shallow surface depression for ponding of excess runoff

e Optional planter box drain

Design Adaptations for Project Goals

Site design BMP to provide incidental treatment. Tree wells primarily functions as site design
BMPs for incidental treatment. Benefits from tree wells are accounted for by adjustment factors
presented in Appendix B.2. This credit can apply to other landscaping trees as well (that meet the
same criteria). Trees as a site design BMP are only credited up to 0.25 times the DCV from the project
footprint (with a2 maximum single tree credit volume of 400 ft’).

Storm water pollutant control BMP to provide treatment. Applicants are allowed to design trees
as a pollutant control BMP and obtain credit greater than 0.25 times the DCV from the project
footprint (or a credit greater than 400 ft> from a single tree). For this option to be approved by the
City Engineer, applicant is required to do infiltration feasibility screening (Appendix C and D) and
provide calculations supporting the amount of credit claimed from implementing trees within the
project footprint. The City Engineer has the discretion to request additional analysis before approving
credits greater than 0.25 times the DCV from the project footprint (or a credit greater than 400 ft’
from a single tree).
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SD-A Tree Well

Design Criteria and Considerations

Tree wells must meet the following design criteria and considerations. Deviations from the below
criteria may be approved at the discretion of the City Engineer if it is determined to be appropriate:

Siting and Design Intent/Rationale

Tree species is appropriately chosen for the

development (private or public). For public

rights-of-ways, local planning guidelines and Proper tree placement and species
zoning provisions for the permissible species selection minimizes problems such as
and placement of trees are consulted. A list of ~ pavement damage by surface roots and
trees appropriate for site design that can be poor growth.

used by all county municipalities are provided

in Appendix E.26

Location of trees planted along public streets
follows local requirements and guidelines.
Vehicle and pedestrian line of sight are
considered in tree selection and placement.

Unless exemption is granted by the City
Engineer the following minimum tree
separation distance is followed

Minimum
Improvement distance to
Tree Well

] Traffic Signal, Stop sign 20 feet pedestrian traffic is a key consideration
for placement along public streets.

Roadway safety for both vehicular and

Underground Utility lines

5 feet
(except sewer)

Sewer Lines 10 feet

Above ground utility
structures (Transformers, 10 feet
Hydrants, Utility poles, etc.)

Driveways 10 feet

Intersections (intersectin
. ( g 25 feet
curb lines of two streets)

Underground utilities and overhead wires

are considered in the design and avoided or Tree growth can damage utilities and
] circumvented. Underground utilities are routed — overhead wires resulting in service

around or through the planter in suspended interruptions. Protecting utilities routed

pavement applications. All underground
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SD-A Tree Well

Siting and Design

Intent/Rationale

utilities are protected from water and root
penetration.

through the planter prevents damage and
service interruptions.

Suspended pavement design was developed
where appropriate to minimize soil compaction
and improve infiltration and filtration
capabilities.

Suspended pavement was constructed with an
approved structural cell.

Suspended pavement designs provide
structural support without compaction
of the underlying layers, thereby
promoting tree growth.

Recommended structural cells include
poured in place concrete columns, Silva
Cells manufactured by Deeproot Green
Infrastructures and Stratacell and
Stratavault systems manufactured by
Citygreen Systems.

A minimum soil volume of 2 cubic feet per
square foot of canopy projection volume is
provided for each tree. Canopy projection area
is the ground area beneath the tree, measured
at the drip line.

The minimum soil volume ensures that
there is adequate storage volume to
allow for unrestricted
evapotranspiration.

A lower amount of soil volume may be
allowed at the discretion of the City
Engineer if certified by a landscape
architect or agronomist. The retention
credit from the tree is directly
proportional to the soil volume provided
for the tree.

DCV from the tributary area draining to the
tree is equal to or greater than the tree credit
volume

The minimum tributary area ensures that
the tree receives enough runoff to fully
utilize the infiltration and
evapotranspiration potential provided. In
cases where the minimum tributary area
is not provided, the tree credit volume
must be reduced proportionately to the
actual tributary area.

Inlet opening to the tree that is at least 18
inches wide.

A minimum 2 inch drop in grade from the inlet
to the finish grade of the tree.

Design requirement to ensure that the
runoff from the tributary area is not

bypassed.

Different inlet openings and drops in
grade may be allowed at the discretion of
the City Engineer if calculations are
shown that the diversion flow rate
(Appendix B.1.2) from the tributary area
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SD-A Tree Well

Siting and Design Intent/Rationale

Grated inlets are allowed for pedestrian can be conveyed to the tree. In cases

circulation. Grates need to be ADA compliant ~ where the inlet capacity is limiting the

and have sufficient slip resistance. amount of runoff draining to the tree,
the tree credit volume must be reduced
proportionately.

Conceptual Design and Sizing Approach for Site Design

1. Determine the areas where tree wells can be used in the site design to achieve incidental
treatment. Tree wells reduce runoff volumes from the site. Refer to Appendix B.2. Document
the proposed tree locations in the SWQMP.

2. When trees are proposed as a storm water pollutant control BMP, applicant must complete
feasibility analysis in Appendix C and D and submit detailed calculations for the DCV treated
by trees. Document the proposed tree locations, feasibility analysis and sizing calculations in
the SWQMP. The following calculations should be performed and the smallest of the three
should be used as the volume treated by trees:

a. Delineate the DMA (tributary area) to the tree and calculate the associated DCV.

b. Calculate the required diversion flow rate using Appendix B.1.2 and size the inlet
required to covey this flow rate to the tree. If the proposed inlet cannot convey the
diversion flow rate for the entire tributary area, then the DCV that enters the tree

should be proportionally reduced.

1. For example, 0.5 acre drains to the tree and the associated DCV is 820 ft3. The

required diversion flow rate is 0.10 ft3/s, but only an inlet that can divert 0.05
ft3/s could be installed.

ii. Then the effective DCV draining to the tree = 820 ft3 * (0.05/0.10) = 420 ft3
c. Estimate the amount of storm water treated by the tree by summing the following:
i. Evapotranspiration credit of 0.1 * amount of soil volume installed; and

ii. Infiltration credit calculated using sizing procedures in Appendix B.4.

Maintenance Overview

Normal Expected Maintenance. Tree health shall be maintained as part of normal landscape
maintenance. Additionally, ensure that storm water runoff can be conveyed into the tree well as
designed. That is, the opening that allows storm water runoff to flow into the tree well (e.g., a curb
opening, tree grate, or surface depression) shall not be blocked, filled, re-graded, or otherwise changed
in a manner that prevents storm water from draining into the tree well. A summary table of standard
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SD-A Tree Well

inspection and maintenance indicators is provided within this Fact Sheet.

Non-Standard Maintenance or BMP Failure. Trees wells are site design BMPs that normally do
not require maintenance actions beyond routine landscape maintenance. The normal expected
maintenance described above ensures the BMP functionality. If changes have been made to the tree
well entrance / opening such that runoff is prevented from draining into the tree well (e.g., a curb
inlet opening is blocked by debris or a grate is clogged causing runoff to flow around instead of into
the tree well, or a surface depression has been filled so runoff flows away from the tree well), the BMP
is not performing as intended to protect downstream waterways from pollution and/or erosion.
Corrective maintenance will be required to restore drainage into the tree well as designed.

Surface ponding of runoff directed into tree wells is expected to infiltrate/evapotranspire within 24-
96 hours following a storm event. Surface ponding longer than approximately 24 hours following a
storm event may be detrimental to vegetation health, and surface ponding longer than approximately
96 hours following a storm event poses a risk of vector (mosquito) breeding. Poor drainage can result
from clogging or compaction of the soils surrounding the tree. Loosen or replace the soils to restore
drainage.

Other Special Considerations. Site design BMPs, such as tree wells, installed within a new
development or redevelopment project are components of an overall storm water management
strategy for the project. The presence of site design BMPs within a project is usually a factor in the
determination of the amount of runoff to be managed with structural BMPs (i.e., the amount of runoff
expected to reach downstream retention or biofiltration basins that process storm water runoff from
the project as a whole). When site design BMPs are not maintained or are removed, this can lead to
clogging or failure of downstream structural BMPs due to greater delivery of runoff and pollutants
than intended for the structural BMP. Therefore, the City Engineer may require confirmation of
maintenance of site design BMPs as part of their structural BMP maintenance documentation
requirements. Site design BMPs that have been installed as part of the project should not be removed,
nor should they be bypassed by re-routing roof drains or re-grading surfaces within the project. If
changes are necessary, consult the City Engineer to determine requirements.
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Summary of Standard Inspection and Maintenance

SD-A Tree Well

The property owner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unless
responsibility has been formally transferred to an agency, community facilities district, homeowners association, property owners association,

or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maintenance needs ate site-specific, and maintenance may
be required more frequently. Maintenance must be performed whenever needed, based on maintenance indicators presented in this table.
The BMP owner is responsible for conducting regular inspections to see when maintenance is needed based on the maintenance indicators.
During the first year of operation of a structural BMP, inspection is recommended at least once prior to August 31 and then monthly from
September through May. Inspection during a storm event is also recommended. After the initial period of frequent inspections, the minimum
inspection and maintenance frequency can be determined based on the results of the first year inspections.

Threshold/Indicator

Maintenance Action

Typical Maintenance Frequency

Tree health

Routine actions as necessary to maintain
tree health.

e Inspect monthly.
e Maintain when needed.

Dead or diseased tree

Remove dead or diseased tree. Replace per
original plans.

e Inspect monthly.
e Maintain when needed.

Standing water in tree well for longer than
24 hours following a storm event

Surface ponding longer than approximately
24 hours following a storm event may be
detrimental to tree health

Loosen or replace soils surrounding the
tree to restore drainage.

¢ Inspect monthly and after every 0.5-inch
or larger storm event. If standing water is
observed, increase inspection frequency
to after every 0.1-inch or larger storm
event.

e Maintain when needed.

Presence of mosquitos/larvae

For images of egg rafts, larva, pupa, and
adult mosquitos, see
http://www.mosquito.org/biology

Disperse any standing water from the tree
well to nearby landscaping. Loosen or
replace soils surrounding the tree to restore
drainage (and prevent standing water).

e Inspect monthly and after every 0.5-inch
or larger storm event. If mosquitos are
observed, increase inspection frequency
to after every 0.1-inch or larger storm
event.

e Maintain when needed
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Threshold/Indicator
Entrance / opening to the tree well is
blocked such that storm water will not drain
into the tree well (e.g., a curb inlet opening
is blocked by debris or a grate is clogged
causing runoff to flow around instead of
into the tree well; or a surface depression is
filled such that runoff drains away from the
tree well)

Maintenance Action
Make repairs as appropriate to restore
drainage into the tree well.

SD-A Tree Well

Typical Maintenance Frequency

e Inspect monthly.
e Maintain when needed.
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SD-B Impervious Area Dispersion

MS4 Permit Category
Site Design

Manual Category
Site Design

Applicable Performance
Criteria

Site Design

Primary Benefits

Volume Reduction
Peak Flow Attenuation

Photo Credit: Orange County Technical Guidance Document

Description

Impervious area dispersion (dispersion) refers to the practice of effectively disconnecting impervious
areas from directly draining to the storm drain system by routing runoff from impervious areas such
as rooftops (through downspout disconnection), walkways, and driveways onto the surface of adjacent
pervious areas. The intent is to slow runoff discharges, and reduce volumes. Dispersion with partial
or full infiltration results in significant volume reduction by means of infiltration and
evapotranspiration.

Typical dispersion components include:

e An impervious surface from which runoff flows will be routed with minimal piping to limit
concentrated inflows

e Splash blocks, flow spreaders, or other means of dispersing concentrated flows and providing
energy dissipation as needed

e Dedicated pervious area, typically vegetated, with in-situ soil infiltration capacity for partial or
full infiltration

e Optional soil amendments to improve vegetation support, maintain infiltration rates and
enhance treatment of routed flows

e Opverflow route for excess flows to be conveyed from dispersion area to the storm drain
system or discharge point
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SD-B Impervious Area Dispersion

Design Adaptations for Project Goals

Site design BMP to reduce impervious area and DCV. Impervious area dispersion primarily
functions as a site design BMP for reducing the effective imperviousness of a site by providing partial
or full infiltration of the flows that are routed to pervious dispersion areas and otherwise slowing
down excess flows that eventually reach the storm drain system. This can significantly reduce the DCV
for the site.

Design Criteria and Considerations

Dispersion must meet the following design criteria. Deviations from the below criteria may be
approved at the discretion of the City Engineer if it is determined to be appropriate:

Siting and Design Intent/Rationale

. .. . ) Soil must have long-term infiltration

Dispersion is over areas with soil types capable . . . .

) . . capacity for partial or full infiltration and

of supporting or being amended (e.g., with . .

) . be able to support vegetation to provide
] sand or compost) to support vegetation. Media

. runoff treatment. Amendments to

amendments must be tested to verify that they .

improve plant growth must not have

are not a source of pollutants. L .

negative impact on water quality.

. . Full or partial infiltration requires
Dispersion has vegetated sheet flow over a orp ame
. . .. relatively large areas to be effective
] relatively large distance (minimum 10 feet) . .

. depending on the permeability of the
from inflow to overflow route. . .
underlying soils.

Flat slopes facilitate sheet flows and

Pervious areas should be flat (with less than minimize velocities, thereby improving
L] 5% slopes) and vegetated. treatment and reducing the likelihood of
erosion.

Inflow velocities

Inflow velocities are limited to 3 ft/s or less or . .. .
o . High inflow velocities can cause erosion,
] use energy dissipation methods (e.g., riprap, .

) scour and/or channeling.
level spreader) for concentrated inflows.

Dedication

Dispersion areas must be owned by the project . . .
) Dedicated dispersion areas prevent
owner and be dedicated for the purposes of .
) . i future conversion to alternate uses and
] dispersion to the exclusion of other future uses . . )
i . facilitate continued full and partial
that might reduce the effectiveness of the ) )
) ; infiltration benefits.
dispersion area.

Vegetation
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SD-B Impervious Area Dispersion

Siting and Design Intent/Rationale

Dispersion typically requires dense and robust

vegetation for proper function. Drought . .

: . Vegetation improves resistance to

] tolerant species should be selected to minimize . S

L. i o . erosion and aids in runoff treatment.
irrigation needs. A plant list to aid in selection

can be found in Appendix E.26.

Conceptual Design and Sizing Approach for Site Design

1. Determine the areas where dispersion can be used in the site design to reduce the DCV for
pollutant control sizing.

2. Calculate the DCV for storm water pollutant control per Appendix B.2, taking into account
reduced runoff from dispersion.

3. Determine if a DMA is considered “Self-retaining” if the impervious to pervious ratio is:
a. 2:1 when the pervious area is composed of Hydrologic Soil Group A

b. 1:1 when the pervious area is composed of Hydrologic Soil Group B

Conceptional Design and Sizing Approach for Storm Water Pollutant Treatment and Flow Control

DMAs using impervious area dispersion are considered to meet both pollutant control and
hydromodification flow control requirements if ALL of the following criteria are met:

1. All impervious area within the DMA discharges to the pervious area before the runoff
discharges from the DMA.

2. As a minimum, the top 11 inches of the pervious area uses amended soils in accordance with
the SD-F fact sheet and the pervious area also meets the requirements for dispersion (e.g.
slope, inflow velocities, etc.) in the SD-B fact sheet.

3. The impervious to pervious area ratio is 1:1 or less.

Maintenance Overview

Normal Expected Maintenance. Vegetated area shall be maintained as part of normal landscape
maintenance. Additionally, ensure that storm water runoff can be conveyed into the vegetated area as
designed. That is, the mechanism that allows storm water runoff from impervious area to flow into
the pervious area (e.g., a curb cut allows runoff from a parking lot to drain onto adjacent landscaping
area, or a roof drain outlet is directed to a lawn) shall not be removed, blocked, filled, or otherwise
changed in a manner that prevents storm water from draining into the pervious area. A summary table
of standard inspection and maintenance indicators is provided within this Fact Sheet.

Non-Standard Maintenance or BMP Failure. Impervious area dispersion is a site design BMP that
normally does not require maintenance actions beyond routine landscape maintenance. If changes
have been made to the area, such as the vegetated area has been replaced with impervious area, or the
mechanism that allows storm water runoff from impervious area to flow into the pervious area has
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been removed (e.g., roof drains previously directed to vegetated area have been directly connected to
the street or storm drain system), the BMP is not performing as intended to protect downstream
waterways from pollution and/or erosion. Cotrective maintenance will be requitred to restore drainage
into the pervious area as designed. If the pervious area has been removed, contact the City Engineer
to determine a solution.

Runoff directed into vegetated areas is expected to be drained within 24-96 hours following a storm
event. Surface ponding longer than approximately 24 hours following a storm event may be
detrimental to vegetation health, and surface ponding longer than approximately 96 hours following
a storm event poses a risk of vector (mosquito) breeding. Poor drainage can result from clogging or
compaction of the soils. Loosen or replace the soils to restore drainage.

Other Special Considerations. Site design BMPs, such as impervious area dispersion, installed
within a new development or redevelopment project are components of an overall storm water
management strategy for the project. The presence of site design BMPs within a project is usually a
factor in the determination of the amount of runoff to be managed with structural BMPs (i.e., the
amount of runoff expected to reach downstream retention or biofiltration basins that process storm
water runoff from the project as a whole). When site design BMPs are not maintained or are removed,
this can lead to clogging or failure of downstream structural BMPs due to greater delivery of runoff
and pollutants than intended for the structural BMP. Therefore, the City Engineer may require
confirmation of maintenance of site design BMPs as part of their structural BMP maintenance
documentation requirements. Site design BMPs that have been installed as part of the project should
not be removed, nor should they be bypassed by re-routing roof drains or re-grading surfaces within
the project. If changes are necessary, consult the City Engineer to determine requirements.

E-36 February 2020



Summary of Standard Inspection and Maintenance

SD-B Impervious Area Dispersion

The property owner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unless
responsibility has been formally transferred to an agency, community facilities district, homeowners association, property owners

association, or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maintenance needs ate site-specific, and maintenance may
be required more frequently. Maintenance must be performed whenever needed, based on maintenance indicators presented in this table.
The BMP owner is responsible for conducting regular inspections to see when maintenance is needed based on the maintenance indicators.
During the first year of operation of a structural BMP, inspection is recommended at least once prior to August 31 and then monthly from
September through May. Inspection during a storm event is also recommended. After the initial period of frequent inspections, the minimum
inspection and maintenance frequency can be determined based on the results of the first year inspections.

Threshold/Indicator

Maintenance Action

Poor vegetation establishment

Re-seed, re-plant, or re-establish vegetation

per original plans.

Typical Maintenance Frequency

e [nspect monthly.
e Maintain when needed.

Dead or diseased vegetation

Remove dead or diseased vegetation, re-
seed, re-plant, or re-establish vegetation per
original plans.

e Inspect monthly.
e Maintain when needed.

Overgrown vegetation

Mow or trim as appropriate.

e Inspect monthly.
e Maintain when needed.

Standing water in vegetated pervious area
for longer than 24 hours following a storm
event

Surface ponding longer than approximately
24 hours following a storm event may be
detrimental to vegetation health

Disperse any areas of standing water to
nearby landscaping (i.e., spread it out to
another portion of the pervious area so it
drains into the soil). Make appropriate
corrective measures such as adjusting
irrigation system, ot repairing/replacing
clogged or compacted soils.

e Inspect monthly and after every 0.5-inch
or larger storm event. If standing water is
observed, increase inspection frequency
to after every 0.1-inch or larger storm
event.

e Maintain when needed.
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Threshold/Indicator
Presence of mosquitos/larvae

For images of egg rafts, larva, pupa, and
adult mosquitos, see

http://www.mosquito.org/biology

Maintenance Action
Disperse any areas of standing water to
nearby landscaping (i.e., spread it out to
another portion of the pervious area so it
drains into the soil). Loosen or replace soils
to restore drainage (and prevent standing
water)

SD-B Impervious Area Dispersion

Typical Maintenance Frequency

¢ Inspect monthly and after every 0.5-inch
or larger storm event. If mosquitos are
observed, increase inspection frequency
to after every 0.1-inch or larger storm
event.

e Maintain when needed

Entrance / opening to the vegetated
pervious area is blocked such that storm
water from impervious area will not drain
into the pervious area (e.g., a curb cut
opening is blocked by debris or a roof drain
outlet has been directly connected to the
storm drain system)

Make repairs as appropriate to restore
drainage into the vegetated pervious area.

e Inspect monthly.
e Maintain when needed.
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SD-C Green Roofs

MS4 Permit Category
Site Design

Manual Category
Site Design

Applicable Performance
Standard

Site Design

Primary Benefits

Volume Reduction
Peak Flow Attenuation

Location: County of San Diego Operations Center, San Diego, California

Description

Green roofs are vegetated rooftop systems that reduce runoff volumes and rates, treat storm water
pollutants through filtration and plant uptake, provide additional landscape amenity, and create
wildlife habitat. Additionally, green roofs reduce the heat island effect and provide acoustical control,
air filtration and oxygen production. In terms of building design, they can protect against ultraviolet
rays and extend the roof lifetime, as well as increase the building insulation, thereby decreasing heating
and cooling costs. There are two primary types of green roofs:

e Extensive — lightweight, low maintenance system with low-profile, drought tolerant type
groundcover in shallow growing medium (6 inches or less)

e Intensive — heavyweight, high maintenance system with a more garden-like configuration and
diverse plantings that may include shrubs or trees in a thicker growing medium (greater than
6 inches)

Typical green roof components include, from top to bottom:

e Vegetation that is appropriate to the type of green roof system, climate, and watering
conditions

e Media layer (planting mix or engineered media) capable of supporting vegetation growth

e TFilter fabric to prevent migration of fines (soils) into the drainage layer
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SD-C Green Roofs

e Optional drainage layer to convey excess runoff
e Optional root barrier

e Optional insulation layer

e Waterproof membrane

e Structural roof support capable of withstanding the additional weight of a green roof

MEDIA LAYER

MIN. 90% COVERAGE ROBUST
VEGETATION

FILTER FABRIC

DRAINAGE LAYER
(OPTIONAL)

ROOT BARRIER
(OPTIONAL)

INSULATION LAYER
(OPTIONAL)

WATERPROOF MEMBRANE
20°

SUPPORT LAYER MAX SLOPE < 40°
‘ (20° PREFERRED)

PROFILE

NOT TO SCALE

Typical profile of a Green Roof BMP

Design Adaptations for Project Goals

Site design BMP to provide incidental treatment. Green roofs can be used as a site design feature
to reduce the runoff generated from the site through replacing conventional roofing. This can reduce
the DCV and flow control requirements for the site.

Design Criteria and Considerations

Green roofs must meet the following design criteria. Deviations from the below criteria may be
approved at the discretion of the City Engineer if it is determined to be appropriate:
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SD-C Green Roofs

Siting and Design Intent/Rationale
Roof slope is = 40% (Roofs that are = Steep roof slopes increases project complexity
[ 20% are preferred). and requires supplemental anchoring.
P q pp 8

Structural roof capacity design supports
the calculated additional load (Ibs/sq. ft)
of the vegetation growing medium and
additional drainage and barrier layers.

Inadequate structural capacity increases the risk
for roof failure and harm to the building and
occupants.

Design and construction is planned to be
[] completed by an experienced green roof
specialist.

A green roof specialist will minimize
complications in implementation and potential
structural issues that are critical to green roof
success.

Green roof location and extent must

Green roof design must not negatively impact

[ meet fire safety provisions. fire safety.
Maintenance will facilitate proper functioning
Maintenance access is included in the of drainage and irrigation components and
[ green roof design. allow for removal of undesirable vegetation
and soil testing, as needed.
Vegetation

Vegetation is suitable for the green roof
type, climate and expected watering
conditions. Perennial, self-sowing plants
that are drought-tolerant (e.g., sedums,

[] succulents) and require little to no
fertilizer, pesticides or herbicides are
recommended. Vegetation pre-grown at
grade may allow plants to establish prior
to facing harsh roof conditions.

Plants suited to the design and expected
growing environment are more likely to
survive.

Vegetation is capable of covering = 90%

Benefits of green roofs are greater with more

[ the roof surface. surface vegetation.
Vegetation is robust and erosion-resistant
O in order to withstand the anticipated Weak plants will not survive in extreme

rooftop environment (e.g., heat, cold,
high winds).

rooftop environments.

[] Vegetation is fire resistant.

Vegetation that will not burn easily decreases
the chance for fire and harm to the building
and occupants.

Vegetation considers roof sun exposure
[] and shaded areas based on roof slope and
location.

The amount of sunlight the vegetation receives
can inhibit growth therefore the beneficial
effects of a vegetated roof.
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SD-C Green Roofs

Siting and Design

Intent/Rationale

An irrigation system (e.g., drip irrigation
[] system) is included as necessary to
maintain vegetation.

Proper watering will increase plant survival,
especially for new plantings.

Media is well-drained and is the
[] appropriate depth required for the green
roof type and vegetation supported.

Unnecessary water retention increases
structural loading. An adequate media depth
increases plant survival.

A filter fabric is used to prevent
] migration of media fines through the
system.

Migration of media can cause clogging of the
drainage layer.

A drainage layer is provided if needed to
convey runoff safely from the roof. The

[]  drainage layer can be comprised of gravel,
perforated sheeting, or other drainage
materials.

Inadequate drainage increases structural
loading and the risk of harm to the building
and occupants.

A root bartier comprised of dense
material to inhibit root penetration is
used if the waterproof membrane will not
provide root penetration protection.

Root penetration can decrease the integrity of
the underlying structural roof components and
increase the risk of harm to the building and
occupants.

An insulation layer is included as needed
to protect against the water in the

[] drainage layer from extracting building
heat in the winter and cool air in the
summer.

Regulating thermal impacts of green roofs will
aid in controlling building heating and cooling
COsts.

A waterproof membrane is used to
prevent the roof runoff from vertically
migrating and damaging the roofing
material. A root barrier may be required
to prevent roots from compromising the
integrity of the membrane.

Water-damaged roof materials increase the risk
of harm to the building and occupants.

Conceptual Design and Sizing Approach for Site Design

1. Determine the areas where green roofs can be used in the site design to replace conventional

roofing to reduce the DCV. These green roof areas can be credited toward reducing runoff

generated through representation in storm water calculations as pervious, not impervious,

areas but are not credited for storm water pollutant control.

2. Calculate the DCV per Appendix B.2.

E-42

February 2020



SD-C Green Roofs

Maintenance Overview

Normal Expected Maintenance. A green roof requires routine maintenance to: maintain vegetation
health; and maintain integrity of the roof drainage system. A summary table of standard inspection
and maintenance indicators is provided within this Fact Sheet.

Non-Standard Maintenance or BMP Failure. Green roofs are site design BMPs that normally do
not require maintenance actions beyond the normal maintenance described above. If a roof leak is
discovered, it may be an indicator that the waterproof membrane has failed. The waterproof
membrane (roof liner) shall be inspected and repaired or replaced as necessary.

Green roof systems normally receive only direct rainfall (not runoff from additional tributary area
directed into the system). It is expected to be drained within 24-96 hours following a storm event.
Surface ponding longer than approximately 24 hours following a storm event may be detrimental to
vegetation health, and surface ponding longer than approximately 96 hours following a storm event
poses a risk of vector (mosquito) breeding, as well as risk of damage to the roof. Poor drainage can
result from clogging or compaction of the media, optional drainage layer, or drainage system. The
specific cause of the drainage issue must be determined and corrected.

Other Special Considerations. Site design BMPs, such as green roofs, installed within a new
development or redevelopment project are components of an overall storm water management
strategy for the project. The presence of site design BMPs within a project is usually a factor in the
determination of the amount of runoff to be managed with structural BMPs (i.e., the amount of runoff
expected to reach downstream retention or biofiltration basins that process storm water runoff from
the project as a whole). When site design BMPs are not maintained or are removed, this can lead to
clogging or failure of downstream structural BMPs due to greater delivery of runoff and pollutants
than intended for the structural BMP. Therefore, the City Engineer may require confirmation of
maintenance of site design BMPs as part of their structural BMP maintenance documentation
requirements. Site design BMPs that have been installed as part of the project should not be removed,
nor should they be bypassed by re-routing roof drains or re-grading surfaces within the project. If
changes are necessary, consult the City Engineer to determine requirements.
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Summary of Standard Inspection and Maintenance

The property owner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unless
responsibility has been formally transferred to an agency, community facilities district, homeowners association, property owners association,
or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maintenance needs ate site-specific, and maintenance may
be required more frequently. Maintenance must be performed whenever needed, based on maintenance indicators presented in this table.
The BMP owner is responsible for conducting regular inspections to see when maintenance is needed based on the maintenance indicators.
During the first year of operation of a structural BMP, inspection is recommended at least once prior to August 31 and then monthly from
September through May. Inspection during a storm event is also recommended. After the initial period of frequent inspections, the minimum
inspection and maintenance frequency can be determined based on the results of the first year inspections.

Threshold/Indicator Maintenance Action Typical Maintenance Frequency
Poor vegetation establishment Re-seed, re-plant, or re-establish vegetation | e Inspect monthly.
per original plans. e Maintain when needed.
Dead or diseased vegetation Remove dead or diseased vegetation, re- e Inspect monthly.

seed, re-plant, or re-establish vegetation per | e Maintain when needed.
original plans.

Overgrown vegetation Mow or trim as appropriate. e Inspect monthly.

e Maintain when needed.

E-44 February 2020



Threshold/Indicator
Standing water in BMP for longer than 24
hours following a storm event

Surface ponding longer than approximately
24 hours following a storm event may be
detrimental to vegetation health

Maintenance Action
Disperse any areas of standing water to
nearby landscaping (i.e., spread it out to
another portion of the green roof so it
drains into the soil). Make appropriate
corrective measures such as adjusting
irrigation system, clearing underdrains, or
repairing/replacing clogged or compacted
soils.

SD-C Green Roofs

Typical Maintenance Frequency

¢ Inspect monthly and after every 0.5-inch
or larger storm event. If standing water is
observed, increase inspection frequency
to after every 0.1-inch or larger storm
event.

e Maintain when needed.

Presence of mosquitos/larvae

For images of egg rafts, larva, pupa, and
adult mosquitos, see
http://www.mosquito.org/biology

Disperse any areas of standing water to
nearby landscaping (i.e., spread it out to
another portion of the green roof so it
drains into the soil). Loosen or replace soils
to restore drainage (and prevent standing
water).

¢ Inspect monthly and after every 0.5-inch
or larger storm event. If mosquitos are
observed, increase inspection frequency
to after every 0.1-inch or larger storm
event.

e Maintain when needed

Leaks or other damage to waterproof
membrane

Repair or replace as applicable.

e Inspect membrane if leak is observed.
e Maintain when needed.
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SD-D Permeable Pavement (Side Design BMP)

MS4 Permit Category
Site Design

Manual Category
Site Design

Applicable Performance Standard
Site Design

Primary Benefits

Photo Credit: San Diego Low Impact Development Design

Manual

Description

Permeable pavement is pavement that allows for Typical Permeable Pavement
percolation through void spaces in the pavement Components (Top to Bottom)

surface into subsurface layers. Permeable pavements [poictie surface layer

reduce runoff volumes and rates and can provide Bedding layer for permeable surface

pollutant control via infiltration, filtration, sorption, Aggregate storage layer with optional

sedimentation, and biodegradation processes. When | 0 drain(s)

used as a site design BMP, the subsurface layers are Optional final filter course layer over

designed to provide storage of storm water runoff so L
& p S W uncompacted existing subgrade

that outflow rates can be controlled via infiltration into
subgrade soils. Varying levels of storm water treatment and flow control can be provided depending
on the size of the permeable pavement system relative to its drainage area and the undetlying
infiltration rates. As a site design BMP permeable pavement areas are designed to be self-retaining and
are designed primarily for direct rainfall. Self-retaining permeable pavement areas have a ratio of total
drainage area (including permeable pavement) to area of permeable pavement of 1.5:1 or less.
Permeable pavement surfaces can be constructed from modular paver units or paver blocks, pervious
concrete, porous asphalt, and turf pavers. Sites designed with permeable pavements can significantly
reduce the impervious area of the project. Reduction in impervious surfaces decreases the DCV and
can reduce the footprint of treatment control and flow control BMPs.

Design Adaptations for Project Goals

Site design BMP to reduce impervious area and DCV. Permeable pavement without an
underdrain can be used as a site design feature to reduce the impervious area of the site by replacing
traditional pavements, including roadways, parking lots, emergency access lanes, sidewalks, trails and
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driveways.

Conceptual Design and Sizing Approach for Site Design

1. Determine the areas where permeable pavements can be used in the site design to replace
conventional pavements to reduce the DCV. These areas can be credited toward reducing
runoff generated through representation in storm water calculations as pervious, not
impervious, areas but are not credited for storm water pollutant control.

2. Calculate the DCV per Appendix B.2, taking into account reduced runoff from permeable

pavement areas.

Maintenance Overview

Normal Expected Maintenance. Routine maintenance of permeable pavement includes: removal
of materials such as trash and debris accumulated on the paving surface; vacuuming of the paving
surface to prevent clogging; and flushing paving and subsurface gravel to remove fine sediment. If the
BMP includes underdrains, check and clear underdrains. A summary table of standard inspection and

maintenance indicators is provided within this Fact Sheet.

Non-Standard Maintenance or BMP Failure. If the permeable pavement area is not drained
between storm events, or if runoff sheet flows across the permeable pavement area and flows off the
permeable pavement area during storm events, the BMP is not performing as intended to protect
downstream waterways from pollution and/or erosion. During storm events up to the 85th petrcentile
storm event (approximately 0.5 to 1 inch of rainfall in San Diego County), runoff should not flow off
the permeable pavement area. The permeable pavement area is expected to have adequate hydraulic
conductivity and storage such that rainfall landing on the permeable pavement and runoff from the
surrounding drainage area will go directly into the pavement without ponding or overflow (in propetly
designed systems, the surrounding drainage area is not more than half as large as the permeable
pavement area). Following the storm event, there should be no standing water (puddles) on the
permeable pavement area.

If storm water is flowing off the permeable pavement during a storm event, or if there is standing
water on the permeable pavement surface following a storm event, this is an indicator of clogging
somewhere within the system. Poor drainage can result from clogging of the permeable surface layer,
any of the subsurface components, or the subgrade soils. The specific cause of the drainage issue must
be determined and corrected. Surface or subsurface ponding longer than approximately 96 hours
following a storm event poses a risk of vector (mosquito) breeding. Corrective maintenance, increased
inspection and maintenance, BMP replacement, or a different BMP type will be required. If poor
drainage persists after flushing of the paving, subsurface gravel, and/or underdrain(s) when applicable,
or if it is determined that the underlying soils do not have the infiltration capacity expected, the City
Engineer shall be contacted prior to any additional repairs or reconstruction.

Other Special Considerations. Site design BMPs, such as permeable pavement, installed within a
new development or redevelopment project are components of an overall storm water management
strategy for the project. The presence of site design BMPs within a project is usually a factor in the
determination of the amount of runoff to be managed with structural BMPs (i.e., the amount of runoff
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expected to reach downstream retention or biofiltration basins that process storm water runoff from
the project as a whole). When site design BMPs are not maintained or are removed, this can lead to
clogging or failure of downstream structural BMPs due to greater delivery of runoff and pollutants
than intended for the structural BMP. Therefore, the City Engineer may require confirmation of
maintenance of site design BMPs as part of their structural BMP maintenance documentation
requirements. Site desigh BMPs that have been installed as part of the project should not be removed,
nor should they be bypassed by re-routing roof drains or re-grading surfaces within the project. If
changes are necessary, consult the City Engineer to determine requirements.

The runoff storage and infiltration surface area in this BMP are not readily accessible because they are
subsurface. This means that clogging and poor drainage are not easily corrected. If the tributary area
draining to the BMP includes unpaved areas, the sediment load from the tributary drainage area can
be too high, reducing BMP function or clogging the BMP. All unpaved areas within the tributary
drainage area should be stabilized with vegetation. Other pretreatment components to prevent
transport of sediment to the paving surface, such as grass buffer strips, will extend the life of the
subsurface components and infiltration surface. Along with proper stabilization measures and
pretreatment  within  the tributary area, routine maintenance, including preventive
vacuum/regenerative air street sweeping, is key to preventing clogging.
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SD-D Permeable Pavement (Side Design BMP)

Summary of Standard Inspection and Maintenance

The property owner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unless
responsibility has been formally transferred to an agency, community facilities district, homeowners association, property owners association,

or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maintenance needs are site-specific, and maintenance may
be required more frequently. Maintenance must be performed whenever needed, based on maintenance indicators presented in this table.
The BMP owner is responsible for conducting regular inspections to see when maintenance is needed based on the maintenance indicators.
During the first year of operation of a structural BMP, inspection is recommended at least once prior to August 31 and then monthly from
September through May. Inspection during a storm event is also recommended. After the initial period of frequent inspections, the minimum
inspection and maintenance frequency can be determined based on the results of the first year inspections.

Threshold/Indicator

Maintenance Action

Preventive vacuum/regenerative air street
sweeping

Pavement should be swept with a vacuum
power or regenerative air street sweeper to
maintain infiltration through paving surface

Typical Maintenance Frequency

e Schedule/perform this preventive action at
least twice per year.

Accumulation of sediment, litter, or debris
on permeable pavement surface

Remove and properly dispose of
accumulated materials. Inspect tributary area
for exposed soil or other sources of
sediment and apply stabilization measures to
sediment source areas. Apply source control
measures as applicable to sources of litter or

debris.

e Inspect monthly and after every 0.5-inch
or larger storm event.

e Remove any accumulated materials found
at each inspection.
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Threshold/Indicator

SD-D Permeable Pavement (Side Design BMP)

Maintenance Action

Weeds growing on/through the permeable
pavement surface

Remove weeds and add features as
necessary to prevent weed intrusion. Use
non-chemical methods (e.g., instead of
pesticides, control weeds using mechanical
removal, physical bartiers, and/or physical
changes in the surrounding area adjacent to
pavement that will preclude weed intrusion
into the pavement).

Typical Maintenance Frequency

e Inspect monthly.

e Remove any weeds found at each
inspection.

Standing water in permeable paving area
following a storm event, or runoff is
observed overflowing off the permeable
paving surface during a storm event

This condition requires investigation of why
infiltration is not occurring. If feasible,
corrective action shall be taken to restore
infiltration (e.g., pavement should be swept
with a vacuum power or regenerative air
street sweeper to restore infiltration rates,

clear underdrains if underdrains are present).

BMP may require retrofit if infiltration
cannot be restored. The City Engineer shall
be contacted prior to any repairs or
reconstruction.

e Inspect monthly and after every 0.5-inch
or larger storm event. If standing water is
observed, increase inspection frequency to
after every 0.1-inch or larger storm event.

e Maintain when needed.
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Threshold/Indicator

SD-D Permeable Pavement (Side Design BMP)

Maintenance Action

Presence of mosquitos/larvae

For images of egg rafts, larva, pupa, and
adult mosquitos, see
http://www.mosquito.org/biology

If mosquitos/larvae are observed: first,
immediately remove any standing water by
dispersing to nearby landscaping; second,
make corrective measures as applicable to
restore BMP drainage to prevent standing
water.

If mosquitos persist following corrective
measures to remove standing water, or if the
BMP design does not meet the 96-hour
drawdown criteria because the underlying
soils do not have the infiltration capacity
expected, the City Engineer shall be
contacted to determine a solution. A
different BMP type, or a Vector
Management Plan prepared with
concurrence from the County of San Diego
Department of Environmental Health, may
be required.

Typical Maintenance Frequency

¢ Inspect monthly and after every 0.5-inch
or larger storm event. If mosquitos are
observed, increase inspection frequency to
after every 0.1-inch or larger storm event.

e Maintain when needed.

Damage to permeable paving surface (e.g.,
cracks, settlement, misaligned paver blocks,
void spaces between paver blocks need fill
materials replenished)

Repair or replace damaged surface as
appropriate.

e Inspect annually.
e Maintain when needed.
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Photo Credit: San Diego Low Impact Development Design
Manual

Description

SD-E Rain Barrels

MS4 Permit Category
Site Design

Manual Category
Site Design

Applicable Performance Standard
Site Design

Primary Benefits

Rain barrels are containers that can capture rooftop
runoff and store it for future use. With controlled timing
and volume release, the captured rainwater can be used
for irrigation or alternative grey water between storm
events, thereby reducing runoff volumes and associated
pollutants to downstream waterbodies. Rain barrels tend
to be smaller systems, less than 100 gallons. They have
low installation costs. Treatment can be achieved when
rain barrels are used as part of a treatment train along with
other BMPs that use captured flows in applications that

Typical Rain Barrel Components

Storage container, barrel or tank for
holding captured flows

Inlet and associated valves and piping

Outlet and associated valves and piping

Ovetrflow outlet

Optional pump

Optional first flush diverters

Optional roof, supports, foundation,
level indicator, and other accessories

do not result in discharges into the storm drain system. Rooftops are the ideal tributary areas for rain

barrels. Due to San Diego’s arid climate, some rain barrels may fill only a few times each year.

Design Adaptations for Project Goals

Site design BMP to reduce effective impervious area and DCV. Barrels can be used as a site
design feature to reduce the effective impervious area of the site by removing roof runoff from the
site discharge. This can reduce the DCV and flow control requirements for the site.

Conceptual Design and Sizing Approach for Site Design

1. Determine the areas where rain barrels can be used in the site design to capture roof runoff to

reduce the DCV. Rain barrels reduce the effective impervious area of the site by removing

roof runoff from the site discharge.
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SD-E Rain Barrels

2. Calculate the DCV per Appendix B.2, taking into account reduced runoff from permeable

pavement areas.

Maintenance Overview

Normal Expected Maintenance. Rain barrels can be expected to accumulate some debris that is
small enough to pass through the inlet into the storage container. Leaves may accumulate at the inlet.
Ancillary parts including valves, piping, screens, level indicators, and other accessories will wear and
require occasional replacement. Maintenance of a rain barrel generally involves: removing accumulated
debris from the inlet and storage container on a routine basis; and replacement of ancillary parts on
an as-needed basis. A summary table of standard inspection and maintenance indicators is provided
within this Fact Sheet. If the system includes a pump, maintenance of the pump shall be based on the

manufacturer’s recommended maintenance plan.

Non-Standard Maintenance or BMP Failure. If any of the following scenarios are observed, the
BMP is not performing as intended to protect downstream waterways from pollution and/or erosion.
Cortrective maintenance, increased inspection and maintenance, BMP replacement, or a different BMP
type will be required.

e Theinletis found to be obstructed at every inspection such that storm water bypasses the rain
barrel. The rain barrel is not functioning propetly if it is not capturing storm water. This would
require addition of ancillary features to protect the inlet, such as screens on roof gutters.

e The rain barrel is not drained between storm events. If the rain barrel is not drained between
storm events, the storage volume will be diminished and the rain barrel will not capture the
required volume of storm water from subsequent storms. This would require implementation
of practices onsite to drain and use the stored water, or a different BMP if onsite use cannot
be reliably sustained.

Other Special Considerations. Site design BMPs, such as rain barrels, installed within a new
development or redevelopment project are components of an overall storm water management
strategy for the project. The presence of site design BMPs within a project is usually a factor in the
determination of the amount of runoff to be managed with structural BMPs (i.e., the amount of runoff
expected to reach downstream retention or biofiltration basins that process storm water runoff from
the project as a whole). When site design BMPs are not maintained or are removed, this can lead to
clogging or failure of downstream structural BMPs due to greater delivery of runoff and pollutants
than intended for the structural BMP. Therefore, the City Engineer may require confirmation of
maintenance of site design BMPs as part of their structural BMP maintenance documentation
requirements. Site design BMPs that have been installed as part of the project should not be removed,
nor should they be bypassed by re-routing roof drains or re-grading surfaces within the project. If
changes are necessary, consult the City Engineer to determine requirements.

E-53 February 2020



Summary of Standard Inspection and Maintenance

SD-E Rain Barrels

The property owner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unless
responsibility has been formally transferred to an agency, community facilities district, homeowners association, property owners association,

or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maintenance needs are site-specific, and maintenance may

be required more frequently. Maintenance must be performed whenever needed, based on maintenance indicators presented in this table.

The BMP owner is responsible for conducting regular inspections to see when maintenance is needed based on the maintenance indicators.

During the first year of operation of a structural BMP, inspection is recommended at least once prior to August 31 and then monthly from

September through May. Inspection during a storm event is also recommended. After the initial period of frequent inspections, the minimum

inspection and maintenance frequency can be determined based on the results of the first year inspections.

Maintenance Action

Threshold/Indicator
Accumulation of debris at the inlet

Remove and properly dispose of
accumulated materials.

Typical Maintenance Frequency

e Inspect monthly and after every 0.5-inch
or larger storm event.

e Remove any accumulated materials found
at each inspection.

Outlet blocked

Clear blockage.

e Inspect monthly and after every 0.5-inch
or larger storm event.

® Remove any accumulated materials found
at each inspection.

Accumulation of debtis in the storage
container

Remove and propetrly dispose of
accumulated materials.

e [nspect twice per year.
e Maintain when needed.

Leaks or other damage to storage container

Repair or replace as applicable.

e [nspect twice per year.
e Maintain when needed.
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Threshold/Indicator
Standing water in storage container between
storm events outside of normal use
timeframe for the stored water. Normal use
timeframe is 36 to 96 hours following a
storm event.

Maintenance Action
Use the water as intended, or disperse to
landscaping.

SD-E Rain Barrels

Typical Maintenance Frequency

¢ Inspect monthly and after every 0.5-inch
or larger storm event. If standing water is
observed, increase inspection frequency
to after every 0.1-inch or larger storm
event.

e Maintain when needed.

Presence of mosquitos/larvae

For images of egg rafts, larva, pupa, and
adult mosquitos, see
http://www.mosquito.org/biology

If mosquitos/larvae are observed: first,
immediately remove any standing water by
using the water as intended for irrigation or
alternative grey water, or by or dispersing to
landscaping; second, check outlet for
blockage and clear blockage if applicable to
restore drainage; third, install barriers such
as screens that prevent mosquito access to
the storage container.

¢ Inspect monthly and after every 0.5-inch
or larger storm event. If mosquitos are
observed, increase inspection frequency
to after every 0.1-inch or larger storm
event.

e Maintain when needed.

Leaks or other damage to ancillary parts
including valves, piping, screens, level
indicators, and other accessories

Repair or replace as applicable.

e [nspect twice per year.
e Maintain when needed.

Rain barrel leaning or unstable, damage to
roof, supports, anchors, or foundation

Make repairs as appropriate to correct the
problem and stabilize the system.

e [nspect twice per year.
¢ Maintain when needed.
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SD-F Amended Soils

MS4 Permit Category

Site Design

Manual Category

Site Design

Applicable Performance Standard
Site Design

Primary Benefits

Volume Reduction
Peak Flow Attenuation

Photo Credit: Oraﬁge County Technical Guidance Document

Description

Amended soils are soils whose physical, chemical, and biological characteristics have been altered from
the natural condition to promote beneficial storm water characteristics. Amended soils shall be used
as part of SD-B Impervious Area Dispersion, where applicable. Typical storm water management
benefits associated with amended soils include:

e Improved hydrologic characteristics—amended soils can promote infiltration, decrease
runoff rates and volumes, and more effectively filter pollutants from storm water runoff

e Improved vegetation health—amended soils provide greater moisture retention, and altered
chemical and biological characteristics that can result in healthier plant growth, reduced
irrigation demands, and reduced need for fertilization and maintenance

¢ Reduced erosion—amended soils produce healthier plant growth and reduced runoff which
results in reduced soil erosion

Not all amended soils have the same storm water benefits, the soil amendment used should be suited
for the design purpose and design period of the amended area.

Design Adaptations for Project Goals

Varying categories of soil amendments have different benefits and applications. Mulch is a soil
amendment that is added at grade, rather than mixed into the soil. Mulch reduces evaporation and
improves retention. Shavings and compost are common soil amendments that improve biological and
chemical properties of the soil. Sand can be used as an amendment to improve the drainage rates of
amended soils. Native soil samples may need to be analyzed by a lab to determine the specific soil
amendments needed to achieve the desired infiltration, retention, and/or filtration rates.
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SD-F Amended Soils

Design Criteria and Considerations

Soil amendments must meet the following design criteria and considerations. Deviations from the
below criteria may be approved at the discretion of the City Engineer if appropriate:

Siting and Design Intent/Rationale

When mulch is used as an amendment, it is

applied at grade over all planting areas to a
depth of 3”.

Mulch should be applied on top and not
mixed into underlying soils

When shavings or compost is used as an
amendment, it is rototilled into the native soil
to a minimum depth of 6”7 (12 inches
preferred).

If soil is not completely mixed the overall
benefit will be reduced.

Compost meets the criteria in Appendix F.3.1.2

If poor quality compost is used, it will
have negative impact to water quality.

Soil amendments are free of stones, stumps,
roots, glass, plastic, metal, and other deleterious
materials.

Large debris in amended soils can cause
localized erosion. Trash/harmful
materials can result in personal injury or
contamination.

Mixing of soils are done prior to planting

Soil mixing before planting results in a
more homogeneous mixing and will
reduce the stress on plants.

Care is taken around existing trees and shrubs
to prevent root damage during construction
and soil amendment application.

Preservation of existing established
vegetation is an important part of site
design and erosion control.

Soil amendments are applied at the end of
construction

Soil amendments applied too soon in the
construction process may become over
compacted reducing effectiveness.

Soil amendments are compatible with planned
vegetation

The soil amendments impact the pH and
salinity of the soil. Some plants have
sensitive pH and/or salinity tolerance
ranges.

Conceptual Design and Sizing Approach for Site Design

When soil amendments are used a runoff factor of 0.1 can be used for DCV calculation for

the amended area.

Amended soils should be used as part of SD-B Impervious Area Dispersion, and to increase

the retention volume in other BMPs.
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SD-F Amended Soils

Maintenance

Annual maintenance may be required to determine reapplication requirements of amended soils.
Amended soils should be regularly inspected for signs of compaction, waterlogging, and unhealthy

vegetation.
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HU-1 Cistern

MS4 Permit Category

Retention

Manual Category
Harvest and Use

Applicable Performance
Standards

Pollutant Control

Flow Control

Primary Benefits

Volume Reduction
Photo Credit: Water Environment Research Foundation: WERF.org Peak Flow Attenuation

Description

Cisterns are containers that can capture rooftop runoff and store it for future use. With controlled
timing and volume release, the captured rainwater can be used for irrigation or alternative grey water
between storm events, thereby reducing runoff volumes and associated pollutants to downstream
water bodies. Cisterns are larger systems (generally>100 gallons) that can be self-contained
aboveground or below ground systems. Treatment can be achieved when cisterns are used as part of
a treatment train along with other BMPs that use captured flows in applications that do not result in
discharges into the storm drain system. Rooftops are the ideal tributary areas for cisterns.

Typical cistern components include:

e Storage container, barrel or tank for holding captured flows
e Inlet and associated valves and piping

e Outlet and associated valves and piping

e Overflow outlet

e Optional pump

e Optional first flush diverters

e Optional roof, supports, foundation, level indicator, and other accessories
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HU-1 Cistern

GUTTER W/
LEAF GUARD

DOWNSPOUT

OVERFLOW OUTLET

CISTERN ACCESS TREATMENT IMP

CISTERN

FLOW CONTROL
OUTLET ORIFICE
gt

NOTES:
' 1. DESIGNER SHALL ACCOUNT FOR
AND ACCOMOQDATE FOR
POSSIBLE OVERFLOW.

2. OVERFLOW OUTLET CAPACITY
SHALL EQUAL OR EXCEED
POTENTIAL RUNOFF VOLUME AND
RATE.

3. CISTERN PROVIDES FLOW
CONTROL ONLY. USE IN
COMBINATION WITH TREATMENT
IMP.

4. PROVIDE ACCESS FOR CLEAN
OUT OF OUTLET ORIFICE. SEE
FLOW-THROUGH PLANTER

ENERGY DISSIPATION

o= OUTLET DETAIL.
e OUTLET, 2"@ MIN
rE > DISCHARGE TO APPROVED (TO TREATMENT IMP) % ?%EKLN%O%%UQ&ESE&%NSLL
LOCATION (GUTTER, OPENINGS TO THE WATER
STORM DRAIN, ETC.) SURFACE AND/OR ENSURE
CISTERN COMPLETE DRAINAGE.

Source: City of San Diego Storm Water Standards

Design Adaptations for Project Goals

Site design BMP to reduce effective impervious area and DCV. Cisterns can be used as a site
design feature to reduce the effective impervious area of the site by removing roof runoff from the
site discharge. This can reduce the DCV and flow control requirements for the site.

Harvest and use for storm water pollutant control. Typical uses for captured flows include
irrigation, toilet flushing, cooling system makeup, and vehicle and equipment washing,.

Integrated storm water flow control and pollutant control configuration. Cisterns provide flow
control in the form of volume reduction and/or peak flow attenuation and storm water treatment
through elimination of discharges of pollutants. Additional flow control can be achieved by sizing the
cistern to include additional detention storage and/or real-time automated flow release controls.

Design Criteria and Considerations

Cisterns must meet the following design criteria. Deviations from the below criteria may be approved
at the discretion of the City Engineer if it is determined to be appropriate:
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HU-1 Cistern

Siting and Design

Intent/Rationale

Draining the cistern makes the storage
volume available to capture the next

storm.
- Cisterns are sized to detain the full DCV of The applicant has an option to use a
contributing area and empty within 36 hours.  different drawdown time up to 96 hours
if the volume of the facility is adjusted
using the percent capture method in
Appendix B.4.2.
) ) . Flow control provides flow attenuation
Cisterns are fitted with a flow control device p L. .
: . i benefits and limits cistern discharge to
] such as an orifice or a valve to limit outflow in o .
) ) ) downstream facilities during storm
accordance with drawdown time requirements.
events.
Cisterns are designed to drain completel ) .
. & pletey, Complete drainage and restricted entry
] leaving no standing water, and all entry points ) )
_ prevents mosquito habitat.
are fitted with traps or screens, or sealed.
Leaf guards and/or screens are provided to ) .
st ) .p . Leaves and organic debris can clog the
] prevent debris from accumulating in the .
) outlet of the cistern.
cistern.
) ) ) Properly functioning outlets are needed
Access is provided for maintenance and the pery & ,
. . . to maintain proper flow control in
] cistern outlets are accessible and designed to ) i
. accordance with drawdown time
allow easy cleaning. .
requirements.
Cisterns must be designed and sited such that
) Safe overflow conveyance prevents
] overflow will be conveyed safely overland to

the storm drain system or discharge point.

flooding and damage of property.

Conceptual Design and Sizing Approach for Site Design and Storm Water Pollutant Control

Calculate the DCV for site design per Appendix B.

2. Determine the locations on the site where cisterns can be located to capture and detain the

DCV from roof areas without subsequent discharge to the storm drain system. Cisterns are

best located in close proximity to building and other roofed structures to minimize piping.

Cisterns can also be used as part of a treatment train upstream by increasing pollutant control

through delayed runoff to infiltration BMPs such as bioretention without underdrain facilities.

Use the sizing worksheet in Appendix B.3 to determine if full or partial capture of the DCV

is achievable.

4. The remaining DCV to be treated should be calculated for use in sizing downstream BMP(s).

E-61

February 2020



HU-1 Cistern

Conceptual Design and Sizing Approach when Storm Water Flow Control is Applicable

Control of flow rates and/or duration will typically require significant cistern volumes, and therefore
the following steps should be taken prior to determination of site design and storm water pollutant
control. Pre-development and allowable post-project flow rates and durations should be determined
as discussed in Chapter 6 of the manual.

1. Verify that cistern siting and design criteria have been met. Design for flow control can be
achieved using various design configurations, shapes, and quantities of cisterns.

2. Iteratively determine the cistern storage volume required to provide detention storage to
reduce flow rates and durations to allowable limits. Flow rates and durations can be controlled
from detention storage by altering outlet structure orifice size(s) and/or water control valve
operation.

3. Verity that the cistern is drawdown within 36 hours. The drawdown time can be estimated by
dividing the storage volume by the rate of use of harvested water.

4. If the cistern cannot fully provide the flow rate and duration control required by this manual,
a downstream structure with additional storage volume or infiltration capacity such as a
biofiltration can be used to provide remaining flow control.

Maintenance Overview

Normal Expected Maintenance. Cisterns can be expected to accumulate sediment and debris that
is small enough to pass through the inlet into the storage container. Larger debris such as leaves or
trash may accumulate at the inlet. While the storage container is generally a permanent structure,
ancillary parts including valves, piping, screens, level indicators, and other accessories will wear and
require occasional replacement. Maintenance of a cistern generally involves: removing accumulated
sediment and debris from the inlet and storage container on a routine basis; and replacement of
ancillary parts on an as-needed basis. A summary table of standard inspection and maintenance
indicators is provided within this Fact Sheet. If the system as a whole includes a pump or other
clectrical equipment, maintenance of the equipment shall be based on the manufacturer’s

recommended maintenance plan.

Non-Standard Maintenance or BMP Failure. If any of the following scenarios are observed, the
BMP is not performing as intended to protect downstream waterways from pollution and/or erosion.
Corrective maintenance, increased inspection and maintenance, BMP replacement, or a different BMP

type will be required.

e The inlet is found to be obstructed at every inspection such that storm water bypasses the
cistern. The cistern is not functioning propetly if it is not capturing storm water. This would
require addition of ancillary features to protect the inlet, or pretreatment measures within the
watershed draining to the cistern to intercept larger debris, such as screens on roof gutters, or
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HU-1 Cistern

drainage inserts within catch basins. Increase the frequency of inspection until the issue is

resolved.

Accumulation of sediment within one year is greater than 25% of the volume of the cistern.
This means the sediment load from the tributary drainage area has diminished the storage
volume of the cistern and the cistern will not capture the required volume of storm water.
This would require pretreatment measures within the tributary area draining to the cistern to

intercept sediment.

The cistern is not drained between storm events. If the cistern is not drained between storm
events, the storage volume will be diminished and the cistern will not capture the required
volume of storm water from subsequent storms. This would require implementation of
practices onsite to drain and use the stored water, or a different BMP if onsite use cannot be

reliably sustained.
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Summary of Standard Inspection and Maintenance

HU-1 Cistern

The property owner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unless
responsibility has been formally transferred to an agency, community facilities district, homeowners association, property owners association,

or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maintenance needs ate site-specific, and maintenance may

be required more frequently. Maintenance must be performed whenever needed, based on maintenance indicators presented in this table.

The BMP owner is responsible for conducting regular inspections to see when maintenance is needed based on the maintenance indicators.

During the first year of operation of a structural BMP, inspection is recommended at least once prior to August 31 and then monthly from

September through May. Inspection during a storm event is also recommended. After the initial period of frequent inspections, the minimum

inspection and maintenance frequency can be determined based on the results of the first year inspections.

Threshold/Indicator

Maintenance Action

Typical Inspection and Maintenance

at the inlet

Accumulation of sediment, litter, or debris

Remove and properly dispose of
accumulated materials.

Frequency
e Inspect monthly and after every 0.5-inch or
larger storm event.

e Remove any accumulated materials found at
each inspection.

Outlet blocked

Clear blockage.

e Inspect monthly and after every 0.5-inch or
larger storm event.

e Remove any accumulated materials found at
each inspection.

Accumulation of sediment, litter, or debris
in the storage container

Remove and propetly dispose of
accumulated materials.

¢ Inspect monthly. If the BMP is 25% full* or
more in one month, increase inspection
frequency to monthly plus after every 0.1-inch or
larger storm event.

e Remove materials annually (minimum), or more
frequently when BMP is 25% full* (or at
manufacturer threshold if manufacturer
threshold is less than 25% full*) in less than one
year, or if accumulation blocks outlet
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Threshold/Indicator

Maintenance Action

HU-1 Cistern

Typical Inspection and Maintenance

Standing water in storage container
between storm events outside of normal
use timeframe for the stored water.
Normal use timeframe is 36 to 96 houts
following a storm event depending on the
purpose and design of the cistern.

Use the water as intended, or disperse
to landscaping.

Implement practices onsite to drain
and use the stored water.

Contact the City Engineer to
determine a solution if onsite use
cannot be reliably sustained.

Frequency

e Inspect monthly and after every 0.5-inch or
larger storm event. If standing water is observed,
increase inspection frequency to after every 0.1-
inch or larger storm event.

® Maintain when needed.

Presence of mosquitos/larvae

For images of egg rafts, larva, pupa, and
adult mosquitos, see
http://www.mosquito.org/biology

If mosquitos/larvae are observed: first,
immediately remove any standing
water by using the water as intended
for irrigation or alternative grey water,
or by dispersing to landscaping;
second, check cistern outlet for
blockage and clear blockage if
applicable to restore drainage; third,
install barriers such as screens that
prevent mosquito access to the storage
container.

e Inspect monthly and after every 0.5-inch or
larger storm event. If mosquitos are observed,
increase inspection frequency to after every 0.1-
inch or larger storm event.

e Maintain when needed.

Leaks or other damage to ancillary parts
including valves, piping, screens, level
indicators, and other accessories

Repair or replace as applicable.

e [nspect twice per year.
e Maintain when needed.

Leaks or other damage to storage
container

Repair or replace as applicable.

e Inspect twice per year.
e Maintain when needed.

Cistern leaning or unstable, damage to
roof, supports, anchors, or foundation

Make repairs as appropriate to correct
the problem and stabilize the system.

e Inspect twice per year.
e Maintain when needed.
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INF-1 Infiltration Basin

MS4 Permit Category
Retention

Manual Category
Infiltration

Applicable Performance
Standard

Pollutant Control
Flow Control

Primary Benefits
Volume Reduction
Peak Flow Attenuation

Photo Credit: http://www.stormwaterpartners.com/facilities/basin.html

Description

An infiltration basin typically consists of an earthen basin with a flat bottom constructed in naturally

petvious soils. An infiltration basin retains storm water and allows it to evaporate and/or percolate

into the underlying soils. The bottom of an infiltration basin is typically vegetated with native grasses

or turf grass; however other types of vegetation can be used if they can survive periodic inundation

and long inter-event dry periods. Treatment is achieved primarily through infiltration, filtration,

sedimentation, biochemical processes and plant uptake. Infiltration basins can be constructed as linear

trenches or as underground infiltration galleries.

Typical infiltration basin components include:

e Inflow distribution mechanisms (e.g., perimeter flow spreader or filter strips)

e Energy dissipation mechanism for concentrated inflows (e.g., splash blocks or riprap)

e TForebay to provide pretreatment surface ponding for captured flows, other pretreatment

mechanisms may be used if they meet the requirements included in Appendix B.6.

e Vegetation selected based on basin use, climate, and ponding depth

e Uncompacted native soils at the bottom of the facility

o Overflow structure
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INF-1 Infiltration Basin
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Typical plan and section view of an Infiltration BMP

Design Adaptations for Project Goals

Full infiltration BMP for storm water pollutant control. Infiltration basins can be used as a
pollutant control BMP, designed to infiltrate runoff from direct rainfall as well as runoff from adjacent
areas that are tributary to the BMP. Infiltration basins must be designed with an infiltration storage
volume (a function of the surface ponding volume) equal to the full DCV and able to meet drawdown
time limitations.

Integrated storm water flow control and pollutant control configuration. Infiltration basins can
also be designed for flow rate and duration control by providing additional infiltration storage through
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Siting Criteria Intent/Rationale

Placement observes geotechnical
recommendations regarding potential

] hazards (e.g., slope stability, landslides,
liquefaction zones) and setbacks (e.g.,
slopes, foundations, utilities).

Must not negatively impact existing site
geotechnical concerns.

Selection and design of basin is based
on infiltration feasibility criteria and
appropriate design infiltration rate (See

Appendix C and D).

Must operate as a full infiltration design and
must be supported by drainage area and in-situ
infiltration rate feasibility findings.

Recommended BMP Component Dimensions

BMP Component Dimension

Intent/Rationale

Freeboard > 2 inches

Freeboard minimizes risk of
uncontrolled surface discharge.

Ponding Area Side Slopes 3H:1V or shallower

Gentler side slopes are safer, less
prone to erosion, able to establish
vegetation more quickly and easier
to maintain.

Settling Forebay Volume > 25% of facility volume

A forebay to trap sediment can
decrease frequency of required
maintenance. Other pretreatment
devices may be used in accordance
with Appendix B.6.

Design Criteria and Considerations

Infiltration basins must meet the following design criteria. Deviations from the below criteria may be

approved at the discretion of the City Engineer if it is determined to be appropriate:

Design Criteria Intent/Rationale
Finish grade of the facility is < 2% (0%  Flatter surfaces reduce erosion and
recommended). channelization with the facility.
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Design Criteria

Intent/Rationale

Infiltration of surface ponding is limited
to a 36-hour drawdown time.

Prolonged surface ponding reduce volume
available to capture subsequent storms.

The applicant has an option to use a different
drawdown time up to 96 hours if the volume
of the facility is adjusted using the percent
capture method in Appendix B.4.2.

Inflow and Overflow Structures

Inflow and outflow structures are
accessible by required equipment (e.g.,

Maintenance will prevent clogging and ensure

] vactor truck) for inspection and proper operation of the flow control
. structures.

maintenance.

Inflow velocities are limited to 3 ft/s or

less or use energy dissipation methods ~ High inflow velocities can cause erosion, scour
[ (e.g., riprap, level spreader) for and/or channeling.

concentrated inflows.

Overflow is safely conveyed to a

downstream storm drain system or
O discharge point. Size overflow structure Planning for overflow lessens the risk of

to pass 100-year peak flow for on-line
basins and water quality peak flow for
off-line basins.

property damage due to flooding.

Conceptual Design and Sizing Approach for Storm Water Pollutant Control

To design infiltration basins for storm water pollutant control only (no flow control required), the

following steps should be taken:

1. Verify that siting and design criteria have been met, including placement and basin area

requirements, forebay volume (not included in infiltration footprint for sizing), and maximum

slopes for basin sides and bottom.

2. Calculate the DCV per Appendix B based on expected site design runoff for tributary areas.

3. Use the sizing worksheet (Appendix B.4) to determine if full infiltration of the DCV is
achievable based on the infiltration storage volume calculated from the surface ponding area

and depth for a maximum 36-hour drawdown time. The drawdown time can be estimated by

dividing the average depth of the basin by the design infiltration rate. Appendix D provides

guidance on evaluating a site’s infiltration rate.
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Conceptual Design and Sizing Approach for Storm Water Pollutant Treatment and Flow Control

Control of flow rates and/or durations will typically require significant surface ponding volume, and
therefore the following steps should be taken prior to determination of storm water pollutant control
design. Pre-development and allowable post-project flow rates and durations should be determined as
discussed in Chapter 6 of the manual.

1. Verify that siting and design criteria have been met, including placement and basin area
requirements, forebay volume (not included in infiltration footprint for sizing), and maximum
slopes for basin sides and bottom.

2. Iteratively determine the surface ponding required to provide infiltration storage to reduce
flow rates and durations to allowable limits while adhering to the maximum 36-hour
drawdown time. Flow rates and durations can be controlled using flow splitters that route the
appropriate inflow amounts to the infiltration basin and bypass excess flows to the
downstream storm drain system or discharge point.

3. Ifan infiltration basin cannot fully provide the flow rate and duration control required by this
manual, an upstream or downstream structure with appropriate storage volume such as an
underground vault can be used to provide additional control.

4. After the infiltration basin has been designed to meet flow control requirements, calculations
must be completed to verify if storm water pollutant control requirements to treat the DCV

have been met.

Maintenance Overview

Normal Expected Maintenance. Infiltration basins require routine maintenance to: remove
accumulated materials such as sediment, trash or debris from the forebay and the basin; maintain
vegetation health if the BMP includes vegetation; and maintain integrity of side slopes, inlets, energy
dissipators, and outlets. A summary table of standard inspection and maintenance indicators is
provided within this Fact Sheet.

Non-Standard Maintenance or BMP Failure. If any of the following scenarios are observed, the
BMP is not performing as intended to protect downstream waterways from pollution and/or erosion.
Corrective maintenance, increased inspection and maintenance, BMP replacement, or a different BMP
type will be required.

e The BMP is not drained between storm events. Surface ponding longer than approximately
24 hours following a storm event may be detrimental to vegetation health, and surface or
subsurface ponding longer than approximately 96 hours following a storm event poses a risk
of vector (mosquito) breeding. Poor drainage can result from clogging of the underlying native
soils, or clogging of covers applied at the basin surface such as topsoil, mulch, or rock layer.
The specific cause of the drainage issue must be determined and corrected. For surface-level
basins (i.e., not underground infiltration galleries), surface cover materials can be removed and
replaced, and/or native soils can be scarified or tilled to help reestablish infiltration. If it is
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determined that the underlying native soils have been compacted or do not have the
infiltration capacity expected, or if the infiltration surface area is not accessible (e.g., an
underground infiltration gallery) the City Engineer shall be contacted prior to any additional
repairs or reconstruction.

e Sediment, trash, or debris accumulation has filled the forebay or other pretreatment device
within one month, or if no forebay or other pretreatment device is present, has filled greater
than 25% of the surface ponding volume within one maintenance cycle. This means the load
from the tributary drainage area is too high, reducing BMP function or clogging the BMP.
This would require adding a forebay or other pretreatment measures within the tributary area
draining to the BMP to intercept the materials if no pretreatment component is present, or
increased maintenance frequency for an existing forebay or other pretreatment device.
Pretreatment components, especially for sediment, will extend the life of the infiltration basin.

e FErosion due to concentrated storm water runoff flow that is not readily corrected by adding
erosion control blankets, adding stone at flow entry points, or minor re-grading to restore
proper drainage according to the original plan. If the issue is not corrected by restoring the
BMP to the original plan and grade, the City Engineer shall be contacted prior to any additional

repairs or reconstruction.

Other Special Considerations. If the infiltration basin is vegetated: Vegetated structural BMPs that
are constructed in the vicinity of, or connected to, an existing jurisdictional water or wetland could
inadvertently result in creation of expanded waters or wetlands. As such, vegetated structural BMPs
have the potential to come under the jurisdiction of the United States Army Corps of Engineers,
SDRWQCB, California Department of Fish and Wildlife, or the United States Fish and Wildlife
Service. This could result in the need for specific resource agency permits and costly mitigation to
perform maintenance of the structural BMP. Along with proper placement of a structural BMP,

routine maintenance is key to preventing this scenario.
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The property owner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unless

responsibility has been formally transferred to an agency, community facilities district, homeowners association, property owners association,

or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maintenance needs ate site-specific, and maintenance may

be required more frequently. Maintenance must be performed whenever needed, based on maintenance indicators presented in this table.

The BMP owner is responsible for conducting regular inspections to see when maintenance is needed based on the maintenance indicators.

During the first year of operation of a structural BMP, inspection is recommended at least once prior to August 31 and then monthly from

September through May. Inspection during a storm event is also recommended. After the initial period of frequent inspections, the minimum

inspection and maintenance frequency can be determined based on the results of the first year inspections.

Threshold/Indicator

Maintenance Action

Typical Maintenance Frequency

Accumulation of sediment, litter, or debris

in forebay and/or basin

Remove and properly dispose of
accumulated materials, (without damage to
vegetation when applicable).

e Inspect monthly. If the forebay is 25%

full* or more in one month, increase
inspection frequency to monthly plus after
every 0.1-inch or larger storm event.

e Remove any accumulated materials found
within the infiltration area at each
inspection.

e When the BMP includes a forebay,
materials must be removed from the
forebay when the forebay is 25% full*, or
if accumulation within the forebay blocks
flow to the infiltration area.

Obstructed inlet or outlet structure

Clear blockage.

e Inspect monthly and after every 0.5-inch
or larger storm event.

e Remove any accumulated materials found
at each inspection.
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Poor vegetation establishment (when the
BMP includes vegetated surface by design)

Re-seed, re-plant, or re-establish vegetation
per original plans.

Typical Maintenance Frequency

e Inspect monthly.
e Maintain when needed.

Dead or diseased vegetation (when the BMP
includes vegetated surface by design)

Remove dead or diseased vegetation, re-
seed, re-plant, or re-establish vegetation per
original plans.

e Inspect monthly.
e Maintain when needed.

Overgrown vegetation (when the BMP
includes vegetated surface by design)

Mow or trim as appropriate.

e Inspect monthly.
e Maintain when needed.

Erosion due to concentrated irrigation flow

Repair/re-seed/re-plant eroded areas and
adjust the irrigation system.

e Inspect monthly.
e Maintain when needed.

Erosion due to concentrated storm water
runoff flow

Repait/re-seed/re-plant eroded areas, and
make appropriate corrective measures such
as adding erosion control blankets, adding
stone at flow entry points, or minor re-
grading to restore proper drainage according
to the original plan. If the issue is not
corrected by restoring the BMP to the
original plan and grade, the City Engineer
shall be contacted prior to any additional
repairs or reconstruction.

e Inspect after every 0.5-inch or larger storm
event. If erosion due to storm water flow
has been observed, increase inspection
frequency to after every 0.1-inch or larger
storm event.

e Maintain when needed. If the issue is not
corrected by restoring the BMP to the
original plan and grade, the City Engineer
shall be contacted prior to any additional
repairs or reconstruction.
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Standing water in infiltration basin without
subsurface infiltration gallery for longer than
24-96 hours following a storm event

Make appropriate corrective measures such
as adjusting irrigation system, removing
obstructions of debris or invasive
vegetation, or removing/replacing clogged
ot compacted sutface treatments and/or
scarifying or tilling native soils. Always
remove deposited sediments before
scarification, and use a hand-guided rotary
tiller. If it is determined that the underlying
native soils have been compacted or do not
have the infiltration capacity expected, the
City Engineer shall be contacted prior to any
additional repairs or reconstruction.

¢ Inspect monthly and after every 0.5-inch
or larger storm event. If standing water is
observed, increase inspection frequency to
after every 0.1-inch or larger storm event.

e Maintain when needed.
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Standing water in subsurface infiltration
gallery for longer than 24-96 hours
following a storm event

This condition requires investigation of why
infiltration is not occurring. If feasible,
corrective action shall be taken to restore
infiltration (e.g., flush fine sediment or
remove and replace clogged soils). BMP may
require retrofit if infiltration cannot be
restored. The City Engineer shall be
contacted prior to any repairs or
reconstruction.

Typical Maintenance Frequency

e Inspect monthly and after every 0.5-inch
or larger storm event. If standing water is
observed, increase inspection frequency to
after every 0.1-inch or larger storm event.

® Maintain when needed.
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Threshold/Indicator
Presence of mosquitos/larvae

For images of egg rafts, larva, pupa, and
adult mosquitos, see
http://www.mosquito.org/biology

If mosquitos/larvae are observed: first,
immediately remove any standing water by
dispersing to nearby landscaping; second,
make corrective measures as applicable to
restore BMP drainage to prevent standing
water. For subsurface infiltration galleries,
ensure access covers are tight fitting, with
gaps ot holes no greater than 1/16 inch,
and/or install barriers such as inserts or
screens that prevent mosquito access to the
subsurface storage.

If mosquitos persist following corrective
measures to remove standing water, or if the
BMP design does not meet the 96-hour
drawdown criteria because the underlying
native soils have been compacted or do not
have the infiltration capacity expected, the
City Engineer shall be contacted to
determine a solution. A different BMP type,
or a Vector Management Plan prepared with
concurrence from the County of San Diego
Department of Environmental Health, may
be required.

Typical Maintenance Frequency

e Inspect monthly and after every 0.5-inch
or larger storm event. If mosquitos are
observed, increase inspection frequency to
after every 0.1-inch or larger storm event.

e Maintain when needed

Damage to structural components such as
weirs, inlet or outlet structutres

Repair or replace as applicable.

e Inspect annually.
e Maintain when needed.

“25% full” is defined as "4 of the depth from the design bottom elevation to the crest of the outflow structure (e.g., if the height to the outflow opening is 12 inches from the bottom
elevation, then the materials must be removed when there is 3 inches of accumulation — this should be marked on the outflow structure).
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MS4 Permit Category
Retention

Manual Category
Infiltration

Applicable Performance
Standard

Pollutant Control

Flow Control

Primary Benefits
Volume Reduction
Treatment

Peak Flow Attenuation

Photo Credit: Ventura County Technical Guidance Document

Description

Bioretention (bioretention without underdrain) facilities are vegetated surface water systems that filter
water through vegetation and soil, or engineered media prior to infiltrating into native soils. These
facilities are designed to infiltrate the full DCV. Bioretention facilities are commonly incorporated into
the site within parking lot landscaping, along roadsides, and in open spaces. They can be constructed
inground or partially aboveground, such as planter boxes with open bottoms (no impermeable liner
at the bottom) to allow infiltration. Treatment is achieved through filtration, sedimentation, sorption,

infiltration, biochemical processes and plant uptake.

Typical bioretention without underdrain components include:
e Inflow distribution mechanisms (e.g, perimeter flow spreader or filter strips)
e Energy dissipation mechanism for concentrated inflows (e.g., splash blocks or riprap)
e Shallow surface ponding for captured flows
e Side slope and basin bottom vegetation selected based on expected climate and ponding depth
¢ Non-floating mulch layer (optional)
e Media layer (planting mix or engineered media) capable of supporting vegetation growth

e Tilter course layer consisting of aggregate to prevent the migration of fines into uncompacted
native soils or the optional aggregate storage layer

e Optional aggregate storage layer for additional infiltration storage
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e Uncompacted native soils at the bottom of the facility
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Typical plan and section view of a Bioretention BMP
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Design Adaptations for Project Goals

Full infiltration BMP for storm water pollutant control. Bioretention can be used as a pollutant
control BMP designed to infiltrate runoff from direct rainfall as well as runoff from adjacent tributary
areas. Bioretention facilities must be designed with an infiltration storage volume (a function of the
ponding, media and aggregate storage volumes) equal to the full DCV and able to meet drawdown

time limitations.

Integrated storm water flow control and pollutant control configuration. Bioretention facilities
can be designed to provide flow rate and duration control. This may be accomplished by providing
greater infiltration storage with increased surface ponding and/or aggregate storage volume for storm

water flow control.

Recommended Siting Criteria

Siting Criteria Intent/Rationale

Placement observes geotechnical
recommendations regarding potential hazards

] (e.g., slope stability, landslides, liquefaction
zones) and setbacks (e.g., slopes, foundations,
utilities).

Must not negatively impact existing site
geotechnical concerns.

Selection and design of BMP is based on
infiltration feasibility criteria and appropriate
design infiltration rate presented in Appendix
Cand D.

Must operate as a full infiltration design
and must be supported by drainage area
and in-situ infiltration rate feasibility
findings.

Contributing tributary area is = 5 acres (< 1
acre preferred).

Bigger BMPs require additional design
teatures for proper performance.

Contributing tributary area greater than 5
acres may be allowed at the discretion of
the City Engineer if the following
conditions are met: 1) incorporate design
features (e.g. flow spreaders) to
minimizing short circuiting of flows in
the BMP and 2) incorporate additional
design features requested by the City
Engineer for proper performance of the
regional BMP.

Finish grade of the facility is < 2%. In long
bioretention facilities where the potential for

Flatter surfaces reduce erosion and
channelization within the facility.
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Siting Criteria

Intent/Rationale

internal erosion and channelization exists, the

use of check dams is required.

Internal check dams reduce velocity and
dissipate energy.

Recommended BMP Component Dimensions

BMP Component Dimension

Intent/Rationale

Freeboard > 2 inches

Freeboard provides room for head
over overflow structures and
minimizes risk of uncontrolled
surface discharge.

Surface Ponding > 6 and < 12 inches

Surface ponding capacity lowers
subsurface storage requirements.
Deep surface ponding raises safety
concerns.

Surface ponding depth greater than
12 inches (for additional pollutant
control or surface outlet structures
or flow-control orifices) may be
allowed at the discretion of the City
Engineer if the following
conditions are met: 1) surface
ponding depth drawdown time is
less than 24 hours; and 2) safety
issues and fencing requirements are
considered (typically ponding
greater than 18” will require a fence
and/or flatter side slopes) and 3)
potential for elevated clogging risk
is considered.

Ponding Area Side Slopes = 3H:1V

Gentler side slopes are safer, less
prone to erosion, able to establish
vegetation more quickly and easier
to maintain.

Mulch will suppress weeds and
maintain moisture for plant growth.

Mulch > 3 inches Aging mulch kills pathogens and
weed seeds and allows beneficial
microbes to multiply.

Media Layer > 18 inches A deep media layer provides

additional filtration and supports
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BMP Component Dimension

Intent/Rationale

plants with deeper roots. Standard
specifications shall be followed.

Design Criteria and Considerations

Bioretention must meet the following design criteria. Deviations from the below criteria may be

approved at the discretion of the City Engineer if it is determined to be appropriate:

Design Criteria

Intent/Rationale

Surface Ponding

Surface ponding is limited to a 24-hour
drawdown time.

24-hour drawdown time is recommended
for plant health.

Surface ponding drawdown time greater
than 24-hours but less than 96 hours may
be allowed at the discretion of the City
Engineer if certified by a landscape
architect or agronomist.

Vegetation

Plantings are suitable for the climate and
] expected ponding depth. A plant list to aid in
selection can be found in Appendix E.26.

Plants suited to the climate and ponding
depth are more likely to survive.

An irrigation system with a connection to
water supply is provided as needed.

Seasonal irrigation might be needed to
keep plants healthy.

Mulch

A minimum of 3 inches of well-aged, shredded
hardwood mulch that has been stockpiled or

] stored for at least 12 months is provided.
Mulch must be non-floating to avoid clogging
of overflow structure.

Mulch will suppress weeds and maintain
moisture for plant growth. Aging mulch
kills pathogens and weed seeds and
allows beneficial microbes to multiply.

Media Layer

Media maintains a minimum filtration rate of 5
in/hr over lifetime of facility. A minimum
initial filtration rate of 10 in/hr is
recommended.

A high filtration rate through the soil mix
minimizes clogging potential and allows
flows to quickly enter the aggregate
storage layer, thereby minimizing bypass.
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Design Criteria

Intent/Rationale

Media is a minimum 18 inches deep, meeting
either of these two media specifications:

A deep media layer provides additional
filtration and supports plants with deeper
roots.

= Section F.3 Bioretention Soil Media BSM) or g, 4,9 specifications shall be followed.
specific jurisdictional guidance.
Alternatively, for proprietary designs and For non-standard or proprietary designs,
custom media mixes not meeting the media compliance with F.1 ensures that
O specifications, the media meets the pollutant adequate treatment performance will be
treatment performance criteria in Section F.1.  provided.
Greater surface area to tributary area
ratios decrease loading rates per square
Media surface area is 3% of contributing area  foot and therefore increase longevity.
- times adjusted runoff factor or greater. Unless Adjusted runoff factor is to account for

demonstrated that the BMP surface area can
be smaller than 3%

site design BMPs implemented upstream
of the BMP (such as rain barrels,
impervious area dispersion, etc.). Refer
to Appendix B.2 guidance.

Filter Course Layer (Optional)

A filter course is used to prevent migration of

Migration of media can cause clogging of
the aggregate storage layer void spaces or

fi 1 f the facility. Filter fabri
H nes through layers of the facility. Filter fabric subgrade. Filter fabric is more likely to
is not used.
clog.
Washing aggregate will help eliminate
] Filter course is washed and free of fines. fines that could clog the facility and
impede infiltration.
Gradation relationship between layers
Filter course calculations assessing suitability can evaluate factors (e.g., bridging,
] for particle migration prevention have been permeability, and uniformity) to

completed.

determine if particle sizing is appropriate
ot if an intermediate layer is needed.

Aggregate Storage Layer (Optional)

[l

Class 2 Permeable per Caltrans specification

68-1.025 is recommended for the storage layer.

Washed, open-graded crushed rock may be
used, however a 4-6 inch washed pea gravel

Washing aggregate will help eliminate
fines that could clog the aggregate
storage layer void spaces or subgrade.
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Design Criteria

Intent/Rationale

filter course layer at the top of the crushed
rock is required.

[

Maximum aggregate storage layer depth is
determined based on the infiltration storage
volume that will infiltrate within a 36-hour
drawdown time.

A maximum drawdown time to facilitate
provision of adequate storm water
storage for the next storm event.

Inflow and Overflow Structures

Inflow and overflow structures are accessible
for inspection and maintenance. Overflow

Maintenance will prevent clogging and

] structures must be connected to downstream  ensure proper operation of the flow
storm drain system or appropriate discharge control structures.
point.
Inflow velocities are limited to 3 ft/s or less or . .. .
. . High inflow velocities can cause erosion,
O] use energy dissipation methods (e.g., riprap, .
) scour and/or channeling.
level spreader) for concentrated inflows.
. ) ) Inlets must not restrict flow and apron
Curb cut inlets are at least 12 inches wide, have ) )
. prevents blockage from vegetation as it
] a 4-6 inch reveal (drop) and an apron and A C.
S grows in. Energy dissipation prevents
energy dissipation as needed. .
erosion.
Overflow is safely conveyed to a downstream
storm drain system or discharge point. Size . .
y gep Planning for overflow lessens the risk of
] overflow structure to pass 100-year peak flow

for on-line basins and water quality peak flow
for off-line basins.

property damage due to flooding.

Conceptual Design and Sizing Approach for Storm Water Pollutant Control Only

To design bioretention for storm water pollutant control only (no flow control required), the following
steps should be taken:

1. Verify that siting and design criteria have been met, including placement and basin area
requirements, maximum side and finish grade slope, and the recommended media surface area
tributary ratio.

2. Calculate the DCV per Appendix B based on expected site design runoff for tributary areas.

3. Use the sizing worksheet to determine if full infiltration of the DCV is achievable based on
the available infiltration storage volume calculated from the bioretention without underdrain
footprint area, effective depths for surface ponding, media and aggregate storage layers, and
in-situ soil design infiltration rate for a maximum 36-hour drawdown time for the aggregate
storage layer, with surface ponding no greater than a maximum 24-hour drawdown. The
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drawdown time can be estimated by dividing the average depth of the basin by the design
infiltration rate of the underlying soil. Appendix D provides guidance on evaluating a site’s
infiltration rate. A generic sizing worksheet is provided in Appendix B.4.

4. Where the DCV cannot be fully infiltrated based on the site or bioretention constraints, an
underdrain can be added to the design (use biofiltration with partial retention factsheet).

Conceptual Design and Sizing Approach when Storm Water Flow Control is Applicable

Control of flow rates and/or durations will typically require significant surface ponding and/or
aggregate storage volumes, and therefore the following steps should be taken prior to determination
of storm water pollutant control design. Pre-development and allowable post-project flow rates and
durations shall be determined as discussed in Chapter 6 of the manual.

1. Verify that siting and design criteria have been met, including placement requirements,
maximum side and finish grade slopes, and the recommended media surface area tributary
area ratio. Design for flow control can be achieved using various design configurations.

2. Tteratively determine the facility footprint area, surface ponding and/or aggregate storage layer
depth required to provide infiltration storage to reduce flow rates and durations to allowable
limits while adhering to the maximum drawdown times for surface ponding and aggregate
storage. Flow rates and durations can be controlled using flow splitters that route the
appropriate inflow amounts to the bioretention facility and bypass excess flows to the
downstream storm drain system or discharge point.

3. If bioretention without underdrain facility cannot fully provide the flow rate and duration
control required by the MS4 permit, an upstream or downstream structure with appropriate
storage volume such as an underground vault can be used to provide additional control.

4. After bioretention without underdrain BMPs have been designed to meet flow control
requirements, calculations must be completed to verify if storm water pollutant control

requirements to treat the DCV have been met.

Maintenance Overview

Normal Expected Maintenance. Bioretention requires routine maintenance to: remove
accumulated materials such as sediment, trash or debris; maintain vegetation health; maintain
infiltration capacity of the media layer; replenish mulch; and maintain integrity of side slopes, inlets,
energy dissipators, and outlets. A summary table of standard inspection and maintenance indicators is
provided within this Fact Sheet.

Non-Standard Maintenance or BMP Failure. If any of the following scenarios are observed, the
BMP is not performing as intended to protect downstream waterways from pollution and/or erosion.
Corrective maintenance, increased inspection and maintenance, BMP replacement, or a different BMP
type will be required.

e The BMP is not drained between storm events. Surface ponding longer than approximately
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24 hours following a storm event may be detrimental to vegetation health, and surface ponding
longer than approximately 96 hours following a storm event poses a risk of vector (mosquito)
breeding. Poor drainage can result from clogging of the media layer, filter course, aggregate
storage layer, underlying native soils, or outlet structure. The specific cause of the drainage
issue must be determined and corrected. If it is determined that the underlying native soils
have been compacted or do not have the infiltration capacity expected, the City Engineer shall
be contacted prior to any additional repairs or reconstruction.

e Sediment, trash, or debris accumulation greater than 25% of the surface ponding volume
within one month. This means the load from the tributary drainage area is too high, reducing
BMP function or clogging the BMP. This would require pretreatment measures within the
tributary area draining to the BMP to intercept the materials. Pretreatment components,
especially for sediment, will extend the life of components that are more expensive to replace

such as media, filter course, and aggregate layers.

e Frosion due to concentrated storm water runoff flow that is not readily corrected by adding
erosion control blankets, adding stone at flow entry points, or minor re-grading to restore
proper drainage according to the original plan. If the issue is not corrected by restoring the
BMP to the original plan and grade, the City Engineer shall be contacted prior to any additional
repairs or reconstruction.

Other Special Considerations. Bioretention is a vegetated structural BMP. Vegetated structural
BMPs that are constructed in the vicinity of, or connected to, an existing jurisdictional water or
wetland could inadvertently result in creation of expanded waters or wetlands. As such, vegetated
structural BMPs have the potential to come under the jurisdiction of the United States Army Corps
of Engineers, SDRWQCB, California Department of Fish and Wildlife, or the United States Fish and
Wildlife Service. This could result in the need for specific resource agency permits and costly
mitigation to perform maintenance of the structural BMP. Along with proper placement of a structural
BMP, routine maintenance is key to preventing this scenario.
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The property owner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unless

responsibility has been formally transferred to an agency, community facilities district, homeowners association, property owners association,

or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maintenance needs are site-specific, and maintenance may

be required more frequently. Maintenance must be performed whenever needed, based on maintenance indicators presented in this table.

The BMP owner is responsible for conducting regular inspections to see when maintenance is needed based on the maintenance indicators.

During the first year of operation of a structural BMP, inspection is recommended at least once prior to August 31 and then monthly from

September through May. Inspection during a storm event is also recommended. After the initial period of frequent inspections, the minimum

inspection and maintenance frequency can be determined based on the results of the first year inspections.

Threshold/Indicator

Accumulation of sediment, litter,
or debris

Maintenance Action
Remove and properly dispose of accumulated
materials, without damage to the vegetation or
compaction of the media layer.

Typical Maintenance Frequency
e Inspect monthly. If the BMP is 25% full*

or more in one month, increase inspection
frequency to monthly plus after every 0.1-
inch or larger storm event.

e Remove any accumulated materials found
at each inspection.

Obstructed inlet or outlet
structure

Clear blockage.

e Inspect monthly and after every 0.5-inch
or larger storm event.

e Remove any accumulated materials found
at each inspection.

Damage to structural components
such as weirs, inlet or outlet
structures

Repair or replace as applicable.

e Inspect annually.
e Maintain when needed.

Poor vegetation establishment

Re-seed, re-plant, or re-establish vegetation per
original plans.

e [nspect monthly.
e Maintain when needed.
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Threshold/Indicator
Dead or diseased vegetation

Maintenance Action
Remove dead or diseased vegetation, re-seed, re-
plant, or re-establish vegetation per original plans.

INF-2 Bioretention

Typical Maintenance Frequency

e [nspect monthly.
e Maintain when needed.

Overgrown vegetation

Mow or trim as appropriate.

e Inspect monthly.
e Maintain when needed.

2/3 of mulch has decomposed, ot
mulch has been removed

Remove decomposed fraction and top off with fresh
mulch to a total depth of 3 inches.

e Inspect monthly.

® Replenish mulch annually, or more
frequently when needed based on
inspection.

Erosion due to concentrated
irrigation flow

Repair/re-seed/re-plant eroded areas and adjust the
irrigation system.

e Inspect monthly.
e Maintain when needed.

Erosion due to concentrated
storm water runoff flow

Repait/re-seed/re-plant eroded areas, and make
appropriate corrective measures such as adding
erosion control blankets, adding stone at flow entry
points, or minor re-grading to restore proper drainage
according to the original plan. If the issue is not
corrected by restoring the BMP to the original plan
and grade, the City Engineer shall be contacted prior
to any additional repairs or reconstruction.

e Inspect after every 0.5-inch or larger storm
event. If erosion due to storm water flow
has been observed, increase inspection
frequency to after every 0.1-inch or larger
storm event.

e Maintain when needed. If the issue is not
corrected by restoring the BMP to the
original plan and grade, the City Engineer
shall be contacted prior to any additional
repairs or reconstruction.

Standing water in BMP for longer
than 24 hours following a storm
event

Surface ponding longer than
approximately 24 hours following
a storm event may be detrimental
to vegetation health

Make appropriate corrective measures such as
adjusting irrigation system, removing obstructions of
debris or invasive vegetation, ot repaiting/replacing
clogged or compacted soils. If it is determined that
the underlying native soils have been compacted or
do not have the infiltration capacity expected, the
City Engineer shall be contacted prior to any
additional repairs or reconstruction.

e Inspect monthly and after every 0.5-inch
or larger storm event. If standing water is
observed, increase inspection frequency to
after every 0.1-inch or larger storm event.

e Maintain when needed.
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Threshold/Indicator
Presence of mosquitos/larvae

For images of egg rafts, larva,
pupa, and adult mosquitos, see
http://www.mosquito.org/biology

Maintenance Action
If mosquitos/larvae are observed: first, immediately
remove any standing water by dispersing to nearby
landscaping; second, make corrective measures as
applicable to restore BMP drainage to prevent
standing water.

If mosquitos persist following corrective measures to
remove standing water, or if the BMP design does
not meet the 96-hour drawdown criteria because the
underlying native soils have been compacted or do
not have the infiltration capacity expected, the City
Engineer shall be contacted to determine a solution.
A different BMP type, or a Vector Management Plan
prepared with concurrence from the County of San
Diego Department of Environmental Health, may be
required.

INF-2 Bioretention

Typical Maintenance Frequency

¢ Inspect monthly and after every 0.5-inch
or larger storm event. If mosquitos are
observed, increase inspection frequency to
after every 0.1-inch or larger storm event.

e Maintain when needed.

“25% full” is defined as %4 of the depth from the design bottom elevation to the crest of the outflow structure (e.g., if the height to the outflow opening is 12 inches from the bottom

elevation, then the materials must be removed when there is 3 inches of accumulation — this should be marked on the outflow structure).
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INF-3 Permeable Pavement (Pollutant Control)

MS4 Permit Category
Retention

Flow-thru Treatment
Control

Manual Category

Infiltration
Flow-thru Treatment
Control

Applicable Performance
Standard

Pollutant Control

Flow Control

Primary Benefits

Location: Kellogg Park, San Diego, California Volume Reduction
Peak Flow Attenuation

Description

Permeable pavement is pavement that allows for percolation through void spaces in the pavement
surface into subsurface layers. The subsurface layers are designed to provide storage of storm water
runoff so that outflows, primarily via infiltration into subgrade soils or release to the downstream
conveyance system, can be at controlled rates. Varying levels of storm water treatment and flow
control can be provided depending on the size of the permeable pavement system relative to its
drainage area, the underlying infiltration rates, and the configuration of outflow controls. Pollutant
control permeable pavement is designed to receive runoff from a larger tributary area than site design
permeable pavement (see SD-6B). Pollutant control is provided via infiltration, filtration, sorption,

sedimentation, and biodegradation processes.

Typical permeable pavement components include, from top to bottom:

e Permeable surface layer
e Bedding layer for permeable surface
e Aggregate storage layer with optional underdrain(s)

e Optional final filter course layer over uncompacted existing subgrade
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CURB \ :
CLEANOUT -
(OPTIONAL) — b
A A
PLAN
NOT TO SCALE
CLEANOUT PERMEABLE SURFACE LAYER BASED ON
(OPTIONAL) PEDESTRIAN/TRAFFIC NEEDS
BEDDING LAYER
CURB
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MIN. 6" DIAMETER YO MEDIA LAYER (OPTIONAL)
.UNDERDRAIN FILTER COURSE FOR MEDIA
(OPTIONAL) LAYER SEPARATION (OPTIONAL)

[ MIN. 6" AGGREGATE STORAGE
o FILTER COURSE (OPTIONAL)

MIN. 3" AGGREGATE

BELOW UNDERDRAIN
EXISTING

UNCOMPACTED
SOILS

SECTION A-A'

NOT TO SCALE

Typical plan and Section view of a Permeable Pavement BMP

Subcategories of permeable pavement include modular paver units or paver blocks, pervious concrete,
porous asphalt, and turf pavers. These subcategory variations differ in the material used for the
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permeable surface layer but have similar functions and characteristics below this layer.

Design Adaptations for Project Goals

Site design BMP to reduce impervious area and DCYV. See site design option SD-6B.

Full infiltration BMP for storm water pollutant control. Permeable pavement without an
underdrain and without impermeable liners can be used as a pollutant control BMP, designed to
infiltrate runoff from direct rainfall as well as runoff from adjacent areas that are tributary to the
pavement. The system must be designed with an infiltration storage volume (a function of the
aggregate storage volume) equal to the full DCV and able to meet drawdown time limitations.

Partial infiltration BMP with flow-thru treatment for storm water pollutant control. Permeable
pavement can be designed so that a portion of the DCV is infiltrated by providing an underdrain with
infiltration storage below the underdrain invert. The infiltration storage depth should be determined
by the volume that can be reliably infiltrated within drawdown time limitations. Water discharged
through the underdrain is considered flow-thru treatment and is not considered biofiltration
treatment. Storage provided above the underdrain invert is included in the flow-thru treatment

volume.

Flow-thru treatment BMP for storm water pollutant control. The system may be lined and/or
installed over impermeable native soils with an underdrain provided at the bottom to carry away
filtered runoff. Water quality treatment is provided via unit treatment processes other than infiltration.
This configuration is considered to provide flow-thru treatment, not biofiltration treatment.
Significant aggregate storage provided above the underdrain invert can provide detention storage,
which can be controlled via inclusion of an orifice in an outlet structure at the downstream end of the
underdrain. PDPs have the option to add saturated storage to the flow-thru configuration in
order to reduce the DCV that the BMP is required to treat. Saturated storage can be added to this
design by including an upturned elbow installed at the downstream end of the underdrain or via an
internal weir structure designed to maintain a specific water level elevation. The DCV can be reduced
by the amount of saturated storage provided.

Integrated storm water flow control and pollutant control configuration. With any of the above
configurations, the system can be designed to provide flow rate and duration control. This may include
having a deeper aggregate storage layer that allows for significant detention storage above the
underdrain, which can be further controlled via inclusion of an outlet structure at the downstream end
of the underdrain.
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Recommended Siting Criteria

Siting Criteria Intent/Rationale

Placement observes geotechnical
recommendations regarding potential hazards
(e.g., slope stability, landslides, liquefaction
zones) and setbacks (e.g., slopes, foundations,
utilities).

Must not negatively impact existing site
geotechnical concerns.

Selection must be based on infiltration
feasibility criteria.

Full or partial infiltration designs must be
supported by drainage area feasibility
findings.

Permeable pavement is not placed in an area
with significant overhanging trees or other
vegetation.

Leaves and organic debris can clog the
pavement surface.

Minimum depth to groundwater and bedrock
=10 ft.

A minimum separation facilitates
infiltration and lessens the risk of
negative groundwater impacts.

Contributing tributary area includes effective
sediment source control and/or pretreatment
measures such as raised curbed or grass filter
strips.

Sediment can clog the pavement surface.

Direct discharges to permeable pavement are
only from downspouts carrying “clean” roof
runoff that are equipped with filters to remove
gross solids.

Roof runoff typically carries less
sediment than runoff from other
impervious surfaces and is less likely to
clog the pavement surface.

Recommended BMP Component Dimensions

BMP Component Dimension Intent/Rationale
Bedding (e.g., sand, aggregate)

Bedding Layer 1-2 inches (typical) provided to stabilize and level the
surface.

Aggregate Storage = 6 inches A minimum depth of aggregate
provides structural stability for
expected pavement loads.

Underdrain Diameter 2 6 inches Smaller diameter underdrains are

prone to clogging.
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Design Criteria and Considerations

Permeable pavements must meet the following design criteria. Deviations from the below criteria may

be approved at the discretion of the City Engineer if it is determined to be appropriate:

Design Criteria

Intent/Rationale

An impermeable liner or other hydraulic

Lining prevents storm water from
impacting groundwater and/or sensitive
environmental or geotechnical features.

] 'rest'riction layer is in.cluded if site constraints Incidental infiltration, when allowable,
indicate that infiltration should not be allowed. 1
can aid in pollutant removal and
groundwater recharge.
11 1 1 h
Fo.r poTutant contrg permeab © pave@ent, e Higher ratios increase the potential for
ratio of the total drainage area (including the .
O] clogging but may be acceptable for
permeable pavement) to the permeable . .
relatively clean tributary areas.
pavement should not exceed 4:1.
0 Finish grade of the permeable pavement has a  Flatter surfaces facilitate increased runoff

slope = 5%.

capture.

Permeable Surface Layer

Permeable surface layer type is appropriately

Pavement may wear more quickly if not

[0  chosen based on pavement use and expected ~ durable for expected loads or
vehicular loading. frequencies.
Expected demographic and accessibility
needs (e.g., adults, children, seniors,
O Permeable surface layer type is appropriate for  runners, high-heeled shoes, wheelchairs,

expected pedestrian traffic.

strollers, bikes) requires selection of
appropriate surface layer type that will
not impede pedestrian needs.

Bedding Layer for Permeable Surface

Bedding thickness and material is appropriate
for the chosen permeable surface layer type.

Porous asphalt requires a 2- to 4-inch
layer of asphalt and a 1- to 2-inch layer
of choker course (single-sized crushed
aggregate, one-half inch) to stabilize the
surface.

Pervious concrete also requires an
aggregate course of clean gravel or
crushed stone with a minimum amount
of fines.
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Design Criteria

Intent/Rationale

Permeable Interlocking Concrete Paver
requires 1 or 2 inches of sand or No. 8
aggregate to allow for leveling of the
paver blocks.

Similar to Permeable Interlocking
Concrete Paver, plastic grid systems also
require a 1- to 2-inch bedding course of
either gravel or sand.

For Permeable Interlocking Concrete
Paver and plastic grid systems, if sand is
used, a geotextile should be used
between the sand course and the
reservoir media to prevent the sand from
migrating into the stone media.

O

Aggregate used for bedding layer is washed
prior to placement.

Washing aggregate will help eliminate
fines that could clog the permeable
pavement system aggregate storage layer
void spaces or underdrain.

Media Layer (Optional) —used between bedding layer and aggregate storage layer to
provide pollutant treatment control

The pollutant removal performance of the

Media used for BMP design should be
shown via research or testing to be

[ media layer is documented by the applicant. appropriate for expected pollutants of
concern and flow rates.
. . Migration of media can cause clogging of
A filter course is provided to separate the & ossns
O dial p th fe st | the aggregate storage layer void spaces or
media layer from the aggregate storage layer. .
Y 58 ey underdrain.
Gradation relationship between layers
If a filter course is used, calculations assessing  can evaluate factors (e.g., bridging,
] suitability for particle migration prevention permeability, and uniformity) to
have been completed. determine if particle sizing is appropriate
or if an intermediate layer is needed.
Consult permeable pavement manufacturer to  Media must not compromise the
] verify that media layer provides required structural integrity or intended uses of
structural support. the permeable pavement surface.
Aggregate Storage Layer
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Design Criteria

Intent/Rationale

Aggregate used for the aggregate storage layer

Washing aggregate will help eliminate

] s washed and free of fines. fines thz.tt could clog aggregat'e storage
layer void spaces or underdrain.
Minimum layer depth is 6 inches and for
infiltration designs, the maximum depth is A minimum depth of aggregate provides
] determined based on the infiltration storage structural stability for expected pavement

volume that will infiltrate within a 36-hour
drawdown time.

loads.

Underdrain and Outflow Structures

Underdrains and outflow structures, if used,
are accessible for inspection and maintenance.

Maintenance will improve the
performance and extend the life of the
permeable pavement system.

Underdrain outlet elevation should be a

A minimal separation from subgrade or
the liner lessens the risk of fines entering

] minimum of 3 inches above the bottom the underdrain and can improve
elevation of the aggregate storage layer. hydraulic performance by allowing
perforations to remain unblocked.
ler di -
] Minimum underdrain diameter is 6 inches. Smaller .d1ameter underdrains are prone
to clogging.
] - -
Underdrains are made of slotted, PVC pipe isni)tlt:d undeirdrallns }zroivltdztg(rierair
conforming to ASTM D 3034 or equivalent or ake capacity, clog resista o anase,
] and reduced entrance velocity into the

corrugated, HDPE pipe conforming to
AASHTO 252M or equivalent.

pipe, thereby reducing the chances of
solids migration.

Filter Course (Optional)

[l

Filter course is washed and free of fines.

Washing aggregate will help eliminate
fines that could clog subgrade and
impede infiltration.

Conceptual Design and Sizing Approach for Site Design

1.

Determine the areas where permeable pavement can be used in the site design to replace

traditional pavement to reduce the impervious area and DCV. These permeable pavement

areas can be credited toward reducing runoff generated through representation in storm water

calculations as pervious, not impervious, areas but are not credited for storm water pollutant

control. These permeable pavement areas should be designed as self-retaining with the

appropriate tributary area ratio identified in the design criteria.

Calculate the DCV per Appendix B, taking into account reduced runoff from self-retaining

permeable pavement areas.
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Conceptual Design and Sizing Approach for Storm Water Pollutant Control Only

To design permeable pavement for storm water pollutant control only (no flow control required), the

following steps should be taken:

1.

Verity that siting and design criteria have been met, including placement requirements,
maximum finish grade slope, and the recommended tributary area ratio for non-self-retaining
permeable pavement. If infiltration is infeasible, the permeable pavement can be designed as
flow-thru treatment per the sizing worksheet. If infiltration is feasible, calculations should
follow the remaining design steps.

Calculate the DCV per Appendix B based on expected site design runoff for tributary areas.

Use the sizing worksheet to determine if full or partial infiltration of the DCV is achievable
based on the available infiltration storage volume calculated from the permeable pavement
footprint, aggregate storage layer depth, and in-situ soil design infiltration rate for a maximum
36-hour drawdown time. The applicant has an option to use a different drawdown time up to
96 hours if the volume of the facility is adjusted using the percent capture method in Appendix
B.4.2.

Where the DCV cannot be fully infiltrated based on the site or permeable pavement
constraints, an underdrain must be incorporated above the infiltration storage to carry away
runoff that exceeds the infiltration storage capacity.

The remaining DCV to be treated should be calculated for use in sizing downstream BMP(s).

Conceptual Design and Sizing Approach when Storm Water Flow Control is Applicable

Control of flow rates and/or durations will typically require significant aggregate storage volumes, and

therefore the following steps should be taken prior to determination of storm water pollutant control

design. Pre-development and allowable post-project flow rates and durations should be determined as

discussed in Chapter 6 of the manual.

1.

Verify that siting and design criteria have been met, including placement requirements,
maximum finish grade slope, and the recommended tributary area ratio for non-self-retaining
permeable pavement. Design for flow control can be achieving using various design
configurations, but a flow-thru treatment design will typically require a greater aggregate
storage layer volume than designs which allow for full or partial infiltration of the DCV.

Iteratively determine the area and aggregate storage layer depth required to provide infiltration
and/or detention storage to reduce flow rates and durations to allowable limits. Flow rates
and durations can be controlled from detention storage by altering outlet structure orifice
size(s) and/or water control levels. Multi-level orifices can be used within an outlet structure
to control the full range of flows.

If the permeable pavement system cannot fully provide the flow rate and duration control
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required by this manual, a downstream structure with sufficient storage volume such as an
underground vault can be used to provide remaining controls.

4. After permeable pavement has been designed to meet flow control requirements, calculations
must be completed to verify if storm water pollutant control requirements to treat the DCV
have been met.

Maintenance Overview

Normal Expected Maintenance. Routine maintenance of permeable pavement includes: removal
of materials such as trash and debris accumulated on the paving surface; vacuuming of the paving
surface to prevent clogging; and flushing paving and subsurface gravel to remove fine sediment. If the
BMP includes underdrains and/or an outflow control structure, check and clear these features.

Non-Standard Maintenance or BMP Failure. If the permeable pavement area is not drained
between storm events, or if runoff sheet flows across the permeable pavement area and flows off the
permeable pavement area during storm events, the BMP is not performing as intended to protect
downstream waterways from pollution and/or erosion. During storm events up to the 85th percentile
storm event (approximately 0.5 to 1 inch of rainfall in San Diego County), runoff should not flow off
the permeable pavement area. The permeable pavement area is expected to have adequate hydraulic
conductivity and storage such that rainfall landing on the permeable pavement and runoff from the
surrounding drainage area will go directly into the pavement without ponding or overflow (in properly
designed systems, the surrounding drainage area is not more than half as large as the permeable
pavement area). Following the storm event, there should be no standing water (puddles) on the

permeable pavement area.

If storm water is flowing off the permeable pavement during a storm event, or if there is standing
water on the permeable pavement surface following a storm event, this is an indicator of clogging
somewhere within the system. Poor drainage can result from clogging of the permeable surface layer,
any of the subsurface components, or the subgrade soils. The specific cause of the drainage issue must
be determined and corrected. Surface or subsurface ponding longer than approximately 96 hours
following a storm event poses a risk of vector (mosquito) breeding. Corrective maintenance, increased
inspection and maintenance, BMP replacement, or a different BMP type will be required. If poor
drainage persists after flushing of the paving, subsurface gravel, and/or underdrain(s) when applicable,
ot if it is determined that the underlying soils do not have the infiltration capacity expected, the City
Engineer shall be contacted prior to any additional repairs or reconstruction.

Other Special Considerations. The runoff storage and infiltration surface area in this BMP are not
readily accessible because they are subsurface. This means that clogging and poor drainage are not
easily corrected. If the tributary area draining to the BMP includes unpaved areas, the sediment load
from the tributary drainage area can be too high, reducing BMP function or clogging the BMP. All
unpaved areas within the tributary drainage area should be stabilized with vegetation. Other
pretreatment components to prevent transport of sediment to the paving surface, such as grass buffer
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strips, will extend the life of the subsurface components and infiltration surface. Along with proper
stabilization measures and pretreatment within the tributary area, routine maintenance, including

preventive vacuum/regenerative air street sweeping, is key to preventing clogging.
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Summary of Standard Inspection and Maintenance

The property owner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unless
responsibility has been formally transferred to an agency, community facilities district, homeowners association, property owners association,
or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maintenance needs ate site-specific, and maintenance may
be required more frequently. Maintenance must be performed whenever needed, based on maintenance indicators presented in this table.
The BMP owner is responsible for conducting regular inspections to see when maintenance is needed based on the maintenance indicators.
During the first year of operation of a structural BMP, inspection is recommended at least once prior to August 31 and then monthly from
September through May. Inspection during a storm event is also recommended. After the initial period of frequent inspections, the minimum
inspection and maintenance frequency can be determined based on the results of the first year inspections.

Threshold/Indicator

Preventive vacuum/regenerative air street

Maintenance Action

Typical Maintenance Frequency

Pavement should be swept with a vacuum e Schedule/perform this preventive action at

sweeping power or regenerative air street sweeper to least twice per year.

maintain infiltration through paving surface

Accumulation of sediment, litter, or debris

on permeable pavement surface

Remove and properly dispose of
accumulated materials. Inspect tributary area
for exposed soil or other sources of
sediment and apply stabilization measures to
sediment source areas. Apply source control

measures as applicable to sources of litter or
debris.

e Inspect monthly and after every 0.5-inch
or larger storm event.

® Remove any accumulated materials found
at each inspection.
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Maintenance Action

Weeds growing on/through the permeable
pavement surface

Remove weeds and add features as
necessary to prevent weed intrusion. Use
non-chemical methods (e.g., instead of
pesticides, control weeds using mechanical
removal, physical bartiers, and/or physical
changes in the surrounding area adjacent to
pavement that will preclude weed intrusion
into the pavement).

Typical Maintenance Frequency

¢ Inspect monthly.

e Remove any weeds found at each
inspection.

Standing water in permeable paving area or
subsurface infiltration gallery for longer than
24-96 hours following a storm event

This condition requires investigation of why
infiltration is not occurring. If feasible,
corrective action shall be taken to restore
infiltration (e.g., pavement should be swept
with a vacuum power or regenerative air
street sweeper to restore infiltration rates,

clear underdrains if underdrains are present).

BMP may require retrofit if infiltration
cannot be restored. The City Engineer shall
be contacted prior to any repairs or
reconstruction.

e Inspect monthly and after every 0.5-inch
or larger storm event. If standing water is
observed, increase inspection frequency to
after every 0.1-inch or larger storm event.

e Maintain when needed.
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Maintenance Action

Presence of mosquitos/larvae

For images of egg rafts, larva, pupa, and adult
mosquitos, see
http://www.mosquito.org/biology

If mosquitos/larvae are observed: first,
immediately remove any standing water by
dispersing to nearby landscaping; second,
make corrective measures as applicable to
restore BMP drainage to prevent standing
water.

If mosquitos persist following corrective
measures to remove standing water, or if the
BMP design does not meet the 96-hour
drawdown criteria because the underlying
native soils have been compacted or do not
have the infiltration capacity expected, the
City Engineer shall be contacted to determine
a solution. A different BMP type, or a Vector
Plan with
concurrence from the County of San Diego

Management

prepared

Department of Environmental Health, may
be required.

Typical Maintenance Frequency

e Inspect monthly and after every 0.5-inch or
larger storm event. If mosquitos are
observed, increase inspection frequency to
after every 0.1-inch or larger storm event.

e Maintain when needed.

Obstructed underdrain ot outlet structure
(when the BMP includes outflow control
structure for runoff released from subsurface
storage via underdrain(s))

Clear blockage.

e Inspect if standing water is observed for
longer than 24-96 hours following a storm
event.

e Maintain when needed.

of
subsurface infiltration gallery such as weirs or

Damage to structural components

outlet structures

Repair or replace as applicable.

e [nspect annually.
¢ Maintain when needed.
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INF-3 Permeable Pavement (Pollutant Control)

Threshold/Indicator Maintenance Action Typical Maintenance Frequency

Damage to permeable paving surface (e.g., | Repair or replace damaged surface as e Inspect annually.
cracks, settlement, misaligned paver blocks, | appropriate. e Maintain when needed.
void spaces between paver blocks need fill

materials replenished)
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INF-4 Dry Wells

| Stormwater | MS4 Permit Category
Retention

BMP Manual Category

Dry well | Infiltration

Applicable Performance

- [T Standard
Pollutant Control
Flow Control
Water Table ‘ Primary Benefits

Volume Reduction
Source: Cal/EPA Fact Sheet on Dry Wells

Description

A dry well typically consists of a gravity-fed pit, deeper than it is long or wide, lined with perforated
casing and often backfilled with gravel or stone. Dry wells penetrate layers of poorly infiltrating soils,
such as clays, allowing infiltration into deeper permeable layers. Dry wells reduce storm water runoff
while increasing groundwater recharge. Dry wells require pretreatment. Pretreatment effectiveness is
contingent upon proper maintenance pretreatment devices.

Criteria for Use of a Dry Well as an Infiltration BMP

A dry well may be acceptable as an “infiltration BMP” if it meets ALL the following criteria:

e The BMP meets the minimum geotechnical and groundwater investigation requirements listed
in Appendix C; and

e The BMP is evaluated by approved infiltration rate assessment methods presented in
Appendix Dj; and

e Implements an appropriate pretreatment BMP (refer to Appendix B.6.2 for selection); and

e Dry wells serving lots other than single-family homes are registered with the US EPA
(additional information and registration forms can be found at: https://www.epa.gov/uic).
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PR-1 Biofiltration with Partial Retention

MS4 Permit Category
NA

Manual Category
Partial Retention

Applicable Performance
Standard

Pollutant Control
Flow Control

Primary Benefits
Volume Reduction
Treatment

Peak Flow Attenuation

Location: 805 and Bonita Road, Chula Vista, CA.

Description

Biofiltration with partial retention (partial infiltration and biofiltration) facilities are vegetated surface
water systems that filter water through vegetation, and soil or engineered media prior to infiltrating
into native soils, discharge via underdrain, or overflow to the downstream conveyance system. Where
feasible, these BMPs have an elevated underdrain discharge point that creates storage capacity in the
aggregate storage layer. Biofiltration with partial retention facilities are commonly incorporated into
the site within parking lot landscaping, along roadsides, and in open spaces. They can be constructed
in ground or partially aboveground, such as planter boxes with open bottoms to allow infiltration.
Treatment is achieved through filtration, sedimentation, sorption, infiltration, biochemical processes
and plant uptake.

Typical biofiltration with partial retention components include:

e Inflow distribution mechanisms (e.g, perimeter flow spreader or filter strips)

e Energy dissipation mechanism for concentrated inflows (e.g., splash blocks or riprap)

e Shallow surface ponding for captured flows

e Side Slope and basin bottom vegetation selected based on climate and ponding depth

e Non-floating mulch layer (Optional)

e Media layer (planting mix or engineered media) capable of supporting vegetation growth

e Tilter course layer consisting of aggregate to prevent the migration of fines into uncompacted
native soils or the optional aggregate storage layer

e Aggregate storage layer with underdrain(s)
e Uncompacted native soils at the bottom of the facility

e Overflow structure
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PR-1 Biofiltration with Partial Retention
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Typical plan and Section view of a Biofiltration with Partial Retention BMP

Design Adaptations for Project Goals

Partial infiltration BMP with biofiltration treatment for storm water pollutant control.
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PR-1 Biofiltration with Partial Retention

Biofiltration with partial retention can be designed so that a portion of the DCV is infiltrated by

providing infiltration storage below the underdrain invert. The infiltration storage depth should be

determined by the volume that can be reliably infiltrated within drawdown time limitations. Water

discharged through the underdrain is considered biofiltration treatment. Storage provided above the

underdrain within surface ponding, media, and aggregate storage is included in the biofiltration

treatment volume.

Integrated storm water flow control and pollutant control configuration. The system can be

designed to provide flow rate and duration control by primarily providing increased surface ponding

and/or having a deeper aggregate storage layer. This will allow for significant detention storage, which

can be controlled via inclusion of an orifice in an outlet structure at the downstream end of the

underdrain.

Recommended Siting Criteria

Siting Criteria

Intent/Rationale

Placement observes geotechnical
recommendations regarding potential

] hazards (e.g., slope stability, landslides,
liquefaction zones) and setbacks (e.g.,
slopes, foundations, utilities).

Must not negatively impact existing site
geotechnical concerns.

Selection and design of basin is based
on infiltration feasibility criteria and
appropriate design infiltration rate (See

Appendix C and D).

Must operate as a partial infiltration design and
must be supported by drainage area and in-situ
infiltration rate feasibility findings.

Contributing tributary area shall be < 5
acres (= 1 acre preferred).

Bigger BMPs require additional design features
for proper performance.

Contributing tributary area greater than 5 acres
may be allowed at the discretion of the [City
Engineer} if the following conditions are met:
1) incorporate design features (e.g. flow
spreaders) to minimizing short circuiting of
flows in the BMP and 2) incorporate
additional design features requested by the
City Engineer for proper performance of the
regional BMP.

] Finish grade of the facility is < 2%.

Flatter surfaces reduce erosion and
channelization within the facility.
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PR-1 Biofiltration with Partial Retention

Recommended BMP Component Dimensions

BMP Component Dimension Intent/Rationale

Freeboard provides room for head
) over overflow structures and
Freeboard > 2 inches L. i
minimizes risk of uncontrolled

surface discharge.

Surface ponding capacity lowers
subsurface storage requirements.
Deep surface ponding raises safety
concerns.

Surface ponding depth greater than
12 inches (for additional pollutant
control or surface outlet structures
or flow-control orifices) may be
allowed at the discretion of the City

Surface Ponding = 6 and < 12 inches Engineer