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Appendix A: Submittal Templates

The following templates were developed to assist the project applicant and the plan reviewer:

A1 Storm Water Requirements Applicability Checklist
(Intake Form)

All projects must complete the Storm Water Requirements Applicaiblity Checklist (Intake Form). The
purpose of this checklist is to establish the storm water requirements applicable to the project. A copy
of this Intake Form checklist can be downloaded from:

https:/ /www.chulavistaca.gov/departments/public-works /services /storm-water-pollution-
prevention/documents-and-reports

A.2 Standard SWQMP Template

The Standard and PDP Exempt Project SWQMP is a compilation of checklists that document that all
permanent source control and site design BMPs have been considered for the project and
implemented where feasible. All applicable features shall be shown on site plans and landscaping plans.

The following Standard SWQMP template was developed to assist the Projects applicants and the
plan reviewer. The following information must be included in the Standard Projects SWQMP
submittal

- Certification Page

- Form I-4A: Source Control BMP Checklist for Standard Projects

- Form I-5A: Site Design BMP Checklist for Standard Projects

- Site Plan Attachment
A copy of the Standard SWQMP forms can be downloaded from:

https:/ /www.chulavistaca.gov/departments/public-works /services /storm-water-pollution-
prevention/documents-and-reports

Note that additional information may be required at the discretion of the City based on the nature of
the project but as a minimum the information listed above will be required.
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PDP SWQMP Template

The PDP SWQMP template was developed to assist the Project applicants and the plan reviewer. A
copy of the PDP SWQMP template can be downloaded from:

https:/ /www.chulavistaca.gov/departments /public-works /services /storm-water-pollution-

prevention/documents-and-reports

The PDP applicant is required to submit an electronic and hard copy of the PDP SWQMP for review.
Latest edition of the forms, worksheets and templates from the City website must be used in the
submittal.

The following minimum information must be included in the PDP submittal:

Certification Page, stamped and signed (wet signature) by Engineer in Responsible Charge
Submittal Record

Project Vicinity Map, including project area, adjacent street and nearby hydrologic features
Intake Form: Storm Water Applicability Checklist, sighed by Owner or Agent

HMP Exemption Exhibit (for all hydromodification management exempt projects),
including project area, applicable underground storm drain line and/or concrete lined
channels, outfall information (with drawing numbers referenced) and exempt waterbody.
Minimum 11 x 17 sheet.

FORM I-3B: Site Information Checklist for PDPs
FORM I-4: Source Control BMP Checklist for all Development Projects

FORM I-5: Site Design BMP Checklist for all Development Projects including Attachment 1
(where All proposed Source & Site Control BMPs are shown on the “Project Site Plan”).

FORM I-6: Summary of PDP Structural BMPs (one sheet per BMP)

ATTACMENT 1: Backup for PDP Pollutant Control BMPs
o Attachment 1A: DMA Exhibit including the following information
- Underlying hydrologic soil group
- Approximate depth to groundwater
- Existing natural hydrologic features (watercourses, seeps, springs, wetlands)
- Critical coarse sediment yield areas to be protected
- Existing topography and impervious areas
- Existing and proposed site drainage network and connections to drainage
offsite
- Proposed grading
- Proposed impervious features

- Proposed design features and surface treatments used to minimize
imperviousness
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Drainage 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), impervious area created/replaced (ft* or acres)

Potential pollutant source areas and corresponding required source controls
(see Chapter 4, Appendix E.1, and Form I-3B)

Structural BMPs (identify location, type of BMP, cross-section and size/detail)

o Attachment 1B: Tabular Summary of DMAs (Worksheet B-1 from Appendix B) and
Design Capture Volume Calculations

o Attachment 1C: FORM I-7 Harvest and Use Feasibility Screening

o Attachment 1D: Infiltration Feasibility Information (one or more of the following):

Infiltration Feasibility Condition Letter

FORM I-8A: Worksheet C.4-1 Categorization of Infiltration Feasibility
Condition based on Geotechnical Conditions

Form I-8B: Worksheet C.4-2 Categorization of Infiltration Feasibility
Condition based on Groundwater and Water Balance Conditions

Worksheet C.4-3: Infiltration and Groundwater Protection for Full
Infiltration BMPs

FORM I-9: Worksheet D.5-1 Factor of Safety and Design Infiltration Rate
Worksheet for Full Infiltration Designs

o Attachment 1E: Pollutant Control BMP Design Worksheets / Calculations for each
DMA and Structural BMP Worksheets from Appendix B, as applicable.

e Attachment 2: Backup for PDP Hydromodification Control Measures

o Attachment 2A: Hydromodification Management Exhibit including the following
information

Underlying hydrologic soil group

Approximate depth to groundwater

Existing natural hydrologic features (watercourses, seeps, springs, wetlands)
Critical coarse sediment yield areas to be protected

Existing topography

Existing and proposed site drainage network and connections to drainage
offsite

Proposed grading

Proposed impervious features

Proposed design features and surface treatments used to minimize
imperviousness

Point(s) of Compliance (POC) for Hydromodification Management, with a
POC at each point of discharge
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- Existing and proposed drainage boundary and drainage area to each POC
(when necessary, create separate exhibits for pre-development and post-
project conditions)

- Structural BMPs for hydromodification management (identify location, type
of BMP, cross-section and size/detail)

o Attachment 2B: Management of Critical Coarse Sediment Yield Areas (CCSYA); See
Section 6.2. Must provide a map showing that the project site is outside the CCSYA.

o Attachment 2C: Geomorphic Assessment of Receiving Channels (Optional); See
Section 6.3.4

o Attachment 2D: Flow Control Facility Design; Overflow Design Summary for each
structural BMP. See Chapter 6 and Appendix G.

ATTACHMENT 3: Structural BMP Maintenance Plan (Refer to Section A.4)

ATTACHMENT 4: Copy of Plan Sheets Showing Permanent Storm Water BMPs, must
meet the requirements in Section 8.2.4 in Chapter 8 of this Manual.

ATTACHMENT 5: Project’s Drainage Report

ATTACHMENT 6: Project’s Geotechnical and Groundwater Investigation Report,
must satisfy the requirements in Appendix C.3.

Storm Water Management Facilities Maintenance
Agreement with Grant of Access and Covenant’s
Template

Storm Water Management Facilities Maintenance Agreement with Grant of Access and Covenant’s
(“Maintenance Agreement”) Template can be found at the following link (also refer to Chapter 8.2.1
for more information’s):

https://www.chulavistaca.gov/departments/public-works/services/storm-water-pollution-
prevention/documents-and-reports/CCV BMP Design Manual March 2019 Update/
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Appendix B: Storm Water Pollutant Control
Hydrologic Calculations and Sizing Methods

Table of Contents:

B.1.
B.2.
B.3.
B.4.
B.5.
B.o.

DCV

Adjustments to Account for Site Design BMPs
Harvest and Use BMPs

Infiltration BMPs

Biofiltration BMPs

Flow-Thru Treatment Control BMPs (for use with Alternative Compliance)

Sizing worksheets in this Appendix are not intended to be used independently from
the overall manual — rather they are intended to be used only as referenced in the

manual.

All PDP SWQMPs must include a completed Worksheet B-1and other

completed sizing worksheets from Appendix B, as applicable.
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Appendix B:
Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

Worksheet B-1: Tabular Summary of DMAs

Tabular Summary of DMAs Worksheet B-1

DMA Unique Area Impervious % Imp HSG Area Weighted DCV Treated by Pollutant Drains to
Identifier (acres) Area Runoff (Cubic (BMP ID) Control Type | (POC ID)
(acres) Coefficient feet)

ary of DMA Information (Must match Project description and SWQMP narrative)

No. of DMAs | Total DMA Total % Impervious Area Weighted DCV Total Area No. of
Area Impervious Runoff (Cubic Treated (acres) POCs
(acres) Area Coefficient feet)
(acres)
Where: DMA = Drainage Management Area  Imp = Imperviousness ID = identifier
HSG = Hydrologic Soil Group DCV= Design Capture Volume No. = Number
BMP = Best Management Practice POC = Point of Compliance
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Appendix B:
Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

B.1 DCV

DCV is defined as the volume of storm water runoff resulting from the 85th percentile, 24-hr storm
event. The following hydrologic method shall be used to calculate the DCV

Equation B.1-1: Hydrologic Method for DCV

DCV =CxdxAx43,560 sf/acx1/12 in/ft
DCV =3,630xCxdxA

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.

DCV calculations shall be documented using Worksheet B.2-1 (or equivalent).

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:

Equation B.1-2: Estimating Runoff Factor for Are

_ 2G4,
Y4,

C

Where:
Cx = Runoff factor for area X

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

Table B.1-1: Runoff factors for surfaces 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

Natural (B Soil) 0.14

Natural (C Soil) 0.23

Natural (D Soil) 0.30

1. Surface is considered impervious and could benefit from use of Site Design BMPs and adjustment
of the runoff factor per Section B.2.1.
2. Surface shall be designed in accordance with SD-F (Amended soils) fact sheet in Appendix E

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:

Equation B.1-3: Hydrologic Method

Whetre:

Q =
C=
i = Rainfall intensity of 0.2 in/hr

Q=CxixA

Diversion flow rate in cubic feet per second

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

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

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 statf 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.

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:
Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

San Diego County
85 th Percentile Isopluvials

Figure B.1-1: 85th Percentile 24-hour Isopluvial Map
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Appendix B:
Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

B.2 Adjustments to Account for Site Design BMPs

This section provides methods to adjust the DCV (for sizing pollutant control BMPs) as a result of
implementing site design 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). In order to adjust the runoff factor, the pervious area shall have a minimum width of
10 feet and a maximum slope of 5% (exemption to this minimum width criterion is allowed when the
contributing flow path length of the impervious area /pervious atea width < 2). 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

Pervious area Ratio = Impervious 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 from Table B.2-1 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. Appendix B.5 has
adjustment factors for scenarios when the impervious to pervious area ratio is greater than 4

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-5 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 acte impetvious area/ 0.4 acre petvious 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.

¢ 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 when the green roof
receives runon from other areas within the project footprint (i.e., multi-level or partial green roof).

If a DMA only contains a green roof that is designed in accordance with SD-0A fact sheet, then it can
be considered as a self-retaining DMA that meets the storm water pollutant control obligations and
no additional DCV calculations are necessary for this DMA.
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Appendix B:
Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

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 85th 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. The slope of the permeable pavements
designed as site BMPs must be less than or equal to 5%.

Permeable Pavement can also be designed as a structural BMP to treat run on from adjacent areas.
Refer to INF-3 factsheet and Appendix E 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:

e SD-A: Trees
e SD-E Rain barrels

B.2.2.1 Trees

Applicants are allowed to take credit for installing new trees using Table B.2-2 or Equation B.2-1 as
applicable, when trees are implemented in accordance with SD-A fact sheet and meet the following
criteria:

e Total tree credit volume is less than or equal to 0.25DCV of the project footprint and
e Single tree credit volume is less than or equal to 400 £t3

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. These credit calculations are based on an
assumption that each tree and associated trench or box is considered a single BMP, with calculations
based on the media storage volume and contributing area.

Table B.2-2 was developed assuming that the entire tributary area is impervious (use Equation B.2-1
if there are different types of surfaces in the contributing area) and an 85th percentile 24-hour rainfall
depth of 0.5 inches. The procedure for estimating the tree credit volume using Table B.2-2:

e Delineate the tributary area to the tree and use this tributary area to determine the tree credit
volume using Table B.2-2. Use linear interpolation if the tributary area is in between the areas
listed in Table B.2-2. When the contributing area is greater than 10,667 ft2 this simplified
method is not allowed.

e Using the amount of soil volume installed to determine the credit using Table B.2-2. Use linear
interpolation if the soil volume is in between the values listed in Table B.2-2. When the soil
volume is greater than 1,333 {t3 this simplified method is not allowed.

e Use the smaller tree credit volume of the two estimates.
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Appendix B:
Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

Table B.2-2: Allowable Reduction in DCV

Tree Credit Volume Contributing Area Soil Volume
(f/tree)’ (e (f6)
10 267 33
50 1,333 167
100 2,667 333
150 4,000 500
200 5,333 667
300 8,000 1,000
400 10,667 1,333

Note: 'If an underdrain installed only 1/3td of the tree credit volume shown in Table B.2-2 is allowed.

Applicant can also estimate the tree credit volume using Equation B.2-1.

Equation B.2-1: Tree Credit Volume

TCV = Minimum (S1 x 0.3, 3,630 x d x C x A); With no underdrains installed

TCV = Minimum (SV" x 0.1, 3,630 x d x C x A); When an underdrains installed
Where

TCV = Tree credit volume (ft’), maximum of 400 ft’ for one tree & not more than 0.25*DCV
from the project footprint for all trees proposed as site design BMPs

SV = Soil volume installed with the tree (ft3)
d = 85th percentile 24-hr storm depth (inches) from Figure B.1-1
= Area weighted runoff factor (calculate using Appendix B.1.1 and B.2.1)

A = Area tributary to the tree (acres)

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 Tandscape 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 Appendix E.
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Appendix B:

Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

Wortksheet B.2-1 DCV

Design Capture Volume Worksheet B.2-1

1 | 85th percentile 24-hr storm depth from Figure B.1-1 d= inches
2 | Area tributary to BMP (s) A= acres
3 Area weighted runoff factor (estimate using Appendix B.1.1 and C= unitless
B.2.1)
Tree well volume
4 | Note: In the SWQMP list the number of trees, size of each tree, TCV= cubic-feet
amount of soil volume installed for each tree, contributing area
to each tree and the inlet opening dimension for each tree.
Rain barrels Credit volume
5 | Note: In the SWQMP list the number of rain bartels, size of each | RCV= cubic-feet
rain barrel and the use of the captured storm water runoff.
6 | Calculate DCV = (3630 x Cxd x A) — TCV - RCV DCV= cubic-feet
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Appendix B:
Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

B.3 Harvest and Use BMPs

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

Form I-7: 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

[ Landscape irrigation

[ 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 ittrigation 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?

If /  No = ES /  No = Sﬁs
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% of average annual
(long term) runoff volume performance standard.

BMP Design Manual-Appendices B-13 .\\\Vg,
March 2019 Update C—

CITY OF
CHULAVISTA



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

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.

¢ 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 TFor 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
Land Use TOﬂeF User Day Visitor Wa.ter per
Unit of . . s Efficiency Resident
Type . . Toilet Urinals Factor
Normalization . Factor or
Flushing?,? 3
Employee
Residential Resident 18.5 NA NA 0.5 9.3
Employee 7
Office 9.0 2.27 1.1 0.5
(non-visitor) (avg)
Employee 7
Retail 9.0 2.11 1.4 0.5
(non-visitor) (avg)
Employee
Schools 6.7 3.5 6.4 0.5 33
(non-student)
Various _
: mployee
Industrial Uses ploy 9.0 5 1 0.5 55
(excludes (non-visitor)

process water)

! Based on American Waterworks Association Research Foundation,1999. Residential End Uses of Water.
Denver, CO: AWWARF

2Based 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)

3Based 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.
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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
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.

Equation B.3-1is used to calculate the Modified Estimated Total Water Usage:
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Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

Equation B.3-1 Modified Estimated Total Water Usage

Where:

ETO\W et

PF
HA

2(PF x

1E
SLA

Modified ETWU

Modified ETWU = ETowe X [[2(PF x HA)/IE] + SLA] x 0.015

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

= DPlant Factor

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

plants with similar water needs.

HA)

different landscaping zones).

= Irrigation Efficiency (assume 90 percent for demand calculations)

= Special Landscape Area (sq-ft); Areas used for active and passive
recreation areas, areas solely dedicated to the production of fruits and

Estimated daily average water usage during wet season

The sum of PF x HA for each individual Hydrozone (accounts for

vegetables, and areas irrigated with reclaimed water

Note: 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)

Table B.3-2: Planning Level Plant Factor Recommendations

Plant Water Use Plant Factor Also Includes
Low <01-02 Artificial Turf
Moderate 0.3 -0.7
High 0.8 and greater Water features
Special Landscape Area 1.0

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.
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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
Special Landscape Area 2,640

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
Form I-7: 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 and the remaining DCV must be mitigated using
other BMPs.
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Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

B.4 Infiltration BMPs

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.

B.4.1 Simple Method
Stepwise Instructions:

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

3. 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.
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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 (Worksheet D.5-1) Kdesign= in/hr
3 | Available BMP surface area ABMP= sq-ft
4 é;fér\a;%z (;glf\i%ive depth in the BMP footprint Dave= feet
5 | Drawdown time, T' (Davg *12/Kdesign) T= hours

6 | Provide alternative calculation of drawdown time, if needed.

7 | 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:

1. 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).

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.

3. 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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Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

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
(Form I-9: 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.

2. 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.

3. Calculate the DCV using Worksheet B.2-1.
4. 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 performance 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.
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Example B.4.2.1 Percent Capture Method for Sizing a Single BMP:

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

Given:

e Estimated 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

AN

Fraction of DCV required = 1.35
DCV = 3000 ft’ (Given for this example; To be estimated using Worksheet B.2-1)
Required BMP volume = 1.35 x 3000 = 4050 ft’

Design BMP and confirm drawdown Time is < 90 Hours (72 Hours +25%)

Graphical Operations Supporting Solution:

100%
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80% -

e
3
:i. 70% -
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S 60% - Time
2
g 50% - e Hour
g w12 Hour
c
2 4“ t 24 Hour
Qo 36 Hour
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Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

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 X1.

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 X2.

Subtract X2 (Step 3) from X1 (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.

Multiply the result of Step 4 by the DCV. This is the required downstream 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 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.
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Example B.4.2.2 Percent Capture Method for Sizing BMPs in Series:

Estimated drawdown time for downstream BMP: 72 Hours
DCYV for the area draining to the BMP: 3000 £t3

Upstream BMP volume: 900 ft3

Upstream BMP drawdown time: 24 Hours

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

6.

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 (X2) = 0.50 (See Graph)

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

DCV (given) = 3000 ft3 ; Required downstream BMP volume = 3000 ft3 x 0.85 = 2,550
ft3

Design BMP and confirm drawdown Time is < 90 Hours (72 Hours +25%)

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
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 LLake 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 85th 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
within the City.
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B.5 Biofiltration BMPs

Biofiltration BMPs shall be sized by 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
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” based on area of amended media,
| wetted area at mid-ponding depth; excluding upper
L- side slopes and buffers

Surface Ponding

. Retained pore storage
. =FC-WP

Freely drained pore

storage = porosity - FC

Sump storage = porosity of
stone 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.
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The numeric sizing criteria in this appendix are subdivided into:
o Appendix B.5.1: Standard’ biofiltration BMP sizing; and
o 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
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:

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

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/hr., 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 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 required performance standards for different biofiltration BMPs are summarized in Table B.5-
1.

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

2 Non-Standard biofiltration BMPs have a media filtration rate equal to ot smaller than 5 in/hr. and a media sutface 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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Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods
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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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Appendix B:
Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

Table B.5-1. Summary of Biofiltration Performance Standards

Infiltration Feasibility

Condition

Performance Standard

Partial Infiltration

Condition

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

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

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.).

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
using Worksheet B.5-3 (to estimate retention from the BMP) and/or
Wortksheet 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.).

No Infiltration
Condition

(Based on Infiltration
Feasibility Condition
Letter and/or

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

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

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:
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Infiltration Feasibility

Condition

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

Performance Standard

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]

e DMA has a combined BMP footprint and landscaped area (that

meet the criteria in SD-B and SD-F factsheet) of 3% 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]

e 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.

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:

e DMA has a combined BMP footprint and landscaped area (that
meet the criteria in SD-B and SD-F factsheet) of 3% 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]

e 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 I-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

Reliable Infiltration Rate (in/hr) Minimum Aggregate Storage Thickness
(inches) below the underdrain invert
> 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:

o Reliable infiltration rate for NRCS Type D soils = 0.05 in/hr.
o Reliable infiltration rate for NRCS Type Csoils = 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:

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

o Provided BMP Footprint;

o Reliable Infiltration rate;

o Provided aggregate storage thickness below the underdrain invert;
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o Documentation that shows the BMP meets the requirements in PR-1 fact sheet

(Appendix E.17); and

o Completed Worksheet B.5-1 if the BMP is the outlet controlled. Worksheet

B.5-1is 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;

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

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:

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

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

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).
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Non-Standard and Compact Biofiltration BMP Sizing

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

©)

©)
@)
@)

@)
©)

Notes:
1.

2.

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.

e 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

surface

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
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.
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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

are (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/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-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 captute volume [Line 1 x Line 2 x (Line 3/12)] cu. ft.
BMP Parameter
5 | Surface ponding [6 inch minimum, 12 inch maximum]| inches
6 Media thickness [18 inches minimum], also add mulch layer and inches
washed ASTM 33 fine aggregate sand thickness to this line for sizing calculations
Aggregate storage (also add ASTM No 8 stone) above underdrain invert(12 inches .
7 ; : . . . inches
typical) — use 0 inches if the aggregate is not over the entire bottom 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 5in/ht. with no
1 outlet control; if the filtration rate is controlled by the outlet use the outlet-controlled in/hr
rate (includes infiltration into the soil and flow rate through the outlet structure) '
which will be less than 5 in/hr.)
Baseline Calculations
12 | Allowable routing time for sizing 6 hours
13 | Depth filtered during storm [ Line 11 x Line 12] inches
14 Depth of Detention Storage inch
[Line 5 + (Line 6 x Line 9) + (Line 7 x Line 10) + (Line 8 x Line 10)] cnes
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. [ 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

Sizing Method for Volume Retention Criteria Worksheet B.5-2

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.
Volume Retention Requirement
Measured infiltration rate in the DMA
Note:
When mapped hydrologic soil groups are used enter 0.10 for NRCS Type D
5 | soils and for NRCS Type C soils enter 0.30 in/ht.
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
6 | Factor of safety
7 | Reliable infiltration rate, for biofiltration BMP sizing [Line 5/ Line 0] in/ht.
Average annual volume reduction target (Figure B.5-2)
8 | 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 (Figure B.5-3)
9 When Line 8 > 8% =
0.0000013 x Line 83 - 0.000057 x Line 8% + 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

withPartial Retention BMPsVolume Retention from Worksheet B.5-3
Biofiltration with Partial Retention BMPs
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 captute volume [Line 1 x Line 2 x (Line 3/12)] cu. ft.
BMP Parameters
5 | Footprint of the BMP sq. ft.
6 Media thickness [18 inches minirpum], also add .rnulch lgyfar and wasbed inches
ASTM 33 fine aggregate sand thickness to this line for sizing calculations
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 if the aggregate is not over the entire bottom surface area inches
9 | Porosity of aggregate storage 0.4 in/in
Measured infiltration rate in the DMA
10 Note: When mapped hydrologic soil groups are used enter 0.10 for NRCS in/hr.
Type D soils and for NRCS Type C soils enter 0.30
11 | Factor of safety 2
12 | Reliable infiltration rate, for biofiltration BMP sizing [Line 10/ Line 11] in/hr.
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]
16 Evapotranspiration average annual capture [use ET Nomographs in Figure o
B.5-5, Refer to Appendix B.5.4]
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 o,
[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
Volume retention achieved by biofiltration BMP
24 . . cu. ft.
[Line 23 x Line 4]
BMP Design Manual-Appendices B-40 \S\Vg,
March 2019 Update e

CITY OF
CHULAVISTA



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

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.

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

o Selecta “load to clog” that is representative of the type of BMP proposed

o Select a target life span (i.e., frequency of major maintenance) that is
acceptable to the City

o Engineer. A default value of 10 years is recommended.

o Compile information about the DMA from other parts of the SWQMP
development process.

o Determine the event mean concentration (EMC) of TSS that is appropriate
for the DMA

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

Table B.5-3: Typical land use total suspended solids (TSS) event
mean concentration (EMC) values.

Land Use TSS EMCY, mg/L

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

4 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)

BMP Configuration Load to Clog, L.,

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
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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-

Standard Biofiltration votialnnst He

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 (T1) (default value is 10) years
Volume Weighted EMC Calculation
Fraction of TSS EMC
Land Use Total DCV ) 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.”
Average Annual Precipitation [Provide documentation of the data source in )
7 . . o 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 Calculate the Average Annual TSS Load Ib/yr
(Line 8 x 62.4 x Line 5 x (1 — Line 6))/106 ¥
10 | Calculate the BMP Footprint Needed (Line 9 x Line 4)/Line 3 sq. ft.
1 Calculate the Minimum Footprint Sizing Factor for Clogging
[ Line 10/ (Line 1 x Line 2)]
Discussion:
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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 1-10.

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 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.
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(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 criterion 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

Drawdown Storage requirement (below the overflow elevation, or
Time (hours) below outlet 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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Worksheet B.5-5: Optimized Biofiltration BMP Footprint when Downstream

of a Storage Unit

Optimized Biofiltration BMP Footprint when

Downstream of a Storage Unit

Worksheet B.5-5

1 | 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)

3 Effective impervious area draining to the storage unit and biofiltration BMP f
[Line 1 x Line 2] 59

4 | Remaining DCV after implementing retention BMPs cu. ft.

5 | Design infiltration rate (measured infiltration rate / 2) ft./hr.

5 Media Thickness [1.5 feefc minimum],.als.o add m.u%ch layer and washed ASTM f
33 fine aggregate sand thickness to this line for sizing calculations '

7 Media filtration rate to be used for sizing (0.42 ft/ht. with no outlet control; if ft./hr
the filtration rate is controlled by the outlet use the outlet controlled rate) T

8 | Media retained pore space 0.05 in./in.

Storage Unit Requirement

9 Drawdown tirpe of th.e storage unit, minimum (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.

12 Storage provéded in the design, minim}lm (from the elevation that bypasses cu. ft.
the 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

20 De.pth retaiged in the opﬁmized bioﬁltrat.jon BMP . ft
{Line 6 x Line 8} + {[(Line 4)/(2400 x Line 19)] x Line 5}

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
6 Landscape area that meet the requirements in
SD-B and SD-F Fact Sheet (sq. ft.)
7 Impervious area draining to the landscape area
(sq. ft.)
3 Impervious to Pervious Area ratio
[Line 7/Line 6]
9 Effective Credit Area
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 = Line 4?

12 | If yes, then volume retention performance standard for no infiltration O Yes O 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. fi
[(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] f
Provide documentation of how the site design credit is calculated in the PDP -t
SWQMP.

Is Line 16 2 Line 15?
17 | If yes, then volume retention performance standard for no infiltration OYes [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 Worksheet 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 | 85t 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, 12”7, 15” and 18”) inches
8 | Storage [(porosity — field capacity) + 0.5 * (field capacity — wilting point)] 0.25 in./in.
9 | Petrvious 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
1 soils and for NRCS Type C soils enter 0.30 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/hr.
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:

Pervious area must not have an underdrain;

If pervious area has an impermeable liner, the applicant must use 0.000001 in/hr. for reliable

infiltration rate;

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

velocities;

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
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
(FigureB.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
soll, 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
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.
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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
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
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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 85"
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/hr. 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 poin

t of the line that then connects to the unadjusted performance standard (0.2 in/hr., 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 Value Source

Representative TSS Event Mean Approximate average of San Diego I.and Use

Concentration, mg /1 100 Event Mean Concentrations from San Diego
’ River and San Luis Rey River WQIP

Runoff Coefficient of Impervious 0.90 Table B.1-1
Surface
Runoff Coefficient of Pervious 0.10 Table B.1-1 for landscape areas
Surface
N 40% to | Planning level assumption, covers typical range

90% of single family to commercial land uses
Average Annual Precipitation, inches | 11 to 13 Typical range for mu((::h of urbanized San Diego

ounty
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
Estimated BMP Footprint Needed 2.8% to Caleulated
for 10-Year Design Life 3.3%

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 desired 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
discretion to accept alternative sizing factor(s) based on project-specific considerations. Additionally,
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the recommended minimum sizing factor may change over time as more experience with biofiltration
is obtained.

B.5.4

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.

Volume Retention Mechanisms

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 primatily 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)

-— =

24

Qutlet 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

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

BMP Design Manual-Appendices B-53

March 2019 Update

R

P~

I\~

CITY OF
CHULAVISTA



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

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 85"
percentile rainfall depth of 0.6 inches would translate to 0.51 times the DCV [1,000 cu-ft X
12in/ft. / (1 ac X 43,560 sq-ft/ac X 0.9 x 0.6 in)].

¢ 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-ft infiltration basin draining 10.2 acres of pavement (equates to 0.5DCV
when 85" 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 biofiltration
with partial retention BMP with a tributary area of 0.367 acres of pavement (equates to 0.5DCV
when 85" percentile rainfall is 0.5 inches), with an effective depth of 6 inches and a design
infiltration rate of 0.125 in/ht. (equates to 48-hour drawdown time).

It can be seen that an infinite number of potential design combinations could be reflected by thissingle
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.
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e 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
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”7 amendment);
Figure B.5-10 (15” amendment) and Figure B.5-11 (18” amendment).
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B.6 Flow-Thru Treatment Control BMPs (for use with
Alternative Compliance)

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).

Note:

e No pollutant control credit can be claimed for implementing flow-thru treatment
control BMPs onsite. Project applicant must participate in alternative
compliance for the entire portion of DCV that receives flow-thru treatment.

¢ Guidancein AppendixB.6 is not applicable for selectingand crediting flow-thru
BMPs for offsite storm water alternative compliance.

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. Recelving 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

- e &0 @
g 3 9 £ & a0 .58 % ., Q
Priority Project & é g §_( . = = 1S é = -g 2 'g
Categories '-% = o g s 5 g g z; g é‘ .g
7 T 4 o 3 F A& S ~
Detached Residential X X X X X X X
Development
Attached Residential X X X P(1) PQ) P X
Development
Commercial
Development >one acre P | PO X P@) X PO) X PE) PO)
Heavy Industry X X X X X
Automotive Repair
Shope p X@EG) | X X
Restaurants X X X X P(1)
Hillside Development
5,000 ft2 XX X X X X
Parking Lots P() | P(1) X X P(1) X P(1)
Retail Gasoline Outlets X X X X X
Streets, Highways &
N X | P@D) X X4 X P(5) X X P(1)
X = anticipated
P = potential
(1) A potential pollutant if landscaping exists onsite.
(2) A potential pollutant if the project includes uncovered parking areas.
(3) A potential pollutant if land use involves food or animal waste products.
(4) Including petroleum hydrocarbons.
(5) Including solvents.

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-
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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)

b. 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

. Suspended Sediment Soluble-form
Coarse Sediment | .
Pollutant and Particulate-bound Dominated
and Trash . 5
Pollutants Pollutants
Sediment X X
Nuttients X
Heavy Metals X
Organic Compounds X
Trash & Debris X

Oxygen Demanding X
Bacteria X
Oil & Grease X
Pesticides X

! 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
to implement multiple flow-thru BMPs to satisty 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.
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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.

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 Appendix

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-
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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.

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 a “High” ranking should be considered before those with a “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.

9Contemporary design standards refer 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 Stormwater
BMP Database

Evaluation of Conformance to
Performance Standard

List of
Acceptable
Flow-Thru
Treatment

Control BMPs

TSS Mean
Effluent', mg/L
me /L
Volume-Adjusted
Removal
Efficiency?
rationale)

=

o) =
(4]

? 15}

= =

-

g &

o) E

&)

Influent, mg/L
Average Category
Volume Reduct.
Volume-Adjusted
Effluent Conc?,
Level of
Attainment of
Performance
Standard (with

Vegetated Filter | 361/ Medium, effluent < 20

Strip 982 69 31 38% 19 72% mg/ L after volume
adjustment
399/ Medium, effluent < 20
Vegetated Swale 346 45 33 48% 17 61% mg/L after volume
adjustment
321/ Medium, percent removal
Detention Basin 346 125 42 33% 28 T7% near 80% after volume
adjustment
) High, effluent and %
Sand Filter/ 381/ 95 19 NA3 19 80% rerioval meet critetia

Media Bed Filter 358

without adjustment

. 1 0

Lined Porous 356/ 229 46 NAM 46 80% High, % removal meets

Pavement* 220 criteria without adjustment
923/ 5 o Medium, percent removal

Wet Pond 933 119 31 NA 31 74% near 80%

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

T 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
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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.
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 II 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).

The proposed BMP is designed and maintained in a manner consistent with its
petformance 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.

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.

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:

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
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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.

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.

Treatment Basis reduction of TN approximately 40 percent or higher based on studies with

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.

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 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.

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

Treatment

Basis Criteria

Comparison of mean influent and effluent indicates significant concentration

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

Statistical Analysis of

Evaluation of Conformance to Petformance

List of International Stormwater BMP Standard
Acceptabl Database
e Flow- -
- — — o ~ " S <
Thru = ~ ~ ) Q o 0 e
[= g o = 1 = 1 — - 9 E ~
Treatment % g%ﬁ SE £97 g@@ ggg “‘55%3%
Conwol £ F: 3¢ ERE E5% E5:  gEfRE
BMPs fi g Q 3 < ST v ©7T 9 e 2L T E
Nuttisen(:: 2 Eé Eé <U§ ><é = = Agﬁgs
&) g = ° S < R~
[ 63| > = 72]
Vegetated 138/ 153 137 38% 0.85 44% Medium, if demgned to include
Filter Strip 122 volume reduction processes
Det.ennon 90/ 89 | 234 201 33% 135 429% Medium, if demgned to include
Basin volume reduction processes
Medium, best concentration
Wet Pond 91/ 1 212 | 133 NA 1.33 37% reduction among BMP
425 categories, but limited volume
reduction

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

1A 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.

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
ot 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=CXxixA

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/ht.

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.
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Appendix B:

Storm Water Pollutant Control Hydrologic Calculations and Sizing Methods

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 cuined cubic-feet

3 | DCV biofiltered DCV viofitered cubic-feet

4 D.CV requi.ring ﬂow-thru. DOV cubic_feet
(Line 1 — Line 2 — 0.67*Line 3)

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

g ﬁ;f;le—:ifl]lstezc)l runoff factor (estimate using C= unitless

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

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

2) 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.

3) 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:

o 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.

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

o 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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Appendix C:
Geotechnical and Groundwater Investigation Requirements

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

e [Full 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.

SOI00I00|zineval DOOOOOOOIDOIOOIOOIOOLC
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Appendix C:
Geotechnical and Groundwater Investigation Requirements

c11 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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Appendix C:
Geotechnical and Groundwater Investigation Requirements

C.2 Detailed Feasibility Criteria

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

* 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/o laboratory investigations are required (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.
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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 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 that 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, and hydrostratigraphic or confining units

e Review of previous geotechnical investigations of the area

e Site-specific geotechnical and/or geologic investigations (e.g., borings, infiltration tests)
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Geotechnical and Groundwater Investigation Requirements

Geologic investigations should 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 phase.

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.

There are several different mechanisms that can induce volume change due to infiltration that the
professional must be aware of and consider while completing the feasibility screening including:

e Hydro collapse and calcareous soils;
e Expansive soils;

e Frost heave;

e Consolidation; 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.

C.2.1.4 Utility Consideration

Utilities are either public or private infrastructure components that include underground pipelines and
vaults (e.g., potable water, sewer, storm water, 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 should be considered in assessing the feasibility of storm water
infiltration. Infiltration has the potential to damage subsutface utilities and/or underground utilities
may pose geotechnical hazards in themselves when infiltrated water is introduced. Impacts related to
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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 should 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.

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 a number
of 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 earth they are retaining
and other surface loading conditions such as nearby structures. Foundations include shallow
foundations (spread and strip footings, mats) and deep foundations (piles, piers) and are designed to
support overburden and design loads. All types of retaining walls and foundations can be impacted by
increased water infiltration into the subsurface as a result of potential increases in lateral pressures and
potential reductions in soil strength. The geotechnical professional should 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 and desirability of infiltration related to geotechnical conditions shall also
be considered.

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 Contfigure site with consideration to infiltration feasibility to avoid geotechnical

hazards.
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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.

¢ 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.

¢ 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 necessary to assess every other factor. However, if proposing
infiltration BMPs, then every 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.

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 milliequivalents 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);
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o and, 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 infiltration is under consideration for one of the above conditions, a site-specific analysis should 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
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 resoutce protection agencies, to ensute 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.
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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

ol

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.

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 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.
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Not typically reasonable:

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

e Active storm water pretreatment methods.

Inclusion of cutoff trenches and drainage features to prevent groundwater migration
toward contaminated sites.

C.3 Geotechnical and Groundwater Investigation Report
Requirements

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.

Cc.31 Site Evaluation

Site evaluation shall identify the following:
e Areas of contaminated soil or contaminated groundwater within the site;
e “Brown fields” adjacent to 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/ percolation
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
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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.

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 properly filled at the completion of testing.
C.3.2.2 . Material Testing and Infiltration/Percolation Testing

Various material testing and in situ infiltration testing methods and guidance for appropriate factor of
safety are discussed in detail in Appendix D. Infiltration testing methods described in Appendix D
include surface and shallow excavation methods 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 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 Include Worksheet C.4-1 (Form I-8A) completed bt 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 factor of safety to be applied for infiltration testing results. The site may be broken
into sub-basins based on the opinion of Geotechnical Consultant 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 I-9) and include it in the geotechnical report.
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Appendix C:
Geotechnical and Groundwater Investigation Requirements

Investigate the subsurface geological conditions and geotechnical conditions that would affect
infiltration or migration of 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.

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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Appendix C:
Geotechnical and Groundwater Investigation Requirements

GEOTECHNICAL SUBMITTAL FOR CATEGORIZATION OF INFILTRATION FEASIBILITY CONDITION
(Worksheet C.4-1/FORM I-8A)

PART 1: FULL INFILTRATION
FEASIBILITY SCREENING CRITERIA

PART 2: PARTIAL VS. NO INFILTRATION
FEASIBILITY SCREENING CRITERIA

The infiltration rate
supports full
infiltration

YES TO ALL
STATEMENTS

There are no
geotechnical hazards
that prevent full
infiltration

*Based on geotechnical criteria only,
proceed to worksheet C.4-2/Form 1-8B

A

YES TO ALL
STATEMENTS

NO TO ANY
STATEMENT

Determine if

criteria that
allow partial

The infiltration rate is
greater than or equal
to 0.05 inches/hour

there are

There are no
geotechnical hazards
that prevent partial
infiltration

infiltration

NO TO ANY
STATEMENTS

) 4
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Appendix C:
Geotechnical and Groundwater Investigation Requirements

Worksheet C.4-1: Categorization of Infiltration Feasibility Condition Based on
Geotechnical Conditions'

Categorization of Infiltration Feasibility Condition based on

. _QA2
Geotechnical Conditions nondselieets (L oo s

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,

0 Noj; the mapped soil types are A or B but is not corroborated by available site soil data

1A (continue to Step 1B).

0 Noj; the mapped soil types ate C, D, or “urban/unclassified” and is corroborated by available
site soil data. Answer “No” to Criteria 1 Result.

0 Noj; the mapped soil types are C, D, or “urban/unclassified” but is not cotroborated 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.
[ 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 Critetia 1 Result.
0 No; full infiltration is not required. Answer “No” to Criteria 1 Result.
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
1D appropriate rationales and documentation.

O Yes; continue to Step 1E.

L1 No; select an appropriate infiltration testing method.

! 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.

2'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.

3 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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Appendix C:
Geotechnical and Groundwater Investigation Requirements

Categorization of Infiltration Feasibility Condition based on

. QA2
Geotechnical Conditions Wl et (G I8 TR el

Number of Percolation/Infiltration Tests. Does the infiltration testing method petformed

satisfy the minimum number of tests specified in Table D.3-2?

1E O Yes; continue to Step 1F.

0 No; conduct appropriate number of tests.

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).

IF O Yes; continue to Step 1G.

0 No; select appropriate factor of safety.

Full Infiltration Feasibility. Is the average measured infiltration rate divided by the Factor of

Safety greater than 0.5 inches per hour?

1G L.
(1 Yes; answer “Yes” to Criteria 1 Result.

[ No; answer “No” to Criteria 1 Result.

Is the estimated reliable infiltration rate greater than 0.5 inches per hour within the DMA where
Criteria 1 | runoff can reasonably be routed to a BMP?

Result | [0 Yes; the DMA may feasibly support full infiltration. Continue to Criteria 2.
O 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.
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Appendix C:
Geotechnical and Groundwater Investigation Requirements

Categorization of Infiltration Feasibility Condition based on

. QA2
Geotechnical Conditions Wires et (Lol [Eomm I

Criteria 2: Geologic/Geotechnical Screening

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
27 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 full infiltration BMP(s) avoid areas with existing fill

2A-1 materials greater than 5 feet thick below the infiltrating surface?

O Yes | O No

Can the proposed full infiltration BMP(s) avoid placement within 10 feet of

2A-2 - o .
existing underground utilities, structures, or retaining walls?

O Yes | O No

Can the proposed full infiltration BMP(s) avoid placement within 50 feet of a
2A-3 natural slope (>25%) or within a distance of 1.5H from fill slopes where H is O Yes | O No
the height of the fill slope?

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

Hydroconsolidation. Analyze hydroconsolidation potential per approved
ASTM standard due to a proposed full infiltration BMP.

Can full infiltration BMPs be proposed within the DMA without increasing
hydroconsolidation risks?

2B-1 O Yes | O No

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 full infiltration BMPs be proposed within the DMA without increasing
expansive soil risks?

2B-2 O Yes | O No

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.

Can full infiltration BMPs be proposed within the DMA without increasing
liquefaction risks?

2B-3 O Yes | O No
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Appendix C:
Geotechnical and Groundwater Investigation Requirements

Categorization of Infiltration Feasibility Condition based on

. QA2
Geotechnical Conditions Wl et (G I8 TR el

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
2B-4 to determine minimum slope setbacks for full infiltration BMPs. See the City of | [0 Yes | O No
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?

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?

2B-5 O Yes | O No

Setbacks. Establish setbacks from underground utilities, structures, and/or
retaining walls. Reference applicable ASTM or other recognized standard in the
2B-6 geotechnical report. [ Yes | O No
Can full infiltration BMPs be proposed within the DMA using established
setbacks from underground utilities, structures, and/or retaining walls?

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? 1f
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.

2C O Yes | O No

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 | [0 Yes | O No
an acceptable level?

Criteria 2
Result

Summarize findings and basis; provide references to related reports or exhibits.
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Appendix C:
Geotechnical and Groundwater Investigation Requirements

Categorization of Infiltration Feasibility Condition based on

. QA2
Geotechnical Conditions Wires et (Lol [Eomm I

Part 1 Result — Full Infiltration Geotechnical Screening 4 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. 0 Complete Part 2

O Full infiltration Condition

Part 2 — Partial vs. No Infiltration Feasibility Screening Criteria

DMAC(s) Being Analyzed: Project Phase:

Criteria 3 : Infiltration Rate Screening

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”

and corroborated by available site soil data?

A O Yes; the site is mapped as C soils and a reliable infiltration rate of 0.15 in/hr. is used to size
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/hr. 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.

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/hr?

3B . Cog . ¢ 2 : :

[ Yes; the site may support partial infiltration. Answer “Yes” to Criteria 3 Result.

0 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 2 BMP?

Result . .
[ Yes; Continue to Criteria 4.

L1 No: Skip to Part 2 Result.

4'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.

BMP Design Manual-Appendices A/
March 2019 Update C-19 s
CITY OF

CHULAVISTA



Appendix C:
Geotechnical and Groundwater Investigation Requirements

Categorization of Infiltration Feasibility Condition based on

. QA2
Geotechnical Conditions Wires et (Lol [Eomm I

Summarize infiltration testing and/or mapping results (i.e. soil maps and seties desctiption 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.
AA Can the proposed partial infiltration BMP(s) avoid areas with existing fill Oy O
materials greater than 5 feet thick? cs No
Can the proposed partial infiltration BMP(s) avoid placement within 10 O
4A-2 . i - O Yes
feet of existing underground utilities, structures, or retaining walls? No
Can the proposed partial infiltration BMP(s) avoid placement within 50 0
4A-3 feet of a natural slope (>25%) or within a distance of 1.5H from fill slopes O Yes
where H is the height of the fill slope? No
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
4B 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.
Hydroconsolidation. Analyze hydroconsolidation potential per
AB1 approved ASTM standard due to a proposed full infiltration BMP. Oy O
i Can partial infiltration BMPs be proposed within the DMA without s No
increasing hydroconsolidation risks?
Expansive Soils. Identify expansive soils (soils with an expansion index
greater than 20) and the extent of such soils due to proposed full 0
4B-2 infiltration BMPs. [ Yes N
Can partial infiltration BMPs be proposed within the DMA without ©
increasing expansive soil risks?
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Geotechnical and Groundwater Investigation Requirements

Categorization of Infiltration Feasibility Condition based on

. QA2
Geotechnical Conditions Wires et (Lol [Eomm I

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 Oy O
or groundwater mounding that could occur as a result of proposed s No
infiltration or percolation facilities.

Can partial infiltration BMPs be proposed within the DMA without

increasing liquefaction risks?

4B-3

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 Oy O
infiltration BMPs. See the City of San Diego's Guidelines for Geotechnical s No
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?

4B-4

Other Geotechnical Hazards. Identify site-specific geotechnical
hazards not already mentioned (refer to Appendix C.2.1). Oy O
Can partial infiltration BMPs be proposed within the DMA without cs No

increasing risk of geologic or geotechnical hazards not already mentioned?

4B-5

Setbacks. Establish setbacks from underground utilities, structures,
and/or retaining walls. Reference applicable ASTM or other recognized
standard in the geotechnical report. Oy O
Can partial infiltration BMPs be proposed within the DMA using s No
recommended setbacks from underground udlities, structures, and/or

retaining walls?

4B-6

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
4C unreasonable mitigation measures. O Yes
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
Criteria 4 | or equal to 0.5 inches/hour be allowed without increasing the risk of 0v O
Result | geologic or geotechnical hazards that cannot be reasonably mitigated to s No

an acceptable level?
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Geotechnical and Groundwater Investigation Requirements

Categorization of Infiltration Feasibility Condition based on

. QA2
Geotechnical Conditions Wl et (G I8 TR el

Summarize findings and basis; provide references to related reports or exhibits.

Part 2 — Partial Infiltration Geotechnical Screening Result? Result

If answers to both Criteria 3 and Criteria 4 are “Yes”, a partial infiltration design is

potentially feasible based on geotechnical conditions only. [ Partial Infiltration

. . o . . . | 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. ]
[ No Infiltration

Condition

5>To be completed using gathered site information and best professional judgement considering the definition of MEP in
the MS4 Permit. Additional testing and/ ot studies may be required by City Engineer to substantate findings.
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SWQMP PREPARER SUBMITTAL FOR CATEGORIZATION OF INFILTRATION FEASIBILITY CONDITION
(Worksheet C.4-2/FORM [-8B)

PART 1: FULL INFILTRATION
FEASIBILITY SCREENING CRITERIA

PART 2: PARTIAL VS. NO INFILTRATION
FEASIBILITY SCREENING CRITERIA

Determine if there
are criteria that allow
full infiltration

There are no
groundwater
contamination
risks that prevent
full infiltration

There are no
water balance
issues that
prevent full

YES TO ALL infiltration

STATEMENTS

*Final result

NO TO ANY
STATEMENT

Determine if there
are criteria that allow
full infiltration

There are no

groundwater

contamination
risks that prevent
partial infiltration

NO TO ANY
STATEMENT

There are no
water balance
issues that
prevent partial
infiltration

YES TO ALL
STATEMENTS

Determine if
there are
criteria that
allow partial
infiltration
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Worksheet C.4-2: Categorization of Infiltration Feasibility Condition based on

Categorization of Infiltration Feasibility Condition based

on

Groundwater and Water Balance Conditions®

. _QR?
Groundwater and Water Balance Conditions el (G LR LRI

Part 1 - Full Infiltration Feasibility Screening Criteria

DMAC(s) Being Analyzed: Project Phase:

Criteria 1:

Groundwater Screening

1A

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 or equal to 10 feet, but site layout changes or
reasonable mitigation measures can be proposed to support full infiltration BMPs. Continue to step
1B.

0 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.

1B

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 overtlow elevation) of the BMP.

O Yes; continue to Step 1C.

L1 No; However, site layout changes or reasonable mitigation measutes can be proposed to support
tull infiltration BMPs. Continue to Step 1C.

L] No; Site layout changes or reasonable mitigation measutes cannot be proposed to support full
infiltration BMPs. Answer “No” to Criteria 1 Result.

¢ 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.

7'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

Appendix C:
Geotechnical and Groundwater Investigation Requirements

Worksheet C.4-2: Form I-8B’

on Groundwater and Water Balance Conditions

1C

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
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; Howevert, 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 measures cannot be proposed to support full
infiltration BMPs. Answer “No” to Criteria 1 Result.

1D

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 ate other contamination hazards identified that can be mitigated. Answer “Yes” to
Criteria 1 Result.

O 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.

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 Appendix C.2.2.8 for
a list of typically reasonable and typically unreasonable mitigation measures.

[ Yes; Continue to Part 1, Criteria 2.
[ No; Continue to Part 1 Result.

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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Geotechnical and Groundwater Investigation Requirements

Categorization of Infiltration Feasibility Condition based

. _QR7
on Groundwater and Water Balance Conditions Wil bieei (Cot e LR

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
e The bottom surface of the full infiltration BMP is at a depth 20 feet or greater from
seasonally high groundwater tables.
[d Yes; Answer “Yes” to Criteria 2 Result.
0 No; Continue to Step 2B.

2A

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 site-
specific information evaluated and the technical basis for this finding.

O Yes; Answer “Yes” to Criteria 2 Result.

[ No; Answer “No” to Criteria 2 Result.

2C

Can infiltration greater than 0.5 inches per hour be allowed without causing potential water balance
Criteria 2 | issues such as change of seasonality of ephemeral streams?

Result | [ Yes; Continue to Part 1 Result.
[ No; Continue to Part 1 Result.

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.

O 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” design | [J Complete Part 2
based on groundwater conditions. Proceed to Part 2.

8 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

. _QR’
on Groundwater and Water Balance Conditions W e (G =2 B LEE

Part 2 — Partial vs. No Infiltration Feasibility Screening Criteria

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.

0 No; Howevert, site layout changes can be proposed to avoid contaminated soils ot 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.

O 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 or equal to 0.5
inches/hour be allowed without increasing risk of groundwater contamination that cannot be reasonably
mitigated to an acceptable level?

[ Yes; Continue to Part 2, Criteria 4.

0 No; Skip to Part 2 Result.

Summarize findings and basis. Documentation should focus on mapped soil types and contaminated site
locations.
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Categorization of Infiltration Feasibility Condition based

Worksheet C.4-2: Form I-8B’

on Groundwater and Water Balance Conditions

Criteria 4: Water Balance Screening

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
If answer to Criteria 3 or Criteria 4 is “No”, then infiltration of any volume is considered to | Infiltration
be infeasible within the site. The feasibility screening category is No Infiltration based on | Condition
groundwater or water balance condition.
0 No
Infiltration
Condition

To be completed using gathered site information and best professional judgement considering the definition of MEP in
the MS4 Permit. Additional testing and/ot studies may be required by City Engineer to substantiate findings.
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Worksheet C.4-3: Infiltration and Groundwater Protection for Full Infiltration BMPs

Infiltration and Groundwater Protection Wotksheet C.4-3

Criteria Question Yes No

Will the storm water runoff undergo pretreatment such as sedimentation or
filtration prior to infiltration?

O (|

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

6 horizontally from any water supply well?

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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C.4 Feasibility Screening Exhibits

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

Hydrologic | \1p 5 Web Soil Survey
Soil Group — http:/ /websoilsurvey.sc.ego d /
A.B,C.D : y.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.otg/
Liquefaction | SanGIS
C.2:Slopes and | potential http:/ /www.sangis.org/
Geologic
Hazards SanGIS Geologic Hazards layer. Subset of polygons with
Landslide hazard codes related to landslides was selected. This data is
Potential limited to the City of San Diego Boundary.
http://www.sangis.otg/
GeoTracker. Data downloaded for San Diego county from
C.3: 2014 and 2013. In cases where there were multiple
Groundwater Groundwater | measurements made at the same well, the average was taken
Table Depths over that year.
Elevations http:/ /geotracker.waterboards.ca.gov/data_download_b
y_county.asp
C.4: Conjcarnlnate GeoTracker. Data downloaded for San Diego county and
. d soils and/or | .. . : ;
Contaminated oundwater limited to active cleanup sites
Sites firtes http:/ /geotracker.waterboards.ca.gov/
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Appendix D: Approved Infiltration Rate
Assessment Methods for Selection of Storm
Water BMPs

D.1 Introduction

Characterization of potential infiltration rates is a critical step in evaluating the degree to which
infiltration can be used to reduce storm water runoff volume. This appendix is intended to provide
guidance to help answer the following questions:

1. How and where does infiltration testing fit into the project development process?

Section D.2 discusses the role of infiltration testing in different stage of project development
and how to plan a phased investigation approach.

2. What infiltration rate assessment methods are acceptable?
Section D.3 describes the infiltration rate assessment methods that are acceptable.

3. What factors should be considered in selecting the most appropriate testing method
for a project?
Section D.4 provides guidance on site-specific considerations that influence which
assessment methods are most appropriate.

4. How should factors of safety be selected and applied to, for BMP selection and design?

Section D.5 provides guidance for selecting a safety factor.

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 and cleared.
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Approved Infiltration Rate Assessment Methods for Selection and
Design of Storm Water BMPs

D.2 Role of Infiltration Testing in Different Stages of

Project Development

In the process of planning and designing infiltration facilities, there are a number of ways that
infiltration testing or estimation factors into project development, as summarized in Table D.2-1.
When selecting infiltration testing methods, the geotechnical engineer shall select methods applicable
to the relevant project phase.

Table D.2-1: Role of Infiltration Testing

Project
Phase

Key Questions

General Assessment Strategies

Planning | e Where within the project area is e Use existing data and maps to the extent
Phase infiltration potentially feasible? possible
e What volume reduction e Use less expensive methods to allow a
approaches are potentially suitable broader area to be investigated more rapidly
for my project? ® Reach tentative conclusions that are subject
to confirmation/refinement at the design
phase
BMP e What infiltration rates should be ¢ Use more rigorous testing methods at
Phase used to design infiltration and specific BMP locations
biofiltration facilities? e Support or modify preliminary feasibility
e What factor of safety should be findings
applied? e Estimate design infiltration rates with
appropriate factors of safety
D.3 Guidance for Selecting Infiltration Testing Methods

The geotechnical engineer shall select appropriate testing methods for the site conditions, subject to
the engineer’s discretion and approval of the City Engineer, that are adequate to meet the burden of
proof that is applicable at each phase of the project design (See Table 1-1):

e At the planning phase, testing/evaluation 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 at this time. 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 methods are allowed with appropriate rationales and documentation.
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AppendixD:
Approved Infiltration Rate Assessment Methods for Selection and
Design of Storm Water BMPs

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 hydraulic conductivity 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.

Table D.3-1: Comparision of Infiltration Rate Estimation and Testing Methods'

Test Suitability at Planning Phase Suitability at Design Phase®

Yes, but mapped soil types must Yes, for partial infiltration
be confirmed with site designs when mapped soils are
observations. Regional soil maps corroborated with soil samples

NRCS Soil Survey Maps . . L o
are known to contain inaccuracies collected during investigation

at the scale of typical development | activities.

sites. No, for full infiltration designs.
Not preferred. Should only be used
if a strong correlation has been
Grain Size Analysis developed between grain size No
analysis and measured infiltration
rates testing results of site soils.
Not preferred. Should only be used
if a strong correlation has been
developed between CPT results No
and measured infiltration rates
testing results of site soils.

Cone Penetrometer
Testing (CPT)

Yes, with appropriate
correction for infiltration into
side walls and elevated factor
of safety.

Simple Open Pit Test Yes

! Percolation rates measured in pit tests and borehole percolation tests should be converted to
infiltration rates using the Porchet method (Appendix D.3.4).

2 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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Approved Infiltration Rate Assessment Methods for Selection and

Suitability at Planning Phase

Design of Storm Water BMPs

Suitability at Design Phase®

Yes, with appropriate

Open Pit Falling Head Yes cotrection for infiltration into
Test side walls and elevated factor
of safety.
Double Ring
Infiltrometer Test Yes Yes
(ASTM 3385)
Single Ring Infiltrometer Ves Ves
Test
Yes, but generally cost prohibitive Yes, but should consider

Large-scale Pilot
Infiltration Test

and too water-intensive for
preliminary screening of a large
area.

relatively large water demand
associated with this test.

Smaller-scale Pilot

Infiltration Test Yes Yes
Well Permeameter
Method Yes Yes

(USBR 7300-89)

Borehole Percolation
Tests (various methods)

Yes; reliability of this test can be
improved by obtaining a
continuous core where tests are
conducted.

Yes in areas of proposed cut
where other tests are not
possible; a continuous boring
log should be recorded and
used to interpret test; should
be confirmed with a mote
direct measurement following
excavation.

Laboratory Permeability
Tests (e.g., ASTM
D2434)

Yes, only suitable for evaluating
potential infiltration rates in
proposed fill areas. For sites with
proposed cut, it is preferred to do
a borehole percolation test at the
proposed grade instead of
analyzing samples in the lab. A
combination of both tests may
improve reliability.

No. However, may be part of a
line of evidence for estimating
the design infiltration of partial
infiltration BMPs constructed
in 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.
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AppendixD:
Approved Infiltration Rate Assessment Methods for Selection and
Design of Storm Water BMPs

Table D.3-2: Recommended Replicagtes and Levels of Conceren for Design Phase
Infiltration Testing for Full Infiltration Design

Test Method Small BMPs Medium BMPs Large BMPs
Category (BMP area < 250 (BMP area < 2,000 (BMP area > 2,000
ft) ft?) ft*)
Pit Testing Methods: | 2 tests = Low 2+ tests = Low 2 tests per 5,000 ft’ =
Large-scale PIT Concern Concern Medium Concern
Smaller-scale PIT 3+ tests per 5,000
f'=
Surface 2 tests = Medium | 3 tests = Medium Low Concern
Infiltrometer Tests Concern Concern 3 tests per 5,000 ft*=
and Smaller Pit 3+ tests = Low 4+ tests = Low Medium Concern
Testing Methods: Concern Concern 5+ tests per 5,000
Simple Open Pit f'=
Open Pit Falling Head Low Concern
Single Ring
Double ring

Other surface
infiltrometer methods

Well and Borehole 2 tests = Medium | 3 tests = Medium 3 tests per 5,000 ft* =
Permeameter Concern Concern Medium Concern
Methods 3+ tests = Low 4+ tests = Low 5+ tests per 5,000
(must be accompanied | Concern Concern ft'=

by bore logs to be Low Concern
suitable for design

phase)

Mapping or soil Not Acceptable for Full Infiltration Design Phase

texture methods

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 Survey maps (http://websoilsutvey.nrcs.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 feasibility determinations, mapped
conditions must be supplemented with available data from the site (e.g., soil borings, observed soil
textures, biological indicators). The presence of D soils, if confirmed by available data, provides a
reasonable basis to determine that full infiltration is not feasible for a given DMA.

BMP Design Manual -Appendices \\\\Vg,
March 2019 Update D-5 ]
CITY OF

CHULAVISTA


http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm

AppendixD:
Approved Infiltration Rate Assessment Methods for Selection and
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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 testing (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
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 infiltration 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 fairly 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
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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 pre-
soaking, the hole is refilled to a depth of 12 inches and allow it to drain for one hour (2 hours for
slower soils), measuring the rate at which the water level drops. The test is then repeated until
successive trials yield a result with less than 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 saturated hydraulic
conductivity 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, but 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
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 technical
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 close 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) and 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 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
about 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. 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.

D.3.2.6 Smaller-scale Pilot Infiltration Test

The smaller-scale PIT is conducted similatly 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
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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 Well 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 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 continuous 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)

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.
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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).

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 examile below for the conversion.

e Time interval, At = 10 minutes

e Initial depth to water, D, = 12.25 inches
e Final depth to water, D¢ = 13.75 inches
e Total depth of test hole, D+ = 60 inches
e 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, H,:
H, =Dy — D, = 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 = H, — Hf = 47.75 — 46.25 = 1.50 inches
4. Calculate the average head over the selected time interval, Hay:
o H, + Hf  47.75 +46.25
avg — 2 - 2
5. Calculate the tested infiltration rate, I,, using the following equation:
AH(607) (1.50 in) (60 %) (4 in)
"~ At(r +2Hga,,) (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 hole (i.e., r=(A/m)")
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D.4 Specific Considerations for Infiltration Testing

The following subsections are intended to address specific topics that commonly arise in
characterizing infiltration rates.

D.4.1 Hydraulic Conductivity versus Infiltration Rate
versusPercolation 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 degree of compaction. 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 rate is an empirical observation of the rate of flux of water into a
given soil structure under long term ponding conditions. 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
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, 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.
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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
subsurface flow pathways.

If the bottom of a BMP (infiltration surface) is proposed to be located in a planned 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 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 additional, fil-material=will 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 fill 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 approach could be used including the 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.

W
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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
conducting 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 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
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 - KTest X
IUT ypical
Where:
Krpica =  the typical infiltration rate expected at typical temperatures when rainfall occurs
Kre = the infiltration rate measured or estimated under the conditions of the test
Wrpia =  the viscosity of water at the typical temperature expected when rainfall occurs
Uree —  the viscosity of water at the temperature at which the test was conducted
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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:

e For 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 In situ infiltration testing shall be conducted using an approved method listed in Table D.3-1

e For design phase, esting shall be conducted at approximately the same depth and in the same
material as the base of the proposed storm water BMP.

D.5 Selecting a Safety Factor

Monitoring of actual facility performance has shown that the full-scale
infiltration rate can be much lower than the rate measured by small-scale )
testing (King County Department of Natural Resources and Parks, of safety for design
2009). Factors such as soil variability and groundwater mounding may infiltration rate?

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.

Should I use a factor

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 strongly recommended. This section presents a
recommended thought process for selecting a safety factor. 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 I-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.
and D.5-2 to determine an appropriate safety factor for design phase for full infiltration BMPs. A
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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 1-9), 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-
design.

1. For each consideration shown above, determine whether the consideration is a high, medium,
or low concern.

2. Tor 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 each of the factors in Table D.5-2 by 0.5 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 Infiltration
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 petcent of fines can influence
the potential for clogging. Finer grained soils may be more susceptible to clogging.

e Site soil variability — site 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.

W
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Table D.5-1: Suitability Assessment Related Considerations for Infiltration

Facility Safety Factors
. . High Concern — Medium Concern — Low Concern—1
Consideration . . .
3 points 2 points oint
Assessment Refer to Table D.3-2 for guidance related to selecting levels of concern based
methods on testing methods, test replicates, and infiltration BMP size.
Texture Class Sl'lty agd f:layey soils ervssyy ol Granular. to slightly
with significant fines loamy soils
Highly variable soils . _ ) . . .
Site soil indicated from site .Soq borings/test pits 'Soq borings / test pits
. indicate moderately indicate relatively
variability assessment, or - _
o 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 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
moderate levels of treatment. Current approved technologies are listed at:
http:/ /www.ecy.wa.gov/programs/wq/stormwater/newtech/technologies.html. Use of
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.
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Table D.5-2: Design Related Considerations for Infiltration Facility Safety Factors

Consideration

Level of
pretreatment/
expected
influent
sediment loads

High Concern -3
points

Limited pretreatment
using gross solids
removal devices only,
such as hydrodynamic
separators, racks and
screens AND tributary
area includes
landscaped areas, steep
slopes, high traffic
areas, road sanding, or
any other areas
expected to produce
high sediment, trash, or
debris loads.

Medium Concern — 2
points

Good pretreatment with
BMPs that mitigate coarse
sediments such as
vegetated swales AND
influent sediment loads
from the tributary area are
expected to be moderate
(e.g., low traffic, mild
slopes, stabilized pervious
areas, etc.).

Performance of
pretreatment consistent
with “pretreatment BMP
performance criteria” (50%
TSS removal) in Appendix
B.6

Low Concern — 1 point

Excellent pretreatment
with BMPs that mitigate
fine sediments such as
bioretention or media
filtration OR
sedimentation or facility
only treats runoff from
relatively clean surfaces,
such as rooftops/non-
sanded road surfaces.

Performance of
pretreatment consistent
with “flow-thru
treatment control BMP
performance criteria”

(i.e., 80% TSS removal)

in Appendix B.6
. The system has a backu
No “backup” system is | The system has a backup y P
. pathway for treated water
provided; the system pathway for treated water . . .
. . . . to discharge if clogging
Redundancy/ design does not allow | to discharge if clogging . ;
" . . ; . occurs and infiltration
resiliency infiltration rates to be occurs or infiltration rates .
. . . rates can be relatively
restored relatively easily | can be restored via . :
. . . easily restored via
with maintenance maintenance. :
maintenance.
Equipment traffic is
Construction of facility effectively restricted
Compaction on a compacted site or | Medium probability of from infiltration areas
during increased probability of | unintended/ indirect during construction and
construction unintended/ indirect compaction. there is low probability
compaction. of unintended/ indirect
compaction.
D.5.4 Implications of a Factor of Safety in BMP Feasibility and Design

The above method will provide safety factors 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. Clearly, numbers
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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 thorough 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. 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:

¢ 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”.

¢ 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 obsetved infiltration rate is greater than or equal to 1 inches/hr. 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

Factor of Safety and Design Infiltration Rate

Wotksheet D.5-1: Form I-9

Worksheet
iF o Assigned Factor Product (p)
actor 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 / impervious 0.25
layer ’
Suitability Assessment Safety Factor, Sy = Zp
Level of pretreatment/ expected
. 0.5
sediment loads
B Design Redundancy/resiliency 0.25
Compaction during construction 0.25
Design Safety Factor, Sz = Zp

Combined Safety Factor, Sww= Sax Sp

[Minimum of 2 and Maximum of 9]

Observed Infiltration Rate, inch/ht, Kopserved

(corrected for test-specific bias)

Note: This worksheet is only applicable when the observed infiltration rate is
greater than or equal to 1 inch/hr
Design Infiltration Rate, in/ht, Kaesign = Kobserved / Stout

Note: If the estimated design infiltration rate is less than or equal to 0.5 inch/hr.
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

MS4 Category ‘ Manual Category ‘

Source Control

Source Control

Design Fact Sheet

SC: Source Control BMP Requirements
SC-Q: Large Trash Generating Facilities
SC-R: Animal Facilities

SC-S: Plant Nurseries and Garden Centets
SC-T: Automotive-related Uses

SD-A: Tree
SD-B: Impervious Area Dispersion
SD-C: Green Roofs

Site Design Site Design SD-D: Permeable Pavement (Site Design BMP)
SD-E: Rain Batrrels
SD-F: Amended Soils
Harvest and Use HU-1: Cistern
INF-1: Infiltration Basins
Retention Infiltration INF-2: Bioretention
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
Flow-thru Treatment FT-1: Vege.tate'd Swales
Flow-thru Control with FT-2: Media Filters
Treatment Control | Alternative FT-3: Sand Filters . .
Compliance FT-4: Dry Extended Detention Basin
FT-5: Proprietary Flow-thru Treatment Control
N/A N/A PL.: Plant List
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Appendix E.1
Source Control BMP Requirements

E.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 identifying source control BMPs applicable to a project.

The Standard and PDP SWQMP templates include sections that must be used to document compliance with source 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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If These Sources Will Be on

... Then Your SWQMP Shall Consider These Source Control BMPs

Appendix E.1

Source Control BMP Requirements

the Project Site ...
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

O ScC-A. Onsite storm drain
inlets

0 Not Applicable

O Locations of inlets.

O Mark all inlets with the words
“No Dumping! Flows to Bay” or
similar.

0 Maintain and  periodically
repaint or replace inlet
markings.

L] Provide storm water pollution
prevention information to new
site  owners, lessees, or
operators.

[1See 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.”

O SC-B. Interior floor drains [0 State that interior floor drains [ Inspect and maintain drains to
and elevator shaft sump and elevator shaft sump pumps prevent blockages and
pumps will be plumbed to sanitary overflow.

0 Not Applicable sewer.

[0 SC-C. Interior parking [ State that parking garage floor I Inspect and maintain drains
garages drains will be plumbed to the to prevent blockages and

[0 Not Applicable sanitary sewer. overflow.

O SC-D1. Need for future [ Note building design features O Provide Integrated Pest

indoor & structural pest
control
[0 Not Applicable

that discourage entry of pests.

Management information to
owners, lessees, and
operators.
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If These Sources Will Be on

Appendix E.1

Source Control BMP Requirements

... Then Your SWQMP Shall Consider These Source Control BMPs

the Project Site ...
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

0 sD-D2. Landscape/
Outdoor Pesticide Use

0 Not Applicable

[ Show locations of existing trees
or areas of shrubs and ground
cover to be undisturbed and
retained.

[d Show self-retaining landscape
areas, if any.

O Show storm water treatment
facilities.

] State that final landscape plans

will accomplish all of the
following:

Preserve existing drought
tolerant trees, shrubs, and
ground cover to the maximum
extent possible.

Design landscaping to minimize
irrigation and runoff, to promote
surface infiltration where
appropriate, and to minimize the
use of fertilizers and pesticides
that can contribute to storm
water pollution.

Where landscaped areas are
used to retain or detain storm
water, specify plants that are
tolerant of periodic saturated soil
conditions.

Consider using pest-resistant
plants, especially adjacent to
hardscape.

To ensure successful
establishment, select plants
appropriate to site soils, slopes,
climate, sun, wind, rain, land
use, air movement, ecological
consistency & plant interactions.

L] Maintain landscaping using

O Provide IPM information to

minimum or no pesticides.

L] See applicable operational
BMPs in Fact Sheet SC-41,
“Building and Grounds
Maintenance,” in the CASQA
Stormwater Quality
Handbooks at
www.cabmphandbooks.com.

new owners, lessees and

operators.
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If These Sources Will Be on

the Project Site ...

Appendix E.1

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

[0 SC-E. Pools, spas, ponds,
decorative fountains and
other water features.

0 Not Applicable

] Show location of water feature
and a sanitary sewer cleanout
in an accessible area within 10
feet.

O If the local municipality requires

pools to be plumbed to the
sanitary sewer, place a note on
the plans and state in the
narrative that this connection will
be made according to local
requirements.

L] See applicable operational
BMPs in Fact Sheet SC-72,
“Fountain and Pool
Maintenance,” in the CASQA
Stormwater Quality
Handbooks at
www.cabmphandbooks.com.

O SD-F. Food service
0 Not Applicable

O For restaurants, grocery stores,
and other food service
operations, show location
(indoors or in a covered area
outdoors) of a floor sink or other
area for cleaning floor mats,
containers, and equipment.

[ On the drawing, show a note
that this drain will be connected
to a grease interceptor before
discharging to the sanitary
sewer.

Describe the location and
features of the designated
cleaning area.

Describe the items to be
cleaned in this facility and how
it has been sized to ensure that
the largest items can be
accommodated.
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If These Sources Will Be on

Appendix E.1

Source Control BMP Requirements

... Then Your SWQMP Shall Consider These Source Control BMPs

the Project Site ...
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

O SC-G. Refuse areas
0 Not Applicable

[J Show where site refuse and
recycled materials will be
handled and stored for pickup.
See local municipal
requirements for sizes and
other details of refuse areas.

OIf  dumpsters or  other
receptacles are outdoors, show
how the designated area will be
covered, graded, and paved to
prevent run- on and show
locations of berms to prevent
runoff from the area. Also show
how the designated area will be
protected from wind dispersal.

O Any drains from dumpsters,
compactors, and tallow bin
areas shall be connected to a
grease removal device before
discharge to sanitary sewer.

L] State how site refuse will be
handled and provide supporting
detail to what is shown on plans.

[ State that signs will be posted on
or near dumpsters with the
words “Do not dump hazardous
materials here” or similar.

] State how the following will be
implemented:

e Provide adequate number
of receptacles. Inspect
receptacles regularly; repair

or replace leaky
receptacles. Keep
receptacles covered.

Prohibit/prevent dumping of
liquid or hazardous wastes.
Post “no hazardous
materials” signs. Inspect
and pick up litter daily and
clean up spills immediately.
Keep spill control materials
available on- site. See Fact
Sheet  SC-34, “Waste
Handling and Disposal” in
the CASQA Stormwater
Quality  Handbooks  at
www.cabmphandbooks.co
m.

O SC-H. Industrial
processes.

0 Not Applicable

O Show process area.

O If industrial processes are to be
located onsite, state: “All
process activities to be
performed indoors. No
processes to drain to exterior or
to storm drain system.”

[] See Fact Sheet SC-10, “Non-
Stormwater Discharges” in the
CASQA Stormwater Quality
Handbooks at
www.cabmphandbooks.com.
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If These Sources Will Be on

Appendix E.1

Source Control BMP Requirements

... Then Your SWQMP Shall Consider These Source Control BMPs

the Project Site ...
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

[0 SC-l. Outdoor storage of
equipment or materials.

(See rows J and K for source
control measures for vehicle
cleaning, repair, and
maintenance.)

0 Not Applicable

[ Show any outdoor storage
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.

O Include a detailed description of

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:

e Hazardous Waste
Generation

¢ Hazardous Materials
Release Response and
Inventory

e California Accidental
Release Prevention
Program

e Aboveground Storage
Tank

e Uniform Fire Code Article
80 Section 103(b) & (¢)
1991

Underground Storage Tank

] See the Fact Sheets SC-31,
“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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Appendix E.1
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 Permanent Controls—List in Operational BMPs—Include in
Runoff Pollutants on Drawings Table and Narrative Table and Narrative
O sc-J. Vehicle and | LI Show on drawings as | [J |fa car wash area is not Describe operational measures
Equipment Cleaning appropriate: provided, describe measures to implement the following (if
(1) Commercial/industrial facilities taken to discourage onsite car applicable):

[l Not Applicable having vehicle /equipment washing and explain how these

cleaning needs shall either provide will be enforced.
a covered, bermed area for
washing activities or discourage
vehicle/equipment washing by

0 washwater from vehicle and
equipment washing
operations shall not be
discharged to the storm drain

removing hose bibs and installing system.

signs prohibiting such uses. L] Car dealerships and similar
(2) Multi-dwelling complexes shall may rinse cars with water
have a paved, bermed, and only.

cover'ed car Wasr_l area (unl_ess car []See Fact Sheet SC-21,
washing is prohlbl_ted onsite and “Vehicle and  Equipment
hoses are provided _W|th an Cleaning,” in the CASQA
automatic shut- off to discourage Stormwater Quality
such use). Handbooks at
(3) Washing areas for cars, www.cabmphandbooks.com

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.
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If These Sources Will Be on

Appendix E.1

Source Control BMP Requirements

... Then Your SWQMP Shall Consider These Source Control BMPs

the Project Site ...
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

O Sc-K. Vehicle/
Equipment Repair and
Maintenance

[0 Not Applicable

O Accommodate  all

vehicle
equipment repair and
maintenance indoors. Or
designate an outdoor work area
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.

0 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

[0 State that no vehicle repair or

maintenance will be done
outdoors, or else describe the
required features of the outdoor
work area.

O 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.

In the report, note that all of the
following restrictions apply to use
the site:

L] No person shall dispose of, nor
permit the disposal, directly or
indirectly of vehicle fluids,
hazardous materials, or
rinsewater from parts cleaning
into storm drains.

0 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.
[0 No person shall leave

unattended drip parts or other
open containers containing
vehicle fluid, unless such
containers are in use or in an

discharge permit will be
obtained. area of secondary
containment.
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If These Sources Will Be on

... Then Your SWQMP Shall Consider These Source Control BMPs

Appendix E.1

Source Control BMP Requirements

the Project Site ...
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

[0 SC-L. Fuel Dispensing
Areas

[0 Not Applicable

LI Fueling areas! shall have
impermeable  floors  (i.e.,
portland cement concrete or
equivalent smooth impervious
surface) that are (1) graded at
the minimum slope necessary
to prevent ponding; and (2)
separated from the rest of the
site by a grade break that
prevents run-on of storm water
to the MEP.

[ 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 fueling
area.

[J The property owner shall dry
sweep the fueling area
routinely.

[0 See the Business Guide
Sheet, “Automotive
Service—Service Stations” in
the CASQA Stormwater
Quality Handbooks at
www.cabmphandbooks.com.

!'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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Appendix E.1
Source Control BMP Requirements

I rEse Seuress Wil e o ... Then Your SWQMP Shall Consider These Source Control BMPs

the Project Site ...
1 2 3 4
Potential Sources of Permanent Controls—Show Permanent Controls—List in Operational BMPs—Include in
Runoff Pollutants on Drawings Table and Narrative Table and Narrative

[0 SC-M. Loading Docks [J Show a preliminary design for [0 Move loaded and unloaded
the loading dock area, items indoors as soon as
O Not Applicable including roofing and drainage. possible.

Loading docks shall be
[0 See Fact Sheet SC-30,
covered and/or graded to “Outdoor  Loading and

minimize run-on to and runoff s
from the loading area. Roof Unloading,” in the CASQA

downspouts shall be Stormwater Quality

positioned to direct storm water Handbooks at
away from the loading area. www.cabmphandbooks.co
Water from loading dock areas m.

should be drained to the
sanitary sewer where feasible.
Direct connections to storm
drains from depressed loading
docks are prohibited.

[0 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.

[ 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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Appendix E.1
Source Control BMP Requirements

I rEse Seuress Wil e o ... Then Your SWQMP Shall Consider These Source Control BMPs

the Project Site ...

1 2 3 4
Potential Sources of Permanent Controls—Show Permanent Controls—List in Operational BMPs—Include in
Runoff Pollutants on Drawings Table and Narrative Table and Narrative
[0 SC-N. Fire Sprinkler Test O Provide a means to drain fire | L] See the note in Fact Sheet
Water sprinkler test water to the SC-41, “Building and Grounds
_ sanitary sewer. Maintenance,” in the CASQA
L1 Not Applicable Stormwater Quality
Handbooks at
www.cabmphandbooks.com.
SC-0O. Miscellaneous Drain O Boiler drain lines shall be directly
or Wash Water or indirectly connected to the
) o sanitary sewer system and may
01 Boiler drain lines not discharge to the storm drain
[0 Condensate drain lines system.
O Rooftop equipment [ Condensate drain lines may
i discharge to landscaped areas if
L) Drainage sumps the flow is small enough that
0 Roofing, gutters, and runoff will not occur. Condensate
trim drain lines may not discharge to

the storm drain system.

) O Rooftop mounted equipment with

[ Not Applicable potential to produce pollutants
shall be roofed and/or have
secondary containment.

[J Any drainage sumps onsite shall
feature a sediment sump to
reduce the quantity of sediment
in pumped water.

0 Avoid roofing, gutters, and trim
made of copper or other
unprotected metals that may
leach into runoff.
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Appendix E.1
Source Control BMP Requirements

I rEse Seuress Wil e o ... Then Your SWQMP Shall Consider These Source Control BMPs

the Project Site ...

1 2 3 4
Potential Sources of Permanent Controls—Show Permanent Controls—List in Operational BMPs—Include in
Runoff Pollutants on Drawings Table and Narrative Table and Narrative
[0 SC-P. Plazas, sidewalks, O - Plazas, sidewalks, and
and parking lots. parking lots shall be swept

regularly to prevent the
accumulation of litter and
debris. 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.

0 Not Applicable
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Appendix E.2
SC-Q: Larage Trash Generating Facilities

E.2 SC-Q: Large Trash Generating Facilities

e

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.

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
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:

* 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).

* 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.

* 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
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Appendix E.2
SC-Q: Larage Trash Generating Facilities

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.

*  Owner must provide BMP storm water training to employees. Employee participation is
required to ensure that enclosures are properly maintained and kept clean.

Design Guidelines

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

Height(front) Height (back)

3 cubic yard 72” bin, 81” plus lid 43”7 427 207
4 cubic yard 72” bin, 81” plus lid 567 7o 7>
Filled weight should not exceed 1,000 pounds.

Design Criteria

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
specification for Woods and masonary Fences.

http://www.sandiego.gov/development-services/pdf/industry/infobulletin/ib223.pdf

2. '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 Depth Height
One Front 8 6 6
One Side 7.5 8’ 6
Two Front 16’ 6 6
Two Side 8 16° 6
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Appendix E.2
SC-Q: Larage Trash Generating Facilities

3. 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.

4. 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).

5. 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 approptriate BMPs. The roof must provide sufficient clearance to allow the
dumpster lid to open to the 90 degree position.

6. 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

7. 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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Appendix E.2
SC-Q: Larage Trash Generating Facilities

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-R: Animal Facilities

E.3 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.

* 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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Appendix E.4
SC-S: Plant Nurserious and Garden Center

E.4 SC-S: Plant Nurseries and Garden Center

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. Nurseties 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 stormwater training to appropriate employees. Employee
participation is required to ensure that source controls are properly maintained and behavioral
BMPs are followed.

* 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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Appendix E.4
SC-S: Plant Nurserious and Garden Center
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Appendix E.5
SC-T': Automotive Facilities

E.5 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
or 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.

* 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.
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Appendix E.5
SC-T': Automotive Facilities

e Pave activity areas with hydraulic concrete or appropriately sealed asphalt cement.
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.

* DProvide 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:

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.

e 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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Appendix E.6
SD-A Tree

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:

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

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.

Typical tree well system components include:

Trees of the appropriate species for site conditions and constraints

Available growing space based on tree species, soil type, water availability, surrounding land
uses, and project goals

Optional suspended pavement design to provide structural support for adjacent pavement
without requiring compaction of underlying layers
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Appendix E.6
SD-A Tree

e 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. OPTIONAL
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ponding of excess runoff Schematic of Tree

e Optional planter box drain

Design Adaptations for Project Goals

Storm water volume credits are only allowed for new trees implemented within the project
footprint.Site design BMP to provide incidental treatment. Street trees primarily functions as site
design BMPs for incidental treatment. Benefits from street trees are accounted for by adjustment
factors presented in Appendix B.2. This credit can apply to other landscape 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 a 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 (Worksheet C.4-1/Form
1-8) and provide calculations supporting the amount of credit claimed from implementing trees within
the project footprint. TheCity 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).

Design Criteria and Considerations

Street Trees 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

0 Tree species is appropriately chosen for the  Proper tree placement and species

development (private or public). For public rights- selection minimizes problems such as
of-ways, local planning guidelines and zoning  pavement damage by surface roots and
provisions for the permissible species and  poor growth.

placement of trees are consulted. A list of trees
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appropriate for site design that can be used by all
county municipalities are provided in Appendix
E.26

Appendix E.6
SD-A Tree

Siting and Design Intent/Rationale

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
Street Tree
Traffic Signal, Stop sign 20 feet
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
Inters.ectlons (intersecting 25 feet
curb lines of two streets)

Roadway safety for both vehicular and
pedestrian traffic is a key consideration for
placement along public streets.

Underground utilities and overhead wires are
considered in the design and avoided or
circumvented. Underground utilities are routed
around or through the planter in suspended
pavement applications. All underground utilities
are protected from water and root penetration.

Tree growth can damage utilities and
overhead wires resulting in service
interruptions. Protecting utilities routed
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

The minimum soil volume ensures that
there is adequate storage volume to allow
for unrestricted evapotranspiration.
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each tree. Canopy projection area is the ground
area beneath the tree, measured at the drip line.

Appendix E.6
SD-A Tree

Siting and Design Intent/Rationale

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.

Grated inlets are allowed for pedestrian
circulation. Grates need to be ADA compliant and
have sufficient slip resistance.

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 can be
conveyed to the tree. In cases where the
inlet capacity is limiting the amount of
runoff draining to the tree, the tree credit
volume must be reduced proportionately.

Conceptual Design and Sizing Approach for Site Design and Storm Water Pollutant Control

1. Determine the areas where street trees can be used in the site design to achieve incidental
treatment. Street trees reduce runoff volumes from the site. Refer to Appendix B.2.2
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.
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Appendix E.6
SD-A Tree

i. For example, 0.5 acre drains to the tree and the associated DCV is 820 ft’. The

required diversion flow rate is 0.10 ft’/s, but only an inlet that can divert 0.05
ft’/s could be installed.

ii. 'Then the effective DCV draining to the tree = 820 ft’ * (0.05/0.10) = 420 ft’
c. Estimate the amount of storm water treated by the tree by summing the following:

1. Evapotranspiration credit of 0.1 * amount of soil volume installed; and

. 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
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 cutb
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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Appendix E.6
SD-A Tree

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 Typical Maintenance
Frequency
Tree health Routine actions as necessary to | e Inspect monthly.
maintain tree health. ® Maintain when needed.
Dead or diseased tree Remove dead or diseased tree. | o Inspect monthly.
Replace per original plans. e Maintain when needed.
Standing water in tree well for longer Loosen or replace soils e Inspect monthly and after every
than 24 hours following a storm event | surrounding the tree to restore 0.5-inch or larger storm event. If
Surface ponding longer than drainage. standing water is observed,
approximately 24 hours following a increase inspection frequency to
storm event may be detrimental to tree after every 0.1-inch or larger storm
health event.
e Maintain when needed.
Presence of mosquitos/latvae Disperse any standing water e Inspect monthly and after every
from the tree well to nearby 0.5-inch or larger storm event. If
For images of egg rafts, larva, pupa, landscaping. Loosen or replace mosquitos are observed, increase
and adult mosquitos, see soils surrounding the tree to inspection frequency to after every
http://www.mosquito.org/biology restore drainage (and prevent 0.1-inch or larger storm event.
standing water). ® Maintain when needed
Entrance / opening to the tree well is Make repairs as appropriate to | e Inspect monthly.
blocked such that storm water will not | restore drainage into the tree ® Maintain when needed.
drain into the tree well (e.g., a curb well.

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)
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Appendix E.7
SD-B: Impervious Area Dispersion

E.7 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
tull 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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Appendix E.7
SD-B: Impervious Area Dispersion
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Figure E.7-1: Typical plan and section view of an Impervious Area Dispersion BMP

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.
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Design Criteria and Considerations

Appendix E.7
SD-B: Impervious Area Dispersion

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

Dispersion is over areas with soil types capable
of supporting or being amended (e.g., with sand
or compost) to support vegetation. Media
amendments must be tested to verify that they
are not a source of pollutants.

Soil must have long-term infiltration
capacity for partial or full infiltration and
be able to support vegetation to provide
runoff treatment. Amendments to improve
plant growth must not have negative
impact on water quality.

Dispersion has vegetated sheet flow over a
relatively large distance (minimum 10 feet)
from inflow to overflow route.

Full or partial infiltration requires relatively
large areas to be effective depending on the
permeability of the underlying soils.

Pervious areas should be flat (with less than 5%
slopes) and vegetated.

Flat slopes facilitate sheet flows and
minimize velocities, thereby improving
treatment and reducing the likelihood of
erosion.

Inflow velocities

Inflow velocities are limited to 3 ft/s or less or

High inflow velocities can cause erosion,
scour and/or channeling.

Dedicated dispersion areas prevent future
conversion to alternate uses and facilitate
continued full and partial infiltration
benefits.

D use energy dissipation methods (e.g., tiprap,
level spreader) for concentrated inflows.
Dedication
Dispersion areas must be owned by the project
owner and be dedicated for the purposes of
D dispersion to the exclusion of other future uses
that might reduce the effectiveness of the
dispersion area.
Vegetation
Dispersion typically requires dense and robust
vegetation for proper function. Drought
a

tolerant species should be selected to minimize
irrigation needs. A plant list to aid in selection
can be found in Appendix E.26.

Vegetation improves resistance to erosion
and aids in runoff treatment.

Conceptual Design and Sizing Approach for Site Design

1.

pollutant control sizing.

reduced runoff from dispersion.

Determine the areas where dispersion can be used in the site design to reduce the DCV for

Calculate the DCV for storm water pollutant control per Appendix B.2, taking into account
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Appendix E.7
SD-B: Impervious Area 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

4. If the top 12 inches uses amended soils in accordance with SD-F, the runoff coefficient (c-
factor) for the amended area is 0.1

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
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 required 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
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Appendix E.7
SD-B: Impervious Area Dispersion

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.

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

Typical Maintenance

Frequency

Poor vegetation establishment Re-seed, re-plant, or re-establish

vegetation per original plans.

e Inspect monthly.

e Maintain when needed.

Remove dead or diseased
vegetation, re-seed, re-plant, or
re-establish ~ vegetation  per
original plans.

Dead or diseased vegetation 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 | Disperse any areas of standing | e Inspect monthly and after every

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

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, or

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

Appendix E.7

SD-B: Impervious Area Dispersion

Maintenance Action

Typical Maintenance

Frequency

repaiting/replacing clogged or
compacted soils.

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 pervious area so it drains
into the soil). Loosen or replace
soils 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

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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Appendix E.8
SD-C: Green Roof

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, Ca

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:

Extensive — lightweight, low maintenance system with low-profile, drought tolerant type
groundcover in shallow growing medium (6 inches or less)

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:

Vegetation that is appropriate to the type of green roof system, climate, and watering
conditions

Media layer (planting mix or engineered media) capable of supporting vegetation growth
Filter fabric to prevent migration of fines (soils) into the drainage layer

Optional drainage layer to convey excess runoff

Optional root barrier

Optional insulation layer

Waterproof membrane

Structural roof support capable of withstanding the additional weight of a green roof
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SD-C: Green Roof

MEDIA LAYER

MIN. 90% COVERAGE ROBUST
VEGETATION

FILTER FABRIC

DRAINAGE LAYER
(OPTIONAL)

ROOT BARRIER
(OPTIONAL)

INSULATION LAYER
(OPTIONAL)

WATERPROOF MEMBRANE
SUPPORT LAYER

MAX SLOPE < ====-.:.41

(20° PREFERRED)

PROFILE
NOT TO SCALE

Figure E.8-1: 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:

Siting and Design Intent/Rationale

o Roof slope is = 40% (Roofs that are = Steep roof slopes increases project complexity

20% are preferred). and requires supplemental anchoring.
Structural roof capacity design supports . .
oy Inadequate structural capacity increases the risk
o the calculated additional load (Ibs/sq. £ for roof failure and harm to the building and

of the vegetation growing medium and

. . . occupants.
additional drainage and barrier layers. p

A green roof specialist will minimize
complications in implementation and potential
structural issues that are critical to green roof

Design and construction is planned to be
0 completed by an expetienced green roof

specialist.

SUCCeESS.

Green roof location and extent must
meet fire safety provisions.

Green roof design must not negatively impact
fire safety.

Maintenance access is included in the
green roof design.

Maintenance will facilitate proper functioning
of drainage and irrigation components and

BMP Design Manual-Appendices
March 2019 Update

E-38

J-
I\~

CITY OF
CHULAVISTA



Appendix E.8
SD-C: Green Roof

Siting and Design Intent/Rationale

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,

O 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
surface vegetation.

O

the roof surface.

Vegetation is robust and erosion-
. resistant in order to withstand the

anticipated rooftop environment (e.g.,
heat, cold, high winds).

Weak plants will not survive in extreme rooftop
environments.

L 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
U 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.

An irrigation system (e.g., drip irrigation
O 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
O 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
0 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

0 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.
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Siting and Design Intent/Rationale

A root barrier comprised of dense  Root penetration can decrease the integrity of
material to inhibit root penetration is  the underlying structural roof components and
used if the waterproof membrane will  increase the risk of harm to the building and
not provide root penetration protection.  occupants.

An insulation layer is included as needed

to protect against the water in the  Regulating thermal impacts of green roofs will
U drainage layer from extracting building  aid in controlling building heating and cooling

heat in the winter and cool air in the  costs.

summer.

A waterproof membrane is used to

prevent the roof runoff from vertically

migrating and damaging the roofing  Water-damaged roof materials increase the risk
material. A root barrier may be required  of harm to the building and occupants.

to prevent roots from compromising the

integrity of the membrane.

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. If a DMA only contains a green roof that is designed in accordance with this fact sheet, then
it can be considered as a self-retaining DMA that meets the storm water pollutant control
obligations.

3. Ifagreen roof receives runon, then calculate the DCV for the DMA using Appendix B.2.

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.
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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.

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 Typical Maintenance

Frequency

Poor vegetation establishment Re-seed, re-plant, or re-establish | o Inspect monthly.

vegetation per original plans. o
e Maintain when needed.

Dead or diseased vegetation Remove dead or diseased vegetation, | e Inspect monthly.
re-seed, re-plant, or re-establish o
vegetation per original plans. * Maintain when needed.
Overgrown vegetation Mow or trim as appropriate. ¢ Inspect monthly.

e Maintain when needed.

Standing water in BMP for | Disperse any areas of standing water | o Inspect monthly and after

longer than 24 hours following a | to nearby landscaping (i.e., spread it every 0.5-inch or larger storm
storm event out to another portion of the green event. If standing water is
. roof so it drains into the soil). Make i i i
Surface ponding longer than appropriate corrective measur)es such ?bsewed, lﬂCfefa R,
approximately 24 hours als)zd'l}jstin irrigation system, cleatin 're(}lluenlcy i A
following a storm event may be J & 1tig b > g Inch or larger storm event.
detrimental to vegetation health
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Threshold/Indicator

Maintenance Action

Appendix E.8
SD-C: Green Roof

Typical Maintenance

Frequency

underdrains, or repairing/replacing
clogged or compacted soils.

Maintain when needed.

Presence of mosquitos/latrvae

For images of egg rafts, larva,
pupa, and adult mosquitos, see

http://www.mosquito.org/biolo

A

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.

Maintain when needed

Leaks or other damage to
waterproof membrane

Repair or replace as applicable.

Inspect membrane if leak is
observed.

Maintain when needed.
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Appendix E.9
SD-D: Permeable Pavement (Site Design BMP)

E.9 SD-D Permeable Pavement (Site 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 percolation through void spaces in the pavement
surface into subsurface layers. Permeable pavements Typical Permeable Pavement
reduce runoff volumes and rates and can provide
pollutant control via infiltration, filtration, sorption,
sedimentation, and biodegradation processes. When
used as a site design BMP, the subsurface layers are
designed to provide storage of storm water runoff so Aggregate storage layer with optional
that outflow rates can be controlled via infiltration into | underdrain(s)

subgrade soils. Varying levels of storm water treatment Optional final filter course layer over
and flow control can be provided depending on the
size of the permeable pavement system relative to its
drainage area and the underlying 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.

Components (Top to Bottom)

Permeable surface layer

Bedding layer for permeable surface

uncompacted existing subgrade

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
driveways.
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SD-D: Permeable Pavement (Site Design BMP)

Permeable pavements, when proposed as a site design BMP to reduce impervious area and/or DCV
must meet the following conditions:

e Must not have an impermeable liner; and
e Slope must be less than or equal to 5%.

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
expected to reach downstream retention or biofiltration basins that process storm water runoff from
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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.

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 ait street sweeping, is key to preventing clogging.

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 Typical Maintenance

Frequency

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

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.

Weeds growing on/through the
permeable pavement surface

Remove weeds and add features as
necessary to prevent weed intrusion. Use

e Inspect monthly.

BMP Design Manual-Appendices

March 2019 Update

E-45

J-
I\~

CITY OF
CHULAVISTA




Threshold/Indicator

Appendix E.9

SD-D: Permeable Pavement (Site Design BMP)

Maintenance Action

Typical Maintenance

Frequency

non-chemical methods (e.g., instead of
pesticides,  control  weeds  using
mechanical removal, physical barriers,
and/or physical changes in the
surrounding area adjacent to pavement
that will preclude weed intrusion into the
pavement).

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 O.l-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 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
undetlying 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.

e Inspect monthly and after
every 0.5-inch or larger
storm event. If mosquitos
are observed, increase
inspection frequency to
after every 0.l-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.

Maintain when needed.
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Appendix E.10
SD-E: Rain Barrels

E.10 SD-E Rain Barrels

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

Rain barrels are containers that can capture rooftop Typical Rain Barrel Components
runoff and store it for future use. With controlled timing Storage container, barrel or tank for
and volume release, the captured rainwater can be used holding captured flows

for irrigation or alternative grey water between storm Inlet and associated valves and piping
events, thereby reducing runoff volumes and associated Outlet and associated valves and piping
pollutants to downstream waterbodies. Rain barrels tend Overflow outlet

to be smaller systems, less than 100 gallons. They have Optional pump

low installation costs. Treatment can be achieved when Optional first flush diverters

rain barrels are used as part of a treatment train along with Optional roof, supports, foundation, level
other BMPs that use captured flows in applications that 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.

Important Considerations

Maintenance: Rain barrels require regular monitoring and cleaning to ensure that they do not become
clogged with leaves or other debris.

Economics: Rain barrels have low installation costs.

Limitations: Due to San Diego’s arid climate, some rain barrels may fill only a few times each year.
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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.

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. LLeaves 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 The inletis 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.
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Appendix E.10
SD-E: Rain Barrels

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

Typical Maintenance

Frequency

Accumulation of debris at the inlet

Remove and properly dispose of

accumulated materials.

e Inspect monthly and after every

0.5-inch or larger storm event.

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 debris in the

storage container

Remove and properly dispose of
accumulated materials.

e Inspect twice per year.
Maintain when needed.

Leaks or other damage to storage
container

Repair or replace as applicable.

e Inspect twice per year.
Maintain when needed.

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.

Use the water as intended, or
disperse to landscaping.

e Inspect monthly and after every

0.5-inch or larger storm event. If
observed,
increase inspection frequency to

standing water s

after every 0.1-inch or larger
storm event.
Maintain when needed.

Presence of mosquitos/latrvae

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.

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.

Maintain when needed.
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Threshold/Indicator

Maintenance Action

Appendix E.10
SD-E: Rain Barrels

Typical Maintenance

Leaks or other damage to ancillary
parts including valves, piping,
screens, level indicators, and other
accessories

Repair or replace as applicable.

Frequency

e Inspect twice per year.
Maintain when needed.

Rain barrel leaning or unstable,
damage to roof, supports, anchors,
ot foundation

Make repairs as appropriate to
correct the problem and stabilize
the system.

e Inspect twice per year.
Maintain when needed.
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Appendix E.11
SD-F: Amended Soils
E.11 SD-F Amended Soils

3 Fl - = ) s MS4 Permit Category
i — o Site Design

Manual Category

Site Design

Applicable Performance Standard
Site Design

Primary Benefits

Volume Reduction
Peak Flow Attenuation

/ A’ W
Photo Credit: Orange 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, as well as, to
provide a growing medium for healthy plant growth.

Important Considerations

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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Appendix E.11
SD-F: Amended Soils

Limitations: 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 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

Mulch should be applied on top and not

O  applied at grade over all planting areas to a . .. . .
Pp ,fg p 8 mixed into underlying soils
depth of 3.
When shavings or compost is used as an
- amendment, it is rototilled into the native soil If soil is not completely mixed the overall
to a minimum depth of 67 (12 inches benefit will be reduced.
preferred).
- Compost meets the criteria in Appendix If poor quality compost is used, it will have
F.3.1.2 negative impact to water quality.
. Large debris in amended soils can cause
Soil amendments are free of stones, stumps, ) . .
) localized erosion. Trash/harmful materials
O roots, glass, plastic, metal, and other . ..
. . can result in  personal injury or
deleterious materials. .
contamination.
Soil mixing before planting results in a more
O  Mixing of soils are done prior to planting homogeneous mixing and will reduce the
stress on plants.
Care is taken around existing trees and shrubs  Preservation  of  existing  established
O  to prevent root damage during construction vegetation is an important part of site design
and soil amendment application. and erosion control.
. . Soil amendments applied too soon in the
Soil amendments are applied at the end of . PP
O . construction process may become over
construction ) .
compacted reducing effectiveness.
. . .., The soil amendments impact the pH and
Soil amendments are compatible with . . y
O salinity of the soil. Some plants have sensitive

planned vegetation

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.

Maintenance

Annual maintenance may be required to determine reapplication requirements of amended soils.
Amended soils should be regularly inspected for signs of compaction, watetlogging, and unhealthy
vegetation.
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Appendix E.12
HU-1:Cistern

E. 12 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:

Storage container, barrel or tank for holding captured flows
Inlet and associated valves and piping

Outlet and associated valves and piping

Overflow outlet

Optional pump

Optional first flush diverters

Optional roof, supports, foundation, level indicator, and other accessories
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Appendix E.12
HU-1 Cistern

GUTTER W/
LEAF GUARD

DOWNSPOUT

OVERFLOW OUTLET

CISTERN ACCESS TREATMENT IMP

L

CISTERN

FLOW CONTROL
OUTLET ORIFICE

NOTES:

1. DESIGNER SHALL ACCOUNT FOR
AND ACCOMQDATE 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

4, PROVIDE ACCESS FOR CLEAN
OUT OF OUTLET ORIFICE. SEE
FLOW—THROUGH PLANTER

ENERGY DISSIPATION

. ] OUTLET DETAL.
B OUTLET, 2"@ MIN
1 : 5. PREVENT MOSQUITO BREEDING
\ !] > DISCHARGE TO APPROVED (TO TREATMENT IMP) BY SEALING OR SCREENING ALL
LOCATION (GUTTER, OPENINGS TO THE WATER
STORM DRAIN, ETC.} SURFACE AND/OR ENSURE
CISTERN COMPLETE DRAINAGE.

Figure E.12-1: Typical Section View of Cistern BMP
Sonrce: 2012 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 atre 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
benefits and limits cistern discharge to
downstream facilities during storm
events.

Cisterns are fitted with a flow control device
0 such as an orifice or a valve to limit outflow in
accordance with drawdown time requirements.

Cisterns are designed to drain completely,
O leaving no standing water, and all entry points
are fitted with traps or screens, or sealed.

Complete drainage and restricted entry
prevents mosquito habitat.

Leaf guards and/or screens are provided to Leaves and organic debris can clog the
prevent debris from accumulating in the cistern. outlet of the cistern.

Properly functioning outlets are needed
to maintain proper flow control in
accordance with drawdown time
requirements.

Access is provided for maintenance and the
O cistern outlets are accessible and designed to
allow easy cleaning.

Cisterns must be designed and sited such that
O overflow will be conveyed safely overland to the
storm drain system or discharge point.

Safe overflow conveyance prevents

flooding and damage of property.

Conceptual Design and Sizing Approach for Site Design and Storm Water Pollutant Control

1. 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.

3. 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).

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
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Appendix E.12
HU-1 Cistern

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
electrical 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
drainage inserts within catch basins. Increase the frequency of inspection until the issue is
resolved.

e 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.
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HU-1 Cistern

e 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.

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.

Typical Inspection and

Threshold/Indicator Maintenance Action :
Maintenance Frequency

e Inspect monthly and after every

Accumulation of sediment, litter, | Remove and properly dispose :
0.5-inch or larger storm event.

or debris at the inlet of accumulated materials.
¢ 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.

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.

Accumulation of sediment, litter, | Remove and propetly dispose
or debris in the storage container of accumulated materials.

® 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

BMP Design Manual-Appendices
March 2019 Update E-57

y:
I\~

CITY OF
CHULAVISTA




Threshold/Indicator

Maintenance Action

Appendix E.12
HU-1 Cistern

Typical Inspection and

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 depending
on the purpose and design of the

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

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.

e Maintain when needed.

. use cannot be  reliably
cistern. ,
sustained.
Presence of mosquitos/larvae . -
q / If  mosquitos/larvac  are | ® Inspect monthly and after every 0.5

For images of egg rafts, larva, pupa,
and adult mosquitos, see
http://www.mosquito.org/biology

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.

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
accessoties

Repair or replace as applicable.

e Inspect twice per year.

e Maintain when needed.

Leaks or other damage to storage
container

Repair or replace as applicable.

® 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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E.13 INF-1 Infiltration Basin

Photo Credit: http://www.stormwaterpartners.com/facilities/basin.html

Description

Appendix E.13
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

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

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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HU-1 Cistern

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.

Must operate as a full infiltration design and
must be supported by drainage area and in-situ
infiltration rate feasibility findings. Applicant
must complete Worksheet C.4-1/Form I-8A;
Worksheet C.4-2/Form I-8B and Worksheet
C.4-3.

Example Schematic Design — Plan and Section View

Selection and design of basin is based on
infiltration feasibility criteria and appropriate
design infiltration rate (See Appendix C and D).
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Figure E.13-1: Typical plan and section view of an Infiltration BMP
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HU-1 Cistern
Recommended BMP Component Dimensions
BMP Component | Dimension Intent/Rationale
Freeboard > 5 inches Freeboard minimizes risk of uncontrolled
surface discharge.
Gentler side slopes are safer, less prone to
Ponding Area Side Slopes | 3H:1V or shallower | erosion, able to establish vegetation more

quickly and easier to maintain.

A forebay to trap sediment can decrease
frequency of required maintenance.

Other pretreatment devices may be used in
accordance with Appendix B.6.

Deviations to the recommended BMP component dimensions may be approved at the discretion of
the City Engineer if it is determined to be appropriate.

= 25% of facility

volume

Settling Forebay Volume

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
increasing the surface ponding volume.

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.

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.

Infiltration of surface ponding is limited to a
36-hour drawdown time.

Inflow and Overflow Structures

Inflow and outflow structures are accessible

Maintenance will prevent clogging and ensure

O  byrequired equipment (e.g., vactor truck) for ~ proper operation of the flow control
inspection and maintenance. structures.
- Inflow velocities are limited to 3 ft/s or less High inflow velocities can cause erosion, scour

or use energy dissipation methods (e.g.,

and/or channeling.
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Design Criteria Intent/Rationale

riprap, level spreader) for concentrated
inflows.

Overflow is safely conveyed to a
downstream storm drain system or discharge

O  point. Size overflow structure to pass 100-
year peak flow for on-line basins and water
quality peak flow for off-line basins.

Planning for overflow lessens the risk of
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.

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.
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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 petforming 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
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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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 Typical Maintenance

Frequency

Accumulation of sediment, litter, or | Remove and propetly dispose of e Inspect monthly. If the

debris in forebay and/or basin accumulated materials, (without forebay is 25% full* or more
damage to vegetation when | in one month, increase
applicable). inspection  frequency  to

monthly plus after every 0.1-
inch or larger storm event.
eRemove any accumulated
materials found within the
infiltration area at each
inspection.
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 structutre Clear blockage. e Inspect monthly and after

every 0.5-inch or larger storm
event.

eRemove any accumulated
materials found at each

inspection.
Poor vegetation establishment (when | Re-seed, re-plant, or re-establish | o Inspect monthly.
the BMP includes vegetated surface by | vegetation per original plans. e Maintain when needed.

design)
Dead or diseased vegetation (when the | Remove dead or diseased e Inspect monthly.

BMP includes vegetated surface by | vegetation, re-seed, re-plant, of | ¢ Maintain when needed.
design)

BMP Design Manual-Appendices
March 2019 Update E-64

y:
I\~

CITY OF
CHULAVISTA



Threshold/Indicator

Maintenance Action

Appendix E.12
HU-1 Cistern

Typical Maintenance

Frequency

re-establish
original plans.

vegetation

per

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

Repait/re-seed/re-plant eroded
areas and adjust the irrigation
system.

e Inspect monthly.
® 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 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 or
compacted surface treatments
and/or scatifying 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.

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.

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

e Inspect monthly and after
every 0.5-inch or larger storm
event. If standing water is
observed, increase inspection

BMP Design Manual-Appendices
March 2019 Update

E-65

y:
I\~

CITY OF
CHULAVISTA



Threshold/Indicator

Maintenance Action

Appendix E.12
HU-1 Cistern

Typical Maintenance

Frequency

fine sediment or remove and
replace clogged soils). BMP may
require retrofit if infiltration
cannot be restored. The City
Engineer shall be contacted

frequency to after every 0.1-
inch or larger storm event.

e Maintain when needed.

prior to any repairs or
reconstruction.
Presence of mosquitos/latvae If  mosquitos/larvae are | o Inspect monthly and after
observed: first, immediately every 0.5-inch or larger storm
For images of egg rafts, larva, pupa, | remove any standing water by event. If mosquitos are
and adult mosquitos, see dispersing to nearby observed, increase inspection
http://www.mosquito.org/biology landscaping;  second, make frequency to after every 0.1-
corrective measures as inch or larger storm event.
applicable to restore BMP | ¢ Maintain when needed

drainage to prevent standing
watet. For subsurface infiltration
galleries, ensure access covers
are tight fitting, with gaps or
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
cotrective 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.

Damage to structural components
such as weits, inlet or outlet structures

Repair or replace as applicable.

e Inspect annually.

e Maintain when needed.
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INF-2 Bioretention

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:

Inflow distribution mechanisms (e.g, perimeter flow spreader or filter strips)

Energy dissipation mechanism for concentrated inflows (e.g., splash blocks or riprap)
Shallow surface ponding for captured flows

Side slope and basin bottom vegetation selected based on expected climate and ponding depth
Non-floating mulch layer (optional)

Media layer (planting mix or engineered media) capable of supporting vegetation growth

Filter course layer consisting of aggregate to prevent the migration of fines into uncompacted
native soils or the optional aggregate storage layer

Optional aggregate storage layer for additional infiltration storage
Uncompacted native soils at the bottom of the facility

Ovetflow structure

Design Adaptations for Project Goals
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e 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.

e 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 sutface ponding and/or aggregate
storage volume for storm water flow control.

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:

Siting Criteria Intent/Rationale

Placement observes geotechnical
recommendations regarding potential hazards

O (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
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%. In long
bioretention facilities where the potential for
internal erosion and channelization exists, the
use of check dams is required.

Flatter surfaces reduce erosion and
channelization within the facility.
Internal check dams reduce velocity
and dissipate energy.
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Recommended BMP Component Dimensions

.

DISSIPATION

MAINTENANCE «
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APRON FOR ENERGY (AS NEEDED)

-

2°/MAX

FINISH GRADE

0
€ Se

2 2

OVERFLOW e n @ %
STRUCTURE A v e w

VEGETATED SIDE SLOPE MEDIA SURFACE AREA

PLAN
NOT TO SCALE

4-6" DROP FROM CURB CUT TO APRON
APRON FOR ENERGY DISSIPATION

3" WELL-AGED, SHREDDED HARDWOOD MULCH

6" MIN. TO 12" MAX. MAINTENANCE
SURFACE PONDING ACCESS
2" MIN. FREEBOARD (AS NEEDED)

CURB CUT

/— OVERFLOW
EXCAVATED SLOPE STRUCTURE

OUTLET PIPE

MIN. 18" MEDIA WITH /7
MIN. 5 IN/HR
FILTRATION RATE

FILTER COURSE
AGGREGATE STORAGE LAYER (OPTIONAL)
EXISTING UNCOMPACTED

SECTION A-A'
NOT TO SCALE

Figure E.14-1: Typical plan and section view of a Bioretention BMP

Recommended BMP Component Dimensions

Intent/Rationale

Freeboard provides room for head
over overflow structures and
minimizes risk of uncontrolled
surface discharge.

Surface ponding capacity lowers
subsurface storage requirements.

Dimension

BMP Component

Freeboard > 2 inches

Surface Ponding = 6 and = 12 inches
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BMP Component Dimension Intent/Rationale
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.
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.
A deep media layer provides
additional filtration and supports
plants with deeper roots. Standard
specifications shall be followed.
Deviations to the recommended BMP component dimensions may be approved at the discretion of
the City Engineer if it is determined to be appropriate.

Ponding Area Side Slopes > 3H:1V

Media Layer > 18 inches

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:

Sitting and Design Criteria Intent/Rationale
Surface Ponding
Surface ponding is limited to a 24-hour 24-hour drawdown time is recommended
drawdown time. for plant health.
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Sitting and Design Criteria Intent/Rationale

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

Plants suited to the climate and ponding

O expected ponding depth. A plant list to aid in depth are more likely to sutvive.
selection can be found in Appendix E.26.
An irrigation system with a connection to Seasonal irrigation might be needed to keep
= water supply is provided as needed. plants healthy.
Mulch
A minimum of 3 inches of well-aged, §hredded Mulch will suppress weeds and maintain
hardwood mulch that has been stockpiled or moisture for plant growth. Aging mulch
O stored for at least 12 months is provided. kills pathogens and weed seeds and allows
Mulch must be non-floating to avoid clogging || e . j DL L diply.
of overflow structure.
Media Layer
Media maintains a minimum filtration rate of 5 A high filtration rate through the soil mix
in/hr over lifetime of facility. A minimum minimizes clogging potential and allows
- initial filtration rate of 10 in/hr is flows to quickly enter the aggregate storage
recommended. layer, thereby minimizing bypass.
dia . 18 d , A deep media layer provides additional
Me i is 2 minimum 18 '1nches. cep, meeting filtration and supports plants with deeper
either of these two media specifications:
- roots.
Section F.3 Bioretention Soil Media (BSM) or
specific jurisdictional guidance. Standard specifications shall be followed.
Alternatively, for. proprietary designs and ) For non-standard or proprietary designs,
O custom media mixes not meeting the media compliance with F.1 ensures that adequate

specifications, the media meets the pollutant
treatment performance criteria in Section F.1.

treatment performance will be provided.
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Media surface area is 3% of contributing area
times adjusted runoff factor or greater. Unless
demonstrated that the BMP surface area can
be smaller than 3%
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Sitting and Design Criteria Intent/Rationale

Greater surface area to tributary area ratios
decrease loading rates per square foot and
therefore increase longevity.

Adjusted runoff factor is to account for 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

A filter course is used to prevent migration of
fines through layers of the facility. Filter fabric
is not used.

Migration of media can cause clogging of
the aggregate storage layer void spaces or
subgrade. Filter fabric is more likely to clog.

Filter course is washed and free of fines.

Washing aggregate will help eliminate fines
that could clog the facility and impede
infiltration.

Filter course calculations assessing suitability
for particle migration prevention have been
completed.

Gradation relationship between layers can
evaluate factors (e.g., bridging, permeability,
and uniformity) to determine if particle
sizing is appropriate or if an intermediate
layer is needed.

Aggregate Storage Layer (Optional)

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
filter course layer at the top of the crushed
rock is required.

Washing aggregate will help eliminate fines
that could clog the aggregate storage layer
void spaces or subgrade.

Maximum aggregate storage layer depth is
determined based on the infiltration storage
volume that will infiltrate within a 36-hout
drawdown time.

A maximum drawdown time to facilitate
provision of adequate storm water storage
for the next storm event.
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Inflow and Overflow Structures
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Intent/Rationale

Inflow and overflow structures are accessible
for inspection and maintenance. Overflow

Maintenance will prevent clogging and

O structures must be connected to downstream ensure proper operation of the flow control
storm drain system or appropriate discharge structures.
point.
Inflow velocities are limited to 3 ft/s or less or L .. .
L . 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 1 apron
. prevents blockage from vegetation as it
| a 4-6 inch reveal (drop) and an apron and . o
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
O overflow structure to pass 100-year peak flow

for on-line basins and water quality peak flow property damage due to flooding.

for off-line basins.

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.

Calculate the DCV per Appendix B based on expected site design runoff for tributary areas.

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
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.

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).
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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.

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
DCYV have been met.

Maintenance Overview

Normal Expected Maintenance. Bioretention requires routine maintenance to: fremove
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.

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 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.

1. Sediment, trash, or debris accumulation greater than 25% of the surface ponding volume
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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.

2. 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. 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 scenatrio.

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 Typical Maintenance

Frequency

Accumulation of sediment, litter, | Remove and propetly dispose of | e Inspect monthly. If the BMP is

or debris accumulated materials, without 25% full* or more in one month,
damage to the vegetation of | increase inspection frequency to
compaction of the media layer. monthly plus after every 0.1-inch

or larger storm event.
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Threshold/Indicator

Maintenance Action

Appendix E.14
INF-2: Bioretention

Typical Maintenance

Frequency
eRemove any  accumulated
materials  found at each
inspection.

Obstructed inlet or outlet structure

Clear blockage.

¢ 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 ot 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 Inspect 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.

2/3 of mulch has decomposed, or
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 [nspect monthly.

e Maintain when needed.

Erosion due to concentrated storm
water runoff flow

Repair/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

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 cotrected by
restoring the BMP to the original
plan and grade, the City Engineer
shall be contacted prior to any
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Appendix E.14
INF-2: Bioretention

Threshold/Indicator Maintenance Action Typical Maintenance
Frequency
additional repairs or | additional repairs or
reconstruction. reconstruction.
Standing water in BMP for longer | Make = appropriate  corrective | o Inspect monthly and after every
than 24 hours following a storm | measures such as  adjusting 0.5-inch or larger storm event. If
event irrigation system, removing standing water is observed,

Surface ponding longer than
approximately 24 hours following a
storm event may be detrimental to
vegetation health

obstructions of debris or invasive
vegetation, or repairing/replacing
clogged or compacted soils. If it is
determined that the underlying
native soils have been compacted
ot do not have the infiltration
capacity  expected, the City
Engineer shall be contacted prior
to any additional repairs or
reconstruction.

increase inspection frequency to
after every 0.1-inch or larger
storm event.

e Maintain when needed.

Presence of mosquitos/latvae

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
coffrective 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.

e Inspect monthly and after every
0.5-inch or larger storm event. If
mosquitos are observed, increase
inspection frequency to after
every 0.l-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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Appendix E.15

INF-3: Permeable Pavement (Pollutant Control)

E.15 INF-3 Permeable Pavement (Pollutant Control)

Location: Kellogg Park, San Diego, California

Description

MS4 Permit Category
Retention
Flow-thru Treatment Control

Manual Category

Infiltration
Flow-thru Treatment Control

Applicable Performance
Standard

Pollutant Control
Flow Control

Primary Benefits

Volume Reduction
Peak Flow Attenuation

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. Permable pavements proposed as a retention or

partial retention BMP should not have an impermeable liner.

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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Appendix E.15
INF-3: Permeable Pavement (Pollutant Control)

Design Adaptations for Project Goals

Site design BMP to reduce impervious area and DCV. See site design option SD-D.

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.

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:

Siting Criteria Intent/Rationale

Placement observes geotechnical
O recommendations regarding potential hazards
(e.g., slope stability, landslides, liquefaction

Must not negatively impact existing site
geotechnical concerns.
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INF-3: Permeable Pavement (Pollutant Control)

Siting Criteria

Intent/Rationale

zones) and setbacks (e.g., slopes, foundations,
utilities).

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
O with significant overhanging trees or other
vegetation.

Leaves and organic debris can clog the
pavement surface.

Minimum depth to groundwater and bedrock =

A minimum separation facilitates

0O 10 ft infiltration and lessens the risk of
’ negative groundwater impacts.
Contributing tributary area includes effective
sediment source control and/or pretreatment .
O . Sediment can clog the pavement surface.
measures such as raised curbed or grass filter
strips.
Direct discharges to permeable pavement are Roof runoff typically carries less
- only from downspouts carrying “clean” roof sediment than runoff from other

runoff that are equipped with filters to remove
gross solids.

impervious surfaces and is less likely to
clog the pavement surface.
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Appendix E.15
INF-3: Permeable Pavement (Pollutant Control)

Example Schematic Design — Plan and Section View
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Figure E.15-1: 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
permeable surface layer but have similar functions and characteristics below this layer.
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INF-3: Permeable Pavement (Pollutant Control)

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.

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.

O restriction layer is included if site constraints . . .
. : . Incidental infiltration, when allowable, can
indicate that infiltration should not be allowed. ...
aid in pollutant removal and groundwater
recharge.
Fo.r pollutant contrql permeabl§ pavement, the 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.
Finish grade of the permeable pavement has a  Flatter surfaces facilitate increased runoff
H slope = 5%. capture.
Permeable Surface Layer
Permeable surface layer type is appropriately Pavement may wear mote quickly if not
O chosen based on pavement use and expected .
. . durable for expected loads or frequencies.
vehicular loading.
Expected demographic and accessibility
needs (e.g., adults, children, seniors,
- 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
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Appendix E.15

INF-3: Permeable Pavement (Pollutant Control)

Design Criteria Intent/Rationale

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.

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.

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

D media layer is documented by the applicant. appropriate for expected pollutants of
concern and flow rates.
A filter course is provided to separate the Migration of media can cause'cloggmg of
O the aggregate storage layer void spaces or

media layer from the aggregate storage layer.

underdrain.

If a filter course is used, calculations assessing
O  suitability for particle migration prevention
have been completed.

Gradation relationship between layers can
evaluate factors (e.g., bridging,
permeability, and uniformity) to determine
if particle sizing is appropriate or if an
intermediate layer is needed.
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INF-3: Permeable Pavement (Pollutant Control)

Design Criteria Intent/Rationale

Consult permeable pavement manufacturer to

Media must not compromise the structural

O  verify that media layer provides required integrity or intended uses of the permeable
structural support. pavement surface.
Aggregate Storage Layer
Aggregate used for the aggregate storage layer :Z:tsh?%;gir)eg:te Ezll;tkelelfoi{:neniat:r ﬁr;?;
D' is washed and free of fines. cotd clog ageTegatc storage ayet v
spaces or underdrain.
Minimum layer depth is 6 inches and for
infiltration designs, the maximum depth is A minimum depth of aggregate provides
O  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,

Maintenance will improve the performance

0 ) . . . and extend the life of the permeable
are accessible for inspection and maintenance.
pavement system.
A minimal separation from subgrade or the
Underdrain outlet elevation should be a liner lessens the risk of fines entering the
0O minimum of 3 inches above the bottom underdrain and can improve hydraulic
elevation of the aggregate storage layer. performance by allowing perforations to
remain unblocked.
.. . L. Smaller diameter underdrains are prone to
O Minimum underdrain diameter is 6 inches. ) p
clogging.
. . Slotted underdrains provide greater intake
Underdrains are made of slotted, PVC pipe capacitv. clo resista}rjl . drainag e and
conforming to ASTM D 3034 or equivalent or pacity, clog cramnage, )
O reduced entrance velocity into the pipe,

corrugated, HDPE pipe conforming to

AASHTO 252M or equivalent.

thereby reducing the chances of solids
migration.

Filter Course (Optional)

O

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
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Appendix E.15
INF-3: Permeable Pavement (Pollutant Control)

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.

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.

5.

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. 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
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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.

3. If the permeable pavement system cannot fully provide the flow rate and duration control
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 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. 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
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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 ait street sweeping, is key to preventing clogging.

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 Typical Maintenance
Frequency
Preventive vacuum/regenerative air | Pavement should be swept with | Schedule/petform this
street sweeping a vacuum power or regenerative | preventive action at least twice

air street sweeper to maintain | per year.
infiltration  through  paving
surface

Accumulation of sediment, litter, or | Remove and propetly dispose e Inspect monthly and after
debris on permeable pavement surface | of  accumulated — materials. every 0.5-inch or larger storm
Inspect tributary area for | event.

exposed soil or other sources of
sediment and apply stabilization
measures to sediment source | materials found at each
areas. Apply source control | inspection.

measures as applicable to
sources of litter or debris.

e Remove any accumulated

Weeds growing on/through the | Remove weeds and add features e Inspect monthly.
permeable pavement surface as necessary to prevent weed
intrusion. Use non-chemical
methods  (e.g, instead of | cach inspection.
pesticides, control weeds using
mechanical removal, physical
barriers,  and/or  physical
changes in the surrounding area

¢ Remove any weeds found at
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INF-3: Permeable Pavement (Pollutant Control)

Maintenance Action

Typical Maintenance

Frequency

adjacent to pavement that will
preclude weed intrusion into the
pavement).

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.

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 Management
Plan prepared with concurrence
from the County of San Diego
Department of Environmental
Health, may be required.

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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Maintenance Action

Typical Maintenance

Frequency

Obstructed underdrain  or 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.

Damage to structural components of
subsurface infiltration gallery such as
weirs or outlet structures

Repair or replace as applicable.

e Inspect annually.

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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INF-4: Dry Wells

E.16 INF-4 Dry Wells

MS4 Permit Category
‘ Retention
[T T

BMP Manual Category
Dry well o Infiltration
el S5 | Applicable Performance
Standard
Pollutant Control
Flow Control

Gravel/Sand ‘

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 D; 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).

BMP Design Manual-Appendices \\\\Vg,
March 2019 Update E-91 ]

CITY OF
CHULAVISTA



Appendix E.16
INF-4: Dry Wells

Page intentionally left blank for double-sided printing

BMP Design Manual-Appendices \\(

March 2019 Update E-92 ~

s

CITY OF
CHULAVISTA

W




Appendix E.17
PR-1: Biofiltration with Partial Retention

E.17 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:
¢ 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
e Media layer (planting mix or engineered media) capable of supporting vegetation growth

e TFilter 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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Appendix E.17
PR-1: Biofiltration with Partial Retention

Design Adaptations for Project Goals

Partial infiltration BMP with biofiltration treatment for storm water pollutant control.
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
O hazards (e.g., slope stability, landslides,
liquefaction zones) and setbacks (e.g.,
slopes, foundations, utilities).
Selection and design of basin is based
on infiltration feasibility criteria and
appropriate design infiltration rate (See

Appendix C and D).

Must not negatively impact existing site
geotechnical concerns.

Must operate as a partial infiltration design and
must be supported by drainage area and in-situ
infiltration rate feasibility findings.

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.

Flatter surfaces reduce erosion and
channelization within the facility.

Contributing tributary area shall be < 5
acres (= 1 acre preferred).

O Finish grade of the facility is = 2%.
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Appendix E.17
PR-1: Biofiltration with Partial Retention

Example Schematic Design - Plan and Section View

- v ™ ™ & - AN oo % 00 )
CURB — APRON FOR ENERGY ¢/ AMAINTENANCE « K
“DISSIPATION ; ACCESS s
R / (AS NEEDED) %
A »: CLEANOUT v v v VRS 2 &% R A'
A 4 v v w w 3
il & ‘% Ve X iy
v 9 w v w - >
CURB CU v = BRI R
12:1 MIN - v w - v N v . w = . lx R l)
S
¥ 2% MAX. FINISH GRADE I
v 9 v v v v X RAXRHXHHK
w - - K %,
" 3V (MINL) “3HAV (MINY 3
XXX X XXX X

v v v v

v N v v . >
a UNDERDRAIN | “ ¥ | K 5

v v v v Wl X SR
- - - v -

- % 08 @ % X
v v C 3 w - Q !‘

v v v v v X >
v OVERFLOW R

v STRUCTURE vov v R 3
v v v v »

v v v v v Q
v v v v v K % % >

VEGETATED MEDIA SURFACE AREA

SIDE SLOPE

PLAN
NOT TO SCALE

4-6" DROP FROM CURB CUT TO APRON
APRON FOR ENERGY DISSIPATION

3" WELL-AGED, SHREDDED HARDWOOD MULCH
6" MIN. TO 12" MAX.

SURFACE PONDING
2" MIN. FREEBOARD

MAINTENANCE
ACCESS
(AS NEEDED)

CURB CUT

YT

SO "

EXCAVATED SLOPE
(SHOWN AT 1H:1V)

MIN. 18" MEDIA WITH MIN.
5 IN/HR FILTRATION RATE

INFILTRATION STORAGE (MIN.
3" AGGREGATE BELOW
UNDERDRAIN)

OVERFLOW
STRUCTURE

UNDERDRAIN
AGGREGATE STORAGE LAYER FILTER COURSE

EXISTING UNCOMPACTED SOILS

SECTION A-A'
NOT TO SCALE

Figure E.17-1: Typical plan and Section view of a Biofiltration with Partial Retention BMP
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Recommended BMP Component Dimensions

Appendix E.17
PR-1: Biofiltration with Partial Retention

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 requitre a fence and/or
flatter side slopes) and 3) potential for elevated
clogging risk is considered.

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.

Mulch

> 3 inches

Mulch will suppress weeds and maintain
moisture for plant growth. Aging mulch kills
pathogens and weed seeds and allows the
beneficial microbes to multiply.

Media Layer

> 18 inches

A deep media layer provides additional filtration
and supports plants with deeper roots.

Standard specifications shall be followed.

For non-standard or proprietary designs,
compliance with Appendix F.1 ensures that
adequate treatment performance will be

provided.

Underdrain Diameter

> 6 inches

Smaller diameter underdrains are prone to
clogging.

Cleanout Diameter

> 6 inches

Propetly spaced cleanouts will facilitate
underdrain maintenance.

Deviations to the recommended BMP component dimensions may be approved at the discretion of
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Appendix E.17
PR-1: Biofiltration with Partial Retention

the City Engineer if it is determined to be appropriate.

Design Criteria and Considerations

Biofiltration with partial retention 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:

Design Criteria Intent/Rationale

Surface Ponding

Surface ponding limited to 24 hours for
plant health. Surface ponding drawdown

i han 24-h less th
Surface ponding is limited to a 24-hour time greater than 24-hours but less than

a . 96 hours may be allowed at the
drawdown time. . . . . .
discretion of the City Engineer if
certified by a landscape architect or
agronomist.
Vegetation

Plantings are suitable for the climate and
O expected ponding depth. A plant list to aid in

selection can be found in Appendix E.26

An irrigation system with a connection to Seasonal irrigation might be needed to

Plants suited to the climate and ponding
depth are more likely to survive.

= water supply should be provided as needed. keep plants healthy.
Mulch
A minimum of 3 inches of well-aged, Mulch will suppress weeds and maintain
shredded hardwood mulch that has been moisture for plant growth. Aging mulch
O stockpiled or stored for at least 12 months is kills pathogens and weed seeds and
provided. Mulch must be non-floating to allows the beneficial microbes to
avoid clogging of overflow structure. multiply.
Media Layer
A filtration rate of at least 5 inches per
hour allows soil to drain between events,
Media maintains a minimum filtration rate of 5 and aﬂﬁws flows to relatlvelly qulcl;lly b
in/hr over lifetime of facility. An initial enter the aggregate storage ‘ayer, thereby
filtration rate of 8 to 12 in/hr is recommended minimizing bypass. The initial rate
O should be higher than long term target

to allow for clogging over time; the initial
filtration rate should not exceed 12 inches per
hour.

rate to account for clogging over time.
However an excessively high initial rate
can have a negative impact on treatment
performance, therefore an upper limit is
needed.
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Appendix E.17
PR-1: Biofiltration with Partial Retention

Design Criteria Intent/Rationale

Media is a minimum 18 inches deep, meeting
either of these two media specifications:
Section F.3 Bioretention Soil Media (BSM) or
specific jurisdictional guidance.

A deep media layer provides additional
filtration and supports plants with deeper
roots.

Standard specifications shall be followed.

= Alternatively, for proprietary designs and
custom media mixes not meeting the media For non-standard or proprietary designs,
specifications, the media meets the pollutant compliance with Appendix F.1 ensures
treatment performance criteria in Section F.1.  that adequate treatment performance will
be provided.
Greater surface area to tributary area
ratios: a) maximizes volume retention as
required by the MS4 Permit and
Media surface area is 3% of contributing area  b) decrease loading rates per square foot
times adjusted runoff factor or greater. Unless  and therefore increase longevity.
= demonstrated that the BMP surface area can Adjusted runoff factor is to account for
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.
Potential for pollutant export is partly a
Where receiving waters are impaired or have function of media composition; media
a TMDL for nutrients, the system is designed design must minimize potential for
= with nutrient sensitive media design (see fact export of nutrients, particularly where
sheet BF-2). receiving waters are impaired for
nutrients.
Filter Course Layer

A filter course is used to prevent migration
O of fines through layers of the facility. Filter
fabric is not used.

Migration of media can cause clogging of
the aggregate storage layer void spaces or
subgrade. Filter fabric is more likely to
clog.

O Filter course is washed and free of fines.

Washing aggregate will help eliminate
fines that could clog the facility

Filter course calculations assessing suitability
O for particle migration prevention have been
completed.

Gradation relationship between layers
can evaluate factors (e.g., bridging,
permeability, and uniformity) to
determine if particle sizing is appropriate
or if an intermediate layer is needed.
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Appendix E.17
PR-1: Biofiltration with Partial Retention

Design Criteria Intent/Rationale

Aggregate Storage Layer

Class 2 Permeable per Caltrans specification
68-1.025 is recommended for the storage
layer. Washed, open-graded crushed rock

Washing aggregate will help eliminate

. fines that could clog the agoregate
= may be used, however a 4-6 inch washed pea o8 85
storage layer void spaces or subgrade.
gravel filter course layer at the top of the
crushed rock is required.
Maximum aggregate storage layer depth . ..
88re8 . g e .p A maximum drawdown time is needed
below the underdrain invert is determined ..
. . for vector control and to facilitate
O based on the infiltration storage volume that rovidine storm water storace for the
. . % W
will infiltrate within a 36-hour drawdown P g 8
fime next storm event.

Inflow, Underdrain, and Outflow Structures

Inflow, underdrains and outflow structures
0 are  accessible  for inspection  and
maintenance.

Maintenance will prevent clogging and
ensure proper operation of the flow
control structures.

Inflow velocities are limited to 3 ft/s or less
or use energy dissipation methods. (e.g.,
riprap, level spreader) for concentrated
inflows.

High inflow velocities can cause erosion,
scour and/or channeling.

Cutb cut inlets are at least 12 inches wide,
O have a 4-6 inch reveal (drop) and an apron
and energy dissipation as needed.

Inlets must not restrict flow and apron
prevents blockage from vegetation as it
grows In. Energy dissipation prevents
erosion.

Underdrain outlet elevation should be a
O minimum of 3 inches above the bottom
elevation of the aggregate storage layer.

A minimal separation from subgrade or the
liner lessens the risk of fines entering the
underdrain and can improve hydraulic
performance by allowing perforations to
remain unblocked.

O Minimum underdrain diameter is 6 inches.

Smaller diameter underdrains are prone to
clogging.

Underdrains are made of slotted, PVC pipe
conforming to ASTM D 3034 or equivalent

Slotted underdrains provide greater intake
capacity, clog resistant drainage, and
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Appendix E.17
PR-1: Biofiltration with Partial Retention

Design Criteria Intent/Rationale

or corrugated, HDPE pipe conforming to reduced entrance velocity into the pipe,
AASHTO 252M or equivalent. thereby reducing the chances of solids
migration.

An underdrain cleanout with 2 minimum 6-

inch diameter and lockable cap is placed Properly spaced cleanouts will facilitate
= every 250 to 300 feet as required based on underdrain maintenance.
underdrain length.

Overtlow is safely conveyed to a downstream
storm drain system or discharge point. Size

O overflow structure to pass 100-year peak flow
for on-line infiltration basins and water
quality peak flow for off-line basins.

Planning for overflow lessens the risk of
property damage due to flooding.

Nutrient Sensitive Media Design

To design biofiltration with partial retention with underdrain for storm water pollutant control only
(no flow control required), the following steps should be taken:

Conceptual Design and Sizing Approach for Storm Water Pollutant Control Only

To design biofiltration with partial retention and an underdrain 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 requirements,
contributing tributary area, maximum side and finish grade slopes, 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. Generalized sizing procedure is presented in Appendix B.5. The surface ponding should be

verified to have a maximum 24-hour drawdown time.

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 should be determined as discussed in Chapter 6 of the manual.

1. Verify that siting and design criteria have been met, including placement requirements,
contributing tributary area, maximum side and finish grade slopes, and the recommended
media surface area tributary ratio.
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Appendix E.17
PR-1: Biofiltration with Partial Retention

Iteratively determine the facility footprint area, surface ponding and/or aggregate storage layer
depth required to provide detention and/or infiltration 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 biofiltration with partial retention cannot fully provide the flow rate and duration control
required by this manual, an upstream or downstream structure with significant storage volume
such as an underground vault can be used to provide remaining controls.

After biofiltration with partial retention 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. Biofiltration with partial retention 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.

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 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, underdrain, or outlet structure. The specific cause of the drainage issue must be
determined and corrected.

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.

Erosion 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.
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Appendix E.17
PR-1: Biofiltration with Partial Retention

Other Special Considerations. Biofiltration with partial retention 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.

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 Typical Maintenance
Frequency
Accumulation of sediment, litter, or Remove and propetly dispose e Inspect monthly.
debris of accumulated materials,

o 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.

without damage to the
vegetation or compaction of the
media layer.

eRemove 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.
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Threshold/Indicator

Appendix E.17

PR-1: Biofiltration with Partial Retention

Maintenance Action

Typical Maintenance

Frequency
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 Inspect monthly.

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.

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
ptior to any additional repairs

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

orf reconstruction. contacted prior to any
BMP Design Manual-Appendices \\\(fg,
March 2019 Update E-103 s

CITY OF
CHULAVISTA



Threshold/Indicator

Appendix E.17

PR-1: Biofiltration with Partial Retention

Maintenance Action

Typical Maintenance

Frequency

additional
reconstruction.

repairs or

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, clearing
underdrains, or
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.

Presence of mosquitos/larvae

For images of egg rafts, larva, pupa, and
adult mosquitos, see

http://www.mosquito.org/biology

If mosquitos/latvae 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
cotrective measures to remove
standing water, or if the BMP
design does not meet the 96-hour
drawdown criteria due to release
rates controlled by an orifice
installed on the underdrain, 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.

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.

Underdrain clogged

Clear blockage.

e Inspect if standing water is
observed for longer than 24-96
hours following a storm event.

e Maintain when needed.
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Appendix E.18
BF-1: Biofiltration

E.18 BF-1 Biofiltration

MS4 Permit Category
Biofiltration

Manual Category
Biofiltration

Applicable Performance
Standard

Pollutant Control

Flow Control

Primary Benefits

Treatment
| - Volume Reduction (Incidental)
Location: 43 Street and Logan Avenue, San Diego, California Peak Flow Attenuation (Optional)

Description

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. Bioretention with underdrain facilities are commonly
incorporated into the site within parking lot landscaping, along roadsides, and in open spaces. Because
these types of facilities have limited or no infiltration, they are typically designed to provide enough
hydraulic head to move flows through the underdrain connection to the storm drain system.
Treatment is achieved through filtration, sedimentation, sorption, biochemical processes and plant
uptake.

Typical bioretention with 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
e Non-floating mulch layer (Optional)
e Media layer (planting mix or engineered media) capable of supporting vegetation growth
e Filter course layer consisting of aggregate to prevent the migration of fines into uncompacted
native soils or the aggregate storage layer

e Aggregate storage layer with underdrain(s)
e Impermeable liner or uncompacted native soils at the bottom of the facility
e Opverflow structure
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Appendix E.18
BF-1: Biofiltration

Design Adaptations for Project Goals

Biofiltration Treatment BMP for storm water pollutant control. The system is lined or un-lined
to provide incidental infiltration, and an underdrain is provided at the bottom to carry away filtered
runoff. This configuration is considered to provide biofiltration treatment via flow through the media
layer. Storage provided above the underdrain within surface ponding, media, and aggregate storage is
considered included in the biofiltration treatment volume. Saturated storage within the aggregate
storage layer can be added to this design by raising the underdrain above the bottom of the aggregate
storage layer or via an internal weir structure designed to maintain a specific water level elevation.

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 above the underdrain. This will allow for significant
detention storage, which can be controlled via inclusion of an outlet structure at the downstream end
of the underdrain.

Recommended Siting Criteria

Siting Criteria Intent/Rationale

Placement  observes  geotechnical
recommendations regarding potential

g hazards (e.g., slope stability, landslides,
liquefaction zones) and setbacks (e.g.,
slopes, foundations, utilities).

Must not negatively impact existing site
geotechnical concerns.

Lining prevents storm water from impacting
groundwater and/or sensitive environmental
or geotechnical features. Incidental infiltration,
when allowable, can aid in pollutant removal
and groundwater recharge.

An impermeable liner or other hydraulic

restriction layer is included if site
U constraints indicate that infiltration or

lateral flows should not be allowed.

Bigger BMPs require additional design features
for proper performance.

Contributing tributary area greater than 5 acres
Contributing tributary area shall be = 5 may be allowed at the discretion of the City
acres 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.

(= 1 acre preferred).

Flatter  surfaces reduce erosion and

. de <o
n  Finish grade of the facility is = 2%. channelization within the facility.

BMP Design Manual-Appendices \\\\Vg,
March 2019 Update E-106 ]
CITY OF

CHULAVISTA



Appendix E.18
BF-1: Biofiltration

Example Schematic Design — Plan and Section View
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Figure E.18-1: Typical plan and Section view of a Biofiltration BMP
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Recommended BMP Component Dimensions

Appendix E.18

BF-1: Biofiltration

BMP Component

Freeboard

Dimension

> 2 inches

Intent/Rationale

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
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.

surface outlet

Gentler side slopes are safer, less prone to erosion,

P.O nding Area 3H:1V or shallower  able to establish vegetation more quickly and easier to
Side Slopes o
maintain.
Mulch will suppress weeds and maintain moisture for
Mulch = 3 inches plant growth. Aging mulch kills pathogens and weed
seeds and allows the beneficial microbes to multiply.
A deep media layer provides additional filtration and
supports plants with deeper roots. Standard
Media Layer > 18 inches specifications shall be followed. For non-standard or
proprietary designs, compliance with F.1 ensures that
adequate treatment performance will be provided.
Underdrain . . . .
. 2 6 inches Smaller diameter underdrains are prone to clogging.
Diameter
Cleanout Diameter > 6 inches Prqperly spaced cleanouts will facilitate underdrain
maintenance.
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Design Criteria and Considerations

Appendix E.18
BF-1: Biofiltration

Bioretention with underdrain 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 Design Criteria

Surface Ponding

Intent/Rationale

Surface ponding is limited to a 24-hour
drawdown time.

Surface ponding limited to 24 hours 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

Plants suited to the climate and ponding depth

O  expected ponding depth. A plant list to aid are more likelv to survive
in selection can be found in Appendix E.26. ¥ O SHIvIVE.

- An irrigation system with a connection to  Seasonal irrigation might be needed to keep
water supply should be provided as needed.  plants healthy.

Mulch
A minimum of 3 inches of well-aged, Mulch will suppress weeds and maintain
shredded hardwood mulch that has been  moisture for plant growth. Aging mulch kills
stockpiled or stored for atleast 12 monthsis ~ pathogens and weed seeds and allows the
provided. beneficial microbes to multiply.

Media Layer

A filtration rate of at least 5 inches per hour

Media maintains a minimum filtration rate  allows soil to drain between events. The initial
of 5 in/hr over lifetime of facility. An initial ~ rate should be higher than long term target

- filtration rate of 8 to 12 in/hr is rate to account for clogging over time.
recommended to allow for clogging over  However an excessively high initial rate can
time; the initial filtration rate should not  have a negative impact on treatment
exceed 12 inches per hour. performance, therefore an upper limit is

needed.

Media is a minimum 18 inches deep, A deep media layer provides additional
meeting cither of these two media filtration and supports plants with deeper

o specifications: roots.

Section F.3 Bioretention Soil Media (BSM)
ot specific jurisdictional guidance.

Alternatively, for proprietary designs and

Standard specifications shall be followed.
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Siting Design Criteria Intent/Rationale

custom media mixes not meeting the media
specifications contained in the 2016 City
Storm Water Standards or County LID
Manual, the media meets the pollutant
treatment performance criteria in Section
F.1.

For non-standard or proprietary designs,
compliance with F.1 ensures that adequate
treatment performance will be provided.

Media surface area is 3% of contributing
area times adjusted runoff factor or greater.

Greater surface area to tributary area ratios: a)
maximizes volume retention as required by
the MS4 Permit and b) decrease loading rates
per square foot and therefore increase
longevity.

Adjusted runoff factor is to account for site

O desien BMPs implemented upstream of the
Unless demonstrated that the BMP surface & P P .
o BMP (such as rain barrels, impervious area
area can be smaller than 3%. ; . !
dispersion, etc.). Refer to Appendix B.2
guidance.
Use Worksheet B.5-1 Line 26 to estimate the
minimum surface area required per this
criteria.
. ) : Potential for pollutant export is partly a
Where receiving waters are impaired or have ; P . p b y
. . function of media composition; media design
a TMDL for nutrients, the system is L. .
O . . : .. i must minimize potential for export of
designed with nutrient sensitive media . . .
. nutrients, particularly where receiving waters
design (see fact sheet BF-2). o .
are impaired for nutrients.
Filter Course Layer
A filter course is used to prevent migration =~ Migration of media can cause clogging of the
O  of fines through layers of the facility. Filter ~ aggregate storage layer void spaces or
fabric is not used. subgrade. Filter fabric is more likely to clog.
Washing aggregate will help eliminate fines
O  Filter course is washed and free of fines. that could clog the facility and impede
infiltration.
Gradation relationship between layers can
evaluate factors (e.g., bridging, permeability,
Filter ~ course  calculations  assessing ~ and uniformity) to determine if particle sizing
O suitability for particle migration prevention 1S approptiate or if an intermediate layer is

have been completed.

needed.
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Siting Design Criteria

Appendix E.18
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Intent/Rationale

Aggregate Storage Layer

Class 2 Permeable per Caltrans specification
68-1.025 is recommended for the storage
layer. Washed, open-graded crushed rock

Washing aggregate will help eliminate fines

= may be used, however a 4-6 inch washed pea th?t could clog the aggregate storage layer
gravel filter course layer at the top of the void spaces or subgrade.
crushed rock is required.
The depth of aggregate provided (12-inch .
. . Proper storage layer configuration and
O typical) and storage layer configuration is underdrain placement will minimize facility

adequate for providing conveyance for
underdrain flows to the outlet structure.

drawdown time.

Inflow, Underdrain, and Outflow Structures

Inflow, underdrains and outflow structures

Maintenance will prevent clogging and ensure

O are accessible for inspection and  proper operation of the flow control
maintenance. structures.
Inflow velocities are limited to 3 ft/s or less
- or use energy dissipation methods. (e.g., High inflow velocities can cause erosion,
tiprap, level spreader) for concentrated  scoutr and/or channeling.
inflows.
Curb cut inlets are at least 12 inches wide, Inlets must not restrict flow and apron
O  have a 4-6 inch reveal (drop) and an apron  prevents blockage from vegetation as it grows
and energy dissipation as needed. in. Energy dissipation prevents erosion.
A minimal separation from subgrade or the
Underdrain outlet elevation should be a  liner lessens the risk of fines entering the
O minimum of 3 inches above the bottom  underdrain and can improve hydraulic
elevation of the aggregate storage layer. performance by allowing perforations to
remain unblocked.
. L . Smaller diameter underdrains are prone to
O  Minimum underdrain diameter is 6 inches. ; p
clogging.
Underdrains are made of slotted, PVC pipe  Slotted underdrains provide greater intake
- conforming to ASTM D 3034 or equivalent  capacity, clog resistant drainage, and reduced
or corrugated, HDPE pipe conforming to  entrance velocity into the pipe, thereby
AASHTO 252M or equivalent. reducing the chances of solids migration.
An underdrain cleanout with a minimum 6-
- inch diameter and lockable cap is placed  Properly spaced cleanouts will facilitate

every 250 to 300 feet as required based on
underdrain length.

underdrain maintenance.
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Siting Design Criteria Intent/Rationale

Overflow is safely conveyed to a

downstream storm drain system or

discharge point Size overflow structure to  Planning for overflow lessens the risk of
pass 100-year peak flow for on-line  property damage due to flooding.

infiltration basins and water quality peak

flow for off-line basins.

Conceptual Design and Sizing Approach for Storm Water Pollutant Control Only

To design bioretention with underdrain 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 requirements,
contributing tributary area, maximum side and finish grade slopes, 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 presented in Appendix B.5 to size biofiltration BMPs.

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 should be determined as discussed in Chapter 6 of the manual.

1. Verify that siting and design criteria have been met, including placement requirements,
contributing tributary area, maximum side and finish grade slopes, and the recommended
media surface area tributary ratio.

2. Tteratively determine the facility footprint area, surface ponding and/or aggregate storage layer
depth 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 otifice size(s) and/or water control levels. Multi-level orifices can be used within an
outlet structure to control the full range of flows.

3. If bioretention with underdrain cannot fully provide the flow rate and duration control
required by this manual, an upstream or downstream structure with significant storage volume
such as an underground vault can be used to provide remaining controls.

4. After bioretention with underdrain 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.
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Maintenance Overview

Normal Expected Maintenance. Biofiltration 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 petforming 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 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, underdrain, or outlet structure. The specific cause of the drainage issue must be
determined and corrected.

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. Biofiltration 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.

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
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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 Typical Maintenance

Frequency

Accumulation of sediment, litter, or | Remove and propetly dispose | e Inspect monthly. If the BMP is
debris of accumulated  materials, 25% full* or more in one month,
without  damage to the | increase inspection frequency to
vegetation or compaction of | monthly plus after every 0.1-inch
the media layer. or larger storm event.

eRemove  any  accumulated
materials  found at  each
inspection.

Obstructed inlet or outlet structure | Clear blockage. o 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 | Repair or replace as applicable | o Inspect annually.

such as weirs, inlet or outlet o
e Maintain when needed.

structures

Poor vegetation establishment Re-seed, re-plant, or re- | eInspect monthly.
establish vegetation per original o
plans. e Maintain when needed.

Dead or diseased vegetation Remove dead or diseased | o Inspect monthly.
vegetation, re-seed, re-plant, or o
re-establish ~ vegetation per | ® Maintain when needed.
original plans.

Overgrown vegetation Mow or trim as appropriate. e Inspect monthly.

e Maintain when needed.

2/3 of mulch has decomposed, or | Remove decomposed fraction | e Inspect monthly.
mulch has been removed and top off with fresh mulch to
a total depth of 3 inches.
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Threshold/Indicator

Maintenance Action

Appendix E.18
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Typical Maintenance

Frequency

® Replenish mulch annually, or
more frequently when needed
based on inspection.

Erosion due to concentrated
irrigation flow

Repair/tre-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.

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, clearing
underdrains, or
repairing/replacing clogged or
compacted soils.

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

dispersing to nearby
landscaping; second, make
corrective measures as

applicable to restore BMP
drainage to prevent standing
water.

If mosquitos persist following
corrective measutes to remove
standing water, or if the BMP
design does not meet the 96-

e Inspect monthly and after every
0.5-inch or larger storm event. If
mosquitos are observed, increase
inspection frequency to after
every 0.l1-inch or larger storm
event.

e Maintain when needed.
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Threshold/Indicator Maintenance Action Typical Maintenance

Frequency
hour drawdown criteria due to
release rates controlled by an
orifice  installed on  the
underdrain, 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.

Underdrain clogged Clear blockage. o Inspect if standing water is
observed for longer than 24-96
hours following a storm event.

e Maintain when needed.
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E.-19 BF-2 Nutrient Sensitive Media Design

Some studies of bioretention with underdrains have observed export of nutrients, particularly
inorganic nitrogen (nitrate and nitrite) and dissolved phosphorus. This has been observed to be a
short-lived phenomenon in some studies or a long term issue in some studies. The composition of
the soil media, including the chemistry of individual elements is believed to be an important factor in
the potential for nutrient export. Organic amendments, often compost, have been identified as the
most likely source of nutrient export. The quality and stability of organic amendments can vary widely.

The biofiltration media specifications contained in Appendix F.3 and the County of San Diego Low
Impact Development Handbook: Appendix G -Bioretention Soil Specification (June 2014, unless
superseded by more recent edition) were developed with consideration of the potential for nutrient
export. These specifications include criteria for individual component characteristics and quality in
order to control the overall quality of the blended mixes..The City and County specifications noted
above were developed for general purposes to meet permeability and treatment goals. In cases where
the BMP discharges to receiving waters with nutrient impairments or nutrient TMDLs, the
biofiltration media should be designed with the specific goal of minimizing the potential for export of
nutrients from the media. Therefore, in addition to adhering to the City or County media
specifications, the following guidelines should be followed:

1. Select plant palette to minimize plant nutrient needs

A landscape architect or agronomist should be consulted to select a plant palette that
minimizes nutrient needs. Utilizing plants with low nutrient needs results in less need to enrich
the biofiltration soil mix. If nutrient quantity is then tailored to plants with lower nutrient
needs, these plants will generally have less competition from weeds, which typically need
higher nutrient content. The following practices are recommended to minimize nutrient needs
of the plant palette:

e Utilize native, drought-tolerant plants and grasses where possible. Native
plants generally have a broader tolerance for nutrient content, and can be longer
lived in leaner/lower nutrient soils.

e Start plants from smaller starts or seed. Younger plants are generally more
tolerant of lower nutrient levels and tend to help develop soil structure as they grow.
Given the lower cost of smaller plants, the project should be able to accept a plant
mortality rate that is somewhat higher than starting from larger plants and providing
high organic content.

2. Minimize excess nutrients in media mix

Once the low-nutrient plant palette is established (item 1), the landscape architect and/or
agronomist should be consulted to assist in the design of a biofiltration media to
balance the interests of plant establishment, water retention capacity (irrigation
demand), and the potential for nutrient export. The following guidelines should be

followed:
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e The mix should not exceed the nutrient needs of plants. In conventional
landscape design, the nutrient needs of plants are often exceeded intentionally left in
order to provide a factor of safety for plant survival. This practice must be avoided in
biofiltration media as excess nutrients will increase the chance of export. The mix
designer should keep in mind that nutrients can be added later (through mulching,
tilling of amendments into the surface), but it is not possible to remove nutrients, once

added.

e The actual nutrient content and organic content of the selected organic
amendment source should be determined when specifying mix proportions.
Nutrient content (i.e., C:N ratio; plant extractable nutrients) and organic content (i.e,
% organic material) are relatively inexpensive to measure via standard agronomic
methods and can provide important information about mix design. If mix design relies
on approximate assumption about nutrient/organic content and this is not confirmed
with testing (or the results of prior representative testing), it is possible that the mix
could contain much more nutrient than intended.

e Nutrients are better retained in soils with higher cation exchange capacity.
Cation exchange capacity can be increased through selection of organic material with
naturally high cation exchange capacity, such as peat or coconut coir pith, and/or
selection of inorganic material with high cation exchange capacity such as some sands
or engineered minerals (e.g., low P-index sands, zeolites, rhyolites, etc). Including
higher cation exchange capacity materials would tend to reduce the net export of
nutrients. Natural silty materials also provide cation exchange capacity; however
potential impacts to permeability need to be considered.

e Focus on soil structure as well as nutrient content. Soil structure is loosely defined
as the ability of the soil to conduct and store water and nutrients as well as the degree
of aeration of the soil. Soil structure can be more important than nutrient content in
plant survival and biologic health of the system. If a good soil structure can be created
with very low amounts of organic amendment, plants survivability should still be
provided. While soil structure generally develops with time, biofiltration media can be
designed to promote eatlier development of soil structure. Soil structure is enhanced
by the use of amendments with high humus content (as found in well-aged organic
material). In addition, soil structure can be enhanced through the use of organic
material with a distribution of particle sizes (i.e., a more heterogeneous mix).

e Consider alternatives to compost. Compost, by nature, is a material that is
continually evolving and decaying. It can be challenging to determine whether tests
previously done on a given compost stock are still representative. It can also be
challenging to determine how the properties of the compost will change once placed
in the media bed. More stable materials such as aged coco coir pith, peat, biochar,
shredded bark, and/or other amendments should be considered.

With these considerations, it is anticipated that less than 10 percent organic amendment by volume
could be used, while still balancing plant survivability and water retention. If compost is used,
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designers should strongly consider utilizing less than 10 percent by volume.
3. Design with partial retention and/or internal water storage

An internal water storage zone, as described in Fact Sheet PR-1 is believed to improve retention of
nutrients. For lined systems, an internal water storage zone worked by providing a zone that fluctuates
between aerobic and anaerobic conditions, resulting in nitrification/denitrification. In soils that will
allow infiltration, a partial retention design (PR-1) allows significant volume reduction and can also
promote nitrification/denitrification.

Acknowledgment: This fact sheet has been adapted from the Orange County Technical Guidance
Document (May 2011). It was originally developed based on input from: Deborah Deets, City of Los
Angeles Bureau of Sanitation, Drew Ready, Center for Watershed Health, Rick Fisher, ASLLA, City of
Los Angeles Bureau of Engineering, Dr. Garn Wallace, Wallace Laboratories, Glen Dake, GDMI,
and Jason Schmidt, Tree People. The guidance provided herein does not reflect the individual opinions
of any individual listed above and should not be cited or otherwise attributed to those listed.

Maintenance Overview

Refer to maintenance information provided in the Biofiltration (BF-1) Fact Sheet. Adjust
maintenance actions and reporting if required based on the specific media design.
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E.20 BF-3 Proprietary Biofiltration Systems

The purpose of this fact sheet is to help explain the potential role of proprietary BMPs in meeting
biofiltration requirements, when full retention of the DCV is not feasible. The fact sheet does not
describe design criteria like the other fact sheets in this appendix because this information varies by
BMP product model.

Criteria for Use of a Proprietary BMP as a Biofiltration BMP

A proprietary BMP may be acceptable as a “biofiltration BMP” under the following conditions:

1. The BMP meets the minimum design criteria listed in Appendix F, including the pollutant
treatment performance standard in Appendix F.1;

2. The BMP meets the performance standard for compact BMPs in Table B.5-1 in Appendix
B.5;

3. The BMP is designed and maintained in a manner consistent with its performance
certifications (See explanation in Appendix F.2); and

4. The BMP is acceptable at the discretion of the City Engineer. In determining the acceptability
of a 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.

Guidance for Sizing a Proprietary BMP as a Biofiltration BMP

Proprietary biofiltration BMPs must meet the same sizing guidance as non-proprietary BMPs. Sizing
is typically based on capturing and treating 1.50 times the DCV not reliably retained. Guidance for
sizing biofiltration BMPs to comply with requirements of this manual is provided in Appendix B.5
and Appendix F.2.

Maintenance Overview

Refer to manufacturer for maintenance information.
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BF-3: Proprietary Biofiltration Systems
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FT-1: Vegetated Swales

E.21 FT-1 Vegetated Swales

MS4 Permit Category
Flow-thru Treatment Control

Manual Category
Flow-thru Treatment Control

Applicable Performance
Standard
Pollutant Control

Primary Benefits

Treatment

Volume Reduction (Incidental)
Peak Flow Attenuation

Location: Eastlake Business Center, Chula Vista, California; Photo
Credit: Eric Mosolgo

Description

Vegetated swales are shallow, open channels that are designed to remove storm water pollutants by
physically straining/filtering runoff through vegetation in the channel. Swales can be used in place of
traditional curbs and gutters and are well-suited for use in linear transportation corridors to provide
both conveyance and treatment via filtration. An effectively designed vegetated swale achieves
uniform sheet flow through densely vegetated areas. When soil conditions allow, infiltration and
volume reduction are enhanced by adding a gravel drainage layer underneath the swale. Vegetated
swales with a subsurface media layer can provide enhanced infiltration, water retention, and pollutant-
removal capabilities. Pollutant removal effectiveness can also be maximized by increasing the hydraulic
residence time of water in swale using weirs or check dams.

Typical vegetated swale components include:

e Inflow distribution mechanisms (e.g., flow spreader)
e Surface flow

e Vegetated surface layer

e Check dams (if required)

e Optional aggregate storage layer with underdrain(s)
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Figure E.21-1: Typical plan and Section view of a Vegetated Swale BMP

Design Adaptations for Project Goals

Site design BMP to reduce runoff volumes and storm peaks. Swales without underdrains are an
alternative to lined channels and pipes and can provide volume reduction through infiltration. Swales
can also reduce the peak runoff discharge rate by increasing the time of concentration of the site and
decreasing runoff volumes and velocities.
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Flow-thru treatment BMP for storm water pollutant control. The system is lined or un-lined to
provide incidental infiltration with an underdrain and designed to provide pollutant removal through
settling and filtration in the channel vegetation (usually grasses). This configuration is considered to
provide flow-thru treatment via horizontal surface flow through the swale. Sizing for flow-thru
treatment control is based on the surface flow rate through the swale that meets water quality

treatment performance objectives.

Design Criteria and Considerations

Vegetated swales 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

Placement observes geotechnical
recommendations regarding potential
O hazards (e.g., slope stability, landslides,
and liquefaction zones) and setbacks
(e.g., slopes, foundations, utilities).

Must not negatively impact existing site
geotechnical concerns.

An impermeable liner or other hydraulic
restriction layer is included if site
constraints indicate that infiltration or
lateral flows should not be allowed.

Lining prevents storm water from impacting
groundwater and/or sensitive environmental
or  geotechnical  features.  Incidental
infiltration, when allowable, can aid in
pollutant removal and groundwater recharge.

O Contributing tributary area < 2 acres.

Higher ratios increase the potential for
clogging but may be acceptable for relatively
clean tributary areas.

O Longitudinal slope is = 1.5% and =< 6%.

Flatter swales facilitate increased water
quality treatment while minimum slopes
prevent ponding.

For site design goal, in-situ soil
infiltration rate = 0.5 in/hr (if < 0.5

Well-drained soils provide volume reduction
and treatment. An underdrain should only be

o . L ) provided when soil infiltration rates are low
in/ht, an underdrain is required and .
. . or per geotechnical or groundwater
design goal is for pollutant control only).
concerns.
Surface Flow
: o <
i\/[axlmum ﬂOW depthis = 6 ! nches or= Flow depth must fall within the height range
/3 the vegetation length, whichever is of the vegetation for effective water quali
= greater. Ideally, flow depth will be = 2 & . quatity
‘ . treatment via filtering.
inches below shortest plant species.
A minimum of 1 foot of freeboard is Freeboard minimizes risk of uncontrolled
provided. surface discharge.
. . . Gentler side slopes are safer, less prone to
Cross sectional shape is trapezoidal or . ) )
O erosion, able to establish vegetation more

parabolic with side slopes = 3H:1V.

quickly and easier to maintain.

BMP Design Manual-Appendices
March 2019 Update

E-125

J:
I\~

CITY OF

CHULAVISTA



Appendix E.21
FT-1: Vegetated Swales

Siting and Design Intent/Rationale

0O Bottom width is = 2 feet and < 8 feet.

A minimum of 2 feet minimizes erosion. A
maximum of 8 feet prevents channel
braiding.

Minimum hydraulic residence time = 10

Longer hydraulic residence time increases

O minutes. pollutant removal.
Swale is designed to safely convey the
- 10-yr storm event unless a flow splitter is Planning for larger storm events lessens the

included to allow only the water quality
event.

risk of property damage due to flooding.

Flow velocity is < 1 ft/s for water quality
O event. Flow velocity for 10-yr storm
eventis < 3 ft/s.

Lower flow velocities provide increased
pollutant removal via filtration and minimize
erosion.

Vegetated Surface Layer (amendment with media is Optional)

Soil is amended with 2 inches of media
mixed into the top 6 inches of in-situ
soils, as needed, to promote plant growth
(optional). For enhanced pollutant
control, 2 feet of media can be used in
place of in-situ soils. Media meets either
of these two media specifications:

BSM specification in Appendix F.3;
Or County of San Diego Low Impact
Development Handbook, June 2014:
Appendix G -Bioretention Soil
Specification.

Amended soils aid in plant establishment and
growth. Media replacement for in-situ soils
can improve water quality treatment and site
design volume reduction.

Vegetation is appropriately selected low-
growing, erosion-resistant plant species

O that effectively bind the soil, thrive under
site-specific climatic conditions and
require little or no irrigation.

Plants suited to the climate and expected
flow conditions are more likely to survive.

Check Dams

Check dams are provided at 50-foot
increments for slopes = 2.5%.

Check dams prevent erosion and increase the
hydraulic residence time by lowering flow
velocities ~ and ~ providing ~ ponding
opportunities.

Filter Course Layer (For Underdrain Design)

A filter course is used to prevent
O migration of fines through layers of the
facility. Filter fabric is not used.

Migration of media can cause clogging of the
aggregate storage layer void spaces or
subgrade. Filter fabric is more likely to clog.

O  Filter course is washed and free of fines.

Washing aggregate will help eliminate fines
that could clog the facility and impede
infiltration.
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Siting and Design Intent/Rationale

Filter course calculations assessing
O suitability for particle migration
prevention have been completed.

Gradation relationship between layers can
evaluate factors (e.g., bridging, permeability,
and uniformity) to determine if particle sizing
is appropriate or if an intermediate layer is
needed.

Aggregate Storage Layer (For Underdrain Design)

The depth of aggregate provided (12-
inch typical) and storage layer

O configuration is adequate for providing
conveyance for underdrain flows to the
outlet structure.

Proper storage layer configuration and
underdrain placement will minimize facility
drawdown time.

Aggregate used for the aggregate storage

= layer is washed and free of fines.

Washing aggregate will help eliminate fines
that could clog aggregate storage layer void
spaces or underdrain.

Inflow and Underdrain Structures

Inflow and underdrains are accessible for

o . . .
inspection and maintenance.

Maintenance will prevent clogging and
ensure proper operation of the flow control
structures.

Underdrain outlet elevation should be a
0 minimum of 3 inches above the bottom
elevation of the aggregate storage layer.

A minimal separation from subgrade or the
liner lessens the risk of fines entering the
underdrain and can improve hydraulic
performance by allowing perforations to
remain unblocked.

Minimum underdrain diameter is 6
inches.

Smaller diameter underdrains are prone to
clogging.

Underdrains are made of slotted, PVC
pipe conforming to ASTM D 3034 or

O equivalent or corrugated, HDPE pipe
conforming to AASHTO 252M or
equivalent.

Slotted underdrains provide greater intake
capacity, clog resistant drainage, and reduced
entrance velocity into the pipe, thereby
reducing the chances of solids migration.

An underdrain cleanout with a minimum
6-inch diameter and lockable cap is
placed every 250 to 300 feet as required
based on underdrain length.

Properly spaced cleanouts will facilitate
underdrain maintenance.

Conceptual Design and Sizing Approach for Site Design

1. Determine the areas where vegetated swales can be used in the site design to replace traditional

curb and gutter facilities and provide volume reduction through infiltration.

Conceptual Design and Sizing Approach for Storm Water Pollutant Control Only

To design vegetated swales for storm water pollutant control only, the following steps should be taken:

1. Verify that siting and design criteria have been met, including bottom width and longitudinal
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and side slope requirements.

2. Calculate the design flow rate per Appendix B based on expected site design runoff for
tributary areas.

3. Use the sizing worksheet to determine flow-thru treatment sizing of the vegetated swale and
if flow velocity, flow depth, and hydraulic residence time meet required criteria. Swale
configuration should be adjusted as necessary to meet design requirements.

Maintenance Overview

Normal Expected Maintenance. Vegetated swales require routine maintenance to: remove
accumulated materials such as sediment, trash, and debris; maintain vegetation health; and maintain
integrity of side slopes, channel bottom, inlets, energy dissipaters, weirs or check dams, and outlets to
ensure runoff will be conveyed as uniform flow throughout the swale (i.e., flow will spread uniformly
across the width of the swale as it is conveyed from upstream to downstream).

Non-Standard Maintenance or BMP Failure. If any of the following scenarios are observed, the
BMP is not petforming 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 ponding
longer than approximately 96 hours following a storm event poses a risk of vector (mosquito)
breeding. Poor drainage can result from deposited materials or overgrowth of vegetation
within the swale blocking drainage conveyance or blocking an outlet structure, or localized
erosion issues that cause channelization and prevent uniform flow throughout the swale. The
specific cause of the drainage issue must be determined and corrected. 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 Sediment, trash, or debris accumulation blocking drainage becomes a chronic issue observed
at every inspection. 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.

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.

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.
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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

Typical Maintenance

Accumulation of sediment, litter,
or debris

Remove and properly dispose of
accumulated matetials, without
damage to vegetation.

Frequency
e Inspect monthly. 1If
accumulated materials are

observed blocking drainage,
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.

¢ Inspect monthly.
® 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.
® Maintain when needed.

Overgrown vegetation

Mow or trim as appropriate.

¢ Inspect monthly.
® Maintain when needed.

Erosion due to concentrated

Repair/re-seed/re-plant eroded

e Inspect monthly.

irrigation flow areas and adjust the irrigation | ¢ Maintain when needed.
system.

Erosion due to concentrated storm | Repair/re-seed/re-plant eroded | e Inspect after every 0.5-inch or

water runoff flow areas, and make appropriate larger storm event. If erosion

corrective measures such as adding
erosion control blankets, adding

due to storm water flow has
been  observed, increase
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Maintenance Action

Appendix E.21
FT-1: Vegetated Swales

Typical Maintenance

Frequency

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.

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
additional
reconstruction.

any
repairs or

Standing water in BMP following a
storm event

Make approptiate cotrrective
measures such as adjusting irrigation
system, removing obstructions of
debris or invasive vegetation,
loosening or replacing top soil to
allow for better infiltration, or
minor  re-grading for proper
drainage. 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 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/latvae 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, 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.

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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FT-2: Media Filters

E.22 FT-2 Media Filters

MS4 Permit Category
Flow-thru Treatment Control

Manual Category
Flow-thru Treatment Control

Applicable Performance
Standard

Pollutant Control

Flow Control

Primary Benefits
Treatment

Peak Flow Attenuation
(Optional)

Photo Credit: Contech Stormwater Solutions

Description

Media filters are manufactured devices that consist of a series of modular filters packed with
engineered media that can be contained in a catch basin, manhole, or vault that provide treatment
through filtration and sedimentation. The manhole or vault may be divided into multiple chambers
where the first chamber acts as a presettling basin for removal of coarse sediment while the next
chamber acts as the filter bay and houses the filter cartridges. A variety of media types are available
from various manufacturers that can target pollutants of concern via primarily filtration, sorption, ion
exchange, and precipitation. Specific products must be selected to meet the flow-thru BMP
selection requirements described in Appendix B.6. Treatment effectiveness is contingent upon
proper maintenance of filter units.

Typical media filter components include:
e Vault for flow storage and media housing

e Inlet and outlet
o Media filters

Design adaptation for Project Goals

Flow-thru treatment BMP for storm water pollutant control. Water quality treatment is provided
through filtration. This configuration is considered to provide flow-thru treatment, not biofiltration
treatment. Storage provided within the vault restricted by an outlet is considered detention storage
and is included in calculations for the flow-thru treatment volume.
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Integrated storm water flow control and pollutant control configuration. Media filters can also
be designed for flow rate and duration control via additional detention storage. The vault storage can
be designed to accommodate higher volumes than the storm water pollutant control volume and can
utilize multi-stage outlets to mitigate both the duration and rate of flows within a prescribed range.

Design Criteria and Considerations

Media filters 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

Placement observes geotechnical
recommendations regarding potential
O hazards (e.g., slope stability, landslides,
and liquefaction zones) and setbacks
(e.g., slopes, foundations, utilities).

Must not negatively impact existing site
geotechnical concerns.

Recommended for tributary areas with
O limited available surface area or where
surface BMPs would restrict uses.

Maintenance needs may be more labor intensive
for media filters than surface BMPs. Lack of
surface visibility creates additional risk that
maintenance needs may not be completed in a
timely manner.

Vault storage drawdown time <96
houts.

Provides vector control.

Vault storage drawdown time <36 hours
O if the vault is used for equalization of
flows for pollutant treatment.

Provides required capacity to treat back to back
storms. Exception to the 36 hour drawdown
criteria is allowed if additional vault storage is
provided using the curves in Appendix B.4.2.

Inflow and Outflow Structures

Inflow and outflow structures are
accessible by required equipment (e.g.,
vactor truck) for inspection and
maintenance.

Maintenance will prevent clogging and ensure
proper operation of the flow control structures.

Conceptual Design and Sizing Approach for Storm Water Pollutant Control Only

To design a media filter for storm water pollutant control only (no flow control required), the

following steps should be taken

1. Verify that the selected BMP complies with BMP selection requirements in Appendix B.6.

2. Verify that placement and tributary area requirements have been met.

3. Calculate the required DCV and/or flow rate per Appendix B.6.3 based on expected site

design runoff for tributary areas.

4. Media filter can be designed either for DCV or flow rate. To estimate the drawdown time,
divide the vault storage by the treatment rate of media filters.
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Conceptual Design and Sizing Approach when Storm Water Flow Control is Applicable

Control of flow rates and/or durations will typically require significant vault storage 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 placement and tributary area requirements have been met.

2. Iteratively determine the vault 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 alteting 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 to MS4.

3. Ifamedia filter 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 remaining controls.

4. After the media filter 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.

5. Verify that the vault drawdown time is 96 hours or less. To estimate the drawdown time:
a. Divide the vault volume by the filter surface area.
b. Divide the result (a) by the design filter rate.

Maintenance Overview

Normal Expected Maintenance. Media filters require routine maintenance to: remove accumulated
materials such as sediment, trash, and debris; replace filter cartridges; and maintain integrity of any
internal components such as weirs and piping. A summary table of standard inspection and
maintenance indicators is provided within this Fact Sheet.

Non-Standard Maintenance or BMP Failure. The normal expected maintenance described above
ensures the BMP functionality. Lapses in the normal expected maintenance can lead to clogging of
the BMP and potentially blocking the storm drain system. If clogging is observed, the BMP is not
petforming as intended to protect downstream waterways from pollution and/or erosion. In addition,
clogged BMPs can lead to flooding, standing water and mosquito breeding habitat. Maintenance is
critical to ensure the flood protection capacity of the storm drain system is not compromised. If proper
routine maintenance is not performed, corrective maintenance and increased inspection and
maintenance will be required. For persistent clogging or presence of mosquitos, contact the City
Engineer to determine a permanent solution. For example, adding pretreatment measures within the
tributary area draining to the BMP to intercept sediment, trash, and debris. Pretreatment components,
especially for sediment, will extend the life of the filter media. For mosquitos, a Vector Management
Plan, prepared with concurrence from the County of San Diego Department of Environmental
Health, may be required.

Other Special Considerations. Media filters are proprietary systems that include proprietary media
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that must be replaced as part of normal expected maintenance. They are typically installed
underground and may require entry into the underground vault to perform the maintenance. The BMP
owner is responsible to hire a maintenance operator qualified to service the units. The maintenance
operator must obtain the appropriate filter media and/or any parts that need to be replaced. If
maintenance conditions require maintenance personnel to enter the underground structure, the
maintenance personnel must be trained and certified in confined space entry. To find a qualified
maintenance operator, the BMP owner shall contact the manufacturer of the proprietary BMP.

The design of media filters includes consideration of the specific pollutants expected from the area
tributary to the media filter and the specific pollutants of concern for the downstream waterways.
Therefore, it is expected that the filter media selected during design of the project will not be
substituted. If a need arises to substitute a different filter configuration or filter media, the City
Engineer shall be contacted prior to any changes.

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 Typical Maintenance

Frequency

Accumulation of sediment, litter, or | Remove and propetly dispose e Inspect monthly.

debris.

The threshold for removal of
materials depends on the specific type
of proprietary filter and configuration
and shall be based on the
manufacturer’s recommendation. In
any case, materials must be removed
if accumulation blocks flow through

the BMP.

of accumulated materials.

® Remove

materials  annually
(minimum), or more
frequently when BMP reaches
manufacturer’s threshold for
removal of materials in less
than one year, or if
accumulation blocks outlet.
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Typical Maintenance

Spent or clogged filter media.

The threshold for changing media
depends on the specific type of
proprietary media and shall be based
on the manufacturer’s
recommendation. In any case, media
must be replaced if flow cannot pass
through the media or passes through
at less than the design capacity.

Remove and properly dispose
filter media, and replace with
fresh media.

Frequency

e Inspect condition of media
annually or more frequently if

recommended by
manufacturet.
e Inspect BMP drainage

monthly and after every 0.5-
inch or larger storm event. If
standing water has been
observed, increase inspection
frequency to after every 0.1-
inch or larger storm event.

e Maintain when needed based
on manufacturer’s
threshold/indicator for the
specific media, or if standing
water in the BMP indicates
flow cannot pass through the
media.

Any other recommendations pursuant
to the proprietary filter
manufacturer’s maintenance guide.

Any other actions pursuant to
the proprietary filter
manufacturer’s maintenance

guide.

As recommended by the
proprietary filter manufacturer’s
maintenance guide

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.

Presence of mosquitos/latrvae

For images of egg rafts, larva, pupa,
and adult mosquitos, see

http://www.mosquito.org/biology

If  mosquitos/larvac  are
observed: first, immediately
remove and propetly dispose
any standing water; second,
remove  any  accumulated
materials that obstruct flow
through the BMP to restore
BMP drainage to prevent
standing water. Ensure access
covers are tight fitting, with
gaps or holes no greater than

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.

1/16 inch, and/or install

barriers such as inserts or
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Threshold/Indicator

Maintenance Action

Appendix E.22
FT-2: Media Filters

Typical Maintenance

screens that prevent mosquito
access to the subsurface storage.

If the BMP includes a
permanent sump, contact the
City Engineer to determine a
permanent 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.

Frequency

Damage to structural components of
the filtration system such as weirs,
underdrains, inlet or outlet structures

Repair or replace as applicable.

e Inspect annually.

e Maintain when needed.
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E.23 FT-3 Sand Filters

MS4 Permit Category
Flow-thru Treatment Control

Manual Category
Flow-thru Treatment Control

Applicable Performance
Standard

Pollutant Control
Flow Control

Photo Credit: City of San Diego LID Manual

Primary Benefits

Treatment
Volume Reduction (Incidental)
Peak Flow Attenuation (Optional)

Description

Sand filters operate by filtering storm water through a constructed sand bed with an underdrain
system. Runoff enters the filter and spreads over the surface. Sand filter beds can be enclosed within
concrete structures or within earthen containment. As flows increase, water backs up on the surface
of the filter where it is held until it can percolate through the sand. The treatment pathway is downward
(vertical) through the media to an underdrain system that is connected to the downstream storm drain
system. As storm water passes through the sand, pollutants are trapped on the surface of the filter, in
the small pore spaces between sand grains or are adsorbed to the sand surface. The high filtration
rates of sand filters, which allow a large runoff volume to pass through the media in a short amount
of time, can provide efficient treatment for storm water runoff.

Typical sand filter components include:
e Forebay for pretreatment/energy dissipation
e Surface ponding for captured flows
e Sand filter bed
e Aggregate storage layer with underdrain(s)

e Overflow structure

BMP Design Manual-Appendices \\\‘fg,
March 2019 Update E-137 s

e

CITY OF
CHULAVISTA



Appendix E.23
FT-3: Sand Filters

FOREBAY

/— BERM
{

S <
A A'
T—— 1 3 oy P
INFLOW \ OUTLET
PIPE | 2 <4 PIPE
2H:1V MAX. SIDE SLOPES —/
PLAN
NOT TO SCALE
' MAX. PONDING DEPTH
FOREBAY
OVERFLOW
/’ BERM STRUCTURE
L
""" - TR ¥ — o=
CLEANOUT -
INFLOW [ e
PIPE 18" SAND FILTER BED T
PERMEABILITY = 1 IN/HR ou
AGGREGATE STORAGE LAYER —~ A Iooo T oX -
IMPERMEABLE LINER MIN. 3" AGGREGATE
(OPTIONAL) BELOW UNDERDRAIN
MIN. 6" DIAMETER
UNDERDRAIN
SECTION A-A'
NOT TO SCALE
Figure E.23-1: Typical plan and Section view of a Sand Filter BMP
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Design Adaptations for Project Goals

Flow-thru treatment BMP for storm water pollutant control. The system is lined or un-lined to
provide incidental infiltration, and an underdrain is provided at the bottom to carry away filtered
runoff. This configuration is considered to provide flow-thru treatment via vertical flow through the
sand filter bed. Storage provided above the underdrain within surface ponding, the sand filter bed,
and aggregate storage is considered included in the flow-thru treatment volume. Saturated storage
within the aggregate storage layer 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.

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 above the underdrain. This will allow for significant
detention storage, which can be controlled via inclusion of an outlet structure at the downstream end
of the underdrain.

Design Criteria and Considerations

Sand filters 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 Desig Intent/Rationale

Placement observes geotechnical
recommendations regarding potential

O hazards (e.g., slope stability, landslides,
and liquefaction zones) and setbacks (e.g.,
slopes, foundations, utilities).

Must not negatively impact existing site
geotechnical concerns.

Lining prevents storm water from impacting

An impermeable liner or other hydraulic groundwater and/or sensitive

restriction layer is included if site environmental or geotechnical features.

D constraints indicate that infiltration or Incidental infiltration, when allowable, can

lateral flows should not be allowed. aid in pollutant removal and groundwater
recharge.

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

0  Contributing tributary area (< 5 acres). 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.
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Siting and Design Intent/Rationale

.. . Flatter surfaces reduce erosion and
0
O Finish grade of facility is < 6%. channelization within the facility.
Gentler side slopes are safer, less prone to
O Earthen side slopes are = 3H:1V. erosion, able to establish vegetation more
quickly and easier to maintain.
Provides required capacity to treat back to
Surface ponding is limited to a 36-hour back storrns.' Egcep ton o the 36. hour
O . drawdown criteria is allowed if additional
drawdown time. . ) .
surface storage is provided using the curves
in Appendix B.4.2.
Surface ponding is limited to a 96-hour Prolonged surface ponding can create a
- drawdown time. vector hazard.
Surface ponding capacity lowers subsurface
Maximum ponding depth does not storage requirements and results in lower
O o . .
exceed 3 feet. cost facilities. Deep surface ponding raises
safety concerns.
Sand filter bed consists of clean WaSh?d Washing sand will help eliminate fines that
concrete or masonry sand (passing ¥4 could clog the void spaces of the aggregate
D inch sieve) or sand similar to the ASTM torace | 5 . p 5818
C33 gradation. stotage fayet.
Sand filter bed permeability is at least 1 A high filtration rate through the media
0 in/he allows flows to quickly enter the aggregate
' storage layer, thereby minimizing bypass.
Different pollutants are removed in various
Sand filter bed depth is at least 18 inches #Ones .Of the ~media using  several
O dee mechanisms. Some pollutants bound to
p- sediment, such as metals, are typically
removed within 18 inches of the media.
Agaregate storage should be washed, Washing aggregate will help eliminate fines
O that could clog the aggregate storage layer
bank-run gravel. .
void spaces or subgrade.
Th? depth of aggregate provided (1 2._mc.h Proper storage layer configuration and
typical) and storage layer configuration is . oo "
O . underdrain placement will minimize facility
adequate for providing conveyance for .
) drawdown time.
underdrain flows to the outlet structure.
Inflow, underdrains and outflow Maintenance will prevent clogging and
O structures are accessible for inspection ensure proper operation of the flow control

and maintenance.

structures.

BMP Design Manual-Appendices

March 2019 Update

E-140

J:
I\~

CITY OF
CHULAVISTA



Appendix E.23
FT-3: Sand Filters

Siting and Desig Intent/Rationale

Inflow must be non-erosive sheet flow (=
3 ft/s) unless an energy-dissipation
device, flow diversion/splitter or forebay
is installed.

Concentrated flow and/or excessive
volumes can cause erosion in a sand filter
and can be detrimental to the treatment
capacity of the system.

Underdrain outlet elevation should be a
minimum of 3 inches above the bottom
elevation of the aggregate storage layer.

A minimal separation from subgrade or the
liner lessens the risk of fines entering the
underdrain and can improve hydraulic
performance by allowing perforations to
remain unblocked.

Minimum underdrain diameter is 6
inches.

Smaller diameter underdrains are prone to
clogging.

Underdrains should be made of slotted,
PVC pipe conforming to ASTM D 3034
ot equivalent or corrugated, HDPE pipe

Slotted underdrains provide greater intake
capacity, clog resistant drainage, and reduced

entrance velocity into the pipe, thereby

conforming  to AASHTO  252M - or reducing the chances of solids migration.

equivalent.

Planning for overflow lessens the risk of

Overflow is safely conveyed to a property damage due to flooding.

O downstream storm drain system or
discharge point.

Conceptual Design and Sizing Approach for Storm Water Pollutant Control Only

To design a sand filter 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 requirements,
contributing tributary area, and maximum finish grade slope.

2. Calculate the required DCV and/or flow rate per Appendix B.6.3 based on expected site
design runoff for tributary areas.

3. Sand filter can be designed either for DCV or flow rate. To estimate the drawdown time,
divide the average ponding depth by the permeability of the filter sand.

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 should be determined as discussed in Chapter 6 of the Manual.

1. Verify that siting and design criteria have been met, including placement requirements,

BMP Design Manual-Appendices
March 2019 Update E-141

J:
I\~

CITY OF
CHULAVISTA



Appendix E.23
FT-3: Sand Filters

contributing tributary area, and maximum finish grade slope.

2. Iteratively determine the facility footprint area, surface ponding and/or aggregate storage layer
depth 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 levels. Multi-level orifices can be used within an
outlet structure to control the full range of flows.

3. 1If a sand filter 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 remaining controls.

4. After the sand filter 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. Sand filters require routine maintenance to: remove accumulated
materials such as sediment, trash, and debris from the forebay; and clear the underdrain(s). To ensure
runoff is passed through the sand bed, sand at the top of the sand bed (approximately 2 inches, or
more if necessary) must be removed and replaced to restore flow when the drain time exceeds 24-96
hours. A summary table of standard inspection and maintenance indicators is provided within this
Fact Sheet.

Non-Standard Maintenance or BMP Failure. The normal expected maintenance described above
ensures the BMP functionality. Lapses in the normal expected maintenance can lead to clogging of
the BMP and runoff bypassing the filter. If clogging is observed, the BMP is not performing as
intended to protect downstream waterways from pollution and/or erosion. In addition, clogged BMPs
can lead to flooding, standing water and mosquito breeding habitat. Corrective maintenance and
increased inspection and maintenance will be required. For persistent clogging or presence of
mosquitos, contact the City Engineer to determine a permanent solution. For example, adding
pretreatment measures within the tributary area draining to the BMP to intercept sediment, trash, and
debris. Pretreatment components, especially for sediment, will extend the life of the sand bed. For
mosquitos, a Vector Management Plan, prepared with concurrence from the County of San Diego
Department of Environmental Health, may be required.

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
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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 filter
bed

Remove and properly dispose
of accumulated materials.

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.

¢ Remove any accumulated materials
found within the filter bed at each
inspection.

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 filter bed.

Standing water in BMP for longer
than 24-96 hours following a storm
event

Make appropriate corrective
measures to restore drainage
such as removing obstructions
of debris from the forebay,
clearing underdrains or
repairing/replacing clogged
sand bed.

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.

Clogged sand bed

This is indicated when the drain
time of the surface of the sand bed
exceeds 24-96 hours.

Remove and propetly dispose
sand from the top of the sand
bed (approximately 2 inches of
sand, or as much as needed to
restore flow). Restore sand

depth to the design depth.

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.

Obstructed inlet or outlet structure

Clear blockage.

e Inspect monthly and after every
0.5-inch or larger storm event.

¢ Remove any accumulated materials
found at each inspection.

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 and propetly dispose
any  standing  water by
dispersing to nearby
landscaping; second, make

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.
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Threshold/Indicator

Maintenance Action

Appendix E.23
FT-3: Sand Filters

Typical Maintenance

corrective measures as
applicable to restore BMP
drainage to prevent standing
water.

If mosquitos persist following
cotrective measutes to remove
standing  water, 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.

Frequency

e Maintain when needed

Damage to structural components

of the BMP such as weirs,
underdrains, inlet or outlet
structures

Repair or replace as applicable.

e Inspect annually.

e Maintain when needed.
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E.24 FT-4 Dry Extended Detention Basin

MS4 Permit Category
Flow-thru Treatment Control

Manual Category
Flow-thru Treatment Control

Applicable Performance
Standard

Pollutant Control
Flow Control

Primary Benefits

Treatment

Volume Reduction (Incidental)
Location: Rolling Hills Ranch, Chula Vista, California; Photo Credit: Eric Peak Flow Attenuation

Mosolgo

Description

Dry extended detention basins are basins that have been designed to detain storm water for an
extended period to allow sedimentation and typically drain completely between storm events. A
portion of the dissolved pollutant load may also be removed by filtration, uptake by vegetation, and/or
through infiltration. The slopes, bottom, and forebay of dry extended detention basins are typically
vegetated. Considerable storm water volume reduction can occur in dry extended detention basins
when they are located in permeable soils and are not lined with an impermeable barrier. dry extended
detention basins are generally appropriate for developments of ten acres or larger, and have the
potential for multiple uses including parks, playing fields, tennis courts, open space, and overflow
parking lots. They can also be used to provide flow control by modifying the outlet control structure
and providing additional detention storage.

Typical dry extended detention basins components include:

e Forebay for pretreatment

e Surface ponding for captured flows

e Vegetation selected based on basin use, climate, and ponding depth
e Low flow channel, outlet, and overflow device

e Impermeable liner or uncompacted native soils at the bottom of the facility
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Figure E.24-1: Typical plan and Section view of a Dry Extended Detention Basin BMP

Design Adaptations for Project Goals

Flow-thru treatment BMP for storm water pollutant control. The system is lined or un-lined to
provide incidental infiltration and designed to detain storm water to allow particulates and associated
pollutants to settle out. This configuration is considered to provide flow-thru treatment, not
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biofiltration treatment. Storage provided as surface ponding above a restricted outlet invert is
considered detention storage and is included in calculations for the flow-thru treatment volume.

Integrated storm water flow control and pollutant control configuration. Dry extended
detention basins can also be designed for flow control. The surface ponding can be designed to
accommodate higher volumes than the storm water pollutant control volume and can utilize multi-
stage outlets to mitigate both the duration and rate of flows within a prescribed range.

Design Criteria and Considerations

Dry extended detention 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:

Siting and Desig Intent/Rationale

Placement observes geotechnical
recommendations regarding potential
hazards (e.g., slope stability, landslides, and
liquefaction zones) and setbacks (e.g., slopes,
foundations, utilities).

Must not negatively impact existing site
geotechnical concerns.

An impermeable liner or other hydraulic
restriction layer is included if site constraints
indicate that infiltration or lateral flows
should not be allowed.

Lining prevents storm water from
impacting groundwater and/or sensitive
environmental or geotechnical features.
Incidental infiltration, when allowable, can
aid in pollutant removal and groundwater
recharge.

Contributing tributary area is large (typically
> 10 acres).

Dry extended detention basins require
significant space and are more cost-effective
for treating larger drainage areas.

Longitudinal basin bottom slope is 0 - 2%.

Flatter slopes promote ponding and settling
of particles.

Basin length to width ratio is

> 2:1 (L:W).

A larger length to width ratio provides a
longer flow path to promote settling.

Forebay is included that encompasses 20 -
30% of the basin volume.

A forebay to trap sediment can decrease
frequency of required maintenance.

Side slopes are = 3H:1V.

Gentler side slopes are safer, less prone to
erosion, able to establish vegetation more
quickly and easier to maintain.

Surface ponding drawdown time is between
24 and 96 houts.

Minimum drawdown time of 24 hours allows
for adequate settling time and maximizes
pollutant removal. Maximum drawdown time
of 96 hours provides vector control.

Minimum freeboard provided is =1 foot for
offline facilities and =2 feet for online
facilities.

Freeboard provides room for head over
overflow structures and minimizes risk of
uncontrolled surface discharge.
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Siting and Desig Intent/Rationale

Inflow and outflow structures are accessible ~ Maintenance will prevent clogging and
O by required equipment (e.g., vactor truck) for ensure proper operation of the flow control
inspection and maintenance. structures.
A low flow channel or trench with a = 2%
O slopeis provided. A gravel infiltration trench
is provided where infiltration is allowable.
Overflow is safely conveyed to a
downstream storm drain system or discharge  Planning for overflow lessens the risk of
point. Size overflow structure to pass 100- property damage due to flooding.
year peak flow.
The maximum rate at which runoff is
O discharged is set below the erosive threshold
for the site.

Aids in draining or infiltrating dry weather
flows.

Extended low flows can have erosive
effects.

Conceptual Design and Sizing Approach for Storm Water Pollutant Control Only

To design dry extended detention basins for storm water pollutant control only (no flow control
required), the following steps should be taken:

1. Verify that siting and criteria have been met, including placement requirements, contributing
tributary area, forebay volume, 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 to determine flow-thru treatment sizing of the surface ponding of
the dry extended detention basin, which includes calculations for a maximum 96-hour
drawdown time.

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 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 criteria have been met, including placement requirements, tributary area,
and maximum slopes for basin sides and bottom.

2. Iteratively determine the surface ponding 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 levels. Multi-
level orifices can be used within an outlet structure to control the full range of flows.

3. If a dry extended detention 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 additional basin or underground vault can be used to provide remaining
controls.

4. After the dry extended detention basin has been designed to meet flow control requirements,
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calculations must be completed to verify if storm water pollutant control requirements to
treat the DCV have been met.

Maintenance Overview

Normal Expected Maintenance. Dry extended detention basins require routine maintenance to:
remove accumulated materials such as sediment, trash or debris; maintain vegetation health; 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 petforming 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
underground ponding longer than approximately 96 hours following a storm event poses a
risk of vector (mosquito) breeding. Poor drainage can result from clogging of underlying native
soils and/or the outlet structure. The specific cause of the drainage issue must be determined
and corrected. If it is determined that the drainage of the basin relies on infiltration and 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.

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. Some above-ground dry extended detention basins are vegetated
structural BMPs. 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.

Underground dry extended detention basins are typically designed to be cleaned from above-ground
using a vactor. If maintenance conditions require maintenance personnel to enter the underground
structure, the maintenance personnel must be trained and certified in confined space entry.
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Appendix E.24
FT-4:Dry Extended Detention Basin

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 Typical Maintenance
Frequency
Accumulation of sediment, litter, Remove and properly dispose of e Inspect monthly. If the
ot debrtis in forebay and/or basin accumulated materials, (without damage forebay is 25% full* or more
to vegetation when applicable). 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
basin 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

basin.
Obstructed inlet or outlet Clear blockage. e Inspect monthly and after
structure every 0.5-inch or larger storm
event.

e Remove any accumulated
materials found at each

inspection.
Poor vegetation establishment Re-seed, re-plant, or re-establish e Inspect monthly.
(when the BMP includes vegetated | vegetation per original plans. o Maintain when needed
surface by design) :
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Threshold/Indicator

Appendix E.24

FT-4:Dry Extended Detention Basin

Maintenance Action

Typical Maintenance

Frequency

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

Repair/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 above-ground
BMP 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 or
compacted surface 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
drainage of the basin relies on
infiltration and the undetlying native
soils have been compacted or do not
have the infiltration capacity expected,
the City Engineer shall be contacted
ptior 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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Appendix E.24

FT-4:Dry Extended Detention Basin

Maintenance Action

Typical Maintenance

Frequency

Standing water in underground
BMP for longer than 24-96 hours
following a storm event

Make appropriate corrective measures
such as removing obstructions at the
outlet, clearing underdrains, or flushing
fine sediment from aggregate layer
when applicable. If it is determined that
the drainage of the basin relies on
infiltration and 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.

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 and properly
dispose any standing water; second,
make corrective measures as applicable
to restore BMP drainage to prevent
standing water. For underground
detention basins, ensure access covers
are tight fitting, with gaps or 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
watet, or if the BMP design does not
meet the 96-hour drawdown criteria
due to release rates controlled by an
orifice installed on the underdrain, 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.

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
structures

Repair or replace as applicable.

e Inspect annually.

e Maintain when needed.
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Appendix E.25
FT-5: Preprietary Flow Thru Treatment Control BMPs

E.25 FT-5 Proprietary Flow-Thru Treatment Control BMPs

The purpose of this fact sheet is to help explain the potential role of proprietary BMPs in meeting
flow thru treatment control BMP requirements. The fact sheet does not describe design criteria like
the other fact sheets in this appendix because this information varies by BMP product model.

Criteria for Use of a Proprietary BMP as a Flow-Thru Treatment Control BMP

A proprietary BMP may be acceptable as a “flow-thru treatment control BMP”” under the following
conditions:

1) The BMP is selected and sized consistent with the method and criteria described in Appendix
B.6;

2) The BMP is designed and maintained in a manner consistent with its performance
certifications (See explanation in Appendix B.6); and

3) The BMP is acceptable at the discretion of the City Engineer. In determining the acceptability
of a 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.

Guidance for Sizing Proprietary BMPs

Proprietary flow-thru BMPs must meet the same sizing guidance as other flow-thru treatment control
BMPs. Guidance for sizing flow-thru BMPs to comply with requirements of this manual is provided

Maintenance Overview

Refer to manufacturer for maintenance information.
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E.26 PL Plant List

Appendix E.26

Plant Name Irrigation Requirements Preferred Location in Basin Applicable Bioretention Sections (Un-Lined Facilities) Applicability t© FlOW‘T.hrough Planter?
(Lined Facility)
Section C Section D
Section A Section B Treatment Plus | Treatment Plus NO YES
Temporary Treatment-Only Treatment-Only Flow Control Flow Control | Applicable to Un- | Can Use in Lined or
Irrigation during Bioretention in Bioretention in Bioretention in | Bioretention in lined Facilities Un-Lined Facility
Plant Permanent Hydrologic Soil Hydrologic Soil Hydrologic Soil | Hydrologic Soil Only (Flow-Through
Establishment Irrigation (Drip Basin Side Group A or B Group Cor D Group A or B Group Cor D (Bioretention Planter OR
Latin Name Common Name Period / Spray)® Basin Bottom Slopes Soils soils Soils Soils Only) Bioretention)
TREES®
Alnus rhombifolia White Alder X X X X X X X X
Platanus racemosa California Sycamore X X X X X X X X
Salix lasiolepsis Arroyo Willow X X X X X X X
Salix lucida Lance-Leaf Willow X X X X X X X
Sambucus mexicana Blue Elderberry X X X X X X X
SHRUBS / GROUNDCOVER
Achillea millefolium Yarrow X X X X X
Agrostis palens Thingrass X X X X X X X
Anemopsis californica Yerba Manza X X X X X X X
Baccharis douglasii Marsh Baccahris X X X X X X X X
Carex praegracillis California Field Sedge X X X X X X X X
Carex spissa San Diego Sedge X X X X X X X X
Carex subfusca Rusty Sedge X X X X X X X X X
Distichlis spicata Salt Grass X X X X X X X X
Eleocharis macrostachya Pale Spike Rush X X X X X X X X
Festuca rubra Red Fescue X X X X X X X
Festuca californica California Fescue X X X X X X
Iva hayesiana Hayes Iva X X X X X
Juncus Mexicana Mexican Rush X X X X X X X X X
Jucus patens California Gray Rush X X X X X X X X X
Leymus condensatus Canyon Prince Wild Rye X X X X X X X X X
‘Canyon Prince’
Mahonia nevinii Nevin’s Barberry X X X X X X X
Mubhlenburgia rigens Deergrass X X X X X X X X X
Mimulus cardinalis Scarlet Monkeyflower X X X X X X
Ribes speciosum Fushia Flowering Goose. X X X X X
Rosa californica California Wild Rose X X X X X X
Scirpus cenuus Low Bullrush X X X X X X X X
Sisyrinchium bellum Blue-eyed Grass X X X X X
1. All plants will benefit from some supplemental irrigation during hot dry summer months, particularly those on basin side slopes and further inland.
2. All trees should be planted a min. of 10’ away from any drain pipes or structures.
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Appendix F: Biofiltration Standard and Checklist

Introduction

The MS4 Permit and this manual define a specific category of storm water pollutant treatment BMPs
called “biofiltration BMPs.” The MS4 Permit (Section E.3.c.1) states:

Biofiltration BMPs must be designed to have an appropriate hydraulic loading rate to
maximize storm water retention and pollutant removal, as well as to prevent erosion, scout,
and channeling within the BMP, and must be sized to:

a) Treat 1.5 times the DCV not reliably retained onsite, OR

b) Treat the DCV not reliably retained onsite with a flow-thru design that has a total
volume, including pore spaces and pre-filter detention volume, sized to hold at least
0.75 times the portion of the DCV not reliably retained onsite.

A project applicant must be able to affirmatively demonstrate that a given BMP is designed and sized
in a manner consistent with this definition to be considered as a “biofiltration BMP” as part of a
compliant storm water management plan. Retention is defined in the MS4 Permit as
evapotranspiration, infiltration, and harvest and use of storm water vs. discharge to a surface
water system.

Contents and Intended Uses

This appendix contains a checklist of the key underlying criteria that must be met for a BMP to be
considered a biofiltration BMP. The purpose of this checklist is to facilitate consistent review and
approval of biofiltration BMPs that meet the “biofiltration standard” defined by the MS4 Permit.

This checklist includes specific design criteria that are essential to defining a system as a biofiltration
BMP; however it does not present a complete design basis. This checklist was used to develop BMP
Fact Sheets for PR-1 biofiltration with partial retention and BF-1 biofiltration, which do present a
complete design basis. Therefore, biofiltration BMPs that substantially meet all aspects of the Fact
sheets PR-1 or BF-1 should be able to complete this checklist without additional documentation
beyond what would already be required for a project submittal.
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Appendix F:
Biofiltration Standard and Checklist

Other biofiltration BMP designs' (including both non-proprietary and proprietary designs) may also
meet the underlying MS4 Permit requirements to be considered biofiltration BMPs. These BMPs may
be classified as biofiltration BMPs if they (1) meet the minimum design criteria listed in this appendix,
including the pollutant treatment performance standard in Appendix F.1, (2) are designed and
maintained in a manner consistent with their performance certifications (See explanation in Appendix
F.2), if applicable, and (3) are 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.

Organization

The checklist in this appendix is organized into the seven (7) main objectives associated with
biofiltration BMP design. It describes the associated minimum criteria that must be met in order to
qualify a biofiltration BMP as meeting the biofiltration standard. The seven main objectives are listed
below. Specific design criteria and associated manual references associated with each of these
objectives is provided in the checklist in the following section.

1. Biofiltration BMPs shall be allowed only as described in the BMP selection process in this
manual (i.e., retention feasibility hierarchy).
2. Biofiltration BMPs must be sized using acceptable sizing methods described in this manual.

3. Biofiltration BMPs must be sited and designed to achieve maximum feasible infiltration and
evapotranspiration.

4. Biofiltration BMPs must be designed with a hydraulic loading rate to maximize pollutant
retention, preserve pollutant control/sequestration processes, and minimize potential for
pollutant washout.

5. Biofiltration BMPs must be designed to promote appropriate biological activity to support
and maintain treatment processes.

6. Biofiltration BMPs must be designed to prevent erosion, scour, and channeling within the
BMP.

7. Biofiltration BMP must include operations and maintenance design features and planning
considerations to provide for continued effectiveness of pollutant and flow control functions.

! Defined as biofiltration designs that do not conform to the specific design criteria described in Fact Sheets PR-1 or BF-
1. This category includes proprietary BMPs that are sold by a vendor as well as non-proprietary BMPs that are designed
and constructed of primarily of more elementary construction materials.
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Appendix F:
Biofiltration Standard and Checklist

Biofiltration Criteria Checklist

The applicant shall provide documentation of compliance with each criterion in this checklist as part
of the project submittal. The right column of this checklist identifies the submittal information that is
recommended to document compliance with each criterion. Biofiltration BMPs that substantially meet
all aspects of Fact Sheets PR-1 or BF-1 should still use this checklist; however additional
documentation (beyond what is already required for project submittal) should not be required.

1.

Biofiltration BMPs shall be allowed to be used only as described in the BMP selection
process based on a documented feasibility analysis.

Intent: This manual defines a specific prioritization of pollutant treatment BMPs, where BMPs that
retain water (retained includes evapotranspired, infiltrated, and/or harvested and used) must be
used before considering BMPs that have a biofiltered discharge to the MS4 or surface waters. Use
of a biofiltration BMP in a manner in conflict with this prioritization (i.e., without a feasibility
analysis justifying its use) is not permitted, regardless of the adequacy of the sizing and design of
the system.

Document feasibility analysis and findings in
The project applicant has demonstrated thatit ~ SWQMP. Applicant must include
is not technically feasible to retain the full DCV ~ harvest and use feasibility and
onsite. infiltration feasibility in the PDP
SWQMP.

Biofiltration BMPs must be sized using acceptable sizing methods.

Intent: The MS4 Permit and this manual defines specific sizing methods that must be used to size
biofiltration BMPs. Sizing of biofiltration BMPs is a fundamental factor in the amount of storm
water that can be treated and also influences volume and pollutant retention processes.

Submit sizing worksheets (Appendix B.5) or
other equivalent documentation in the PDP
SWQMP. Applicant must include harvest and
use feasibility and infiltration feasibility in the
PDP SWQMP.

The project applicant has demonstrated that
biofiltration BMPs are sized to meet one of the
biofiltration sizing options available

(Appendix B.5).

Biofiltration BMPs must be sited and designed to achieve maximum feasible infiltration
and evapotranspiration.

Intent: Various decisions about BMP placement and design influence how much water is retained
via infiltration and evapotranspiration. The MS4 Permit requires that biofiltration BMPs achieve
maximum feasible retention (evapotranspiration and infiltration) of storm water volume.

The biofiltration BMP is sited to allow for

maximum infiltration of runoff volume based

on the feasibility factors considered in site Document site planning and feasibility analyses
planning efforts. It is also designed to  in PDP SWQMP per Section 5.4.

maximize evapotranspiration through the use

of amended media and plants.

The biofiltration BMP meets the annual Included documentation that the annual
retention target specified in Appendix B. retention target is met.
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Appendix F:
Biofiltration Standard and Checklist

Biofiltration BMPs must be designed with a hydraulic loading rate to maximize pollutant
retention, preserve pollutant control processes, and minimize potential for pollutant

washout.

Intent: Various decisions about biofiltration BMP design influence the degree to which pollutants
are retained. The MS4 Permit requires that biofiltration BMPs achieve maximum feasible retention

of storm water pollutants.

Media selected for the biofiltration BMP meets
minimum quality and material specifications per
Appendix F.3 or County LID Manual, including
the maximum allowable design filtration rate
and minimum thickness of media.

OR

Alternatively, for proprietary designs and
custom media mixes not meeting the media
specifications contained in Appendix F.3 or
County LID Manual, field scale testing data are
provided to demonstrate that proposed media
meets the pollutant treatment performance
criteria in Section F.1 below.

Provide documentation that media meets the
specifications in Appendix F.3.

Provide documentation of performance
information as described in Section F.1.

To the extent practicable, filtration rates are
outlet controlled (e.g., via an underdrain and
otifice/weir) instead of controlled by the
infiltration rate of the media.

Include outlet control in designs or provide
documentation of why outlet control is not
practicable.

Surface ponding is limited to 24 hours from the
end of storm event flow to preserve plant
health and promote healthy soil structure.

Include calculations to demonstrate that

drawdown rate is adequate.

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.

If nutrients are a pollutant of concern, design of
the biofiltration BMP follows nutrient-sensitive
design criteria.

Follow specifications for nutrient sensitive
design in Fact Sheet BF-2. Or provide
alternative  documentation  that  nutrient
treatment is addressed and potential for nutrient
release is minimized.

Media gradation calculations or geotextile
selection  calculations  demonstrate  that
migration of media between layers will be
prevented and permeability will be preserved.

Follow specification for choking layer or
geotextile in Fact Sheet PR-1 or BF-1. Or
include calculations to demonstrate that choking
layer is appropriately specified.
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Appendix F:
Biofiltration Standard and Checklist

5. Biofiltration BMPs must be designed to promote appropriate biological activity to support
and maintain treatment processes.
Intent: Biological processes are an important element of biofiltration performance and longevity.

0 Plants have been selected to be tolerant of . T .

corect climate. desion pondine depths and the Provide documentation justifying plant selectior
Pro] > design ponding dep Refer to the plant list in Appendix E.26.
treatment media composition.
e Provide documentation describing irrigatio:
= Plants have been selected to minimize irrigation . . & &
. requirements for establishment and long terr
requirements. :
operation.

O Plant location and growth will not impede
expected long-term media filtration rates and Provide documentation justifying plant selectior
will enhance long term infiltration rates to the Refer to the plant list in Appendix E.26.
extent possible.

6. Biofiltration BMPs must be designed with a hydraulic loading rate to prevent erosion,

scour, and channeling within the BMP.
Intent: Erosion, scour, and/or channeling can disrupt treatment processes and reduce biofiltration
effectiveness.

O Scour protection has been provided for both Provide documentation of scour protection as
sheet flow and pipe inflows to the BMP, where  described in Fact Sheets PR-1 or BF-1 or
needed. approved equivalent.

O Where scour protection has not been provided, Provide documentation of design checks for
flows into and within the BMP are kept to non-  erosive velocities as described in Fact Sheets PR-
erosive velocities. 1 or BF-1 or approved equivalent.

O For proprietary BMPs, the BMP is used in a
manner consistent with manufacturer guidelines Provide copy of manufacturer
and conditions of its third-party certification? recommendations and conditions of third-party
(i.e., maximum tributary area, maximum inflow  certification.
velocities, etc., as applicable).

7. Biofiltration BMP must include operations and maintenance design features and planning

considerations for continued effectiveness of pollutant and flow control functions.

Intent: Biofiltration BMPs require regular maintenance in order provide ongoing function as
intended. Additionally, it is not possible to foresee and avoid potential issues as part of design;
therefore plans must be in place to correct issues if they arise.

2 Cettifications or verifications issued by the Washington Technology Acceptance Protocol-Ecology program and the New
Jersey Corporation for Advanced Technology programs are typically accompanied by a set of guidelines regarding
approptiate design and maintenance conditions that would be consistent with the certification/vetification
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0 The biofiltration BMP O&M plan describes
specific inspection activities, regular/periodic
maintenance activities and specific corrective Include O&M plan with project submittal as
actions relating to scour, erosion, channeling, described in Chapter 7.
media clogging, vegetation health, and inflow
and outflow structures.

Adequate site area and features have been Illustrate maintenance access routes, setbacks,
] provided for BMP inspection and maintenance features as needed on project water
maintenance access. quality plans.

For proprietary biofiltration BMPs, the BMP
maintenance plan is consistent with

| manufacturer guidelines and conditions of its
third-party certification (i.e., maintenance
activities, frequencies).

Provide copy of manufacturer recommendation
and conditions of third-party certification.
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F.1 Pollutant Treatment Performance Standard

Standard biofiltration BMPs that are designed following the criteria in Fact Sheets PR-1 and BF-1 are
presumed to the meet the pollutant treatment performance standard associated with biofiltration
BMPs. This presumption is based on the MS4 Permit Fact Sheet which cites analyses of standard
biofiltration BMPs conducted in the Ventura County Technical Guidance Manual (July 2011).

For BMPs that do not meet the biofiltration media specification and/or the range of acceptable media
filtration rates described in Fact Sheet, PR-1 and BF-1, additional documentation must be provided
to demonstrate that adequate pollutant treatment performance is provided to be considered a
biofiltration BMP. Project applicants have three options for documenting compliance:

1) Project applicants may provide documentation to substantiate that the minor modifications to
the design is expected to provide equal or better pollutant removal performance for the project
pollutants of concern than would be provided by a biofiltration design that complies with the
criteria in Fact Sheets PR-1 and BF-1. Minor modifications are design elements that deviate
only slightly from standard design criteria and are expected to either not impact performance
ot to improve performance compared to standard biofiltration designs. The reviewing agency
has the discretion to accept or reject this documentation and/or trequest additional
documentation to substantiate equivalent or better performance to BF-1 or PR-1, as
applicable. Examples of minor deviations include:

e Different particle size distribution of aggregate, with documentation that system
filtration rate will meet specifications.

e Alternative source of organic components, with documentation of material suitability
and stability from appropriate testing agency.

e Specialized amendments to provide additional treatment mechanisms, and which have
negligible potential to upset other treatment mechanisms or otherwise deteriorate
performances.

2) For proprietary BMPs, project applicants may provide evidence that the BMP has been
certified for use as part of the Washington State Technology Assessment Protocol-Ecology
certification program and meets each of the following requirements:

a. 'The applicant must demonstrate (using the checklist in this Appendix) that the BMP
meets all other conditions to be considered as a biofiltration BMP. For example, a
cartridge media filter or hydrodynamic separator would not meet biofiltration BMP
design criteria regardless of Technology Acceptance Protocol-Ecology certification
because they do not support effective biological processes.

b. The applicant must select BMPs that have an active Technology Acceptance Protocol-
Ecology certification, with General Use Level Designation for the appropriate project
pollutants of concern as identified in Table F.1-1. 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.

c. 'The applicant must demonstrate that BMP is being used in a manner consistent with
all conditions of the Technology Acceptance Protocol-Ecology certification while
meeting the flow rate or volume design criteria that is required for biofiltration BMPs

W
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Appendix F:
Biofiltration Standard and Checklist

under this manual. Conditions of Technology Acceptance Protocol-Ecology
certification are available by clicking on the technology name at the website listed in
bullet b. Additional discussion about sizing of proprietary biofiltration BMPs to
comply with applicable sizing standards is provided below in Section F.2.

d. For projects within the public right of way and/or public projects: the product must
be acceptable to the City Engineer with respect to maintainability and long term
operation of the product. In determining the acceptability of a product the City
Engineer should consider, as applicable, 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 other relevant factors.
If a proposed BMP is not accepted by the City Engineer, a written explanation/reason
will be provided to the applicant.

3) For BMPs that do not fall into optoins 1 or 2 above, the City Engineer may allow the applicant
to submit alternative third-party documentation that the pollutant treatment performance of
the system is consistent with the performance levels associated with the necessary Technology
Acceptance Protocol-Ecology certifications. Table F.1-1 describes the required levels of
certification and Table F.52 describes the pollutant treatment performance levels associated
with each level of certification. Acceptance of this approach is at the sole discretion of the City
Engineer. If a proposed BMP is not accepted by the City Engineer, a written
explanation/reason will be provided to the applicant. If Technology Acceptance Protocol-
Ecology certifications are not available, preference shall be given to:

a. Verified third-party, field-scale testing performance under the Technology Acceptance
Reciprocity Partnership Tier I Protocol. This protocol is no longer operated, however
this is considered to be a valid protocol and historic verifications are considered to be
representative provided that product models being proposed are consistent with those
that were tested. Technology Acceptance Reciprocity Partnership verifications were
conducted under New Jersey Corporation for Advance Testing and are archived at the
website linked below. Note that Technology Acceptance Reciprocity Partnership
verifications must be matched to pollutant treatment standards in Table F.1-2 then
matched to an equivalent Technology Acceptance Protocol-Ecology certification in

Table F.1-1.

b. Verified third-party, field-scale testing performance under the New Jersey Corporation
for Advance Testing protocol. Note that New Jersey Corporation for Advance Testing
verifications must be matched to pollutant treatment standards in Table F.1-2 then
matched to an equivalent Technology Acceptance Protocol-Ecology certification in
Table F.1-1.

A list of field-scale verified technologies under Technology Acceptance Reciprocity Partnership
Tier II 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).
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Table F.1-1: Required Technology Acceptance Protocol-Ecology Certifications for
Polltuants of Concern for Biofiltration Performance Standard

Project Pollutant of Required Technology Acceptance Protocol-Ecology
Concern Certification for Biofiltration Performance Standard
Trash Basic Treatment, OR Phosphorus Treatment, OR Enhanced
Treatment
Sediments Basic Treatment, OR Phosphorus Treatment, OR Enhanced
Treatment
Oil and Grease Basic Treatment, OR Phosphorus Treatment, OR Enhanced
Treatment
Nutrients Phosphorus Treatment'
Metals Enhanced Treatment
Pesticides Basic Treatment (including filtration)>> OR Phosphorus
Treatment, OR Enhanced Treatment
Organics Basic Treatment (including filtration)> OR Phosphorus
Treatment, OR Enhanced Treatment
Bacteria and Viruses Basic Treatment (including bacteria removal processes)’ , OR
Phosphorus Treatment, OR Enhanced Treatment

I'There is no Technology Acceptance Protocol-Ecology equivalent for nitrogen compounds; however systems
that are designed to retain phosphorus (as well as meet basic treatment designation), generally also provide
treatment of nitrogen compounds. Where nitrogen is a pollutant of concern, relative performance of available
certified systems for nitrogen removal should be considered in BMP selection.

2 Pesticides, organics, and oxygen demanding substances are typically addressed by particle filtration consistent
with the level of treatment required to achieve Basic treatment certification; if a system with Basic treatment
certification does not provide filtration, it is not acceptable for pesticides, organics or oxygen demanding
substances.

3 There is no Technology Acceptance Protocol-Ecology equivalent for pathogens (viruses and bacteria), and
testing data are limited because of typical sample hold times. Systems with Technology Acceptance Protocol-
Ecology Basic Treatment must be include one or more significant bacteria removal process such as media
filtration, physical sorption, predation, reduced redox conditions, and/or solar inactivation. Where design
options are available to enhance pathogen removal (i.e., pathogen-specific media mix offered by vendor), this
design variation should be used.

T
Table F.1-2: Performance Standards for Technology Acceptance Protocol-Ecology
Certification
Performance Goal Influent Range Criteria
Basic Treatment 20 — 100 mg/L.'TSS Effluent goal < 20 mg/L TSS
100 — 200 mg/T. 'TSS 2 80% TSS removal
>200 mg/L.TSS > 80% TSS removal
Enhanced (Dissolved | Dissolved copper 0.005 — 0.02 Must meet basic treatment goal and better
Metals) Treatment mg/L than basic treatment currently defined as
>30% dissolved copper removal
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Performance Goal Influent Range Criteria

Dissolved zinc 0.02 — 0.3 mg/L Must meet basic treatment goal and better
than basic treatment currently defined as
>60% dissolved zinc removal

Phosphorous Total phosphorous 0.1 — 0.5 mg/I. | Must meet basic treatment goal and

Treatment exhibit 250% total phosphorous removal

Oil Treatment Total petroleum hydrocarbon > 10 | No ongoing or recurring visible sheen in
mg/L effluent

Daily average effluent Total petroleum
hydrocarbon concentration < 10 mg/L

Maximum effluent Total petroleum
hydrocarbon concentration for a 15 mg/L
for a discrete (grab) sample

Pretreatment 50 — 100 mg/L TSS < 50 mg/L TSS
2 200 mg/L TSS > 50% T'SS removal

F.2 Guidance on Sizing and Design of Non-Standard
Biofiltration BMPs

This section explains the general process for design and sizing of non-standard biofiltration BMPs.
This section assumes that the BMPs have been selected based on the criteria in Section F.1.

F.2.1 Guidance on Design per Conditions of Certification/Verification

The biofiltration standard and checklist in this appendix requires that “the BMP is used in a manner
consistent with manufacturer guidelines and conditions of its third-party certification.” Practically,
what this means is that the BMP is used in the same way in which it was tested and certified. For
example, it is not acceptable for a BMP of a given size to be certified/verified with a 100 gallon per
minute treatment rate and be applied at a 150 gallon per minute treatment rate in a design.

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 parameter. The applicant must
demonstrate conclusively that the proposed application of the BMP is consistent with these criteria.

For alternate non-proprietary systems that do not have a Technology Acceptance Protocol-
Ecology/Technology Acceptance Reciprocity Partnership/New Jersey Corporation for Advance
Testing certification (but which still must provide quantitative data per Appendix F.1), it must be
demonstrate that the configuration and design proposed for the project is reasonably consistent with
the configuration and design under which the BMP was tested to demonstrate compliance with
Appendix F.1.
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F.2.2 Sizing of Flow-Based Biofiltration BMP

This sizing method is only available when the BMP meets the pollutant treatment
performance standard in Appendix F.1.

Proprietary biofiltration BMPs are typically designed as a flow-based BMPs (i.e., a constant treatment
capacity with negligible storage volume). Proprietary biofiltration is only acceptable if acceptable if the
sizing criteria in this Appendix and the retention performance standard identified in Appendix B.5
are satisfied.. The applicable sizing method for biofiltration is reduced to: Treat 1.5 times the DCV.

The following steps should be followed to demonstrate that the system is sized to treat 1.5 times the
DCV.

1. Calculate the flow rate required to meet the pollutant treatment performance standard without
scaling for the 1.5 factor. Options include either:

o Calculate the runoff flow rate from a 0.2 inch per hour uniform intensity precipitation
event (See methodology Appendix B.6.3), or

o Conduct a continuous simulation analysis to compute the size required to capture and
treat 80 percent of average annual runoff; for small catchments, 5-minute precipitation
data should be used to account for short time of concentration. Nearest rain gage with
5-minute precipitation data is allowed for this analysis.

2. Multiply the flow rate from Step 1 by 1.5 to compute the design flow rate for the biofiltration
system.

3. Based on the conditions of certification/verification (discussed above), establish the design
capacity, as a flow rate, of a given sized unit.

4. Demonstrates that an appropriate unit size and number of units is provided to provide a flow
rate that meets the required flow rate from Step 2.

5. Provide supplemental retention BMP that—will meet the volume retention performance

standard in Appendix B.
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F.3 Bioretention Soil Media (BSM)

SECTION 803 - BIORETENTION SOIL MEDIA COMPOSITION, TESTING,
AND INSTALLATION

803-1 GENERAL.

Bioretention Soil Media (BSM) is intended to filter storm water and support plant growth while
minimizing the leaching of potential pollutants. This specification includes requirements that apply to
BSM used in stormwater treatment BMPs, including bioretention and biofiltration.

803-2 BLENDED BSM CRITERIA AND TESTING REQUIREMENTS

803-2.1 General.

Blended BSM shall consist of 60% to 80% by volume sand, up to 20% by volume topsoil, and up to
20% by volume compost. Sand, Topsoil, and Compost used in BSM shall conform to requirements
listed in Sections 803-3, 803-4, and 803-5, respectively. For bioretention/biofiltration with outlet-
controlled designs, it is likely that topsoil will need to be omitted or reduced to achieve permeability
targets.

Alternative mix components and proportions may be utilized, provided that the whole blended mix
conforms to whole BSM criteria, detailed in Section 803-2.3 through 803-2.5. Alternative mix designs
may include alternative proportions and/or alternative organic amendments. Alternative mixes are
subject to approval by the reviewing jurisdiction. Alternative mixes that use an alternative organic
component (rather than compost) may be necessary when BMPs are installed in areas with nitrogen
or phosphorus impaired receiving waters in order to meet more stringent BSM quality requirements
as detailed in Section 803-2.5.

803-2.2 Testing and Submittals.

At least 30 days prior to ordering materials, the Contractor shall submit the following to the local
jurisdiction reviewer (upon request): source/supplier of BSM, location of source/suppliet, a physical
sample of the BSM, whole BSM test results from a third party independent laboratory, test results for
individual component materials as required, and description of proposed methods and schedule for
mixing, delivery, and placement of BSM. The test results shall be no older than 120 days and shall
accurately represent the materials and feed stocks that are currently available from the supplier.

Test results shall demonstrate conformance to agronomic suitability and hydraulic suitability criteria
listed in Sections 803-2.3 and 803-2.4, respectively. BSM for use in BMPs in areas with water quality
impairments in receiving waters shall also comply with applicable Chemical Suitability criteria in
Section 803-2.5. No delivery, placement, or planting of BSM shall begin until test results confirm the
suitability of the BSM. The Contractor shall submit a written request for approval which shall be
accompanied by written analysis results from a written report of a testing agency. The testing agency
must be registered by the State for agronomic soil evaluation laboratory test fees shall be paid for by
the Contractor.

803-2.3 Agronomic Suitability.

The BSM shall conform to the requirements herein to support plant growth. BSM which requires
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amending to comply with the below specifications shall be uniformly blended and tested in its blended
state prior to testing and delivery.

a) pH range shall be between 6.0-8.5.

b) Salinity shall be between 0.5 and 3.0 millimho/cm (as measure by electrical conductivity)
¢) Sodium absorption ratio (SAR) shall be less than 5.0

d) Chloride shall be less than 800 ppm.

e) Cation exchange capacity shall be greater than 10 meq/100 g.

f) Organic matter shall be between 2 and 5%.

@) Carbon:Nitrogen ratio shall be between 12 and 40 (15 to 40 preferred).

Textural class fraction shall adhere to limits in Table 803-2.1, as determined by ASTM Method D422
or an approved alternative method:

TABLE 803-2.3

Textural Class (ASTM D422) Size Range Mass Fraction (percent)
Gravel Larger than 2 mm 0 to 25 of total sample
Clay Smaller than 0.005 mm | O to 5 of non-gravel fraction

Test results shall show the following information:

a) Date of testing
b) Project name, contractor name, and source of materials and supplier name

c) Copies of all testing reports including, at a minimum, analytical results sufficient to confirm
compliance with all requirements listed in this section.

803-2.4 Hydraulic Suitability.

BSM shall meet the have appropriate hydraulic properties for filtering stormwater. The BSM shall
conform to the requirements herein to support plant growth. BSM which requires amending, shall be
uniformly blended and tested in its blended state prior to testing and delivery.

803-2.4.1 Testing.

The saturated hydraulic conductivity of the whole BSM shall be measured according to the method
detailed in the measurement of hydraulic conductivity (USDA Handbook 60, method 34b), commonly
available as part of standard agronomic soil evaluation, or ASTM D24234 Permeability of Granular
Soils (at approximately 85% relative compaction Standard Proctor, ASTM D698). BSM shall conform
to hydraulic criteria associated with the BMP design configuration that best applies to the facility where
the BSM will be installed (Section 803-2.4.2 or 803-2.4.3).

803-2.4.2 Systems with Unrestricted Underdrain System (i.e., media control).

For systems with underdrains that are not restricted, the BSM shall meet the minimum and maximum
measured hydraulic conductivity found in Table 803-2.4 to ensure adequate flow rate through the
BMP and longevity of the system but reduce excessive velocities through the media. In all cases, an
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upturned elbow system on the underdrain, measuring 9 to 12 inches above the invert of the
underdrain, should be used to control velocities in the underdrain pipe and reduce potential for solid
migration through the system.

803-2.4.3 Systems with Restricted Underdrain System (i.e., outlet control).

For systems in which the flow rate of water through the media is controlled via an outlet control
device (e.g., orifice or valve) affixed to the outlet of the underdrain system, the hydraulic conductivity
of the media should meet the requirements in Table 803-2.4 and the outlet control device should
control the flow rate to between 5 and 12 inches per hour. This configuration reduces the sensitivity
of system performance to the hydraulic conductivity, compaction, and clogging of the material,
reduces the likelihood of preferential flow through media, and allows more precise design and control
of system flow rates. For these reasons, outlet control should be considered the preferred design
option over unrestricted underdrain systems.

803-2.4.4 Systems without Underdrains.

For systems without underdrains, the BSM shall have a hydraulic conductivity of at least 5 inches per
hour, or at least 2 times higher than the design infiltration rate of the underlying soil, whichever is
greater.

Table 803-2.4

Hydraulic Conductivity Requirements

Underdrain System Minimum (in/hr) Maximum (in/hr)

Unrestricted (media control) 8 24

Restricted (outlet control)

Preferred Design Option. 20 80

803-2.5 Chemical Suitability for Areas Draining to Impaired Receiving Waters.
803-2.5.1 General.

The chemical suitability criteria listed in this section do not apply to systems without underdrains,
unless groundwater is impaired or susceptible to nutrient contamination. Limits for a given parameter
only apply if that parameter is associated with a water quality impairment, priority water quality
condition, and/or TMDL in the receiving water. Limits may be waived at the discretion of the
reviewing jurisdiction if it is determined by the jurisdiction that it is unreasonable to meet the
specification using locally-available materials (available within 100 miles).

803-2.5.2 Testing.

Potential for pollutant leaching shall be assessed using either the Saturated Media Extract Method
(aka, Saturation Extract) that is commonly performed by agronomic laboratories or the Synthetic
Precipitation Leaching Procedure (SPLP) (EPA SW-846, Method 1312). If the saturation extract
method is used, samples may be rinsed with up to five pore volumes before collecting extract for
analysis.
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803-2.5.3 BSM Limits in Areas Draining to Impaired Receiving Waters.

The limits in this section are in terms of the concentration of a parameter in water that has been
contacted with the BSM.

Table 803-2.5.3

Applicable Pollutant(s) ‘ Saturation Extract or SPLP Criteria
Phosphorus* <1 mg/L
Zinc <1mg/L
Coppet < 0.04 mg/L
TLead < 0.025 mg/L
Arsenic < 0.02 mg/L
Cadmium < 0.01 mg/L
Mercury < 0.01 mg/L
Selenium < 0.01 mg/L

803-2.5.4 Alternative BSM for Reduced Phosphorus Leaching.

In areas with impaired receiving waters, alternative BSM should be considered, especially if receiving
waters are phosphorus impaired. BSM with 20% compost may result in phosphorus leaching and
soluble phosphorus test results in excess of the 1 mg/L limit presented in Table 803-2.5.3 Alternative
organic amendments, such as coco coir pith and/or composted wood products, in place of compost
should be considered in these areas. Sand and soil components with higher levels of iron and
aluminum should also be considered to limit the solubility of phosphorus.

803-2.5.5. Nitrogen Impaired Receiving Waters.

In areas with a downstream water quality impairment or TMDL for nitrogen, a combination of BSM
composition and BMP design shall be used to reduce the potential for nitrate leaching from BMPs.

e BSM: The C:N ratio of BSM shall be between 15 and 40 to reduce the potential for nitrate
leaching.

e BMP design: BMPs shall be designed to either enhance infiltration into underlying soils or
with internal water storage to promote reduction of nitrogen:

o If a BMP is installed with a liner, the BMP must include an internal saturated zone,
consisting of at least an 18-inch thick layer of gravel, to enhance denitrification.

o Ifa BMP does not include a linet, it must be installed with a retention zone below the
underdrain discharge elevation, consisting of at least an 18-inch thick layer of gravel,
to enhance infiltration into underlying soils.
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803-3 SAND FOR BSM.

803-3.1 General.

Sand used in BSM should preferably be washed prior to delivery. If sand is not washed it must still
meet sieve analysis requirements in Table 1.

803-3.2 Gradation Limits.

A sieve analysis shall be performed in accordance with California Test 202, ASTM D 422, or approved
equivalent method to demonstrate compliance with the gradation limits shown in Table 803-3.2. Fines
passing the No. 200 sieve shall be non-plastic.

TABLE 803-3.2

‘ Percentage Passing Sieve (by weight)

Sieve Size (ASTM D422) Minimum Maximum
3/8 inch 100 100
#4 90 100
#8 70 100
#16 40 95
#30 15 70
#40 5 55
#100 0 15
#200 0 5

803-4 TOPSOIL FOR BSM.
803-4.1 General.

Topsoil shall be free of hazardous materials and shall be consistent with a common definition of
topsoil. Decomposed granite and derivatives of decomposed granite are not considered to be topsoil
for the purpose of this specification.

803-4.2 Textural Class.

Topsoil shall be classified as a sandy loam or a loamy sand according to the US Department of
Agriculture soil classification system. In addition, a textural class analysis shall be performed in
accordance with ASTM D422, or an approved alternative method to demonstrate compliance with
the gradation limits in Table 803-4.2.

Table 803-4.2

Textural Class (ASTM D422) Size Range Mass Fraction (percent)
Gravel Larger than 2 mm 0 to 25 of total sample
Clay Smaller than 0.005 mm | 0 to 15 of non-gravel fraction
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803-5 COMPOST FOR BSM.

803-5.1 General.

Compost shall be produced at a facility inspected and regulated by the local enforcement agency for
CalRecycle. Compost should also preferably be certified by the U.S. Composting Council’s Seal of
Testing Assurance Program (USCC STA) or an approved equivalent program. Compost shall not be
produced from biosolids feedstock.

803-5.1.1 Gradation Limits.

A sieve analysis shall be performed in accordance with ASTM D 422, or approved equivalent method
to demonstrate compliance with the gradation limits show in Table 803-5.1.1.

Table 803-5.1.1

Sieve Size (ASTM D422) Percent Passing Sieve (by weight)
1/2” 97 to 100
2 mm 40 to 90

803-5.1.2 Material Content.

Organic Material Content shall be 35% to 100% by dry weight and moisture shall be 25% to 60% wet
weight basis. Physical contaminants (manmade inert materials) shall not exceed 1% by dry weight.

803-5.2 Compost Testing.

Compost shall meet the following requirements as demonstrated through standard agronomic testing
methods:

a) Carbon to nitrogen (C:N) ratio. C:N shall be between 15:1 and 40:1, preferably above 20:1
to reduce the potential for nitrogen leaching/washout.

b) pH. pH shall be between 6.0 and 8.5.

c) Soluble Salt Concentration. Soluble Salt Concentration shall be less than 10 dS/m. (Method
TMECC 4.10-A, USDA and U.S. Composting Council).

d) Stability. Carbon Dioxide evolution rate shall be less than 3.0 mg CO2-C per g compost
organic matter (OM) per day or less than 6 mg CO2-C per g compost carbon per day,
whichever unit is reported. (Method TMECC 5.08-B, USDA and U.S. Composting Council).
Alternatively a Solvita rating of 5.5 or higher is acceptable.

803-5.2.1 Pathogens and Pollutant Limits.

Select pathogens shall pass US EPA Class A standard, 40 CFR Section 503.32(a). Trace Metals shall
pass US EPA Class A standard, 40 CFR Section 503.13, Table 1 for Ceiling Concentrations.
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803-6 DELIVERY, STORAGE, HANDLING, AND PAYMENT
803-6.1 General.

BSM shall be thoroughly mixed prior to delivery using mechanical mixing methods such as a drum
mixer. The Contractor shall protect soils and mixes from absorbing excess water and from erosion at
all times.

803-6.1.1 Delivery.
The Contractor shall not deliver or place soils in wet or muddy conditions.

803-6.1.2 Storage.

The Contractor shall not store materials unprotected during large rainfall events (>0.25 inches). If
water is introduced into the material while it is stockpiled, the Contractor shall allow the material to
drain to the acceptance of the reviewing jurisdiction before placement.

803-6.1.3 Handling and Placement.

BSM shall be lightly compacted and placed in loose lifts approximately 12 inches (300 mm) to ensure
reasonable settlement without excessive compaction. Compaction within the BSM area should not
exceed 75 to 85% standard proctor within the BSM. Machinery shall not be used in the bioretention
facility to place the BSM. A conveyor or spray system shall be used for media placement in large
facilities. Low ground pressure equipment may be authorized for large facilities at the discretion of
the reviewing jurisdiction. Placement methods and BSM quantities shall account for approximately
10% loss of volume due to settling. Planting methods and timing shall account for settling of media
without exposing plant root systems.

803-6.1.4 Hydraulic Suitability.

The reviewing jurisdiction may request up to three double ring infiltrometer tests (ASTM D3385) or
approved alternative tests to confirm that the placed material meets applicable hydraulic suitability
criteria. In the event that the infiltration rate of placed material does not meet applicable criteria, the
reviewing jurisdiction may require replacement and/or de-compaction of matetials.

803-6.2 Quality Control and Acceptance
803-6.2.1 General.

Close adherence to the material quality controls herein are necessary in order to support healthy
vegetation, minimize pollutant leaching, and assure sufficient permeability to infiltrate/filter runoff
during the life of the facility. Amendments may be included to adjust agronomic properties.
Acceptance of the material will be based on test results certified to be representative. Test results shall
be conducted no more than 120 days prior to delivery of the blended BSM to the project site. For
projects installing more than 100 cubic yards of BSM, batch-specific tests of the blended mix shall be
provided to the reviewing jurisdiction for every 100 cubic yards of BSM along with a site plan showing
the placement locations of each BSM batch within the facility.

803-6.5 Measurement and Payment.

Quantities of mixed BSM will be measured as shown in the Bid. The volumetric quantity of mixed
BSM to be paid for shall be the volume of BSM placed within the limits of the dimensions shown on

W
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the Plans.

803-7 AGGREGATE MATERIALS FOR BIORETENTION AND
BIOFILTRATION DRAINAGE LAYERS

803-7.1 General.

This section provides material specifications for drainage layers below BSM in bioretention BMPs.
This consists of a two-layer filter course placed below the BSM and above an open-graded aggregate
stone reservoir.

803-7.2 Rock and Sand Materials for Drainage Layers
803-7.2.1 General.

All sand and stone products used in BSM drainage layers shall be clean and thoroughly washed.

803-7.2.2 Filter Course.

Graded aggregate choker material is installed as a filter course to separate BSM from the drainage rock
reservoir layer. The purpose of this layer is to limit migration of sand or other fines from the BSM.
The filter course consists of two layers of choking material increasing in particle size. The top layer
(closets to the BSM) of the filter course shall be constructed of thoroughly washed ASTMC33 Choker
Sand as detailed in Table 200-1.5.5. The bottom layer of the filter course shall be constructed of
thoroughly washed ASTM No. 8 aggregate material conforming to gradation limits contained in Table
200-1.2.1.

803-7.2.3 Open-Graded Aggregate Stone.

Open-graded aggregate material is installed below filter course layers to provide additional storm
water storage capacity and contain the underdrain pipe(s). This layer shall be constructed of thoroughly
washed AASHTO No. 57 open graded aggregate material conforming to gradation limits contained
in Table 200-1.2.1.

803-7.3 Layer Thicknesses and Construction.

803-7.3.1 General.

Aggregate shall be deposited on underlying layers at a uniform quantity per linear foot (meter), which
quantity will provide the required compacted thickness within the tolerances specified herein without
resorting to spotting, picking up, or otherwise shifting the aggregate material.

803-7.3.2 Filter Course Layers.

Each of the two filter course layers (top layer of ASTM C33 Choker Sand and bottom layer of ASTM
No. 8) shall be installed to a thickness of 3 inches (75 mm). Both layers shall be spread in single layers.
Marker stakes should be used to ensure uniform lift thickness.

803-7.3.3 Aggregate Drainage and Storage Layer.

The thickness of the aggregate drainage and storage layer (AASHTO No. 57) will depend on site
specific design and shall be detailed in contract documents.

W
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803-7.3.4 Spreading.

Drainage layers shall be as delivered as uniform mixtures and each layer shall be spread in one
operation. Segregation within each aggregate layer shall be avoided and the layers shall be free from
pockets of coarse or fine material.

803-7.3.5 Compacting.

Filter course material and aggregate storage material shall be lightly compacted to approximately 80%
standard proctor without the use of vibratory compaction.

803-7.4 Measurement and Payment.

Quantities of graded aggregate choker material and open-graded aggregate storage material will be
measured as shown in the Bid. The volumetric quantities of graded aggregate choker stone material
and open-graded storage material shall be those placed within the limits of the dimensions shown on
the Plans. The weight of material to be paid for will be determined by deducting (from the weight of
material delivered to the Work) the weight of water in the material (at the time of weighing) in excess
of 1% more than the optimum moisture content. No payment will be made for the weight of water
deducted as provided in this subsection.

803-8 SUMMARY

Summary of BSM specification requirements for the City of San Diego and County of San Diego
included in Table 803-8.

Table 803-8
Component Requirement
BSM Material Composition Sand: 60-80% by volume

Topsoil: 0-20% by volume
Compost: 20% by volume

Alternative Blends Acceptable? Yes, but they must meet performance-based
specifications.
Sand Type Washed sand conforming to particle size
distribution

Topsoil Type Sandy loam or loamy sand with clay < 15% and
gravel < 25%

Compost Type From a CalRecycle permitted facility. Biosolids

derived materials are not acceptable
BSM Permeability 8-24 inches/hour for BMPs without outlet control;

15-80 inches/hour for BMPs with outlet control,
testing is required to demonstrate.

Agronomic Suitability Limits for salts and potential toxins. C:N ration
Requirements between 12 and 40.
Water Quality Related Limits? Requirements related to specific pollutants when

water quality of receiving waters is impaired for
those pollutants.
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and Hydromodification Sizing Factors

G.1

G.1.1

Guidance for Continuous Simulation Hydrologic
Modeling for Hydromodification Management Studies
in San Diego County Region 9

Introduction

Continuous simulation hydrologic modeling is used to demonstrate compliance with the performance
standards for hydromodification management in San Diego. There are several available hydrologic
models that can perform continuous simulation analyses. Each has different methods and parameters
for determining the amount of rainfall that becomes runoff, and for representing the hydraulic
operations of certain structural BMPs such as biofiltration with partial retention or biofiltration. This
Appendix is intended to:

Identify acceptable models for continuous simulation hydrologic analyses for
hydromodification management;

Provide guidance for selecting climatology input to the models;
Provide standards for rainfall loss parameters to be used in the models;
Provide standards for defining physical characteristics of LID components; and

Provide guidance for demonstrating compliance with performance standards for
hydromodification management.

This Appendix is not a user's manual for any of the acceptable models, nor a comprehensive manual
for preparing a hydrologic model. This Appendix provides guidance for selecting model input
parameters for the specific purpose of hydromodification management studies. The model preparer
must be familiar with the user's manual for the selected software to determine how the parameters are
entered to the model.
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G.1.2 Software for Continuous Simulation Hydrologic Modeling
The following software models may be used for hydromodification management studies in San Diego:
e HSPF — Hydrologic Simulation Program-FORTRAN, distributed by USEPA, public domain.

e SDHM - San Diego Hydrology Model, distributed by Clear Creek Solutions, Inc. This is an
HSPF-based model with a proprietary interface that has been customized for use in San Diego
for hydromodification management studies.

e SWMM - Storm Water Management Model, distributed by USEPA, public domain.

Third-party and proprietary software, such as XPSWMM or PCSWMM, may be used for
hydromodification management studies in San Diego, provided that:

e Input and output data from the software can interface with public domain software such as
SWMM. In other words, input files from the third party software should have sufficient
functionality to allow export to public domain software for independent validation.

e The software's hydromodification control processes are substantiated.

G.1.3 Climatology Parameters
G.1.3.1 Rainfall

In all software applications for preparation of hydromodification management studies in San Diego,
rainfall data must be selected from approved data sets that have been prepared for this purpose. As
part of the development of the March 2011 Final HMP, long-term hourly rainfall records were
prepared for public use. The rainfall record files are provided on the Project Clean Water website. The
rainfall station map is provided in the March 2011 Final HMP and is included in this Appendix as
Figure G.1-1.
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Figure G.1-1: Rainfall Station Map

Project applicants preparing continuous simulation models shall select the most appropriate rainfall
data set from the rainfall record files provided on the Project Clean Water website. For a given project
location, the following factors should be considered in the selection of the appropriate rainfall data

set:

In most cases, the rainfall data set in closest proximity to the project site will be the appropriate
choice (refer to the rainfall station map).

In some cases, the rainfall data set in closest proximity to the project site may not be the most
applicable data set. Such a scenario could involve a data set with an elevation significantly
different from the project site. In addition to a simple elevation comparison, the project
proponent may also consult with the San Diego County’s average annual precipitation
isopluvial map, which is provided in the San Diego County Hydrology Manual (2003). Review
of this map could provide an initial estimate as to whether the project site is in a similar rainfall
zone as compared to the rainfall stations. Generally, precipitation totals in San Diego County
increase with increasing elevation.

Where possible, rainfall data sets should be chosen so that the data set and the project location
are both located in the same topographic zone (coastal, foothill, mountain) and major
watershed unit (Upper San Luis Rey, Lower San Luis Rey, Upper San Diego River, Lower San
Diego River, etc.).
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For SDHM users, the approved rainfall data sets are pre-loaded into the software package. SDHM
users may select the appropriate rainfall gage within the SDHM program. HSPF or SWMM users shall
download the appropriate rainfall record from the Project Clean Water website and load it into the
software program.

Both the pre-development and post-project model simulation period shall encompass the entire
rainfall record provided in the approved rainfall data set. Scaling the rainfall data is not permitted.

Hydrologic water balance can be used to compare pre-development and post-project conditions,
which can be defined by the following equation:

Precipitation = Evapotranspiration + Infiltration + Surface Storage+ Surface Runoff

Rainfall comprises the left side of the equation, however in some cases additional inputs from
irrigation, groundwater discharge, or snowmelt may need to be considered. Each term on the right
side of the equation is commonly referred to as a “rainfall loss” and is referenced as such in the Final
HMP and throughout this document. Despite their name, these rainfall losses include dry weather
processes that can significantly impact model results for long-term continuous simulation. Hydrologic
losses can occur from standing water on subcatchment surfaces and from soil moisture beneath the
ground surface. In SWMM, losses can also be simulated in the hydraulic model, from water traveling
through open channels and from water held in surface storage units.

It is also worth noting that the “Surface Runoff” term in the equation includes the disposal of excess
runoff generated from a subcatchment into the storm drain, receiving watercourse, or waterbody.
Structural BMP designs that include consumptive use (e.g., rainwater harvesting systems) can capture
a portion of the surface runoff volume and use it to meet non-potable water demands that don’t
require a high level of treatment.

G.1.3.2 Potential Evapotranspiration

The Evapotranspiration term in the water balance equation includes evaporation of surface waters
and transpiration of soil moisture through vegetation. Climatology parameters characterize rates, as
the actual amount of water evaporated or transpired depends on the amount of available water (i.e.,
either held in surface depressions or soil pores), temperature, wind velocity, relative humidity, and
solar radiation. It is important to understand the source of measurements. Pan evaporation data are
derived from measurements in stainless steel pans and therefore need to be adjusted to reflect actual
site conditions by applying the appropriate set of pan coefficients. Likewise, evapotranspiration data
may be derived from a specific crop or vegetation type and may need to be translated to the
appropriate reference evapotranspiration (ETo). Pan coefficients can also be adjusted to reflect
seasonal vatiations to distinguish growing/dormant periods ot to account for excessive transpiration
from heavy canopy/root systems.

Project applicants preparing continuous simulation models shall select a data set from the sources
described below to represent potential evapotranspiration.

For HSPF users, this parameter may be entered as an hourly time series. The hourly time series that
was used to develop the BMP Sizing Calculator parameters is provided on the project clean water
website and may be used for hydromodification management studies in San Diego. For SDHM users,
the houtly evaporation data set is pre-loaded into the program. HSPF users may download the
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evaporation record from the Project Clean Water website and load it into the software program.

For HSPF or SWMM users, this parameter may be entered as monthly values in inches per month or
inches per day. Monthly values may be obtained from the California Irrigation Management
Information System "Reference Evapotranspiration Zones" brochure and map (herein "CIMIS ETo
Zone Map"), prepared by California Department of Water Resources, dated January 2012. The CIMIS
ETo Zone Map is available from www.cimis.gov, and is provided in this Appendix as Figure G.1-2.
Determine the appropriate reference evapotranspiration zone for the project from the CIMIS ETo
Zone Map. The monthly average reference evapotranspiration values are provided below in Table
G.1-1.

In SWMM, there are a number of options available for characterizing potential evaporation rates,
including:

* Constant Value: This is not acceptable for hydromodification management studies

¢ Time Series: A user-defined set of values can be supplied with either a fixed recording interval
(e.g., 15-minute or hourly) or variable recording interval

¢ Climate File: Daily evaporation rates can be read from an external climate file, and monthly
pan coefficients can be specified

*  Monthly Averages: A set of monthly average values is input by the user

¢ Temperatures: Daily evaporation rates can be computed based on daily air temperature time
series data using the Hargreaves method.
R AT R e Pt

Salton Sea

Figure G.1-2: California Irrigation Management Information System "Reference
Evapotranspiration Zones"
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Table G.1-1: Monthly Average Reference Evapotranspiration by ETo Zone
(inches/month and inches/day) for use in SWMM Models for Hydromodification Management Studies in San Diego County
CIMIS Zones 1, 4, 6,9, and 16 (See CIMIS ETo Zone Map)

Appendix G:
Guidance for Continuous Simulation and Hydromodification Management Sizing Factors

Je Ap 0 eptembe Octobe 0 b De b
Zone | in/month | in/month | in/month | in/month | in/month | in/month | in/month | in/month | in/month | in/month | in/month | in/month
1 0.93 1.4 248 3.3 4.03 4.5 4.65 4.03 3.3 2.48 1.2 0.62
4 1.86 2.24 3.41 4.5 5.27 5.7 5.89 5.58 4.5 3.41 24 1.86
6 1.86 2.24 3.41 4.8 5.58 6.3 6.51 6.2 4.8 3.72 2.4 1.86
9 2.17 2.8 4.03 5.1 5.89 6.6 7.44 6.82 5.7 4.03 2.7 1.86
16 1.55 2.52 4.03 5.7 7.75 8.7 9.3 8.37 6.3 4.34 2.4 1.55
. . o btemb Octob ovember Decemb
Days 31 28 31 30 31 30 31 31 30 31 30 31
Zone in/day in/day in/day in/day in/day in/day in/day in/day in/day in/day in/day in/day
1 0.030 0.050 0.080 0.110 0.130 0.150 0.150 0.130 0.110 0.080 0.040 0.020
4 0.060 0.080 0.110 0.150 0.170 0.190 0.190 0.180 0.150 0.110 0.080 0.060
6 0.060 0.080 0.110 0.160 0.180 0.210 0.210 0.200 0.160 0.120 0.080 0.060
9 0.070 0.100 0.130 0.170 0.190 0.220 0.240 0.220 0.190 0.130 0.090 0.060
16 0.050 0.090 0.130 0.190 0.250 0.290 0.300 0.270 0.210 0.140 0.080 0.050
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G.1.4 LAND CHARACTERISTICS AND LOSS PARAMETERS

In all software applications for preparation of hydromodification management studies in San Diego,
rainfall loss parameters must be consistent with this Appendix unless the preparer can provide
documentation to substantiate use of other parameters, subject to local jurisdiction approval. HSPF
and SWMM use different processes and different sets of parameters. SDHM is based on HSPF,
therefore parameters for SDHM and HSPF are presented together in Section G.1.4.1. Parameters
that have been pre-loaded into SDHM may be used for other HSPF hydromodification management
studies outside of SDHM. Parameters for SWMM are presented separately in Section G.1.4.2.

G.1.4.1 Rainfall Loss Parameters for HSPF and SDHM

Rainfall losses in HSPF atre characterized by PERLND/PWATER parameters and IMPLND
parameters, which describe processes occurring when rainfall lands on pervious lands and impervious
lands, respectively. "BASINS Technical Notice 6, Estimating Hydrology and Hydraulic Parameters
for HSPE," prepared by the USEPA, dated July 2000, provides details regarding these parameters and
summary tables of possible ranges of these parameters. Table G.1-2, excerpted from the above-
mentioned document, presents the ranges of these parameters.

For HSPF studies for hydromodification management in San Diego, PERLND/PWATER
parameters and IMPLND parameters shall fall within the "possible" range provided in EPA Technical
Note 6. To select specific parameters, HSPF users may use the parameters established for
development of the San Diego BMP Sizing Calculator, and/or the parameters that have been
established for SDHM. Parameters for the San Diego BMP Sizing Calculator and SDHM are based
on research conducted specifically for HSPF modeling in San Diego.

Documentation of parameters selected for the San Diego BMP Sizing Calculator is presented in the
document titled, San Diego BMP Sizing Calculator Methodology, prepared by Brown and Caldwell,
dated January 2012 (herein "BMP Sizing Calculator Methodology™). The PERLND/PWATER
parameters selected for development of the San Diego BMP Sizing Calculator represent a single
composite pervious land cover that is representative of most pre-development conditions for sites
that would commonly be managed by the BMP Sizing Calculator. The parameters shown below in
Table G.1-3 are excerpted from the BMP Sizing Calculator Methodology.

W
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Table G.1-2: HSPF PERLND/PWATER and IMPLND Parameters from EPA Technical Note 6
Range of Values

Definition

Typical Possible Function of ... Comment

PWAT - PARM2

Min | Max Min Max

FOREST Fraction forest cover none 0.0 0.50 0.0 0.95 | Forest cover Only impact when SNOW is active
LZSN Lower Zone Nominal |, 3.0 8.0 2.0 15.0 | Soils, climate Calibration
Soil Moisture Storage
INFILT Index. to Infiltration i/ht 0.01 0.25 0.001 0.50 | Soils, land use Calibration, divides surface and
Capacity subsurface flow
Estimate from high resolution topo
LSUR Length of overland flow | feet 200 500 100 700 | Topography maps or GIS
SLSUR Slope of overland flow fi/ft 0.01 015 0.001 030 | Topography Estimate from high resolution topo
plane maps or GIS
KVARY Varlab.le groundwater 1/inches 0.0 3.0 0.0 50 Bas.eﬂow recession Used when recession rate varies with
recession variation GW levels
AGWRC | Base - groundwater | 092 | 099 | 085 | 0999 | Baseflow recession Calibration
recession
PWAT - PARM3
PETMAX Temp below which ET is deg, F 35.0 45.0 320 480 | Climate, vegetation .Redu.ces ET near freezing, when SNOW
reduced is active
pETMIN | Lemp belowwhich ETis | 4 ¢ 300 | 350 | 300 | 400 | Climate, vegetation Reduces ET near freezing, when SNOW
set to zero is active
INFEXP | Dxponent in infiltration | o 20 | 20 1.0 3.0 | Soils variability Usually default to 2.0
equation
INFrLp | Rato of max/mean | o 20 | 20 1.0 3.0 | Soils variability Usually default to 2.0
infiltration capacities
DEEPFR Fraction of GWinflow none 0.0 0.20 0.0 0.50 | Geology, GW recharge Accounts for subsurface losses
to deep recharge
Fraction of remaining L . . L .
BASETP ET from baseflow none 0.0 0.05 0.0 0.20 | Riparian vegetation Direct ET from riparian vegetation
AGWETP | Fraction of remaining | 0.0 | 005 0.0 | 020 | Marsh/wetlands extent | Direct ET from shallow GW
ET from active GW
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Range of Values

Possible
Min Max

Definition Function of ... Comment

Typical
Min | Max

PWAT - PARM4

CEPSC Interception  storage | 003 | 020 | 001 | 040 | Vegewmton type/density, |y i alues usually used
capacity land use

UZSN Upper zone nominal soil inches 0.10 1.0 0.05 2.0 Surface soil conditions, Accounts for near surface retention
moisture storage land use
Manning's n (roughness) Surface conditions,

NSUR none 0.15 0.35 0.05 0.50 . Monthly values often used for croplands
for ovetland flow residue, etc.

INTFW Interflow inflow none 10 3.0 10 10.0 Soils, topography, land Callbr?tlon, based on hydrograph
parameter use separation

IRC Interflow recession | 0.5 0.70 0.30 0.85 Soils, topography, land Often start with a value of 0.7, and then
parameter use adjust

LZETP Lower —zone BT 02 | 070 | 01 09 | Vegetton type/density, | ¢y ation
parameter root depth

IWAT - PARM2

LSUR Length of overland flow | feet 50 150 50 250 Topography,  drainage | Estimate from maps, GIS, or field

system survey

SLSUR Slope of ovetland flow fi/ft 0.01 0.05 0.001 0.15 | Topography, drainage Estimate from maps, GIS, or field
plane survey

NSUR Manning's n (roughness) none 0.03 0.10 0.01 015 Impe.r@ous surface | Typical range is 0.05 to 0.10 for
for overland flow conditions roads/patking lots

RETSC Retenpon storage | . 4o 0.03 0.10 0.01 0.30 Impe.r@ous surface | Typical range is 0.03 to 0.10 for
capacity conditions roads/patking lots

IWAT - PARM3 (PETMAX and PETMIN, same values as shown for PWAT — PARM3)
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Table G. 1-3: HSPF PERLND /PWATER Parameters from BMP Sizing Calculator

Methodology
Hydrologic Soil Hydrologic Soil Hydrologic Soil Hydrologic Soil
Group Group Group Group
A B C D
10% 15% 0% 15% 5% 10% 15% | 5% 10% 15%

PWAT_PARM?2
FOREST None 0 0 0 0 0 0 0 0 0 0 0 0
1.ZSN inches 5.2 4.8 4.5 5.0 4.7 4.4 4.8 4.5 4.2 4.8 4.5 4.2
INFILT in/hr | 0.090 | 0.070 | 0.045 | 0.070 | 0.055 | 0.040 | 0.050 | 0.040 | 0.032 | 0.040 | 0.030 | 0.020
L.SUR Feet 200 200 200 200 200 200 200 200 200 200 200 200
SL.SUR ft/ft 0.05 0.1 0.15 | 0.05 0.1 0.15 | 0.05 0.1 0.15 | 0.05 0.1 0.15
KVARY 1/inches| 3 3 3 3 3 3 3 3 3 3 3 3
AGWRC None | 092 | 092 | 092 | 092 | 092 | 092 | 092 | 092 | 092 | 092 | 092 | 0.92
PWAT_PARM3
PETMAX (F) F 35 35 35 35 35 35 35 35 35 35 35 35
PETMIN (F) F 30 30 30 30 30 30 30 30 30 30 30 30
INFEXP None 2 2 2 2 2 2 2 2 2 2 2 2
INFILD None 2 2 2 2 2 2 2 2 2 2 2 2
DEEPFR None 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
BASETP None | 0.05 | 0.05 | 0.05 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05
AGEWTP None | 0.05 | 0.05 | 0.05 0.05 | 0.05 | 0.05 | 0.05 [ 0.05 | 0.05 | 0.05 | 0.05 | 0.05
PWAT_PARMA4
CEPSC inches | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08
UZSN inches 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
NSUR None 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
INTFW None 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
IRC None 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
.ZETP None 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Parameters within SDHM are documented in "San Diego Hydrology Model User Manual," prepared
by Clear Creek Solutions, Inc. (as of the development of the Manual, the current version of the SDHM
User Manual is dated January 2012). Parameters established for SDHM represent "grass" (non-turf
grasslands), "dirt," "gravel," and "urban" cover. The documented PERLND and IMPLND parameters
for the various land covers and soil types have been pre-loaded into SDHM. SDHM users shall use
the parameters that have been pre-loaded into the program without modification unless the preparer
can provide documentation to substantiate use of other parameters.
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G.1.4.2 Rainfall Loss Parameters for SWMM

In SWMM, rainfall loss parameters (parameters that describe processes occurring when rainfall lands
on pervious lands and impervious lands) are entered in the "subcatchment" module. In addition to
specifying parameters, the SWMM user must also select an infiltration model and the LID manual
where applicable. The latest version (SWMM 5.1.008, released April 2015) is available for download,

along with detailed documentation and supporting information, at
http:/ /www.epa.gov/nrmrtl/wswrd/wq/models/swmm

The SWMM Manual provides details regarding the hydrologic input parameters and summary tables
of possible ranges of these parameters. For SWMM studies for hydromodification management in San
Diego, hydrology parameters shall fall within the range provided in the SWMM Manual. The program
help file is another source of information for typical values and additional guidance. Further, users
should confirm that values are consistent within the acceptable range stated in the BMP Design
Manual. Some of the parameters depend on the selection of the infiltration model. For consistency
across the San Diego region, SWMM users shall use the Green-Ampt infiltration model for
hydromodification management studies. Table G.1-4 presents SWMM subcatchment and infiltration
parameters for use in hydromodification management studies in the San Diego region. The LID
module requires an additional set of parameters and these are described below.

Table G.1-4: Subcatchment Parameters for SWMM Studies for Hydromodification
Management in San Diego

SWMM Parameter

Name Unit Range Use in San Diego
Name
X-Coordinate
Y-Coordinate .
Description N/A 18\]/A1ﬁ_ project- Project-specific
Tag pecific
Rain Gage
Outlet
Area acres (ac) | Project-specific Project-specific
Width feet (ft) Project-specific Project-specific
0
fuSlopz pe(f;gnt Project-specific Project-specific
0
/o Imperv Pe(l(’;(gm Project-specific Project-specific
N-imperv 0.011 — 0.024 default use 0.012, otherwise provide documentation
- presented in Table A.6 | of other sutface consistent with Table A.6 of
of SWMM Manual SWMM Manual
N-Perv 0.05 — 0.80 presented default use 0.15, otherwise provide documentation
- in Table A.6 of of other sutrface consistent with Table A.6 of
SWMM Manual SWMM Manual
Dstore-Imperv 0.05 - 0.10 inches
inches presented in Table A.5 | 0.05
of SWMM Manual
Dstore-Perv 0.10 — 0.30 inches
inches presented in Table A.5 | 0.10
of SWMM Manual
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SWM1\14\[IParameter Unit Range Use in San Diego
ame
0,
YoZerolmperv pe(f;;nt 0% — 100% 25%
Subarea routing OUTLET
- IMPERVIOUS Project-specific, typically OUTLET
PERVIOUS
Percent Routed % 0% — 100% Project-specific, typically 100%
Infiltration HORTON
Method | GREEN_AMPT GREEN_AMPT
CURVE_NUMBER
Suction Head (Green- 1.93 — 12.60 presented Hydrolog%c So%l Group A: 1.5
Ampt) Inch in Table A2 of Hydrologic Soil Group B: 3.0
nches in Table A.2 o e
SWMM Manual Hydrologc So%l Group C: 6.0
Hydrologic Soil Group D: 9.0
Conductivity  (Green- Hydrologic Soil Group A: 0.3
Ampt) Hydrologic Soil Group B: 0.2
0.01 — 4.74 presented Eyiro}og}c 20%} group Ic)%l()z 5
in Table A2 of ydrologic Soil Group D: 0.
SWMM Manual by Note: reduce conductivity by 25% in the post-
Inches per | soil texture class . - . . .
hour 0.00 — >0.45 project condition Wben native soils will be
Y compacted. Conductivity may also be reduced by
presented in Table A.3 25% in the pre-development condition model for
of SWMM Manual by p p
hvdrologic soil orou redevelopment areas that are currently.concrete or
Y & group asphalt but must be modeled according to their
underlying soil characteristics. For fill soils in post-
project condition, see Section G.1.4.3.
Initial Deficit (Green- The difference
Ampt) between soil porosity | Hydrologic Soil Group A: 0.33
and initial moisture Hydrologic Soil Group B: 0.32
content. Hydrologic Soil Group C: 0.31
Based on the values Hydrologic Soil Group D: 0.30
provided in Table A.2
of SWMM Manual, Note: in long-term continuous simulation, this value
the range for is not important as the soil will reach equilibrium
completely dry soil after a few storm events regardless of the initial
would be 0.097 to moisture content specified.
0.375
Groundwater yes/no yes/no NO
LID Controls Project Specific
Snow Pack
Land Uses Not applicable to hydromodification management
Initial Buildup studies
Curb Length

A schematic of the basic SWMM setup for hydromodification management studies is shown below,
with the LID module is shown as a feature within the hydrology computational block. Surface water
hydrology is distinguished from groundwater, however the groundwater module is not typically used
in hydromodification management studies.

The rainfall and climatology input time series data are used to generate surface runoff which in turn
is hydraulically routed through the collection system and storage/treatment facilities. The figure
includes the following terms in the water balance equation:
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e P = Precipitation

e E/T = Evaporation / Transpiration

e /S = Infiltration / Seepage
e (Q = Runoff

Precipitation/Climate Variables

Evapotranspiration was previously addressed above; the remainder of this section discusses the
other hydrologic losses and parameters.

Soil and Infiltration Parameters

Of the infiltration options available in SWMM, the Green-Ampt equation can best handle variable
water content conditions in the shallow soil layers beneath the ground surface, which is critical for
long-term continuous simulation of surface water hydrology. The Green-Ampt parameters suggested
in Table G.1-4 are referenced according to hydrologic soil group. Green-Ampt parameters can also
be determined by relating infiltration parameters to soil texture properties, as identified by in-situ
geotechnical analysis results or published County soil survey information. Infiltration parameters
include:

e Capillary Tension (Suction Head): a measure of how tightly water is held within the soil pore
space;

¢ Saturated Hydraulic Conductivity: a measure of how quickly the water can be drained
vertically; and

* Initial Moisture Deficit: a measure of the initial soilwater deficit, also known as porosity (i.e.,
the volumetric fraction of water within the soil pore space under initially dry conditions).

Note that when SWMM is used without the Groundwater module, there is no distinction between the
upper and lower zone soil moisture storage as in HSPF/SDHM. The LID module does however
distinguish several layers/zones within each facility, and these are desctribed below.

Overland Flow Parameters

Overland flow parameters describe the slope and length characteristics of shallow surface runoff.
These are determined by identifying representative overland flow paths for each subcatchment using
available digital topographic data for pre-development conditions and the proposed grading plan for
post-project conditions. Overland flow path lengths and slopes are measured directly from the
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available information. Generally, overland flow paths should be less than 1,000 feet in length,
otherwise channelized flow is likely present and should be modeled hydraulically. Overland flow path
widths are determined based on the subcatchment area divided by the corresponding flow path length
for each subcatchment.

Although Surface Storage is not depicted in SWMM schematic, it is a component of the water balance
equation and includes excess runoff that is held in both hydrologic depression storage and hydraulic
storage units.

LID Module

There are two approaches for representing LID facilities in SWMM:

e Modeling Approach No. 1: Place LID controls within the appropriate subcatchment and
then adjust parameters accordingly to reflect untreated areas within the parent subcatchment;
and

e Modeling Approach No. 2: Create a new subcatchment for each LID control, allowing “run-
on” from the treated portion of the parent subcatchment.

Modeling Approach No.1 schematic is presented below. As described above, a portion of the
impervious subarea from a given subcatchment can be routed onto the pervious area for infiltration
(see arrow denoting subarea routing fraction). When the LID module of SWMM is used, the portion
of the impervious area that is captured and treated by an LID facility is specified (see arrow denoting
LID area fraction). The remaining impervious area, if any, is routed directly to the outlet.

? Pervious Area
Subarea
. <: I routing

fraction
LID Overflow ‘ Impervious Area
+ Drain flow LID area

fraction

Hydrologic Outlet
(Hydraulic Inlet)

Modeling Approach No. 1 (LID within Parent Subcatchment)

The first approach is the easiest of the two for representing LID facilities in SWMM, as it allows a mix
of controls to be placed within an existing subcatchment and each facility can capture and treat a
different portion of the runoff generated from the parent subcatchment (i.e., outside of the LID
footprint). A drawback of this approach is that it will not appropriately represent LID facilities in
series (i.e., where the outflow from one LID control becomes the inflow to another LID control). No
adjustments to the parent subcatchment hydrology parameters are needed if the cumulative LID area
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is small in comparison to the subcatchment area. However when the cumulative LID area is significant
(e.g., greater than 10% of the subcatchment), at a minimum, the imperviousness and overland flow
width values will need to be adjusted to compensate for the parent subcatchment area that was
replaced with the cumulative LID footprint area.

Modeling Approach No.2 schematic is presented below. In this approach the LID facility is assigned
to a new subcatchment and runoff from upstream subcatchments can be directed to this new
subcatchment (i.e., “run-on”). In this way, LID controls can be modeled in series. Adjustments to the
imperviousness and overland flow width values in the parent subcatchment will need to be made. For
typical development or redevelopment sites that are evaluated in hydromodification management
studies, LID capture areas often comprise a large portion of the parent subcatchments, and therefore
this is the preferred approach.

Pervious Area

Hydrologic Outlet‘ H Subarea
(Hydraulic Inlet) routing
| “Run-on” fraction

LID Overflow .

+ Drain flow

<__| Impervious Area

Modeling Approach No. 2 (LID in New Subcatchment)

More details on the use and application of LID controls are provided in the SWMM Manual and
program help file. Suggested parameter values for use with hydromodification management studies in
San Diego are provided in Appendix G.1.5.

G.1.4.3 Pervious Area Rainfall Loss Parameters in Post-Project Condition
(HSPF, SDHM, and SWMM)

The following guidance applies to HSPF, SDHM, and SWMM. When modeling pervious areas in the
post-project condition, fill soils shall be modeled as hydrologic soil group Type D soils, or the project
applicant may provide an actual expected infiltration rate for the fill soil based on testing (must be
approved by the City Engineer for use in the model). Where landscaped areas on fill soils will be re-
tilled and/or amended in the post-project condition, the landscaped areas may be modeled as Type C
soils. Areas to be re-tilled and/or amended in the post-project condition must be shown on the project
plans. For undisturbed pervious areas (i.e., native soils, no fill), use the actual hydrologic soil group,
the same as in the pre-development condition.
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G.1.5 MODELING STRUCTURAL BMPS (PONDS AND LID FEATURES)

There are many ways to model structural BMPs. There are standard modules for several pond or LID
elements included in SDHM and SWMM. Users may also set up project-specific stage-storage-
discharge relationships representing structural BMPs. Regardless of the modeling method, certain
characteristics of the structural BMP, including infiltration of water from the bottom of the structural
BMP into native soils, porosity of bioretention soils and/or gravel sublayers, and other program-
specific parameters must be consistent with those presented below, unless the preparer can provide
documentation to substantiate use of other parameters, subject to local jurisdiction approval. The
geometry of structural BMPs is project-specific and shall match the project plans.

G.1.5.1. Infiltration into Native Soils Below Structural BMPs

Infiltration into native soils below structural BMPs may be modeled as a constant outflow rate equal
to the project site-specific design infiltration rate (Worksheet ID.5-1) multiplied by the area of the
infiltrating surface (and converted to cubic feet per second). This infiltration rate is not the same as
an infiltration parameter used in the calculation of rainfall losses, such as the HSPF INFILT parameter
or the Green-Ampt conductivity parameter in the SWMM subcatchment module. It must be site-
specific and must be determined based on the methods presented in Appendix D of this manual.

For preliminary analysis when site-specific geotechnical investigation has not been completed,
project applicants proposing infiltration into native soils as part of the structural BMP design shall
prepare a sensitivity analysis to determine a potential range for the structural BMP size based on a
range of potential infiltration rates. As shown in Appendices C and D of this manual, many factors
influence the ability to infiltrate storm water. Therefore even when soils types A and B are present,
which are generally expected to infiltrate storm water, the possibility that a very low infiltration rate
could be determined at design level must be considered. The range of potential infiltration rates for
preliminary analysis is shown below in Table G.1-5.

Table G.1-5: Range of Potential Infiltration Rates to be Studied for Sensitivity Analysis when
Native Infiltration is Proposed but Site-Specific Geotechnical Investigation has not been

Completed
drolog 0 oup 4 0 ation Rate fo 0 on R 0
0C4 : 0 oposed e : d Pre : d
al B z 0 € 0

A 0.02 2.4

B 0.02 0.52

C 0 0.08

D 0 0.02

The infiltration rates shown above are for preliminary investigation only. Final design of a structural
BMP must be based on the project site-specific design infiltration rate (Worksheet D.5-1).

G.1.5.2. Structural BMPs That Do Not Include Sub-Layers (Ponds)

To model a pond, basin, or other depressed area that does not include processing runoff through
sublayers of amended soil and/or gravel, create a stage storage discharge relationship for the pond,
and supply the information to the model according to the program requirements. For HSPF users,
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the stage-storage-discharge relationship is provided in FTABLES. SDHM users may use the
TRAPEZOIDAL POND element for a trapezoidal pond or IRREGULAR POND element to request
the program to create the stage-storage-discharge relationship, use the SSD TABLE element to supply
a user-created stage-storage-discharge relationship, or use other available modules such as TANK or
VAULT. For SWMM users, the stage-storage relationship is supplied in the storage unit module, and
the stage-discharge relationship may be represented by various other modules such as the orifice, weir,
or outlet modules. Stage-storage and stage-discharge curves for structural BMPs must be fully
documented in the project-specific HMP report and must be consistent with the structural BMP(s)
shown on project plans.

For user-created stage-discharge relationships, refer to local drainage manual criteria for equations
representing hydraulic behavior of outlet structures. Users relying on the software to develop the
stage-discharge relationship may use the equations built into the program. This manual does not
recommend that all program modules calculating stage-discharge relationships must be uniform
because the flows to be controlled for hydromodification management are low flows, calculated
differently from the single-storm event peak flows studied for flood control purposes, and
hydromodification management performance standards do not represent any performance standard
for flood control drainage design. Note that for design of emergency outlet structures, and any
calculations related to single-storm event routing for flood control drainage design, stage-discharge
calculations must be consistent with the local drainage design requirements. This may require separate
calculations for stage-discharge relationship pursuant to local manuals. The HMP flow rates shall not
be used for flood control calculations.

G.1.5.3. Structural BMPs That Include Sub-Layers (Bioretention and Other LID)

Characteristics of Engineered Soil Media

The engineered soil media used in bioretention, biofiltration with partial retention, and biofiltration
structural BMPs is a sandy loam. The following parameters presented in Table G.1-6 are characteristics
of a sandy loam for use in continuous simulation models.

Table G.1-6: Characteristics of Sandy Loam to Represent Engineered Soil Media in

Continuous Simulation for Hydromodification Management Studies in San Diego

Suction
Head

Conductivity

Sandy Loam 0.4 0.2 0.1 5 inches/hour 1.5 inches

e Porosity is the volume of pore space (voids) relative to the total volume of soil (as a fraction).

e Field Capacity is the volume of pore water relative to total volume after the soil has been
allowed to drain fully (as a fraction). Below this level, vertical drainage of water through the
soil layer does not occur.

e Wilting point is the volume of pore water relative to total volume for a well dried soil where
only bound water remains (as a fraction). The moisture content of the soil cannot fall below
this limit.

e Conductivity is the hydraulic conductivity for the fully saturated soil (in/hr or mm/hr).

e Suction head is the average value of soil capillary suction along the wetting front (inches or
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mm).

Figures G.1-3 and G.1-4, from http://www.stevenswater.com/articles/irrigationscheduling.aspx,
illustrate unsaturated soil and soil saturation, field capacity, and wilting point.

[ 0.1 mm :{

Figure G.1-3: Unsaturated Soil Composition

Unsaturated soil is composed of solid particles, organic material and pores. The pore space
will contain air and water.

Soil Saturation 6, Field Capacity 6__ Permanent Wilting Point 6_,

v

Figure G.1-1: Soil saturation, field capacity, and wilting point

Characteristics of Gravel

For the purpose of hydromodification management studies, it may be assumed that water moves freely
through gravel, not limited by hydraulic properties of the gravel. For the purpose of calculating
available volume, use porosity of 0.4, or void ratio of 0.67. Porosity is equal to void ratio divided by
(1 + void ratio).
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Additional Guidance for SDHM Users

The module titled "bioretention/rain garden element" may be used to represent bioretention or
biofiltration BMPs. SDHM users using the available "bioretention/rain garden element" shall
customize the soil media characteristics to use the parameters from Table G.1-6 above, and select
"gravel" for gravel sublayers. All other input variables are project-specific. "Native infiltration" refers
to infiltration from the bottom of the structural BMP into the native soil. This variable is project-
specific, see Appendix G.1.5.1.

Additional Guidance for SWMM Users
The latest version of SWMM (version 5.1.012) includes the following eight types of LID controls:

e Bio-Retention Cell: surface storage facility with vegetation in an bioretention soil mixture
placed above a gravel drainage bed.

e Rain Garden: same setup as bio-retention cell, but without an underlying gravel bed.

e Green Roof: bio-retention cell with shallow surface storage and soil layers, underlain by a
drainage mat that conveys excess percolated rainfall to the regular roof drainage system.

e Infiltration Trench: drainage swale or narrow storage basin filled with gravel or other porous
media designed to capture and infiltrate runoff to the native soil below.

e Permeable Pavement: continuous pavement systems with porous concrete, asphalt mix, or
paver blocks above a sand or gravel drainage bed with gravel storage layer below.

e Rain Barrel: container (cistern) to collect roof runoff for later use (e.g., landscape irrigation)
or release.

e Rooftop Disconnection: to simulate redirection of downspout discharge onto pervious
landscaped areas and lawns instead of directly into storm drains.

e Vegetative Swale: grassed conveyance channel (drainage ditch or swale) with vegetation
designed to slow down runoff to allow more time for infiltration into the native soil below.

The "bio-retention cell" LID control may be used to represent bioretention or biofiltration BMPs.
For bio-retention cells, a number of LID process layers have been defined in SWMM and these are
described below. Table G.1-7 provides parameters required for the standard "bio-retention cell"
available in SWMM. The parameters are entered in the LID Control Editor.
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Table G.1-7: Parameters for SWMM " Bio-Retention Cell" LID Control Module for
Hydromodification Management Studies in San Diego

SWMM Parameter Name Unit Use in San Diego
Surface
Berm Height inches Project-specific
also known as Storage Depth
Vegetative Volume Fraction --- 0
also known as Vegetative Cover
Fraction
Surface Roughness — 0 (this parameter is not applicable to bio-retention cell)
Surface Slope - 0 (this parameter is not applicable to bio-retention cell)
Soil
Thickness inches project-specific
Porosity -—- 0.40
Field Capacity - 0.2
Wilting Point --- 0.1
Conductivity Inches/hour 5
Conductivity Slope - 5
Suction Head inches 1.5
Storage
Thickness inches Project-specific
also known as Height
Void Ratio - 0.67
Seepage Rate Inches/hour | Conductivity from the storage layer refers to infiltration from the
also known as Conductivity bottom of the structural BMP into the native soil. This variable is
project-specific, see Section G.5.1.
Use 0 if the bio-retention cell includes an impermeable liner
Clogging Factor -— 0
Underdrain
Flow Coefficient -—- Project-specific
Also known as Drain Coefficient
Flow Exponent - Project-specific, typically 0.5
Also known as Drain Exponent
Offset Height Inches Project-specific
Also known as Drain Offset
Height

Surface Layer

This process layer receives direct rainfall (and run-on from upstream subcatchments) and the resultant
stormwater is available for ponding, infiltration, evapotranspiration, or overflow to the outlet. The
following parameters are used:

e Berm Height: This value is the maximum depth that water can pond above the ground surface
before overflow occurs. In some cases, this volume may overlap with the hydraulic
representation of existing surface storage or another proposed BMP facility. In any case, the
user must avoid double-counting the physical storage volume.

e Vegetation Volume Fraction: This represents the surface storage volume that is occupied by
the stems and leaves of vegetation within the bio-retention cell.
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Soil Layer

This process layer is typically composed of an amended soil or compost mix. Water that infiltrates
into this component is stored in the soil void space and is available for evapotranspiration via plant
roots or can percolate into the storage layer below. The following parameters are used:

e Thickness: This parameter represents the depth of the amended soil layer.
e DPorosity: Ratio of pore space volume to soil volume.

e Tield Capacity: Pore water volume ratio after the soil has been drained.

e Wilting Point: Pore water volume ratio after the soil has been dried.

e Conductivity: This represents the saturated hydraulic conductivity.

e Conductivity Slope: Rate at which conductivity decreases with decreasing soil moisture
content.

e Suction Head: This represents the capillary tension of water in the soil.

Porosity, conductivity and suction head values as a function of soil texture were included in Table
G.1-5. The flow of water through partially saturated soil is less than under fully saturated conditions.
The SWMM program accounts for this reduced hydraulic conductivity to predict the rate at which
infiltrated water moves through a layer of unsaturated soil when modeling groundwater or LID
controls. The conductivity slope is a dimensionless curve-fitting parameter that relates the partially
saturated hydraulic conductivity to the soil moisture content.

Storage Layer

This process layer is typically composed of porous granular media such as crushed stone or gravel.
Water that percolates into this component is stored in the void space and is available for infiltration
into the native soil, or collected by an underdrain and discharged to the outlet. The following
parameters are used:

e Thickness: This parameter represents the depth of the stone base.
e Void Ratio: Volume of void space relative to volume of solids. Note, by definition, Porosity
= Void Ratio + (1 + Void Ratio).

e Secepage Rate: Filtration rate from the granular media into the native soil below. A value of
zero should be used if the facility has an impermeable bottom (e.g., concrete) or is underlain
by an impermeable liner.

e Clogging Factor: This value is determined by the total volume of treated runoff to completely
clog the bottom of the layer divided by the void volume of the layer.

Drain Layer

This process layer is used to characterize the discharge rate of an underdrain system to the outlet. The
following parameters are used:

e Flow Coefficient: This value (coupled with the flow exponent described below) characterizes
the rate of discharge to the outlet as a function of the height of water stored in the bio-
retention cell. The coefficient can be determined by the following equation:
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Cg: is the orifice discharge coefficient, typically 0.60-0.65 for thin walled plates and
higher for thicker walls
is the cumulative footprint area (ft2) of all LID controls

D: is the underdrain orifice diameter (in)
G: g is the gravitational constant (32.2 ft/s°)

e Flow Exponent: A value of 0.5 should be used to represent flow through an orifice.

e Offset Height: This represents the height of the underdrain above the bottom of the storage
layer in the bio-retention cell.

G.1.6 FLOW FREQUENCY AND DURATION

The continuous simulation model will generate flow record corresponding to the frequency of the
rainfall data input as its output. This flow record must then be processed to determine pre-
development and post-project flow rates and durations. Compliance with hydromodification
management requirements of this manual is achieved when results for flow duration meet the
performance standards. The performance standards is as follows (also presented in Chapter 6 of this
manual):

1. For flow rates ranging from 10 percent, 30 percent or 50 percent of the pre-development 2-
year runoff event (0.1Q2, 0.3Q, or 0.5Q),) to the pre-development 10-year runoff event (Q1o),
the post-project discharge rates and durations must not exceed the pre-development rates and
durations by more than 10 percent. The specific lower flow threshold will depend on the
erosion susceptibility of the receiving stream for the project site (see Section 6.3.4).

To demonstrate that a flow control facility meets the hydromodification management performance
standard, flow duration summary must be generated and compared for pre-development and post-
project conditions. The following guidelines shall be used for determining flow rates and
durations.

G.1.6.1 Determining Flow Rates from Continuous Hourly Flow Output

Flow rates for hydromodification management studies in San Diego must be based on partial duration
series analysis of the continuous hourly flow output. Partial duration series frequency calculations
consider multiple storm events in a given year. To construct the partial duration series:

1. Parse the continuous houtly flow data into discrete runoff events. The following separation
criteria may be used for separation of flow events: a new discrete event is designated when the
flow falls below an artificially low flow value based on a fraction of the contributing watershed
area (e.g., 0.002 to 0.005 cfs/acre) for a time petiod of 24 hours. Project applicants may
consider other separation criteria provided the separation interval is not more than 24 hours
and the criteria is clearly described in the submittal document.

2. Rank the peak flows from each discrete flow event, and compute the return interval or plotting
position for each event.
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Readers who are unfamiliar with how to compute the partial-duration series should consult reference
books or online resources for additional information. For example, Hydrology for Engineers, by
Linsley et all, 1982, discusses partial-duration series on pages 373-374 and computing recurrence
intervals or plotting positions on page 359. Handbook of Applied Hydrology, by Chow, 1964, contains
a detailed discussion of flow frequency analysis, including Annual Exceedance, Partial-Duration and
Extreme Value series methods, in Chapter 8. The US Geological Survey (USGS) has several hydrologic
study reports available online that use partial duration series statistics (see http://water.usgs.gov/
and http://water.usgs.gov/osw/bulletin17b/AGU Langbein 1949.pdf)

Pre-development Q; and Qo shall be determined from the partial duration analysis for the pre-
development houtly flow record. Pre-development Q1o is the upper threshold of flow rates to be
controlled in the post-project condition. The lower flow threshold is a fraction of the pre-development
Q2 determined based on the erosion susceptibility of the receiving stream. Simply multiply the pre-
development Q: by the appropriate fraction (e.g., 0.1Q2) to determine the lower flow threshold.

G.1.6.2 Determining Flow Durations from Continuous Hourly Flow
Output

Flow durations must be summarized within the range of flows to control. Flow duration statistics
provide a simple summary of how often a particular flow rate is exceeded. To prepare this summary:

1. Rank the entire houtly runoff time series output.

2. Extract the portion of the ranked houtly time series output from the lower flow threshold to
the upper flow threshold — this is the portion of the record to be summarized.

3. Divide the applicable portion of the record into 100 equal flow bins (compute the difference
between the upper flow threshold (cfs) and lower flow threshold (cfs) and divide this value by
99 to establish the flow bin size).

4. Count the number of hours of flow that fall into each flow bin.

Both pre-development and post-project flow duration summary must be based on the entire length
of the flow record. Compare the post-project flow duration summary to the pre-development flow
duration summary to determine if it meets performance criteria for post-project flow rates and
durations (criteria presented under Appendix G.1.6).

G.2 Sizing Factors for Hydromodification Management BMPs

This section presents sizing factors for design of flow control structural BMPs based on the sizing
factor method identified in Chapter 6.3.5.1. The sizing factors included here have been updated based
on the requirements in the 2015 MS4 permit and are different than the sizing factors presented in
previous manuals. These updated values replace the previous sizing factors which shall no longer be
used for sizing of hydromodification flow control BMPs. A discussion of the rational for the update
is included below.

The sizing factors included in previous edition was re-printed from the "San Diego BMP Sizing
Calculator Methodology," dated January 2012, prepared by Brown and Caldwell (herein "BMP Sizing
Calculator Methodology"). These sizing factors were linked to the specific details and descriptions that
were presented in the BMP Sizing Calculator Methodology, which included certain assumptions and
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limited options for modifications. The sizing factors were developed based on the 2007 MS4 Permit.
Some of the original sizing factors developed based on the 2007 MS4 Permit and presented in the
BMP Sizing Calculator Methodology were not compatible with new requirements of the 2015 MS4
Permit, and therefore were not included in the February 2016 manual. Since publishing the 2016
Model Manual, the Copermittees have developed updated hydromodification factors that more
accurately represent the BMP configurations specified in this model manual and account for the
revised flow-duration performance standard of the 2015 MS4 Permit (110% exceedance allowance for
entire flow-duration curve).

The updated sizing factors were generated using continuous simulation models in USEPA SWMM in
accordance with the procedures, methodologies, and values presented in Appendix G.1. All sizing
factors are in relation to the effective impervious area draining to the BMP.

The sizing factor method is intended for simple studies that do not include diversion, do not include
significant offsite area draining through the project from upstream, and do not include offsite area
downstream of the project area. Use of the sizing factors is limited to the specific structural BMPs
described in this Appendix. When using the sizing factor methodology, the area fraction reported in
the sizing tables represents the plan view area at the surface of the BMP before any ponding occurs.
The BMP footprint as defined by this methodology is depicted in Figure G.2-1.

Sizing Factor = 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

.[l. .Illu. o .H. . . ump storage =
i..; .I. . .;g . Iz}' ; v :‘loro':it;'ofsgtone
. .

below underdrain

) l
Ly
G

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

Figure G.2-1: Representation of BMP Footprint for use of Sizing Factors
Sizing factors are available for the following specific structural BMPs:
e Full infiltration condition:

o Infiltration: Sizing factors available for A, B, C, and D soils represent surface and/or
below-ground structures (infiltration vaults).

e Partial infiltration condition:

o Biofiltration with partial retention: Sizing factors available for A, B, C, and D soils

BMP Design Manual-Appendices /A
March 2019 Update G-24 ]

CITY OF
CHULAVISTA



Appendix G:
Guidance for Continuous Simulation and Hydromodification Management Sizing Factors

represent a bioretention area with bioretention soil media and gravel storage layer, with
an underdrain, with gravel storage below the underdrain and a flow control orifice,
with no impermeable liner.

e No infiltration condition:

o Biofiltration: Sizing factors available for A, B, C, and D soils represent a biofiltration
system with bioretention soil media and gravel storage layer, with an underdrain and
flow control orifice, with gravel storage, with an impermeable liner (formerly known
as flow-through planter and/or biofiltration with impermeable liner)

e Other:

o Cistern: Sizing factors available for A, B, C, or D soils represent a vessel with a flow
control orifice outlet to meet the hydromodification management performance
standard. For this BMP, the sizing factor result is a volume in cubic feet, not a surface
footprint in square feet.

Sizing factors were created based on three rainfall basins: Lindbergh Field, Oceanside, and Lake
Wohlford.

The following information is needed to use the sizing factors:

e Determine the appropriate rainfall basin for the project site from Figure G.2-1, Rainfall Basin
Map

e Hydrologic soil group at the project site (use available information pertaining to existing
underlying soil type such as soil maps published by the Natural Resources Conservation
Service)

e Pre-development and pest pre-project slope categories (low = 0% — 5%, moderate = 5% —
10%, steep = >10 %)

e Area tributary to the structural BMP

e Area weighted runoff factor (C) for the area draining to the BMP from Table G.2-1. Note:
runoff coefficients and adjustments presented in Appendices B.1 and B.2 are for pollutant
control only and are not applicable for hydromodification management studies.

e Fra Fraction of Q2 to control (see Chapter 6.3.4)

When using the sizing factor method, Worksheet G.2-1 may be used to present the calculations of
the required minimum atreas and/or volumes of BMPs as applicable..

LAl updated sizing factors refer to the “High Susceptibility” threshold value of 0.1*Q2, where Q2 is determined

using the Weibull Plotting position and results of the SWMM model runs for unit pervious catchments (refer to Table
G.2-2).
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Lake Wohlford Basin

@ Lindbergh Basin

@ Oceanside Basin

Brown
Caldwell
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R Name: 1

SAN DIEGO HMP

Figure G.2-2: Appropriate Rain Gauge for Project Sites

Table G.2-1: Runoff factors for surfaces draining to BMPs for
Hydromodification Sizing Factor Method

Surface Runoff Factor

Roofs 1.0

Concrete 1.0

Pervious Concrete 0.10

Porous Asphalt 0.10

Grouted Unit Pavers 1.0

Solid Unit Pavers on granular base, min. 3/16 inch joint space 0.20

Crushed Aggregate 0.10

Turf block 0.10

Amended, mulched soils 0.10

Landscape 0.10
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Worksheet G.2-1: Sizing Factor Worksheet

Site Information

Project Name: Hydrologic Unit
Project Applicant: Rain: Gauge:
Jurisdiction: Total Project Area:
Assessor’s Parcel Number : Low Flow Threshold: 0.1Q:
BMP Name: BMP Type:
Areas Draining to BMP Sizing Factors Minimum BMP Size
DMA Area Soil Pf;;;t PO;::;;Z]:“ Runoff Factor Surface | Surface | Subsurface | Surface ‘S;;;fi;ee Sl{}:;‘:ll:?:e
Name (sf) Type Slope Type (From Table G.2-1) | Area Volume Volume Area (sf) (ch) (cf)
Total Minimum
DMA BMP Size*
Area
Proposed
BMP Size*

*¥Minimum BMP Size = Total of rows above.

*¥Proposed BMP Size > Minimum BMP size.
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G.2.1 Unit Runoff Ratios

Table G.2-2 presents unit runoff ratios for calculating pre-development Q,, to be used when
applicable to determine the lower flow threshold for low flow control orifice sizing for biofiltration
with partial retention, biofiltration, or cistern BMPs. There is no low flow control orifice in the
infiltration BMP. The unit runoff ratios are updated from the previously reported BMP Sizing
Calculator methodology ratios to account for changes in modeling methodologies. Unit runoff ratios
for "urban" and "impervious" cover categories were not transferred to this manual due to the
requirement to control runoff to pre-development condition (see Chapter 6.3.3).

How to use the unit runoff ratios:

Obtain unit runoff ratio from Table G.2-2 based on the project's rainfall basin, hydrologic soil group,
and pre-development slope (for redevelopment projects, pre-development slope may be considered
if historic topographic information is available, otherwise use pre-project slope). Multiply the area
tributary to the structural BMP (A, acres) by the unit runoff ratio (Q2, cfs/acre) to determine the
pre-development Q2 to determine the lower flow threshold, to use for low flow control orifice sizing.

Table G.2-2: Unit Runoff Ratios for Sizing Factor Method

: Q Qio
: C O OPC€
Lake Wohlford A Low 0.256 0.518
Lake Wohlford A Moderate 0.275 0.528
Lake Wohlford A Steep 0.283 0.531
Lake Wohlford B Low 0.371 0.624
Lake Wohlford B Moderate 0.389 0.631
Lake Wohlford B Steep 0.393 0.633
Lake Wohlford C Low 0.490 0.729
Lake Wohlford C Moderate 0.495 0.733
Lake Wohlford C Steep 0.496 0.735
Lake Wohlford D Low 0.548 0.784
TLake Wohlford D Moderate 0.554 0.788
Lake Wohlford D Steep 0.556 0.788
Oceanside A Low 0.256 0.679
Oceanside A Moderate 0.277 0.694
Oceanside A Steep 0.285 0.700
Oceanside B Low 0.377 0.875
Oceanside B Moderate 0.391 0.879
Oceanside B Steep 0.395 0.881
Oceanside C Low 0.488 0.981
Oceanside C Moderate 0.497 0.985
Oceanside C Steep 0.499 0.986
Oceanside D Low 0.571 0.998
Oceanside D Moderate 0.575 0.999
Oceanside D Steep 0.576 0.999
Lindbergh A Low 0.057 0.384
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Rain Gauge Soil Slope 5 ?:cre) (c fs(};(l:re)
Lindbergh A Moderate 0.073 0.399
Lindbergh A Steep 0.082 0.403
Lindbergh B Low 0.199 0.496
Lindbergh B Moderate 0.220 0.509
Lindbergh B Steep 0.230 0.513
Lindbergh C Low 0.335 0.601
Lindbergh C Moderate 0.349 0.610
Lindbergh C Steep 0.354 0.613
Lindbergh D Low 0.429 0.751
Lindbergh D Moderate 0.437 0.753
Lindbergh D Steep 0.439 0.753

G.2.1.2 Low Flow Control Orifice Design

When used as hydromodification flow control BMPs, biofiltration with partial retention, biofiltration,
and cistern BMPs include a low flow control otifice to control the rate that flow is released from the
underdrain or primary outlet. The sizing factors were developed using a standard process for sizing
the low flow control orifice, therefore BMPs designed using the sizing factor method must size the
low flow control orifice using the same basis. The low flow control orifice must be designed to release
the lower flow threshold flow rate (fraction of pre-development Q2) when the water surface elevation
in the BMP is equal to the crest elevation of the next outflow structure. To size the low flow control
orifice, determine the head on the orifice measured from the bottom of the orifice to the minimum
elevation of the next outflow structure of the BMP. The next outflow structure is typically the BMP
overflow structure, except in some multi-use BMPs (e.g., BMPs that are designed for flood control
in addition to hydromodification management). In this application, the difference between the
bottom of the orifice and the centroid of the orifice is small relative to the total head for the
calculation and may be neglected in the calculation by measuring from the orifice invert. This
calculation is automated in the “BMP Sizing Spreadsheet V3.0” posted on
www.projectcleanwater.org.

Steps to size the low flow control orifice:
*  Determine pre-development Q2 using the unit runoff ratios above.

e Multiply pre-development Q2 by 0.1 to determine the low flow threshold flow rate. Note
sizing factors are only available for streams with high susceptibility to erosion where the low
flow threshold is 0.1Q2.

* Determine the head (H) on the orifice measured from the bottom of the orifice to the
minimum elevation of the next outflow structure of the BMP.

e Use the orifice equation (below) and solve for the maximum orifice area to release the lower
flow threshold flow rate.

* Consider how the orifice will be created. Determine the constructible dimension(s) (e.g., a
standard drill bit diameter) that will produce an orifice with an area equal to or less than the
maximum orifice area. The final orifice area determined based on constructible dimensions
shall not exceed the maximum orifice area.
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Q =CXAX(64.4xH)
where:
Q = Flow rate in cubic feet per second
c = Orifice coefficient; in this application use C = 0.65
A = Area in square feet
H Head in feet

G.2.2 Sizing Factors for "Infiltration” BMP

Table G.2-3 presents sizing factors for calculating the required surface area (A) for an infiltration
BMP. There is no underdrain and therefore no low flow orifice in the infiltration BMP. Sizing factors
were developed for hydrologic soil groups A B, C, and D. This BMP is generally not applicable in
hydrologic soil groups C and D, but applicants have the option if there are no geotechnical or water
balance issues and the underlying design infiltration rate for the BMP is greater than 0.5 inches per
hour. The infiltration BMP is surface ponding feature that allows infiltration into the native or
amended soils of the BMP sutface.

¢ DPonding layer: a nominal 36-inch ponding layer shall be included below the overflow
elevation.

e Design infiltration rate: the design infiltration rate shall be greater than 0.5 inches per hour.

¢ Opverflow structure: San Diego Regional Standard Drawing Type I Catch Basin (D-29). For
the purposes of hydromodification flow control other type of overflow structures are

allowed.
Emergency
Overflow
Overflow Riser
. N\
) i ~ Surface 36" .
v/ . Ponding
/—- Outlet
——.

Infiltration Rate > 0.5 in/hr.

l ! l !

Infiltration BMP Example Illustration

How to use the sizing factors for flow control BMP Sizing:

Obtain sizing factors from Table G.2-3 based on the project's lower flow threshold fraction of QQa,
hydrologic soil group, pre-project slope, and rain gauge (rainfall basin). Multiply the area tributary to
the structural BMP (A, square feet) by the area weighted runoff factor (C, unitless) (see Table G.2-1)
by the sizing factors to determine the required surface area (A, square feet) for the infiltration BMP.
The civil engineer shall provide the necessary surface area of the BMP on the plans.

Additional steps to use this BMP as a combined pollutant control and flow control
BMP:

The BMP sized using the sizing factors in Table G.2-3 meets both pollutant control
and flow control requirements.
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Table G.2-3 : Sizing Factors for Hydromodification Flow Control Infiltration BMPs
Designed Using Sizing Factor Method

Lower Flow

Threshold Soil Group Rain Gauge
0.1Q2 A Flat Lindbergh 0.055
0.1Q2 A Moderate Lindbergh 0.055
0.1Q2 A Steep Lindbergh 0.055
0.1Q2 B Flat Lindbergh 0.045
0.1Q2 B Moderate Lindbergh 0.045
0.1Q: B Steep Lindbergh 0.045
0.1Q2 C Flat Lindbergh 0.035
0.1Q2 C Moderate Lindbergh 0.035
0.1Q: C Steep Lindbergh 0.035
0.1Q2 D Flat Lindbergh 0.030
0.1Q2 D Moderate Lindbergh 0.030
0.1Q2 D Steep Lindbergh 0.030
0.1Q> A Flat QOceanside 0.060
0.1Q2 A Moderate Oceanside 0.060
0.1Q2 A Steep Oceanside 0.060
0.1Q2 B Flat Oceanside 0.050
0.1Q2 B Moderate Oceanside 0.050
0.1Q: B Steep Oceanside 0.050
0.1Q2 C Flat Oceanside 0.050
0.1Q: C Moderate Oceanside 0.050
0.1Q2 C Steep Oceanside 0.045
0.1Q: D Flat Oceanside 0.035
0.1Q> D Moderate Oceanside 0.035
0.1Q: D Steep Oceanside 0.035
0.1Q2 A Flat L Wohlford 0.085
0.1Q2 A Moderate L. Wohlford 0.085
0.1Q: A Steep L Wohlford 0.085
0.1Q2 B Flat L Wohlford 0.070
0.1Q2 B Moderate L Wohlford 0.070
0.1Q2 B Steep L. Wohlford 0.070
0.1Q2 C Flat L Wohlford 0.055
0.1Q: C Moderate L Wohlford 0.055
0.1Q2 C Steep L Wohlford 0.055
0.1Q2 D Flat L Wohlford 0.040
0.1Q2 D Moderate L Wohlford 0.040
0.1Q2 D Steep L Wohlford 0.040

Q2 = 2-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records

A = Surface area (at surface of the BMP before any ponding occurs) sizing factor for flow control
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G.2.3 Sizing Factors for Biofiltration with Partial Retention

Table G.2-4 presents sizing factors for calculating the required surface area (A) for a biofiltration
with partial retention BMP. The BMPs consist of four layers::

e DPonding layer: 12-inches active storage, [minimum)| 2-inches of freeboard above overflow
relief

e Media Layer: 18-inches of soil [bioretention soil media]
e Filter Course: 6-inches

e Storage layer: 18-inches of gravel at 40 percent porosity for A and B soils and 12-inches of
gravel at 40 percent porosity for C and D soils. The underdrain offset for A and B soils
shall be 18-inches, for C soils it shall be 6-inches and for D soils it shall be 3-inches.

e Opverflow structure: San Diego Regional Standard Drawing Type I Catch Basin (D-29).
For the purposes of hydromodification flow control other type of overflow structures are
allowed.

This BMP does not include an impermeable layer at the bottom of the facility to prevent infiltration
into underlying soils, regardless of hydrologic soil group. If a facility is to be lined, the designer must
use the sizing factors for biofiltration (Refer to Appendlx G.2.4)

/— Overflow Riser

2" Min.
Freeboard 127 Ponding

%
Filter
Course
Layer

Aggregate Storage Layer

Thickness l
varies Inﬁ\tranon
Rate varies by

Soil Type

59
Underdrain offset varies

Perforated underdrain

Biofiltration with Partial Retention BMP Example Illustration

How to use the sizing factotrs for flow control BMP Sizing:

Obtain sizing factors from Table G.2-4 based on the project's lower flow threshold fraction of Q»,
hydrologic soil group, post-project slope, and rain gauge (rainfall basin). Multiply the area tributary
to the structural BMP (A, square feet) by the area weighted runoff factor (C, unitless) (see Table G.2-
1) by the sizing factors to determine the required surface area (A, square feet). Select a low flow
control orifice for the underdrain that will discharge the lower flow threshold flow at the overflow
riser elevation. Standard head (H) for this calculation (based on the standard detail) is 3.0 feet for A
or B soils, 3.5 feet for C soils, or 3.75 feet for D soils. The civil engineer shall provide the necessary
surface area of the BMP and the underdrain and orifice detail on the plans.

Additional steps to use this BMP as a combined pollutant control and flow control BMP:

The BMP sized using the sizing factors in Table G.2-4 meets both pollutant control and flow control
requirements.
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Table G.2-4: Sizing Factors for Hydromodification Flow Control Biofiltration with Partial
Retention BMPs Designed Using Sizing Factor Method

Lower Flow  Soil Slope i‘\ggfegf?te below Rain
Threshold Group OW OEIHCEHRVELL Gauge
(inches)
0.1Q2 A Flat 18 Lindbergh 0.080
0.1Q2 A Moderate 18 Lindbergh 0.080
0.1Q: A Steep 18 Lindbergh 0.080
0.1Q2 B Flat 18 Lindbergh 0.065
0.1Q2 B Moderate 18 Lindbergh 0.065
0.1Q2 B Steep 18 Lindbergh 0.060
0.1Q2 C Flat 6 Lindbergh 0.050
0.1Q: C Moderate 6 Lindbergh 0.050
0.1Q2 C Steep 6 Lindbergh 0.050
0.1Q2 D Flat 3 Lindbergh 0.050
0.1Q2 D Moderate 3 Lindbergh 0.050
0.1Q: D Steep 3 Lindbergh 0.050
0.1Q2 A Flat 18 Oceanside 0.080
0.1Q: A Moderate 18 Oceanside 0.075
0.1Q: A Steep 18 Oceanside 0.075
0.1Q: B Flat 18 Oceanside 0.070
0.1Q: B Moderate 18 Oceanside 0.070
0.1Q: B Steep 18 Oceanside 0.070
0.1Q: C Flat 6 Oceanside 0.070
0.1Q: C Moderate 6 Oceanside 0.070
0.1Q: C Steep 6 Oceanside 0.070
0.1Q: D Flat 3 Oceanside 0.070
0.1Q: D Moderate 3 Oceanside 0.070
0.1Q: D Steep 3 Oceanside 0.070
0.1Q2 A Flat 18 1. Wohlford 0.110
0.1Q: A Moderate 18 L Wohlford 0.110
0.1Q2 A Steep 18 1. Wohlford 0.105
0.1Q2 B Flat 18 L Wohlford 0.090
0.1Q2 B Moderate 18 L Wohlford 0.085
0.1Q2 B Steep 18 L Wohlford 0.085
0.1Q2 C Flat 6 L. Wohlford 0.065
0.1Q: C Moderate 6 L Wohlford 0.065
0.1Q: C Steep 6 L Wohlford 0.065
0.1Q: D Flat 3 L Wohlford 0.060
0.1Q2 D Moderate 3 L Wohlford 0.060
0.1Q: D Steep 3 L Wohlford 0.060

Q2 = 2-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records

A = Surface area (at surface of the BMP before any ponding occurs) sizing factor for flow control.
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G.2.4 Sizing Factors for Biofiltration

Table G.2-5 presents sizing factors for calculating the required surface area (A) for a biofiltration
BMP (formerly known as flow-through planter and/or biofiltration BMP with impermeable liner).
The BMPs consist of four layers:

¢ Ponding layer: 12-inches active storage, [minimum]| 2-inches of freeboard above overflow relief
e Media layer: 18-inches of soil [bioretention soil media]
e Filter Course: 6-inches

e Storage layer: 12-inches of gravel at 40 percent porosity. The underdrain offset shall be 3-
inches.

e Opverflow structure: San Diego Regional Standard Drawing Type I Catch Basin (D-29). For the
purposes of hydromodification flow control other type of overflow structures are allowed.

This BMP includes an impermeable liner to prevent infiltration into undetlying soils.

Overflow Riser

2” Min.

Freeboard Ponding

Filter
Course
Layer

Impermeable
Liner

Low flow orifice
Perforated underdrain

Underdrain offset

Biofiltration BMP Example Illustration

How to use the sizing factors for flow control BMP Sizing:

Obtain sizing factors from Table G.2-5 based on the project's lower flow threshold fraction of QQa,
hydrologic soil group, pre-project slope, and rain gauge (rainfall basin). Multiply the area tributary to
the structural BMP (A, square feet) by the area weighted runoff factor (C, unitless) (see Table G.2-1)
by the sizing factors to determine the required surface area (A, square feet). Select a low flow control
orifice for the underdrain that will discharge the lower flow threshold flow at the overflow riser
elevation. Standard head (H) for this calculation (based on the standard detail) is 3.75 feet for all soil
groups. The civil engineer shall provide the necessary surface area of the BMP and the underdrain
and orifice detail on the plans.

Additional steps to use this BMP as a combined pollutant control and flow control BMP:

The BMP sized using the sizing factors in Table G.2-5 meets both pollutant control and flow control
requirements except for surface drawdown requirements. Applicant must perform surface drawdown
calculations and if needed develop a vector management plan (Refer to Section 6.3.7) or revise the
BMP design to meet the drawdown requirements. If changes are made to the BMP design applicants
must perform site specific continuous simulation modeling (Refer to Appendix G).
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Table G.2-5: Sizing Factors for Hydromodification Flow Control Biofiltration
BMPs Designed Using Sizing Factor Method

Lower Flow

Threshold Soil Group Slope Rain Gauge A
0.1Q: A Flat Lindbergh 0.320
0.1Q2 A Moderate Lindbergh 0.300
0.1Q: A Steep Lindbergh 0.285
0.1Q: B Flat Lindbergh 0.105
0.1Q2 B Moderate Lindbergh 0.100
0.1Q2 B Steep Lindbergh 0.095
0.1Q: C Flat Lindbergh 0.055
0.1Q2 C Moderate Lindbergh 0.050
0.1Q: C Steep Lindbergh 0.050
0.1Q: D Flat Lindbergh 0.050
0.1Q2 D Moderate Lindbergh 0.050
0.1Q2 D Steep Lindbergh 0.050
0.1Q2 A Flat QOceanside 0.150
0.1Q2 A Moderate Oceanside 0.140
0.1Q2 A Steep QOceanside 0.135
0.1Q: B Flat Oceanside 0.085
0.1Q: B Moderate Oceanside 0.085
0.1Q: B Steep Oceanside 0.085
0.1Q2 C Flat Oceanside 0.075
0.1Q: C Moderate Oceanside 0.075
0.1Q: C Steep Oceanside 0.075
0.1Q: D Flat Oceanside 0.070
0.1Q: D Moderate Oceanside 0.070
0.1Q: D Steep Oceanside 0.070
0.1Q: A Flat L Wohlford 0.285
0.1Q: A Moderate L Wohlford 0.275
0.1Q: A Steep L Wohlford 0.270
0.1Q2 B Flat L. Wohlford 0.150
0.1Q2 B Moderate L Wohlford 0.145
0.1Q2 B Steep L. Wohlford 0.145
0.1Q2 C Flat L Wohlford 0.070
0.1Q: C Moderate L Wohlford 0.070
0.1Q: C Steep L Wohlford 0.070
0.1Q2 D Flat L Wohlford 0.060
0.1Q2 D Moderate L Wohlford 0.060
0.1Q: D Steep L Wohlford 0.060

Q2 = 2-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records
flow control

A = Surface area (at surface of the BMP before any ponding occurs)) sizing factor for flow control.
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G.2.5 Sizing Factors for "Cistern” BMP

Table G.2-6 presents sizing factors for calculating the required volume (V1) for a cistern BMP. In
this context, a "cistern" is a detention facility that stores runoff and releases it at a controlled rate. A
cistern can be a component of a harvest and use system, however the sizing factor method will not
account for any retention occurring in the system. The sizing factors were developed assuming runoff
is released from the cistern. The sizing factors presented in this section are to meet the
hydromodification management performance standard only. The cistern BMP is based on the
following assumptions:

e Cistern configuration: The cistern is modeled as a 4-foot tall vessel. However, designers could
use other configurations (different cistern heights), as long as the lower outlet orifice is sized
to propetly restrict outflows and the minimum required volume is provided.

e Cistern upper outlet: The upper outlet from the cistern would consist of a weir or other flow
control structure with the overflow invert set at an elevation of 7/8 of the water height
associated with the required volume of the cistern — V1. For the assumed 4-foot water depth
in the cistern associated with the sizing factor analysis, the overflow invert is assumed to be
located at an elevation of 3.5 feet above the bottom of the cistern. The overflow weir would
be sized to pass the peak design flow based on the tributary drainage area.

How to use the sizing factors:

Obtain sizing factors from Table G.2-6 based on the project's lower flow threshold fraction of Q-,
hydrologic soil group, post-project slope, and rain gauge (rainfall basin). Multiply the area tributary
to the structural BMP (A, square feet) by the area weighted runoff factor (C, unitless) (see Table G.2-
1) by the sizing factors to determine the required volume (V, cubic feet). Select a low flow orifice
that will discharge the lower flow threshold flow at the overflow elevation (i.e. when there is 3.5 feet
of head over the lower outlet orifice or adjusted head as appropriate if the cistern overflow elevation
is not 3.5 feet tall). The civil engineer shall provide the necessary volume of the BMP and the lower
outlet orifice detail on the plans.

Additional steps to use this BMP as a combined pollutant control and flow control BMP:

A cistern could be a component of a full retention, partial retention, or no retention BMP depending
on how the outflow is disposed. However use of the sizing factor method for design of the cistern
in a combined pollutant control and flow control system is not recommended. The sizing factor
method for designing a cistern does not account for any retention or storage occurring in BMPs
combined with the cistern (i.e., cistern sized using sizing factors may be larger than necessary because
sizing factor method does not recognize volume losses occurring in other elements of a combined
system). Furthermore, when the cistern is designed using the sizing factor method, the cistern
outflow must be set to the low flow threshold flow for the drainage area, which may be inconsistent
with requirements for other elements of a combined system. To optimize a system in which a cistern
provides temporary storage for runoff to be either used onsite (harvest and use), infiltrated, or
biofiltered, project-specific continuous simulation modeling is recommended. Refer to Sections 5.6
and 6.3.6.
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Table G.2-6: Sizing Factors for Hydromodification Flow Control Cistern BMPs Designed
Using Sizing Factor Method

Lower Flow . Pre-Project .
Threshold & ~ Slope Rain Gauge

0.1Q: A Flat Lindbergh 0.54
0.1Q2 A Moderate Lindbergh 0.51
0.1Q: A Steep Lindbergh 0.49
0.1Q2 B Flat Lindbergh 0.19
0.1Q> B Moderate Lindbergh 0.18
0.1Q2 B Steep Lindbergh 0.18
0.1Q: C Flat Lindbergh 0.11
0.1Q2 C Moderate Lindbergh 0.11
0.1Q2 C Steep Lindbergh 0.11
0.1Q: D Flat Lindbergh 0.09
0.1Q: D Moderate Lindbergh 0.09
0.1Q: D Steep Lindbergh 0.09
0.1Q2 A Flat Oceanside 0.26
0.1Q2 A Moderate Oceanside 0.25
0.1Q2 A Steep Oceanside 0.25
0.1Q2 B Flat Oceanside 0.16
0.1Q> B Moderate Oceanside 0.16
0.1Q2 B Steep Oceanside 0.16
0.1Q> C Flat Oceanside 0.14
0.1Q: C Moderate Oceanside 0.14
0.1Q2 C Steep Oceanside 0.14
0.1Q2 D Flat Oceanside 0.12
0.1Q2 D Moderate Oceanside 0.12
0.1Q: D Steep Oceanside 0.12
0.1Q: A Flat L Wohlford 0.53
0.1Q2 A Moderate L. Wohlford 0.49
0.1Q: A Steep L Wohlford 0.49
0.1Q: B Flat L Wohlford 0.28
0.1Q2 B Moderate L Wohlford 0.28
0.1Q: B Steep L Wohlford 0.28
0.1Q: C Flat L Wohlford 0.14
0.1Q: C Moderate L Wohlford 0.14
0.1Q: C Steep L Wohlford 0.14
0.1Q: D Flat L Wohlford 0.12
0.1Q2 D Moderate L. Wohlford 0.12
0.1Q2 D Steep I. Wohlford 0.12

Q2 = 2-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records

V = Cistern volume sizing factor
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Appendix H: Guidance for Investigating Potential
Critical Coarse Sediment Yield Areas (“CCSYA”)

The following guidance provides methodologies for protecting CCSY As:
H.1. Step 1: Identify CCSYAs
H.2. Step 2: Avoidance of Onsite CCSYAs
H.3.  Step 3: Bypass Onsite and Upstream CCSYAs
H.4. Step 4: Demonstrate No Net Impact
H.5. References
H.6.  PCCSYAs: Regional WMAA Maps
H.7. Downstream System Sensitivity to Coarse Sediment

H.8. Calculation Methodology for Ep and Sp

H.9. Mitigation Measures Fact Sheets
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H.1 Step 1: Identify CCSYAs

A CCSYA is an active or potential source of bed sediment to downstream channel reaches. When a
Priority Development Project (PDP) is constructed, it has the potential to negatively impact
characteristics of sediment supply and delivery which can lead to degradation of receiving waters. In
order to prevent these impacts, PDP applicants must examine the tributaries identified in their storm
water management plans and identify sources of critical coarse sediment within the following areas:

e Onsite CCSYAs: CCSYAs identified within the project’s property boundary as indicated in
the SWQMP. Refer to Section 1.3 for defining a project.

e Upstream CCSYAs: CCSYAs identified within the drainage area draining through the
project’s property boundary indicated in the SWQMP. Refer to Section 1.3 for defining a
project.

Applicants must first identify potential critical coarse sediment yield areas (PCCSY As) per any one of
the methods presented in Section H.1.1. Applicants may then elect to accept the mapping results
and remove the “potential” designation, or may elect to further refine the results of the mapping
through consideration of the refinement methods outlined in Section H.1.2. At the end of Step 1,
applicants will have identified CCSYAs that must be avoided and bypassed by the project.

H.1.1 Identification Methods

Applicants must identify both onsite and/or upstream source of critical coarse sediment by referring
to the Regional Watershed Management Area Analysis PCCSYA maps provided in Appendix H.6.

H.1.2 Refinement Options

After identifying PCCSYAs using one of the methods above, the applicant may elect to accept the
mapping results and remove the “potential” designation, or may elect to further refine the results of
the mapping through consideration of one or more of the refinement methods outlined below.

H.1.2.1 Depositional Analysis

Areas identified as PCCSYAs may be removed from consideration if it is demonstrated that these
sources are deposited into existing systems prior to reaching the first downstream unlined water of
the state. Systems resulting in deposition may include existing natural sinks, existing structural BMPs,
existing hardened MS4 systems, or other existing similar features that produce a peak velocity from
the discrete 2-year, 24-hour runoff event of less than three feet per second in the system being
analyzed. Applicants electing to perform depositional analysis to refine PCCSYA mapping must refer
to the detailed guidance provided in Appendix H.7.1.

H.1.2.2 Threshold Channel Analysis

Areas identified as PCCSYAs may be removed from consideration if they discharge to a “threshold
channel” that does not exhibit characteristics associated with significant bed load movement during
design flows. Applicants electing to perform threshold channel analysis to refine PCCSYA mapping
must refer to the detailed guidance provided in Appendix H.7.2.
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H.1.2.3 Coarse Sediment Source Area Verification

Areas identified as PCCSYAs may be removed from consideration if an applicant demonstrates that
these areas actually consist of fine grained sediment. Applicants electing to perform coarse sediment
source area verification to refine PCCSYA mapping must refer to the detailed guidance provided in
Appendix H.7.3.

H.1.2.4 Verification of Geomorphic Landscape Units (GLUSs)

Areas identified as PCCSY As may be refined through verification of GLUs. If this method is used,
applicants must refer to detailed guidance provided in Appendix H.6.1.

H.2 Step 2: Avoidance of Onsite CCSYAs

A key element of preserving the stability of receiving waters is to avoid changes in bed sediment supply
by avoiding development on CCSY As. Avoidance is best achieved through proper site design. The
following are some potential strategies that should be considered while determining the site layout to
avoid CCSYAs:

e The civil engineer shall designate onsite CCSY As that are to be avoided (undisturbed) for the
purpose of preserving coarse sediment yield. When feasible, use and/or access restriction
should be established for these areas.

e Minimize new impervious footprint. Refer to in Chapter 4 for guidance on minimizing
impervious footprint.

If onsite CCSYAs are not avoided per the metrics defined below, the applicant must demonstrate no
net impact to the receiving water using guidance in Appendix H.4.

H.2.1 Avoidance Metrics

If the applicant has identified onsite CCSY As using the Regional Watershed Management Area
Analysis PCCSYA maps provided in Appendix H.6, encroachments of up to 5% into the onsite
CCSYAs may be permitted (encroachments are measured at the POC scale and must be less than or
equal to 5% for each POC). Refer to Appendix H.6.3 for supporting rationale for 5%
encroachment.

BMP Design Manual -Appendices A/
March 2019 Update H-3 ]

e

CITY OF
CHULAVISTA



Appendix H:
Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

H.3 Step 3: Bypass Onsite and Upstream CCSYAs

Another key element of preserving the stability of receiving waters is to maintain current bed sediment
supply characteristics through effective bypass of onsite and upstream sediment sources. Upstream
bed sediment sources may include ovetland flow from CCSYAs and/or concentrated channel flows.
Applicants must ensure both onsite and upstream sources of bed sediment are effectively bypassed
through their project. If onsite and/or upstream CCSY As are not effectively bypassed per the criteria
below, applicant must implement mitigation measures presented in Appendix H.4.

H.3.1 Bypass CCSYAs from Hillslopes

Both onsite and upstream hillslopes mapped as CCSY As must be effectively bypassed through and/or
around the proposed project site.

e Proposed hardened drainage systems (e.g. storm drains, drainage ditches) that convey the bed
sediment from the hillslopes to the downstream waters of the state should maintain a peak
velocity from the discrete 2-year, 24-hour runoff event greater than three feet per second.

o When drainage ditches are proposed for bypass, this could be achieved by designing
them to the minimum dimensions listed in the San Diego Regional Standard drawing
D-75.

o When an 18” concrete storm drain is proposed for bypass, this velocity may typically
be achieved by maintaining a storm drain slope of 20.5%. In instances where 2-year,
24-hour peak flow rates associated with the storm drain are less than 1.1 cfs, applicants
may refer to the table below for minimum slopes needed to maintain three feet per
second. Applicants may interpolate the values from the table below, or may elect to
perform more detailed cleansing velocity calculations presented in Appendix H.7.1.

2-year, 24-Hour Peak Minimum Slope for 18” Concrete Storm Drain
Flow (cfs)
<0.25 n/a, this PCCSYA is considered-de minimis.
0.25 2%
0.50 1%
1.10 0.5%

e Storm water runoff that contains the bed sediment from CCSY As must not be routed through
detention basins or other facilities with restricted outlets that will trap sediment. Bypass
systems shall be designed as necessary so that the bed material is conveyed to the downstream
receiving water. Structural BMPs (including most flow-thru BMPs) are likely to trap sediment.

e For scenarios where a BMP must be constructed to treat offsite drainage area and there are
CCSYAs outside of the project footprint, it may be feasible to achieve mitigation by
construction of an outlet structure that can convey the bed load to the downstream receiving
water and clear water through a bypass structure to a BMP.

e Proposed crossings (culverts, driveways, etc.) should not impede the transport of upstream
critical coarse sediment. Crossings should be designed to avoid headwater conditions that
would result in the trapping/settling of sediment.
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H.3.2 Bypass CCSYAs from Channels

Projects that effectively avoid and bypass CCSYAs mapped in Step 1 (i.e., Appendix H.1) of this
guidance are not required to take specific action to ensure bypass of channel flows. This guidance
does not set forth channel bypass criteria for this scenario because it recognizes that existing regulator
mechanisms (such as 401 certifications, site design requirements, etc.) are generally sufficient to
preserve the sediment transport functions of onsite channels.

However, projects that do not effectively avoid and bypass the CCSYAs mapped in Step 1 (ie.,
Appendix H.1), will be required to specifically account for bypass of channel flows as part of the
demonstration of no net impact outlined in Appendix H.4.

H.3.3 De Minimis Upstream CCSYA

Applicants have an option to exclude de minimis upstream CCSYAs. De minimis upstream CCSYAs
consist of coarse hillslope areas that are not significant contributors of bed sediment yield due to their
small size, and are considered by the owner and the City Engineer as not practicable to bypass to the
downstream waters of the state. In limited scenarios where all of the criteria below are satisfied, de
minimis upstream CCSYAs may be omitted from consideration.

e De minimis upstream CCSYAs are not disturbed through the proposed project activities.

¢ De minimis upstream CCSYA is not part of an upstream drainage contributing more than 0.31
total acres to the project site.

e Multiple de minimis upstream CCSYAs cannot be adjacent to each other and hydraulically
connected.

e The SWQMP must document the reason why each de minimis upstream CCSYA could not
be bypassed to the downstream waters of the state.

The 0.31-acre (13,500 square feet) de minimis threshold was established using 0.25 cfs as the cut off
peak flow for the 2-year, 24-hour event, rational method equation and the following assumptions:

e C = 0.225 (average runoff coefficient (C) for soil type A and B);

e Average 6-hour, 2-year storm depth = 1.5 inches;

e Time of concentration = 6 minutes; and

e 2-year peak intensity = 3.51 in/hr. (based on procedutes from the County Hydrology Manual).

The strategies for sediment bypass do not mitigate for the reduction of CCSYA that have been
replaced by development onsite but can only mitigate scenarios where development hinders
movement of bed sediment through the project footprint. When preservation of existing channels
and/or implementation of sediment bypass measutes is not feasible and/or not implemented, the

applicant must demonstrate no net impact to the receiving water via the measures presented in
Appendix H.4.
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H.4 Step 4: Demonstrate No Net Impact

When impacts to CCSY As cannot be avoided or effectively bypassed, the applicant must demonstrate
that their project generates no net impact to the receiving water per the performance metrics identified
within this appendix. This appendix includes the following sections:

e Appendix H.4.1 provides background on the state of the current science for predicting
hydromodification impacts due to reductions in sediment supply;

e Appendix H.4.2 defines the management standard that will be the basis for evaluating
whether “no net impact to the receiving water” is achieved;

e Appendix H.4.3 identifies the type of mitigation measures (i.e., additional flow control, and
applicant proposed mitigation measures) that can be used to meet the management standard,;

e Appendix H.8 provides the methodology for calculation of Erosion Potential (Ep) and
Sediment Supply Potential (Sp); and

e Appendix H.9 provides fact sheets for implementation of the mitigation measures.

H.4.1 Background

Channel form, by definition, is composed of bed and bank material as well as channel geometry (in
plan, cross-section, and profile); however, the dominant forces typically controlling channel form are
discharge and sediment supply (notably bed material) since a stream’s most basic function is to convey
water and sediment (Knighton, 1998). The interaction between form and function is qualitatively
described through Lane’s relationship in Equation H.4-1:

Equation H.4.1: Lane’s Relationship

Q,xd x Q, XS
Where:
Q. = Sediment discharge
d = Particle diameter or size of sediment
Qw = Streamflow
S = Stream slope

Lane’s relationship qualitatively states that the sediment load (size and volume of sediment), which is
the first half of the relationship, is proportional to the stream power (volume of runoff and slope)
which is represented by the second half of the relationship. The sediment discharge (Q,) in the
relationship is the coarser part of sediment load, referred to as the “bed sediment”, since this is the
part of the load which largely molds the bed formation (Lane, 1955). Lane’s relationship (Equation
H.4.1) cannot be used for quantitative calculations since the proportionality is not necessarily linear.

For a stream at equilibrium, Lane’s relationship states that if one of the variables changes and the
other variables do not change proportionately, then the stream channel is no longer in equilibrium.
Sediment load and stream power can change considerably during and following new development,
leading to changes in the equilibrium state of the receiving channel.

e Typically, sediment load increases during the construction period, due to the additional
exposure of bare soil during the grading and construction process, and before landscaping
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vegetation has stabilized the soil. This is regulated through the construction-phase BMP
requirements established by the Construction General Permit and/or the MS4 Permit.

e Following the construction period, sediment load typically decreases to below pre-
development levels, as less sediment is available from areas that have been paved or stabilized
by landscape vegetation. When this decrease is not regulated, the bed sediment supplied to the
stream (first half of the relationship) is reduced and the sediment transport capacity (stream
power) is increased due to increased flows and durations resulting from the addition of
impervious areas (second half of the relationship). This may result in degradation of the stream
system as illustrated in Figure H.4-1.
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sediment supply regulations

Schematics credit: SCCWRP
Figure H.4-1 Illustration of Lane’s Relationship

Lane’s relationship is useful for making qualitative predictions concerning channel impacts due to
changes in runoff and/or sediment loads from the watershed. Although this qualitative assessment is
useful for understanding how the watershed responds to development, quantitative predictions are
valuable for determining the magnitude of response and they can inform the identification of locations
where the greatest management attention should be invested.

Lane’s relationship can be supplemented by the use of quantitative predictions which allow the
evaluation of the stream under changing conditions. Quantitative predictions will include bed
sediment supply calculations for the first half of the Lane relationship, and bed sediment transport
capacity calculations for the second half of the Lane relationship. Imbalances between the bed
sediment supply rate and transport capacity determines the rate of sediment deposition or erosion in
the channel and the associated channel change (Wilcock et al., 2009).

The common practice is to use the Erosion Potential (Ep) metric to evaluate the changes in sediment
transport capacity and the Sediment Supply Potential (Sp) metric to evaluate the changes in bed
sediment supply for susceptible receiving channels of concern. In regards to Ep metric,
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e SCCWRP Technical Report 667 (SCCWRP, 2012) states:

“The underlying premise of the erosion potential approach advances the concept of flow
duration control by addressing in-stream processes related to sediment transport. An erosion
potential calculation combines flow parameters with stream geometry to assess long term
(decadal) changes in the sediment transport capacity. The cumulative distribution of shear
stress, specific stream power and sediment transport capacity across the entire range of
relevant flows can be calculated and expressed using an erosion potential metric, Ep.”

e SCCWRP Technical Report 753 (SCCWRP, 2013) states the following based on review of
field measurements from 61 sites in Southern California:

“Results indicate that channel enlargement is highly dependent on the ratio of post- to pre-
urban sediment-transport capacity over cumulative duration simulations of 25 years (load
ratio, a.k.a. erosion potential), which explained nearly 60% of the variance.”

For the purposes of implementing mitigation measures within the MS4-permitted region of the
County of San Diego: this manual defines Ep as the ratio of post-project/pre-development (natural)
long-term transport capacity or work; and Sp as the ratio of post-project/pre-project (existing) long-
term bed sediment supply. Guidance for calculating Ep and Sp are provided in Appendix H.8.

H.4.2 Management Standard

This guidance defines a sediment supply management standard through which no net impact to
receiving water can be quantitatively indicated. This management standard is demonstrated through
the Net Impact Index (NII), a dimensionless index that must be used by the applicant to evaluate if
there is, or is not, a net impact to the receiving water. NII is defined in this manual as the ratio of Ep
to Sp. Mitigation measures shall be designed to meet the NII management standard shown in Equation
H.4.2 to achieve no net impact to the receiving water. The NII management standard is based on
Lane’s relationship (Ep is directly proportional to Sp) and an allowance of 10% (based on Section
H.4.2.1). This represents the most appropriate current understanding of how to quantitatively account
for sediment supply changes without replacing bed sediment sources (Palhegyi and Rathfelder, 2007
and Parra, 2015).

Equation H.4-2: Net Impact Index

Ep
NIl = —<1.1
Sp
Where:
NII = Net Impact Index
Ep = Erosion Potential
Sp = Sediment Supply Potential

If NII = 1.1, then the project produces no net impact to the receiving water in terms of coarse
sediment yield, and no further analysis is required. If NII > 1.1, then the project generates an impact
on the receiving water and the project is required to implement mitigation measures defined in
Appendix H.4.3 such that the NII is reduced to a compliant value (NII < 1.1).
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H.4.2.1 Allowance to the NIl Management Standard

This manual establishes the NII defined in Appendix H.4.2 as the management standard for coarse
sediment supply. The 10% allowance to the management standard is supported by the following
research studies or projects:

e The authors of the USACE report for channel design (USACE, 2001) state that, “achieving
an optimum Capacity-Supply Ratio, within 10 percent of unity, should ensure dynamic stability
while allowing the river itself to recover some of the fluvial detail that cannot be engineered.”

e The authors of SCCWRP Technical Report 605 (SCCWRP, 2010), “anticipate that changes of
less than 10% in either driver [discharge or sediment flux] are unlikely to instigate, on their
own, significant channel changes. This value is a conservative estimate of the year-to-year
variability in either discharge or sediment flux that can be accommodated by a channel system
in a state of dynamic equilibrium.”

e Sediment transport and supply measurements and calculations are inherently inexact.
Discrepancies of up to 10% should not be a source of concern (PCR et al., 2002).

H.4.3 Types of Mitigation Measures

The following section discusses mitigation measures that may be used by the applicant to meet the
NII management standard defined in Appendix H.4.2. These include:

e Additional Flow Control; and
e Stream Rehabilitation; and

e Applicant Proposed Mitigation Measures

Appendix H.9 provides additional guidance for implementation of these mitigation measures.

Sp Analysis
(Post/Pre)

H.4.3.1 Additional Flow Control

One option for managing bed sediment supply
reductions is to provide additional detention and
retention of site runoff to compensate for the

teduction of bed sediment supply. This measure Example
requires increasing flow attenuation by adding storage Sediment Supply
volume in structural BMPs. This management option Potential (Sp) Lo
accounts for changes in hydrology, channel geometry, \l, ‘l,
and bed/bank material, but not sediment supply. For
example, if there is a 30% reduction in bed-load due to Net Impact Index (NII) No Net Impact if
proposed urbanization, then the sediment supply Ep/Sp<1.1 Ep<0.77
potential (Sp) equals 0.7. Assuming the appropriate 1\ 1‘
range is +10%, hydromodification controls can be : :
sized and situated such that the post-project effective | Erosion Potential (Ep) EstlmaE';:nEp with
in-stream work is lowered to less than 77% of the
baseline pre-development condition.
Structural BMPs designed for hydromodification Ep Analysis
control utilize the following two basic principles: (Post/Pre)
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e Detain runoff and release it in a controlled way that either mimics pre-development in-stream
sediment transport capacity, mimics flow durations, or reduces flow durations to account for
a reduction in bed sediment supply.

e Manage excess runoff volumes through one or more of the following pathways: (1) infiltration;
(2) evapotranspiration; (3) storage and use; (4) discharge at a rate below the critical low
flowrate; or (5) discharge downstream to a receiving water that is not susceptible to
hydromodification impacts.

If desired, structural BMPs can be designed to support flood control and LLID objectives in addition
to hydromodification control. To the maximum extent possible, structural BMPs should be designed
to receive flows from developed areas only. This facilitates design optimization as well as avoiding
intercepting coarse sediments from open spaces that should ideally be passed through to the stream
channel.

A fact sheet for additional flow control is provided in Appendix H.9.1.

H.4.3.2 Stream Rehabilitation

Hydromodification control can be achieved by stream rehabilitation projects including: drop
structures, grade control structures, bed and bank reinforcement, increased channel sinuosity or
meandering, increased channel width, and flow diversion. The objective of these in-stream controls,
or stream restoration measures, is to reduce or maintain the overall Erosion Potential (Ep) of the
receiving channel by modifying its hydraulic properties and/or bed/bank material resistance without
fully replacing sediment supply or controlling increases in runoff. Stream rehabilitation is only an
option where the receiving channel of concern is already impacted by erosive flows and shows
evidence of excessive sediment, erosion, deposition, or is a hardened channel.

Stream rehabilitation projects are subject to the permitting requirements of the resource agencies.
Stream rehabilitation projects may require the following permits:

e California Department of Fish and Wildlife — 1602 Streambed Alteration Agreement.
e US Fish and Wildlife Service — Authorization under the Endangered Species Act.
e US Army Corps of Engineers — Clean Water Act Section 404 Permit.

e Regional Water Quality Control Board — Clean Water Act Section 401 Water Quality
Certification.

e Local Grading Permit

A fact sheet for stream rehabilitation is provided in Appendix H.9.2.

H.4.3.3 Applicant Proposed Mitigation Measures

The applicant may propose a mitigation measure not identified in this manual if it will achieve no net
impact to the receiving water. Additional analysis may be requested by the City Engineer prior to
approval of the mitigation measure to substantiate the finding of no net impact to the receiving water.
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The guidance described in Appendix H of this manual was developed by Geosyntec Consultants
(Geosyntec) on behalf of the County of San Diego and the City of San Diego. Appendix H was
specifically developed to provide PDP applicants guidance to meet the MS4 Permit Provision
E.3.c.(2)(b) within the MS4-permitted region within the San Diego County. This guidance is not
intended to be used for purposes, other than to meet this MS4 Permit requirement.

The guidance was developed with input from a Technical Advisory Committee (TAC) members
through a series of meetings conducted in January 2016. The TAC input resulted in a streamlined
guidance enhanced to provide applicants with simplified methods to determine impacts to coarse
sediment delivery based on complex scientific principles. TAC participants included:
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H.6 PCCSYAs: Regional WMAA Maps

PCCSY As identified by the Regional WMAA were delineated using regional datasets for elevation,
land cover, and geology. The methodology used to identify PCCSYAs from these datasets is based on
Geomorphic Landscape Unit (GLU) methodology presented in the SCCWRP Technical Report 605.
GLUs characterize the magnitude of sediment production from areas through three factors judged to
exert the greatest influence on the variability on sediment-production rates: geology types, hillslope
gradient, and land cover. The Regional WMAA document and the GIS layers for the map can be
found on the Project Clean Water website at the following address:

http://www.projectcleanwater.org/index.php?option=com content&view=article&id=248&Itemid=219

The regional-level mapping is based on the following sources:
Dataset Source Year ‘ Description

1/3 Arc Second (~10 meter cells) digital elevation model for

Elevation USGS 2013 San Diego County

Ecology-Vegetation layer for San Diego County downloaded

Land Cover SanGIS U [y e

Geologic Map of the Oceanside 30’x60° Quadrangle,

Kennedy, M.P., 2002 | California, California Geological Survey, Regional Geologic

and Tan, $.5. Map No. 2, 1:100,000 scale.
Geologic Map of the San Diego 30’x60’ Quadrangle,
Iif;iln;i}g I\S/ISP’ 2008 California, California Geological Survey, Regional Geologic

Geol > Map No. 3, 1:100,000 scale.

eolo

& Preliminary Geologic Map of the El Cajon 30’x60” Quadrangle,
Southern California, United States Geological Survey,
Todd, V.R. 2004 Southern California Areal Mapping Project, Open File Report

2004-1361, 1:100,000 scale.
emsfiass i all. 2010 Geologic Map of California,” California Geological Survey,

Map No. 2 — Geologic Map of California, 1:750,000 scale

The regional data set is a function of the inherent data resolution of the macro-level data sets and may
not conform to all site conditions, or does not reflect changes to particular areas that have occurred
since the underlying data was developed. This means slopes, geology, or land cover at the project site
can be mischaracterized in the regional data set. If an applicant feels the Regional WMAA analysis
inaccurately mapped their project area, they may elect to perform a site-specific GLU analysis based
on data collected from project-level investigations to refine the mapping as outlined below.

The following PCCSYAs may be removed from the mapping without performing the full GLU
analysis described in Appendix H.6.1 a) areas under 10% slope, b) paved areas.

H.6.1 Criteria Site-Specific for GLU Analysis

In order to perform a site-specific GLU analysis the applicant must first delineate the project boundary
and any areas draining through the project boundary. The applicant must then determine appropriate
slopes, geology, and land cover categories for this area as identified below (the GLU analysis must be
conducted for the entire project boundary and areas draining through it).
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Appendix H:
Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

There are four slope categories in the GLU analysis. Category numbers shown (1 to 4) were assigned
for the purpose of GIS processing.
e 0% to 10% (1)
e 10% to 20% (2)
e 20% to 40% (3)
o >40% (4)
There are seven geology categories in the GLU analysis:
e Coarse bedrock (CB)
e Coarse sedimentary impermeable (CSI)
e Coarse sedimentary permeable (CSP)
e TFine bedrock (IB)
e Fine sedimentary impermeable (FSI)
e TFine sedimentary permeable (FSP)
e Other (O)
There are six land cover categories in the GLU analysis:
e Agriculture/grass
e Forest
e Developed
e Scrub/shrub
e Other
e Unknown

Project site slopes shall be classified into the categories based on project-level topography. Project site
geology may be determined from geologic maps (may be the same as regional-level information) or
classified in the field by a qualified geologist. Table H.6-1 provides information to classify geologic
map units into each geology category. Project site land cover shall be determined from aerial
photography and/or field visit. For reference, Table H.6-2 provides information to classify land cover
categories from the SanGIS Ecology-Vegetation data set into land cover categories. The civil engineer
shall not rely on the SanGIS Ecology-Vegetation data set to identify actual land cover at the project
site (for project-level investigation land cover must be confirmed by aerial photo or field visit).
Intersect the geologic categories, land cover categories, and slope categories within the project
boundary to create GLUs. The GLUs listed in Table H.6-3 are considered to be potential critical
coarse sediment yield areas. Note the GLU nomenclature is presented in the following format:
Geology — Land Cover — Slope Category (e.g., "CB-Agricultural/Grass-3" for a GLU consisting of
coarse bedrock geology, agricultural/grass land cover, and 20% to 40% slope).

GLUs are created by intersecting the geologic categories, land cover categories, and slope categories.
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Appendix H:
Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

This is a similar procedure to intersecting land uses with soil types to determine runoff coefficients or
runoff curve numbers for hydrologic studies, but there are three categories to consider for the GLU
analysis (slope, geology, and land cover), and the GLUs are not to be composited into a single GLU.
When GLUs have been created, determine whether any of the GLUs listed in Table H.6-3 are found
within the project boundary. The GLUs listed in Table H.6-3 are considered to be PCCSYAs.

If none of the GLUs listed in Table H.6-3 are present within the project boundary and area draining
through the project boundary, no measures for protection of critical coarse sediment yield areas are
necessary. If one or more GLUs listed in Table H.6-3 are present within the project boundary, they
shall be considered critical coarse sediment yield areas. Complete Worksheet H.6-1 to document
verification of GLUs.

Table H.6-1: Geologic Grouping for Different Map Units

/;&irzlgzlfp &;::ﬂ?;::; Be(.lrock or | Impermeable/ Geology
Material Sedimentary =~ Permeable Grouping
gr-m Jennings; CA Coarse Bedrock Impermeable CB
grMz Jennings; CA Coarse Bedrock Impermeable CB
Jer El Cajon 30" x 60' Coarse Bedrock Impermeable CB
Jhe El Cajon 30" x 60 Coarse Bedrock Impermeable CB
Isp El Cajon 30" x 60' Coarse Bedrock Impermeable CB
Ka El Cajon 30" x 60' Coarse Bedrock Impermeable CB
Kbm Oceanside 30' x 60’ Coarse Bedrock Impermeable CB
Kbp Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Kec Oceanside 30' x 60’ Coarse Bedrock Impermeable CB
Kcg Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Kem El Cajon 30" x 60' Coarse Bedrock Impermeable CB
Kcp El Cajon 30" x 60 Coarse Bedrock Impermeable CB
Kd San Diego'& O'ceanside Coarse Bedrock Impermeable CB
30" x 60

Kdl Oceanside 30' x 60 Coarse Bedrock Impermeable CB
Kg Oceanside 30" x 60' Coarse Bedrock Impermeable CB
Kgbf Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Kegd San D1e§8' (j: 6C())'cean31de Coarse Bedrock Impermeable CB
Kedf Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Kgh San Diego 30" x 60' Coarse Bedrock Impermeable CB
Kgm El Cajon 30" x 60' Coarse Bedrock Impermeable CB
Kgm1 El Cajon 30" x 60 Coarse Bedrock Impermeable CB
Kgm?2 El Cajon 30" x 60 Coarse Bedrock Impermeable CB
Kgm3 El Cajon 30' x 60' Coarse Bedrock Impermeable CB
Kgm4 El Cajon 30" x 60' Coarse Bedrock Impermeable CB
Kegp Oceanside 30' x 60’ Coarse Bedrock Impermeable CB
Kegr El Cajon 30" x 60' Coarse Bedrock Impermeable CB
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Appendix H:
Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

Table H.6-1: Geologic Grouping for Different Map Units

i:ilzlgf)lfl‘) &:::ﬂ?;:;z Be<‘irock or | Impermeable/ Geology
Material Sedimentary | Permeable Grouping
Kgu San Diego 30' x 60' Coarse Bedrock Impermeable CB
Khg Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Ki Oceanside 30' x 60’ Coarse Bedrock Impermeable CB
Kis Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Kjd Oceanside 30' x 60' Coarse Bedrock Impermeable CB
KJem El Cajon 30" x 60' Coarse Bedrock Impermeable CB
KJid El Cajon 30" x 60 Coarse Bedrock Impermeable CB
Kjv El Cajon 30" x 60' Coarse Bedrock Impermeable CB
Klb El Cajon 30" x 60' Coarse Bedrock Impermeable CB
Kilh Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Klp El Cajon 30" x 60' Coarse Bedrock Impermeable CB
Km Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Kmg Oceanside 30' x 60’ Coarse Bedrock Impermeable CB
Kmgp El Cajon 30" x 60 Coarse Bedrock Impermeable CB
Kmm Oceanside 30' x 60’ Coarse Bedrock Impermeable CB
Kpa Oceanside 30' x 60 Coarse Bedrock Impermeable CB
Kpv El Cajon 30" x 60' Coarse Bedrock Impermeable CB
Kgbd Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Kr Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Krm Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Krr Oceanside 30" x 60' Coarse Bedrock Impermeable CB
Kt San Diego'& O'ceanside Coarse Bedrock Impermeable CB
30" x 60

Ktr Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Kve Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Kwm Oceanside 30' x 60’ Coarse Bedrock Impermeable CB
Kwp Oceanside 30' x 60' Coarse Bedrock Impermeable CB
Kwsr Oceanside 30' x 60’ Coarse Bedrock Impermeable CB
m Jennings; CA Coarse Bedrock Impermeable CB
Mzd Oceanside 30' x 60’ Coarse Bedrock Impermeable CB
Mzg Oceanside 30' x 60 Coarse Bedrock Impermeable CB
Mzq Oceanside 30" x 60' Coarse Bedrock Impermeable CB
Mzs Oceanside 30' x 60 Coarse Bedrock Impermeable CB
sch Jennings; CA Coarse Bedrock Impermeable CB
Kp San Dle§8' ic 6C())'ceans1de Coarse Bedrock Impermeable CB
Ql El Cajon 30" x 60' Coarse Sedimentary | Impermeable CSI
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Appendix H:
Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

Table H.6-1: Geologic Grouping for Different Map Units

Anticipated Grain

size of Weathered Bedrock or

Impermeable/  Geology

Material Sedimentary | Permeable Grouping
QTf El Cajon 30" x 60' Coarse Sedimentary | Impermeable CSI
Ec Jennings; CA Coarse Sedimentary | Impermeable CSI
K Jennings; CA Coarse Sedimentary | Impermeable CSI
Kceeg San Diego 30' x 60' Coarse Sedimentary | Impermeable CSI
Kecs San Diego 30' x 60' Coarse Sedimentary | Impermeable CSI
San Diego, Oceanside & .
Kl El Cajon 30' x 60' Coarse Sedimentary | Impermeable CSI
Ku Jennings; CA Coarse Sedimentary | Impermeable CSI
Qvof Oceanside 30" x 60' Coarse Sedimentary | Impermeable CSI
Qvop8a San Diego 30' x 60' Coarse Sedimentary | Impermeable CSI
Qvop9a San Diego 30" x 60' Coarse Sedimentary | Impermeable CSI
Tmsc San Diego 30" x 60' Coarse Sedimentary | Impermeable CSI
Tmss San Diego 30" x 60' Coarse Sedimentary | Impermeable CSI
Tp San Diego 56](?'1 Cajon 30 Coarse Sedimentary | Impermeable CSI
Tpm San Diego 30" x 60' Coarse Sedimentary | Impermeable CSI
Tsc San Diego 30' x 60' Coarse Sedimentary | Impermeable CSI
Tscu San Diego 30' x 60' Coarse Sedimentary | Impermeable CSI
Tsd San Diego ;&6](;:'1 Cajon 30 Coarse Sedimentary | Impermeable CSI
Tsdcg San Diego 30' x 60' Coarse Sedimentary | Impermeable CSI
Tsdss San Diego 30' x 60 Coarse Sedimentary | Impermeable CSI
Tsm Oceanside 30" x 60' Coarse Sedimentary | Impermeable CSI
Tso Oceanside 30' x 60' Coarse Sedimentary | Impermeable CSI
San Diego, Oceanside & .
Tst El Cajon 30' x 60 Coarse Sedimentary | Impermeable CSI
Tt tom D1egg8' i(' 6(?)'ceans1de Coarse Sedimentary Impermeable CSI
Tta Oceanside 30" x 60' Coarse Sedimentary | Impermeable CSI
San Diego, Oceanside & .
Tmv El Cajon 30' x 60 Coarse Sedimentary Impermeable CSI
Tsi Oceanside 30' x 60’ Coarse Sedimentary | Impermeable CSI
Qvoa San Dle%g, ic 6C())'cean51de Coarse Sedimentary | Impermeable CSI
Qvoall Oceanside 30' x 60' Coarse Sedimentary | Impermeable CSI
Qvoal2 Oceanside 30' x 60' Coarse Sedimentary | Impermeable CSI
Qvoal3 Oceanside 30' x 60’ Coarse Sedimentary | Impermeable CSI
Qvoc Oceanside 30' x 60' Coarse Sedimentary | Impermeable CSI
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Appendix H:
Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

Table H.6-1: Geologic Grouping for Different Map Units

A‘nt1c1p ated Grain Bedrock or = Impermeable/ Geolo
size of Weathered Sediment Permeabl Gr 1%1y
Material edimentary ermeable ouping
Qvop San Dle%g, i‘ 6Oo'cean31de Coarse Sedimentary | Impermeable CSI
Qvopl San Dlei;g)g' ic 6(3::eans1de Coarse Sedimentary | Impermeable CSI
Qvop10 San Dle%g, i‘ 6OO,CCaHSIde Coarse Sedimentary | Impermeable CSI
vopl0a San Diego 30' x 60' Coarse Sedimenta Impermeable CSI
P 8 y 1%
Qvopll San Dle%g, f; 6(())'ceans1de Coarse Sedimentary | Impermeable CSI
voplla San Diego 30' x 60' Coatse Sedimenta Impermeable CSI
Qvop 8 iy P
Qvop12 San D1e§8' f; 6(())?eans1de Coarse Sedimentary | Impermeable CSI
Qvopl3 San Dlegg' f: 6(?)f:ean31de Coarse Sedimentary | Impermeable CSI
Qvop2 San Dle%g, f; 6(())'ceans1de Coarse Sedimentary | Impermeable CSI
Qvop3 San Dleggv f: 6(3'cean51de Coarse Sedimentary | Impermeable CSI
Qvop4 San Dle?g, (j: 6(())::ean51de Coarse Sedimentary Impermeable CSI
Qvop5 San Dle%g, i‘ 6(3'ceans1de Coatse Sedimentary | Impermeable CSI
vop6 San Diego 30' x 60' Coarse Sedimenta Impermeable CSI
p 8 ry p
Qvop7 San Dle%g, f: 6(?)f:ean51de Coarse Sedimentary | Impermeable CSI
Qvop8 San Dleggg' il 6(3'ceanslde Coarse Sedimentary Impermeable CSI
vop9 San Diego 30' x 60' Coarse Sedimenta: Impermeable CSI
p 8 ity P
Tsa Oceanside 30' x 60' Coarse Sedimentary | Impermeable CSI
of Oceanside 30' x 60' Coarse Sedimenta: Permeable CSp
Q ty
Qofl Oceanside 30' x 60’ Coarse Sedimentary Permeable (O]
o ceanside 30" x oarse edimenta ermeable
Qof2 (@) ide 30" x 60' C Sedi ry P bl CSP
Q Jennings; CA Coarse Sedimentary Permeable CSP
a ceanside 30" x oarse edimenta ermeable
Q (@) ide 30" x 60' C Sedi ry P bl CSpP
Qd Oceanside 30' x 60' Coarse Sedimentary Permeable CSp
ceanside 30" x oarse edimenta ermeable
Qf (@) ide 30" x 60' C Sedi ry P bl CSP
Qmb San Dle%g, (j: 6C())'cean31de Coarse Sedimentary Permeable CSP
Qop San D1eg3;8' ic 6C())::eans1de Coarse Sedimentary Permeable CSP
Qw San D1ego'& O'ceans1de Coarse Sedimentary Permeable CSP
30" x 60
BMP Design Manual -Appendices ..."é\"é.‘_
March 2019 Update H-18 ]
CITY OF

CHULAVISTA




Appendix H:
Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

Table H.6-1: Geologic Grouping for Different Map Units
Anticipated Grain

Bedrock or
Sedimentary

Impermeable/  Geology
Permeable Grouping

size of Weathered
Material

Qyf Oceanside 30' x 60' Coarse Sedimentary Permeable CSpP
Qt El Cajon 30" x 60' Coarse Sedimentary Permeable CSP
Qoal-2 Oceanside 30' x 60' Coarse Sedimentary Permeable CSp
Qoa2-6 Oceanside 30" x 60' Coarse Sedimentary Permeable CSP
Qoa5 Oceanside 30' x 60' Coatse Sedimentary Permeable CSP
Qoa6 Oceanside 30' x 60' Coarse Sedimentary Permeable CSp
Qoa7 Oceanside 30' x 60' Coatse Sedimentary Permeable CSP
Qoc Oceanside 30' x 60' Coarse Sedimentary Permeable CSp
Qopl Oceanside 30' x 60' Coarse Sedimentary Permeable CSp
Qc El Cajon 30" x 60 Coarse Sedimentary Permeable CSp
Qu El Cajon 30" x 60' Coarse Sedimentary Permeable CSp
Qoa Sané? ﬁfji;n%i;aszlge & Coarse Sedimentary Permeable CSP
Qop2-4 San Diego 30" x 60' Coarse Sedimentary Permeable CSP
Qop3 Oceanside 30' x 60’ Coarse Sedimentary Permeable CSP
Qop4 Oceanside 30' x 60' Coarse Sedimentary Permeable CSp
Qop6 San D1e§8' il g)?eamlde Coarse Sedimentary Permeable CSP
Qop7 San Dleggg' ic 6OO'ceanslde Coarse Sedimentary Permeable CSP
Qya San];? 1(6::§;3),n03coe'afs61(()i'e & Coarse Sedimentary Permeable CSP
Qyc San D1e§8' f: 6(())'cean51de Coarse Sedimentary Permeable CSP
Mzu San Dleggg' f: 6(())::ean31de Fine Bedrock Impermeable FB
gb Jennings; CA Fine Bedrock Impermeable FB
JTRm El Cajon 30" x 60' Fine Bedrock Impermeable FB
Kat Oceanside 30' x 60' Fine Bedrock Impermeable FB
Kc El Cajon 30" x 60' Fine Bedrock Impermeable FB
Kgb Oceanside 30' x 60' Fine Bedrock Impermeable FB
KJvs El Cajon 30" x 60 Fine Bedrock Impermeable FB
Kmv El Cajon 30" x 60' Fine Bedrock Impermeable FB
Ksp El Cajon 30" x 60 Fine Bedrock Impermeable FB
Kvsp Oceanside 30' x 60 Fine Bedrock Impermeable FB
Kwmt Oceanside 30" x 60' Fine Bedrock Impermeable FB
Qv Jennings; CA Fine Bedrock Impermeable FB
Tba San Diego 30' x 60' Fine Bedrock Impermeable FB
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Appendix H:
Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

Table H.6-1: Geologic Grouping for Different Map Units

Anticipated Grain Bedrock or

Sedimentary

Impermeable/  Geology
Permeable Grouping

size of Weathered

Material

Tda Oceanside 30' x 60' Fine Bedrock Impermeable FB

Tv Oceanside 30" x 60' Fine Bedrock Impermeable FB

Tvsr Oceanside 30' x 60’ Fine Bedrock Impermeable FB

Kgdfg Oceanside 30' x 60' Fine Bedrock Impermeable FB

Ta San Diego 30" x 60' Fine Sedimentary | Impermeable FSI

Tcs Oceanside 30" x 60' Fine Sedimentary | Impermeable FSI

Td San Dle§8, i‘ 6(?)'ceans1de Fine Sedimentary | Impermeable FSI

Td+Tf San Diego 30" x 60' Fine Sedimentary | Impermeable FSI

San Diego, Oceanside & . .
Qls El Cajon 30' x 60 Fine Sedimentary | Impermeable FSI
Tm Oceanside 30' x 60' Fine Sedimentary | Impermeable FSI
San Diego, Oceanside & . .

Tf El Cajon 30' % 60" Fine Sedimentary Impermeable FSI

Ttr El Cajon 30" x 60' Fine Sedimentary | Impermeable FSI

To San Diego 56](;:('1 Cajon 30 Fine Sedimentary | Impermeable FSI
Qpe San D1e§8' i‘ 6(())'ceans1de Fine Sedimentary Permeable FSP
Mexico San Diego 30" x 60' NA NA Permeable Other
Kuo San Diego 30' x 60' NA (Offshore) NA Permeable Other
Teo San Dleg;g'icg)'ceanmde NA (Oftshore) Sedimentary Permeable Other
Tmo Oceanside 30' x 60' NA (Offshore) Sedimentary Permeable Other
Qmo San Diego 30" x 60' NA (Offshore) Sedimentary Permeable Other
QTso San Diego 30' x 60' NA (Offshore) Sedimentary Permeable Other

. . Variable,
af S D1ego'& O'ceans1de dependent on Sedimentary Other
30" x 60 .
source material
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Appendix H:
Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

Table 6-2: Land Cover Grouping for SanGIS Ecology-Vegetation Data Set

1d SanGIS Legend SanGIS Grouping Land Cover Grouping

1 42000 Valley and Foothill Grassland Agticultural/ Grass

2 42100 Native Grassland Grasslands, Vernal Pools, Agticultural/Grass

3 42110 Valley Needlegrass Grassland Meadogs, and Oth er Herb Agticultural/ Grass

ommunities

4 42120 Valley Sacaton Grassland Agticultural/Grass

5 42200 Non-Native Grassland Agticultural/ Grass

6 42300 Wildflower Field Agticulture/Grass

7 42400 Foothill/Mountain Perennial Agriculture/Grass

Grassland

8 42470 Transmontane Dropseed Grassland Agticulture/Grass

9 45000 Meadow and Seep Agticulture/Grass

10 45100 Montane Meadow Grasslands, Vernal Pools, Agticulture/Grass

11 45110 Wet Montane Meadow Meadows, and Other Herb Agticulture/Grass

12 45120 Dry Montane Meadows Communities Agticulture/Grass

13 45300 Alkali Meadows and Seeps Agticulture/Grass

14 45320 Alkali Seep Agticulture/Grass

15 45400 Freshwater Seep Agticulture/Grass

16 46000 Alkali Playa Community Agticulture/Grass

17 46100 Badlands/Mudhill Forbs Agticulture/Grass

18 Non-Native Grassland Agticulture/Grass

19 18000 General Agticulture Agticulture/Grass

20 18100 Otrchards and Vineyards Agticulture/Grass

21 18200 Intensive Agriculture Agticulture/Grass

2 | e Rl D [ seeiom

3 18300 Extensive Agticulture - N]oDn—Nlatlvz\gegetanon, Agriculture/Grass

Field/Pasture, Row Crops cveloped AAreas, or

24 18310 Field/Pasture Unvegetated Habitat At G

25 18310 Pasture Agticulture/Grass

26 18320 Row Crops Agticulture/Grass

27 12000 Urban/Developed Developed

28 12000 Utban/Develpoed Developed

29 81100 Mixed Evergreen Forest Forest

30 81300 Oak Forest Forest

31 81310 Coast Live Oak Forest Forest

32 81320 Canyon Live Oak Forest Forest

33 81340 Black Oak Forest Forest Forest

34 83140 Torrey Pine Forest Forest

35 83230 Southern Interior Cypress Forest Forest

36 | 84000 Lower Montane Coniferous Forest Forest
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Appendix H:

Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

Table 6-2: Land Cover Grouping for SanGIS Ecology-Vegetation Data Set

1d SanGIS Legend SanGIS Grouping Land Cover Grouping
37 84100. Coast Range, Klamath and Forest
Peninsular Coniferous Forest
38 84140 Coulter Pine Forest Forest
84150 Bigcone Spruce (Bigcone Douglas
39 P%ir)—CanI;on Ogl%( z(léorest ° Forest
40 84230 Sierran Mixed Coniferous Forest Forest Forest
41 . 84500 MXed Forest
Oak/Coniferous/Bigcone/Coulter
42 85100 Jeffrey Pine Forest Forest
Non-Native Vegetation,
43 11100 Eucalyptus Woodland Developed Areas, or Forest
Unvegetated Habitat
44 60000 RIPARIAN AND Forest
BOTTOMLAND HABITAT
45 61000 Riparian Forests Forest
46 61300 Southern Riparian Forest Forest
47 61310 Southern Coast Live Oak Riparian Forest
Forest
48 61320 Southern Arroyo Willow Riparian Forest
Forest
61330 Southern Cottonwood-willow
49 Riparian Forest Riparian and Bottomland Forest
50 61510 White Alder Riparian Forest Habitat Forest
51 61810 Sono?:an Cottonwood—wiﬂow Forest
Riparian Forest
52 61820 Mesquite Bosque Forest
53 62000 Riparian Woodlands Forest
54 62200 Desert Dry Wash Woodland Forest
55 62300 Desert Fan Palm Oasis Woodland Forest
56 62400 Southern Sycamore-alder Riparian Forest
Woodland
57 70000 WOODLAND Forest
58 71000 Cismontane Woodland Forest
59 71100 Oak Woodland Forest
60 71120 Black Oak Woodland Forest
- Woodland
61 71160 Coast Live Oak Woodland Forest
62 71161 Open Coast Live Oak Woodland Forest
63 71162 Dense Coast Live Oak Woodland Forest
64 71162 Dense Coast Love Oak Woodland Forest
65 71180 Engelmann Oak Woodland Forest
66 71181 Open Engelmann Oak Woodland Woodland Forest
67 71182 Dense Engelmann Oak Woodland Forest
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Appendix H:

Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

Table 6-2: Land Cover Grouping for SanGIS Ecology-Vegetation Data Set

1d SanGIS Legend SanGIS Grouping Land Cover Grouping
72300 Peninsular Pinon and Juniper

o Woodlands Junip o=t

69 72310 Peninsular Pinon Woodland Forest

70 72320 Peninsulargsrr;iger Woodland and Forest

71 75100 Elephant Tree Woodland Forest

72 77000 Mixed Oak Woodland Forest

73 78000 Undifferentiated Open Woodland Forest

74 79000 Undifferentiated Dense Woodland Forest

75 Engelmann Oak Woodland Forest

76 52120 Southern Coastal Salt Marsh Other

77 52300 Alkali Marsh Other

78 52310 Cismontane Alkali Marsh Other

79 52400 Freshwater Marsh Bog and Marsh Other

30 52410 Coastal and Valley Freshwater Other

Marsh

81 52420 Transmontane Freshwater Marsh Other

82 52440 Emergent Wetland Other

83 44000 Vernal Pool Other

84 44320 San Diego Mesa Vernal Pool ﬁ;jjiﬁgﬁl;lzegiif?eﬁ) Other

85 44322 San Diego Mesa Claypan Vernal Communities Other

Pool (southern mesas)

86 13100 Open Water Other

87 13110 Marine Other

88 13111 Subtidal Other

89 13112 Intertidal Other

90 13121 Deep Bay Non-Native Vegetation, Other

- Developed Areas, or

91 13122 Intermediate Bay Unvegetated Habitat Other

92 13123 Shallow Bay Other

93 13130 Estuarine Other

94 13131 Subtidal Other

95 13133 Brackishwater Other

96 13140 Freshwater Other

97 13200 Non-Vegetated Channel, Floodway, Non-Native Vegetation, Other

Lakeshore Fringe Developed Areas, or

98 13300 Saltpan/Mudflats Unvegetated Habitat Other

99 13400 Beach Other
100 21230 Southern Foredunes Scrub/Shrub
101 22100 Active Desert Dunes Scrub/Shrub
10p | 22300 Stabilized and Partially-Stabilized Dune Community Scrub/Shrub

Desert Sand Field

103 24000 Stabilized Alkaline Dunes Scrub/Shrub
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Appendix H:
Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

Table 6-2: Land Cover Grouping for SanGIS Ecology-Vegetation Data Set

1d SanGIS Legend SanGIS Grouping Land Cover Grouping
104 29000 ACACIA SCRUB Scrub/Shrub
105 63000 Riparian Scrubs Scrub/Shrub
106 63300 Southern Riparian Scrub Scrub/Shrub
107 63310 Mule Fat Scrub Scrub/Shrub
108 63310 Mulefat Scrub Scrub/Shrub
109 63320 Southern Willow Scrub Scrub/Shrub
10 | 1 mimant/Souhern Wilow Serab__| Ripasian and Botiomland | Serub/Sheub
111 63330 Southern Riparian Scrub Habitat Scrub/Shrub
112 63400 Great Valley Scrub Scrub/Shrub
113 63410 Great Valley Willow Scrub Scrub/Shrub
114 63800 Colorado Ripatian Scrub Scrub/Shrub
115 63810 Tamarisk Scrub Scrub/Shrub
116 63820 Arrowweed Scrub Scrub/Shrub
117 31200 Southern Coastal Bluff Scrub Scrub/Shrub
118 32000 Coastal Scrub Scrub/Shrub
119 32400 Maritime Succulent Scrub Scrub/Shrub
120 32500 Diegan Coastal Sage Scrub Scrub/Shrub
121 32510 Coastal form Scrub/Shrub
122 | 32520 Inland form (> 1,000 ft. elevation) Scrub/Shrub
123 32700 Riversidian Sage Scrub Scrub and Chaparral Scrub/Shrub
124 32710 Riversidian Upland Sage Scrub Scrub/Shrub
125 32720 Alluvial Fan Scrub Scrub/Shrub
126 33000 Sonoran Desert Scrub Scrub/Shrub
127 33100 Sonoran Creosote Bush Scrub Scrub/Shrub
128 33200 Sonoran Desert Mixed Scrub Scrub/Shrub
129 33210 Sonoran Mixed Woody Scrub Scrub/Shrub
130 33220 Sonoran Mixed Woody and Scrub/Shrub
Succulent Scrub
131 33230 Sonoran Wash Scrub Scrub/Shrub
132 33300 Colorado Desert Wash Scrub Scrub/Shrub
133 33600 Encelia Scrub Scrub/Shrub
134 34000 Mojavean Desert Scrub Scrub/Shrub
135 34300 Blackbush Scrub Scrub and Chaparral Scrub/Shrub
136 35000 Great Basin Scrub Scrub/Shrub
137 35200 Sagebrush Scrub Scrub/Shrub
138 35210 Big Sagebrush Scrub Scrub/Shrub
139 35210 Sagebrush Scrub Scrub/Shrub
140 36110 Desert Saltbush Scrub Scrub/Shrub
141 36120 Desert Sink Scrub Scrub/Shrub
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Table 6-2: Land Cover Grouping for SanGIS Ecology-Vegetation Data Set

1d SanGIS Legend SanGIS Grouping Land Cover Grouping
142 37000 Chaparral Scrub/Shrub
143 37120 Southern Mixed Chaparral Scrub/Shrub
144 37120 Southern Mixed Chapparal Scrub/Shrub
145 | 37121 Granitic Southern Mixed Chaparral Scrub/Shrub
146 37121 Southern Mixed Chaparral Scrub/Shrub
147 37122 Mafic Southern Mixed Chaparral Scrub/Shrub
148 37130 Northern Mixed Chaparral Scrub/Shrub
149 | 37131 Granitic Northern Mixed Chaparral Scrub/Shrub
150 | 37132 Mafic Northern Mixed Chaparral Scrub/Shrub
151 37200 Chamise Chaparral Scrub/Shrub
152 37210 Granitic Chamise Chaparral Scrub/Shrub
153 37220 Mafic Chamise Chaparral Scrub/Shrub
154 37300 Red Shank Chaparral Scrub/Shrub
155 37400 Semi-Desert Chaparral Scrub/Shrub
156 37500 Montane Chapatrral Scrub/Shrub
157 37510 Mixed Montane Chaparral Scrub/Shrub
158 37520 Montane Manzanita Chaparral Scrub/Shrub
159 37530 Montane Ceanothus Chaparral Scrub/Shrub
160 37540 Montane Scrub Oak Chaparral Scrub/Shrub
161 37800 Upper Sonoran Ceanothus Scrub/Shrub
Chaparral
162 37830 Ceanothus crassifolius Chaparral Scrub/Shrub
163 37900 Scrub Oak Chapatral Scrub/Shrub
164 37A00 Interior Live Oak Chaparral Scrub/Shrub
165 37C30 Southern Maritime Chaparral Scrub/Shrub
166 37G00 Coastal Sage-Chapatral Scrub Scrub/Shrub
167 37K00 Flat-topped Buckwheat Scrub/Shrub
168 39000 Upper Sonoran Subshrub Scrub Scrub and Chaparral Scrub/Shrub
169 Diegan Coastal Sage Scrub Scrub/Shrub
170 Granitic Northern Mixed Chaparral Scrub/Shrub
171 Southern Mixed Chaparral Scrub/Shrub
172 11000 Non-Native Vegetation Unknown
173 11000 Non-Native VegetionVegetation Unknown
174 11200 Disturbed Weland Non-Native Vegetation, Unknown
175 11300 Disturbed Habitat peveloped Areas, or Unknown
Unvegetated Habitat
176 13000 Unvegetated Habitat Unknown
177 Disturbed Habitat Unknown
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Table H.6-3: Potential Critical Coarse Sediment Yield Areas

GLU Geology ‘ Land Cover Slope (%)
CB-Agticultural/ Grass-3 Coarse Bedrock Agticultural/ Grass 20% - 40%
CB-Agricultural/ Grass-4 Coarse Bedrock Agticultural/Grass >40%

CB-Forest-2 Coarse Bedrock Forest 10 — 20%

CB-Forest-3 Coarse Bedrock Forest 20% - 40%
CB-Forest-4 Coarse Bedrock Forest >40%
CB-Scrub/Shrub-4 Coarse Bedrock Scrub/Shrub >40%
CB-Unknown-4 Coarse Bedrock Unknown >40%

CSI-Agticultural/ Grass-2 Coarse Sedimentary Impermeable Agticultural/Grass 10 — 20%

CSI-Agticultural /Grass-3 Coarse Sedimentary Impermeable Agticultural/ Grass 20% - 40%
CSI-Agricultural/Grass-4 Coarse Sedimentary Impermeable Agticultural/Grass >40%
CSP-Agricultural/Grass-4 Coarse Sedimentary Permeable Agticultural/Grass >40%

CSP-Forest-3 Coarse Sedimentary Permeable Forest 20% - 40%
CSP-Forest-4 Coarse Sedimentary Permeable Forest >40%
CSP-Scrub/Shrub-4 Coarse Sedimentary Permeable Scrub/Shrub >40%
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Worksheet H.6-1: Verification of GLUs

Verification of GLUs

Worksheet H.6-1

Detailed project-level review of GLUs may be performed to verify the presence or absence of potential
critical coarse sediment yield areas within the project site and/or upstream areas. Use this form to
document the evaluation of slope, geology, and land cover combined to determine the site-specific

GLUs. Complete all sections of this form.

Project Name:

Project Tracking Number / Permit Application Number:

What are the pre-project slopes?

0% to 10% (1)
1110% to 20% (2)
11 20% to 40% (3)
[ >40% (4)

What is the underlying geology? Refer to
Appendix H.6 to classify geologic categories
into a geology grouping.

Note: site-specific geology may be determined
in the field by a qualified geologist.

] Coarse bedrock (CB)

] Coarse sedimentary impermeable (CSI)
] Coarse sedimentary permeable (CSP)
"] Fine bedrock (FB)

"I Fine sedimentary impermeable (IFSI)

"I Fine sedimentary permeable (FSP)

] Other (O)

What is the pre-project land cover? Refer to
Appendix H.6 for land cover category
definitions.

Note: Land cover shall be determined from
aerial photography and/or field visit.

1 Agticulture/grass
[1 Forest

I Developed

[ Scrub/shrub

[1 Other

[l Unknown

List the GLU(s) within the project site and/or
upstream areas.

Note the GLU nomenclature format is as
follows: Geology — Land Cover — Slope
Category (e.g. “CB-Agticultural/Grass-3” for a
GLU consisting of coarse bedrock geology,
agricultural/grass land cover, and 20% to 40%
slope).
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Worksheet H.6-1; Page 2 of 2

Photo(s)
5 Insert photos representative of the slopes, land cover, and geology.
6 | Are any of the GLUs found within the project | []Yes Goto7

boundary and/or upstream atreas (listed in row 4)
also listed in Table H.6-1?

[JNo Goto 8

7 | End — Provide management measures for preservation of coarse sediment supply as described
in this guidance document, or the project applicant may elect to determine whether downstream
systems would be sensitive to reduction of coarse sediment yield from the project site and/or
perform site-specific method for mapping critical coarse sediment yield areas.

8 | End — Site-specific GLUs do not warrant preservation of coarse sediment supply, no measures
for protection of critical coarse sediment yield areas onsite are necessary. Optional: use the note
section below to provide justification for these findings.

9 | Notes
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H.6.2 Assumptions for Regional WMAA PCCSYA Maps

This section summarizes the assumptions used while developing Regional WMAA PCCSYA maps
that are not listed in Appendix H.6.1.1:

e C(ritical coarse sediment would be generated from GLUs that are

o composed of geologic units likely to generate coarse sediment (i.e. produces greater
than 50% sand (0.074 mm; no. 200 sieve) by weight when weathered); and

o have a potential for high relative sediment production (GLUs that produce soil loss
greater than 8.4 tons/acre/year are assigned a high relative rating, this corresponds to
42% of the total coarse soil loss from the MS4-permitted region within the County of
San Diego).

e Relative sediment production was assigned using RUSLE analysis of GLUs. It was assumed
that this relative rating represents sediment production from sheet erosion, rill erosion, gullies
and lower order channels, since these features are mostly on the hillslopes that are represented
by the GLUs.

o While performing the RUSLE analysis to assign the relative ranking, C factor from the
regional maps from USEPA was adjusted to 0 for developed land covers to account
for management actions implemented on developed sites (e.g. impervious surfaces).

e WMAA mapping does not account for sediment production from in-stream sediment supply
(since these are mostly protected through other regulations) and sediment production from
mass failures like landslides which are difficult to estimate on a regional scale without
performing extensive field investigations.

e Regional WMAA map assumes that all receiving waters require coarse sediment and the map
also does not account for potential existing impediments that may hinder delivery of coarse
sediment to receiving waters.

For additional details refer to the Regional WMAA document on the Project Clean Water website at
the following address:

http://www.projectcleanwater.org/index.php?option=com content&view=article&id=248&Itemid=219
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H.6.3 Encroachment Allowance for Regional PCCSYA WMAA Map

When an applicant uses the regional PCCSYA map from WMAA to define onsite CCSYAs an
encroachment allowance of up to 5% within each POC drainage boundary is allowed.

The following provides the supporting rational for 5% encroachment:

Step 1. Sp has to be greater than 0.5, based on current understanding of risks to receiving
waters arising from changes in sediment production (SCCWRP Technical Report 605,
2010).
Step 2. Estimated Sp (Equation H.8.11) = 0.7*SYruste+0.3*SYxup = 0.7%0.42 + 0.3*1 = 0.59
a. Based on RUSLE analysis conducted during Regional WMAA the GLUs mapped as
PCCSYAs contribute 42% of the bed sediment yield (i.e. SYrusie = 0.42)
b. Disturbance to NHDPlus channels are protected through 401 water quality
certifications issued by the RWQCB, so it is assumed that SYNHD =1
Step 3. Dividing the Sp estimate from Step 2 by the required Sp in Step 1 provides the factor
of safety that is currently implicit in the regional WMAA PCCSYA map = 0.59/0.5 =
1.18 or 18% factor of safety
Step 4. The remaining factor of safety after accounting for the proposed encroachment of 5%
=18% - 5% = 13%
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H.7 Downstream System Sensitivity to Coarse Sediment

If an applicant has identified onsite and/or upstream PCCSYAs and elects to perform additional
optional analyses to refine the PCCSYA designation, the guidance presented below should be
followed. Protection of critical coarse sediment yield areas is a necessary element of hydromodification
management because coarse sediment supply is as much an issue for causing erosive conditions to
receiving streams as are accelerated flows. However, not all downstream systems warrant preservation
of coarse sediment supply nor all source areas need to be protected. The following guidance shall be
used to refine PCCSYA designations:

e Depositional Analysis (Appendix H.7.1)
e Threshold Channel Analysis (Appendix H.7.2)
e Coarse Sediment Source Area Verification (Appendix H.7.3)

H.7.1 Depositional Analysis

Areas identified as PCCSYAs may be removed from consideration if it is demonstrated that these
sources are deposited into existing systems prior to reaching the first downstream unlined water of
the state. Systems resulting in deposition may include existing natural sinks, existing structural BMPs,
existing hardened MS4 systems, or other existing similar features. Applicants electing to perform
depositional analysis to refine PCCSYA mapping must meet the following criteria to qualify for
exemption from CCSYA designation:

e The existing hardened MS4 system that is being analyzed should be upstream of the first
downstream unlined waters of the state; and

e The peak velocity from the discrete 2-year, 24-hour runoff event for the existing hardened
MS4 system that is being analyzed is less than three feet per second.

The three feet per second criteria is consistent with the recommended minimum velocity for storm
and sanitary sewers in ASCE Manual of Engineering Practice No. 37 (ASCE, 1970).

In limited scenarios, applicant may have the option to establish site specific minimum self-cleansing
velocity using Equation H.7-1 or other appropriate equations instead of using the default three feet
per second criteria. This site specific analysis must be documented in the SWQMP and the [City
Engineer] has the discretion to request additional analysis prior to approving a site specific minimum
self-cleansing velocity. If an applicant chooses to establish a site specific minimum self-cleansing
velocity for refinement, then the applicant must design any new bypass hardened conveyance systems
proposed by the project to meet the site specific criteria.
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Equation H.7-1: Minimum Self Cleansing Velocity

1.4
V= n86 R1/6[B(Sg - 1)Dg]1/2

Where:

V = minimum self-cleansing velocity (ft/sec)

R = hydraulic radius (ft)

n = Manning’s roughness coefficient (unitless)

B = constant equal to 0.04 for clean granular particles (unitless)
sg = specific gravity of sediment particle (unitless): Use 2.65
Dg = sediment particle diameter (inches): Use 0.20 in

H.7.2 Threshold Channel Analysis

A threshold channel is a stream channel in which channel boundary material has no significant
movement during the design flow. If there is no movement of bed load in the stream channel, then it
is not anticipated that reductions in sediment supply will be detrimental to stream stability because the
channel bed consists of the parent material and not coarse sediment supplied from upstream. In such
a situation, changes in sediment supply are not considered a geomorphic condition of concern.
SCCWRP Technical Report 562 (2008) states the following in regards to sand vs. gravel bed
behavior/threshold vs. live-bed contrasts:

“Sand and gravel systems are quite varied in their transport of sediment and their sensitivity to
sediment supply. On the former, sand-bed channels typically have live beds, which transport
sediment continuously even at relatively low flows. Conversely, gravel/cobble-bed channels
generally transport the bulk of their bed sediment load more episodically, requiring higher flow
events for bed mobility (i.e., threshold behavior).”

“Sand-bed streams without vertical control are much more sensitive to perturbations in flow and
sediment regimes than coarse-grain (gravel/cobble) threshold channels. This has clear implications
in their respective management regarding hydromodification (i.e., sand systems being relatively
more susceptible than coarser systems). This also has direct implications for the issue of sediment
trapping by storm water practices in watersheds draining to sand-bed streams, as well as general
loss of sediment supply following the conversion from undeveloped sparsely-vegetated to
developed well-vegetated via irrigation.”

The following provides guidance for evaluating whether a stream channel is a threshold channel or
not. This determination is important because while accounting for changes in bed sediment supply is
appropriate for quantifying geomorphic impacts in non-threshold stream channels, it is not considered
appropriate for threshold channels. The domain of analysis for this evaluation shall be the same as
that used to evaluate susceptibility, per SCCWRP Technical Report 606, Field Manual for Assessing
Channel Susceptibility (2010). This domain is defined by the following upstream and downstream
boundaries:
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e From the point of compliance proceed downstream until reaching one of the following:

o At least one reach downstream of the first grade-control point (preferably second
downstream grade control location);

o Tidal backwater/lentic (still water) waterbody;
o Equal order tributary (Strahler 1952);
o A 2-fold increase in drainage area.

OR demonstrate sufficient flow attenuation through existing hydrologic modeling.

e From the point of compliance proceed upstream for 20 channel top widths OR to the first
grade control in good condition, whichever comes first.

Applicant must complete Worksheet H.7-1 to document selection of the domain of analysis. If the
entire domain of analysis is classified as a threshold channel, then the PDP can be exempt from the
MS4 Permit requirement for sediment supply. The following definitions from the Natural Resources
Conservation Service’s (NRCS) National Engineering Handbook Part 654 - Stream Restoration
Design (2007) are helpful in understanding what a threshold channel is.

e Alluvial Channel: Streams and channels that have bed and banks formed of material

transported by the stream. There is an exchange of material between the inflowing sediment
load and the bed and banks of an alluvial channel (NRCS, 2007).

e Threshold Channel: A channel in which channel boundary material has no significant
movement during the design flow (NRCS, 2007).

The key factor for determining whether a channel is a threshold channel is the composition of its bed
material. Larger bed sediment consisting primarily of cobbles and boulders are typically immobile,
unless the channel is a large river with sufficient discharge to regularly transport such grain sizes as
bed load. As a rule-of-thumb, channels with bed material that can withstand a 10-year peak discharge
without incipient motion are considered threshold channels and not live-bed alluvial channels.
Threshold channel beds typically consist of cobbles, boulders, bedrock, or very dense vegetation (e.g.,
a thicket). Threshold channels also includes channels that have existing grade control structures that
protect the stream channels from hydromodification impacts.

For a project to be exempt from coarse sediment supply requirements, the applicant must submit the
following for approval to the City Engineer:

e Photographic documentation and grain size analysis used to determine the dso of the bed
material; and

e Calculations that show that the receiving water of concern meets the specific stream power
criteria defined below or a finding from a geomorphologist that the stream channel has existing
grade control structures that protect the stream channel from hydromodification impacts.

Specific Stream Power

Specific (i.e., unit) stream power is the rate at which the energy of flowing water is expended on the
bed and banks of a channel (refer to Equation H.7-1). SCCWRP studies have found that locating
channels on a plot of Specific Stream Power at Qi (as calculated by the Hawley et al. method

BMP Design Manual -Appendices A/
March 2019 Update H-33 ]

e

CITY OF
CHULAVISTA



Appendix H:
Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

optimized for Southern California watersheds — Figure H.7-1) versus median channel grain size is a
good predictor of channel stability. The Q1o equation from SCCWRP TR 606 is presented as Equation

H.7-2.

Equation H.7-2: Calculation of Specific Stream Power

Total Stream Power _ yQS
Channel Width ~ w

Specific Stream Power =
Where:
y: Specific Weight of Water (9810 N/m”)
Q: Flow Rate (dominant discharge in many cases, m’/sec)

S: Slope of Channel
w: Channel Width (meters)

Equation H.7-3: Calculation of Qi using the Hawley et al. method

Quoess = 18.2 * A7 % pO77
Where:
Qioets: 10 year Flow Rate in cubic feet per second

A: Drainage Area in sq. miles
P: Mean Annual Precipitation in inches
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e
.
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Constructed (Phase 5C) (n = 5)
Confined, mountain headwaters (CEM Type I) (n = 11)

Unstable states (CEM Types II, IIl; Phases B2, B3, 2B, 4B) (n = 43)

Dynamic equilibrium multi-thread (Phase B1) (n = 11)

Dynamic equilibrium single-thread, unconfined (CEM Types I, IV, V; Phase 1Veg) (n = 13)
Regression of braided equilibrium

O | & *

Figure H.7-1: Threshold of stream instability based on specific stream power

and channel sediment diameter
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Since the SCCWRP TR 606 Qi (Equation H.7-3) does not explicitly consider watershed
imperviousness, adjustment factors (AF) shown in Figure H.7-2 were developed using the following
Equation H.7-4 for Qo from SCCWRP TR 654 to account for imperviousness while estimating Q.

Equation H.7-4: Calculation of Q1 using equation from SCCWRP TR 654

QlO - e3‘61 %k A0.865 % DDO.804 % P2240.778 K IMP0.0%
Where:
Q10 10 year Flow Rate

A: Drainage Area in sq. miles

DD: Drainage Density

Pa4: 2-Year 24-Hour Precipitation in inches
IMP: Watershed Imperviousness

Adjustment factors were developed as part of this methodology by changing the watershed
imperviousness in Equation H.7-4 and keeping the remaining terms constant. Adjustment factor for
imperviousness of 3.6% was set to 1; since it is the mean imperviousness of the dataset used to develop
the stability curve in Figure H.7-1. Updated Q1o equation with adjustment factor is presented as
Equation H.7-5 below:

Equation H.7-5: Calculation of Qi with Adjustment Factor for Watershed Imperviousness

Qlchs = AF * 18.2 k AO.87 % P0.77
Whetre:
Qioets: 10 year Flow Rate in cubic feet per second
AF: Adjustment Factor
A: Drainage Area in sq. miles
P: Mean Annual Precipitation in inches
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Figure H.7-2: Adjustment factor to account for imperviousness while estimating Qo
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Steps for evaluating the specific stream power criteria are presented below:

e Step 1: Calculate the specific stream power for the receiving water. Use Equation H.7-2, H.7-
5 and Figure H.7-2. Directly connected imperviousness shall be estimated using guidance
provided in the Water Quality Equivalency guidance document.

e Step 2: Determine the dsoof representative cross section within the domain of analysis.

e Step 3: Use results from Step 1 and Step 2; and Figure H.7-1 to determine if the receiving
water meets the specific stream power criteria. Receiving water shall be considered meeting
the specific stream power criteria when the point plotted based on results from Step 1 and
Step 2 is below the solid line in Figure H.7-1.

H.7.3 Coarse Sediment Source Area Verification

When it has been determined that PCCSY As are present, and it has been determined that downstream
systems require protection, additional analysis may be performed that may refine the extents of actual
CCSYAs to be protected onsite. The following analysis shall be performed to determine if the mapped
PCCSY As are a significant source of bed sediment supply to the receiving water, based on the coarse
sediment proportion of the soil onsite

e Obtain a grain size distribution per ASTM D422 for the project’s PCCSYA that is being

evaluated.

e Identify whether the source material is a coarse grained or fine grained soil. Coarse grained is
defined as over 50% by weight coarse than no. 200 sieve (i.e., dso > 0.074 mm).

e By performing this analysis, the applicant can exclude PCCSYAs that are determined to be
fine grained (i.e., dso < 0.074 mm). Fine grained soils are not considered significant sources of
bed sediment supply.

e Applicant shall include the following information in the SWQMP when this refinement option
is performed:

o Map with locations on where the grain size distribution analysis was performed,
o Photographic documentation; and

o Grain size distribution.

e Additional grain size distribution analysis may be requested at specific locations by the County
prior to approval of this refinement.

Areas that are not expected to be a significant source of bed sediment supply (i.e. fine grained soils)
to the receiving stream do not require protection and are not considered CCSY As.

If it is determined that the PCCSYAs are producing sediment that is critical to receiving streams, or if
the optional additional analysis presented above has not been performed, the project must provide
management measures for protection of critical coarse sediment yield (refer to Appendix H.2, H.3
and H.4).

BMP Design Manual -Appendices \\\Ug,
March 2019 Update H-37 e

e

CITY OF
CHULAVISTA



Appendix H:
Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

Worksheet H.7-1: Domain of Analysis

Domain of Analysis Worksheet H.7-1

Use this form to document the domain of analysis

Project Name:

Project Tracking Number / Permit Application Number:

Part 1: Identify Domain of Analysis
Project Location (at proposed storm water discharge point)

1 Address:

2 Latitude (decimal degtees):

3 Longitude (decimal degrees):

4 Watershed:

Basis for determining downstream limit:

Channel length from discharge point
to downstream limit:
Basis for determining upstream limit:

Channel length from discharge point
to upstream limit:
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Worksheet H.7-1; Page 2 of 2

Photo(s)

Map or aerial photo of site. Include channel alignment and tributaries, project discharge point,
upstream and downstream limits of analysis, ID number and boundaries of geomorphic channel
units, and any other features used to determine limits (e.g. exempt water body, grade control)
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H.8 Calculation Methodology for Ep and Sp

One method for quantifying hydromodification impacts to stream channels, which takes into account
changes in the four factors in Lane’s relationship (i.e., hydrology, channel geometry, bed and bank
material, and sediment supply), is to compare long-term changes in sediment transport capacity, or in-
stream work, to bed sediment supply. For the purposes of demonstrating no net impact within the
MS4-permitted region of the County of San Diego, Erosion Potential (Ep) is defined as the ratio of
post-project/pre-development (natural) long-term transport capacity or wotk. To calculate Ep, the
hydrology, channel geometry, and bed/bank material factors mentioned above need to be
characterized for both land use scenarios. Sediment Supply Potential (Sp) is defined as the ratio of
post-project/pre-project (existing) long-term bed sediment supply. While evaluating changes in
discharge and sediment supply is done primarily as a desktop analysis, geomorphic field assessment is
often necessary to characterize channel geometry and bed/bank material, and to ground truth
assumptions for the desktop analyses. This appendix provides methodologies for the following:

e (Calculation of Ep, and

e (Calculation of Sp.

H.8.1 Calculation of Ep

Erosion Potential (Ep) is defined as the ratio of post-project/pre-development (natural) long-term
transport capacity or work. To calculate Ep, the hydrology, channel geometry, and bed/bank material
factors mentioned above need to be characterized for both land use scenarios. Traditionally, Ep is
calculated based on a watershed-scale analysis (using future built out conditions) of the area tributary
to a given receiving channel of concern at the point of compliance. However, watershed-scale
continuous hydrologic modeling might not be feasible for small projects, with this understanding
specific simplification steps for project-scale modeling are provided in this appendix. The applicant
shall perform Ep calculations using one of the following methods, as applicable:

e Simplified Ep Method: Applicable when the default low flow threshold of 0.1Q) is used
and no changes to the receiving water are proposed. Refer to Appendix H.8.1.1.

e Standard Ep Method: Applicable for all scenarios. Refer to Appendix H.8.1.2.

H.8.1.1 Simplified Ep Method

The simplified method is based on the relationships developed by Parra (2016) between the flow
duration curve in the pre-development and post-project conditions and the standard simplified work
equation. These relationships were developed using standard hydraulic equations and approximations
that are applicable for channels of any lateral slope and the following geometrical cross sections: (a)
wide rectangular sections; (b) relatively wide parabolic sections, and (c) triangular sections. The
simplified Ep method is only applicable when the default low flow threshold of 0.1Q: has been
selected by the applicant for flow duration control and no changes to the receiving water geometry
are proposed. Applicants shall follow Steps 1 through 3 to calculate Ep using the simplified
methodology:
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1. Perform continuous hydrologic simulation for the pre-development and post-project
condition following guidelines in Appendix G. Generate flow bins and flow duration tables
for the range of flows from 0.1Q2 to Q.

2. Calculate the total work in the pre-development and the post-project condition using
Equation H.8.1

Equation E.8-1: Total Work (Simplified)

1.5

W, = Z At;. (Q3™2 — (0.1Q,)°™/2) Q™
j=1

Where:
W, = Total Work [dimensionless]
Aty = Duration per flow bin

Q = Flow Rates estimated in STEP 1 [cfs] for a typical bin “j”. Usually, in Flow
Duration Curve (FDC) analyses, the number of bins is 100, so j = 1 to n (with
n= 100). However, the number of bins can be as small as 20 (n = 20).

Q2 = Pre-development 2-year peak flow [cfs]
m = exponent based on the function of the receiving channels geometry.
e Tor narrow creek where the top width is 7 times or less the
corresponding depth, m = 1/4.

e Tor intermediate creeks, where the top width is more than 7 times but
less than 25 times the depth, m = 4/13.

e Tor wide creeks, where the top width is more than 25 times the depth,
m=2/5.

3. Ep is calculated by dividing the total work of the post-project condition by that of the pre-
development (natural) condition (Equation H.8-2). Ep is expressed as:

Equation H.8-2: Ep (Simplified)

Ep = Wt,post / Wt,pre
Where:

E, = Erosion Potential [unitless]
Wipost = Total Work associated with the post-project condition [unitless]

Wepre = Total Work associated with the pre-development condition [unitless]
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H.8.1.2 Standard Ep Method

While using the standard method, Ep calculation must be performed using the receiving water
information from the point of compliance. Suggested steps for performing an Ep analysis are shown
in the Figure H.8-1 below. This section describes each analysis step shown in Figure H.8-1, including
the inputs and outputs of each step.

Step 1: Hydrologic Analysis

!

Step 2: Hydraulic Analysis

!

Step 3: Work Analysis

'

Step 4: Cumulative Work
Analysis (Total Work)

Step 5: Erosion Potential
(Ep) Analysis (Post/Pre)

Figure H.8-1 Erosion Potential Flow Chart

STEP 1: CONTINOUS HYDROLOGIC ANALYSIS

Hydrologic models are applied to simulate the hydrologic response of the watershed under pre-
development and post-project conditions for a continuous period of record. Modeling software
appropriate for this type of simulation includes USEPA’s Storm Water Management Model (SWMM),
Hydrological Simulation Program — Fortran (HSPF) developed by the USGS and USEPA, USACE’s
Hydrologic Modeling System (HEC-HMS), and the San Diego Hydrology Model (SDHM) developed
by Clear Creek Solutions, Inc. SDHM uses an HSPF computational engine, long-term precipitation
data, and is a visually-oriented interactive tool for automated modeling and facility sizing.

Input parameters for these continuous simulations are hourly precipitation data for a long-term (>30
years) record, sub-catchment delineation, impervious cover, soil type, vegetative cover, terrain
steepness, lag time or flow path length, and monthly evapotranspiration rate. The primary output is a
simulated discharge record associated with the receiving channel of concern. Flow routing through
drainage conveyances is necessary for continuous hydrologic analysis at the watershed scale.
Appendix G provides guidance for developing continuous simulation models.
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Traditionally, a hydrograph (Figure H.8-2) is the primary means for graphically comparing discharge
records; however, a hydrograph is not ideal because long-term flow records span several decades.

r 3

Post-Project
e Pre-Project

/

Discharge

v

Time

Figure H.8-2 Example Hydrograph Comparison

Instead, a more effective means for comparing long-term continuous discharge records is to create a
flow histogram, which differentiates the simulated flowrates into distinct “flow bins” so that the
duration of flow for each bin can be tabulated. One method for establishing the distribution of flow
bins is to increment the flow bins according to increments of flow stage using a hydraulic analysis,
such as the normal depth equation. In this way, the hydraulic analysis step (Step 2) can be considered
an input to the continuous hydrologic analysis step. While there is no established rule of thumb for
how many flow bins are necessary, it is suggested that no less than 20 be used for an Ep analysis. An
example of a flow histogram is provided on Figure H.8-3.
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Figure H.8-3 Example Flow Duration Histogram

Flow duration curves are another commonly used method for graphically interpreting long-term flow
records. A flow duration curve is simply a plot of flowrate (y-axis) versus the cumulative duration, or
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percentage of time, that a flowrate is equaled or exceeded in the simulation record (x-axis). Figure
H.8-4 provides an example flow duration curve comparison.

—NATURAL |
—DEVELOPED |
100.00 j
;
10.00
|
3 1
2 |
S | 1.00 ;
2 ‘
(=] |
i ‘
0.10 i
i
0.01 J

1 10 100 1,000 10,000 100,000

Cumulative Duration that Flowrate is Equaled or Exceeded (hrs)
Figure H.8-4 Example Flow Duration Curve
Scaling Factor for Project-Scale Modeling

Project-scale flow rates derived from continuous hydrologic simulation can be scaled using the ratio
of the pre-development 2-year peak discharge for the watershed and project catchment (i.e., Q:
watershed / Q. project catchment) so that hydraulic and effective work calculations can be performed
at the point of compliance with a larger tributary watershed. This scaling translates the runoff from
the project catchment to its contribution to erosivity in the down gradient receiving channel, without
the need for a complex watershed-scale continuous hydrologic model.

Applicant can estimate the scaling factor using Equation H.8.3. The scaling factor equation was
developed using the 2-year peak flow rate empirical equation from Hawley and Bledsoe (2011) and
removing the terms (average annual precpitation and imperviousness (pre-development condition as
required by the MS4 Permit) that are constant.

Equation H.8-3: Scaling Factor

0.667
Awatershed)

Scaling Factor = <

Apro ject
Where:
Asarershed = total watershed drainage area at the point of compliance(mi®)
Aprojecr= total project drainage area (mi”)
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STEP 2: HYDRAULIC ANALYSIS

Hydraulic parameters, such as stage, effective shear stress, and flow velocity, are computed for each
designated flow bin using channel geometry and roughness data. Hydraulic calculations can be as
simple as using the normal flow equation and obtaining results for the central channel or as
complicated as using hydraulic models which account for backwater effects, such as HEC-RAS.

Using the formula for unit tractive force (Chow 1959), effective shear stress is expressed using

equation H.8.4.

Equation H.8-4: Effective Shear Stress

T =YRS
Where:
1 = Effective Shear Stress [Ib/ft’]
¥ = Unit Weight of Water [62.4 1b/ft]
R= Hydraulic Radius |[ft]
S = Energy Gradient Assumed Equal to Longitudinal Slope [ft/ft].

Normal depth can be estimated using Manning’s equation (Equation H.8.5). Several sources provide
lists of roughness coefficients for use in hydraulic analysis (Chow, 1959).

Equation H.8-5: Manning’s Equation

1.49AR%67505 1.49R06750%
- n Vs

Where:
Q = Peak Flowrate [cfs]
V = Average Flow Velocity [ft/s]
A = Cross-Section Flow Area [ft’]
R = Hydraulic Radius [ft] = A/P
P = Wetted Perimeter [ft]
S = Energy Gradient Assumed Equal to Longitudinal Slope [ft/ft]

n = Manning Roughness [unit less]

Channel geometry inputs should be characterized by surveying cross-sections and longitudinal profiles
of the active channel at strategic locations. Methods of collecting topographic survey data can range
from traditional survey techniques (auto level, cloth tape, and survey rod), to conducting a detailed
ground-based LiIDAR survey.
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STEP 3: WORK ANALYSIS

Hydraulic results for each flow bin along with the critical bed/bank material strength parameters are
input into a work or sediment transport function in order to produce a work or transport rating curve.
An example of such a rating curve is provided on Figure H.8-3. The work equations can range from
simplistic indices, material-specific sediment transport equations, or more complex functions based
on site-calibrated sediment transport rating curves.

Simplistic indices: An acceptable equation for effective work, as stated in the Los Angeles
Regional MS4 Permit (LARWQCB, 2012) is expressed using equation H.8.6:

Equation H.8-6: Effective Work

W= (-1t
Where:
W = Work [dimensionless];
1 = Effective Shear Stress [Ib/ft’];
1. = Critical Shear Stress [Ib/ft’];
V = Mid-Channel Flow Velocity [ft/s]

Material-specific sediment transport equations: Material specific sediment transport
equations are allowed to estimate the sediment transport capacity in the post-project and pre-
development condition.

Site-calibrated sediment transport curves: Applicants may have an option to use site-
calibrated sediment transport curves. In the future these may be available based on monitoring
efforts being performed to support the County of San Diego’s Hydromodification
Management Plan.

The critical shear stress to be used in equation H.8.6 must be estimated using one of the following:

Shear stress corresponding to the critical flow rate or low flow threshold (Qc). Qc is the
flowrate that results in incipient motion of bed or bank material, whichever is least resistant.
Qc is expressed as a fraction of the pre-development 2-year peak flow. The allowable low flow
threshold Qc can be estimated as 10%, 30%, or 50% of the pre-development 2-year peak flow
(0.1Q2, 0.3Q2, or 0.5Q2) depending on the receiving stream susceptibility to erosion, per
SCCWRP Technical Report 606, Field Manual for Assessing Channel Susceptibility
(SCCWRP, 2010). If a channel susceptibility assessment is not performed, then the
conservative default is a Qc equal to 0.1Q..

Bed and bank material can also be characterized through a geomorphic field assessment. For
each stream location analyzed, a measure of critical shear stress can be obtained for the weakest
bed or bank material prevalent in the channel. For non-cohesive material, a Wolman pebble
count or sieve analysis can be used to obtain a grain size distribution, which can be converted
to a critical shear stress using empirical relationships or published reference tables. For
cohesive material, an in-situ jet test or reference tables are used. For banks reinforced with
vegetation, reference tables are generally used. Appropriate references for critical shear stress
values are provided in ASCE No.77 (1992) and Fischenich (2001). To account for the effects
of vegetation density and channel irregularities, the applied shear stress can be partitioned into
channel form and bed/bank roughness components. SCCWRP Technical Report 667 also has
guidance for estimating critical shear stress.
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STEP 4: CUMULATIVE WORK ANALYSIS

Cumulative work is a measure of the long-term total work or sediment transport capacity performed
at a creek location. It incorporates the distribution of both discharge magnitude and duration for the
flow rates simulated. The cumulative work analysis must be performed up to the maximum
geomorphically significant flow of Q1. To calculate cumulative work, first multiply the work (from
STEP 3) and duration associated with each flow bin (from STEP 1). Then, the total work is obtained
by summing the cumulative for all flow binds (Q. to Qi). This analysis can be expressed as:

Equation H.8-7: Cumulative Work

n
Wt == 2 Wi Atl
i=1
Whetre:

W, = Total Work [dimensionless]

Wi = Work per flow bin [dimensionless]
At = Duration per flow bin [hours]

n = number of flow bins

The distribution of cumulative work, also referred to as a work curve (or work histogram), is helpful
in understanding which flow rates are performing the most work on the channel of interest. An
example work curve is provided in Figure H.8-5.

2,500,000

Histogram Curve 5
H 2
(Duration x Work) . .
= Work per Flow Bin £ =
i §
& 1,000 1,000,000 2
£
500 500,000 3
, Illllill“””l .
Channel Flowrate (cfs)
H Total
Work for
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Figure H.8-5 Example Work Curve
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STEP 5: EROSION POTENTIAL ANALYSIS

Ep is calculated by simply dividing the total work of the post-project condition by that of the pre-
development (natural) condition. Ep is expressed as:

H.8-8: Erosion Potential

Ep = Wt,post / Wt,prc
Where:
E, = Erosion Potential [unitless]

Wepost = Total Work associated with the post-project condition [unitless]

Wepre = Total Work associated with the pre-development condition [unitless]

As applicable, the applicant must use Worksheet H.8-1 and H.8-2 to document the Ep calculations
for each point of compliance.
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Worksheet H.8-1: Erosion Potential (Ep) Analysis

Erosion Potential (Ep) Analysis Worksheet H.8-1

Background Information

Low Flow Threshold: results of SCCWRP channel | [ 0.1*Q2
1 | susceptibility analysis (Select 0.1*Q; if analysis has not | [ 0.3*Q2
been performed). O 0.5%* Q2
O Simplified Ep Method
2 | Selected Ep Method O Standard Ep Method
. . . .| O Project-Scale
3 Hydrologic Analysis: Select hydrologic —analysis O Project-Scale and Watershed-
method. . . .
Scale Continuous Simulation
4 Number of Points of Compliance (Copy and complete nitl
worksheet for each Point of Compliance) HTHess
Step 1: Hydrologic Analysis (not applicable for Simplified Ep Method)
5 | Project-Scale Q. (from continuous simulation) cfs
6 | Project Area draining to the point of compliance sq. miles
7 | Watershed Area draining to the point of compliance sq. miles
8 | Scaling Factor for Flows (Line 7/Line 6)** unitless
9 | Low flow threshold (factor from Line 1 x Line 06) cfs
Watershed-Scale Q19 at Point of Compliance (from
10 . . ) . . cfs
continuous simulation or Project Q1o * Line 8)
Hydrologic analysis results (Attach results of continuous simulation
including: full pre-development runoff time series at POC, full post- O Yes
development runoff time series at POC, and flow duration histogram | [ No
and/or cumulative flow duration curve for each POC).
Step 2: Hydraulic Analysis (not applicable for Simplified Ep Method)
Provide details about the cross-section (width, depth, slope, roughness, etc.)
11
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Worksheet H.8-1; Page 2 of 2

Step 3: Work Analysis (not applicable for Simplified Ep Method)

Select work index, equation, or transport curve

O Equation H.8.6

0 Sediment Transport Equation

12 method for use in work analysis. O Sediment Transport Curve
Other:
Desctibe/Justify selection in Line 12 above:
13
Calculate work done for each flow bin under the pre-
development and  post-project condition using | v
14 | Wotksheet H.8-2. Or similar documentation for ON
o

sediment transport modeling or transport curve
analysis.

Step 4: Cumulative Work Analysis

Cumulative pre-development work

15 | (Equation H.8-1 for Simplified Ep Method)
(from Worksheet H.8-2 for Standard Ep Method)
Cumulative post-project work

16 | (Equation H.8-1 for Simplified Ep Method)

(from Worksheet H.8-2 for Standard Ep Method)

Step 5: Erosion Potential Analysis

17 | Erosion Potential ( Line 16 / Line 15) unitless
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Worksheet H.8-2: Work Calculations (Supplement to Worksheet 8-1)

Work Calculations (Supplement to Worksheet H.8-1) Worksheet H.8-2

1 Channel Slope (ft/ft)

2 Channel Roughness (n) (unitless)

3 Low Flow Threshold cfs

4 Critical Shear Stress (b/f?)
A B C D E F G H I J K

Flow (cfs) Duration (hours) Average | Shear Work (unitless)

Hydraulic Velocity Stress
Lower | Upper Pre- Post- Radius (ft) (/) (Ib/f2) Pre- Post-

Limit Limit | Average development Project development Project

O | oo [ I

11

12

13

14

15

16

17

18

19

20

Sum (Bins 1 to n) =

y:
I\
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Worksheet H.8-2 Key

A

moow

Number of flow bins, add additional rows as needed
Lower limit for the corresponding flow bin

Upper limit for the corresponding flow bin

Average flow for the corresponding flow bin; [(B + C)/2]

Duration in hours for the corresponding flow bin in pre development
condition

Duration in hours for the corresponding flow bin in post project
condition

Hydraulic radius (in feet) associated with the average flow for the
corresponding flow bin (from Manning’s equation and/or hydraulic
analysis)

Average flow velocity (in fps) associated with the average flow for the
corresponding flow bin (from Manning’s equation and/or hydraulic
analysis)

Shear stress (Ib/ft?) associated with the average flow for the
corresponding flow bin = y * Hydraulic Radius*Slope = 62.4 * G * Line
1

Pre-development work for associated flow bin

J=0;IfI-Line4) <0

J=E*({-Line 4)"”*H;If I-Line 4) >0

Post-project work for associated flow bin

K=0;1f I-Line 4) <0

K = F* (I - Line 4)">* H; If (I — Line 4) > 0

Note: If the receiving water dimensions are different in pre-development and post-project condition
then Worksheet H.8.1-2 is not valid for work calculations.
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H.8.2 Calculation of Sp

While there are many categories of erosion processes (e.g., landslides, debris flows, gullies, tree throw,
animal burrows, sheetwash erosion, wind erosion, dry ravel, bank erosion), in this evaluation processes
will be simplified to sediment production from hillslopes and channels. Under ideal circumstances,
the total bed sediment supply rate (tons/year) would be calculated for both the post-project buildout
condition and pre-project condition using a watershed-scale Geomorphic Landscape Unit (GLU) and
Geomorphic Channel Unit (GCU) approach which:

(1) identifies different sources of sediment supply based on categories of terrain slope, geology,
land cover, and stream ordert;

(2) estimates the base erosion rate of those sources (GLUs and GCUs);
(3) approximates the sediment delivery ratio (SDR) to the receiving channel;
(4) evaluates the coarse bed-load fraction of the sources; and

(5) integrates these considerations into a bed-load yield rate for both the existing condition and
proposed buildout condition.

However, calculation of sediment yield rates for each GLU (tons/mi*yr) and GCU (tons/mi-yr) using
the available science is inherently inexact and requires extensive field calibration. Additionally,
performing the geospatial calculations necessary for such a comprehensive GLU and GCU analysis
may not be straightforward for some project applicants. Since the objective is to determine the fraction
of reduction in bed sediment supply in the post-project condition compared to the pre-project
condition, but not to determine the bed sediment yield in physical units (tons/yeat/acre, for example)
the following simplifications are allowed. These simplifications take into consideration the regional
sediment yield map shown in Figure H.8.6.

SEDIMENT YIELD RATE CLASS

ac. ft./sq.mi./year

PRESENT SEDIMENT YIELD RATES

-More than 3.0

“*%=Percent channel and gully erosion

Percent sheet and rill erosion

WESTERN UNITED STATES

o DO NOT USE FOR DESIGN PURPOSES
-I.O to 3.0 Characteristic measured average
05 suspended sediment yield rates
Blosw~ 0 (ac.ft./sqmi./yr) JANUARY 1974
50 0 50
[ Joztos
Compiled by Soil Conservation Service, U.S.D.A. SOALRIGXSUINi 00®:
Western U.S. Water Plon Unit, Denver, Colerado.
-O.I t00.2 Base Map prepared from Interior - U.S. Geological Survey, Water
Resource Development Map, 1969. Albers Equal Area Projection.
-Less than O.1
Figure H.8-6 Regional Sediment Yield Map
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According to a regional sediment yield map of the Western US (USDA, 1974), hillslope processes
(sheet and rill erosion) account for approximately 40% of the sediment yield in the San Diego County
region, while channel processes (in-stream and gully erosion) account for approximately 60% of the
sediment yield. Figure H.8-7 shows the different erosion processes. Provision E.3.a.(3)(a) of the MS4
Permit requires, “maintenance or restoration of natural storage reservoirs and drainage corridors
(including topographic depressions, areas of permeable soils, natural swales, and ephemeral and
intermittent streams)”, effectively making maintenance or restoration of channels and gullies within a
project site a site design requirement. Therefore, the primary reductions in Sp are anticipated from the
hillslope component.

— ok

/}ﬁw" Sheet Erosion
e el The removalofa
M uniform layer of soil =

Sy from the surface by
- Nyt * runoff.

Gully Erosion
The accumulation
of water in narrow
cuts which

A removes the soil to
Rill Erosion - considerable
The process depth. These cuts
where numerous

can be several feet .
small cuts are deep.
formed. Rills can
be several inches

i * g Channel Erosion The
s - scouring of streambanks
"~ ordrainageways by - -
__—~increased water flows. "
'~ e v

Figure H.8-7 Different Erosion Processes that Contribute Sediment

Source: http://www.fairfaxcounty.gov/nvswed/vouyourland/soil.htm

Sediment yield from hillslope processes (sheet and rill erosion) can be estimated using the Revised
Universal Soil Loss Equation (RUSLE) and a sediment delivery ratio. For channel processes, the best
available regional datasets are the USGS National Hydrography Dataset (NHD) and the NHDPlus
dataset from USEPA and USGS (http://www.hotizon-systems.com/nhdplus/). Both these datasets
may not include the lowest order channels or gullies in the stream network, which can contribute a
considerable amount of sediment produced from channel processes. Since the lower order channels

BMP Design Manual -Appendices
March 2019 Update H-54

y:
I\

CITY OF
CHULAVISTA


http://www.fairfaxcounty.gov/nvswcd/youyourland/soil.htm
http://www.horizon-systems.com/nhdplus/

Appendix H:
Guidance for Investigating Potential Critical Coarse Sediment Yield Areas

and gullies originate and are mostly on the hillslopes, it is assumed for the Sp analysis that the sediment
yield from lower order channels and gullies is proportional to the sediment yield from hill slopes.
Based on feedback received during the TAC meetings (Appendix H.5.1) the following distribution is
proposed for the calculation of Sp:

e 70% of bed sediment yield ratio from RUSLE analysis (assumed to account for sediment yield
from hillslope processes (sheet and rill erosion) and channels and gullies not part of the
NHDPIlus dataset); and

e 30% of bed sediment yield ratio from channels in the NHDPlus dataset.
Note:
e If an applicant elects to map the waters of the state, the Sp distribution shall be revised to
o 40% of bed sediment yield ratio from RUSLE analysis;

o 30% of bed sediment yield ratio from waters of the state that are not part of NHDPlus
dataset; and

o 30% of bed sediment yield ratio from channels in the NHDPlus dataset.
SCALE OF ANALYSIS

The project applicant shall perform the Sp analysis at point (or points) where runoff leaves the project
site’. 'The steps for performing an Sp analysis are shown in Figure H.8-8 and desctibed below.

Step 1: RUSLE Step 2: Channel
Analysis: 70% Analysis: 30%
(Sheet and Rill Erosion; (NHDPIlus channels)
Channels not part of NHDPIlus)

v

Step 3: Sediment
Supply Potential (Sp)
Analysis (Post/Pre)

Figure H.8-8 Sediment Supply Potential Flow Chart

' The City Engineer has the discretion to allow for a watershed-scale Sp analysis to be performed at the point of
compliance if the future built-out conditions of the watershed are used in the analysis.
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STEP 1: RUSLE ANALYSIS

RUSLE analysis is assumed to account for sediment yield from hillslope processes (sheet and rill
erosion) and channels and gullies not part of the NHDPlus dataset. The change in bed sediment yield
in the post-project condition compared to the pre-project condition using the RUSLE analysis must
be estimated using equation H.8-9. This equation is a modified form of the standard RUSLE equation.
Only hillslopes that are anticipated to generate coarse sediment must be used in this analysis. Since
Sp is a dimensionless index the terms that are relatively constant in the pre and post project condition,
such as rainfall factor, have been removed.

H.8-9: Sediment Yield (Hillslope)

sy _ Post — Project Y{A X K X LS x C X P}
RUSLE = " pre — Project Y{A x K x LS x C}

Where:
A = Hillslope Area (acres)

K = Soil erodibility factor, this value can be obtained from regional K factor map from
SWRCB or web soil survey or site-specific grain size analysis

LS = Slope length and steepness factor, this value can be obtained from the regional
LS factor map from SWRCB or site-specific determination using look up tables based
on slope and horizontal slope length from USDA Agticulture Handbook Number 703
(Renard et al., 1997) or other relevant sources

C= Cover management factor, use regional C factor map from USEPA or site-specific
information; this is the reciprocal of the amount of surface cover on soil, whether it be
vegetation, temporary mulch or other material. It is roughly the percentage of exposed
soil, ie., 95 percent cover yields a “C” value of 0.05. Use C=0 for areas where
management actions are implemented (e.g. impervious areas) or where the project
proposes any significant grading activities.

The applicant may be allowed to receive credit for bed sediment yield from engineered slopes on the
project perimeter directly discharging to conveyance systems if All of the following criteria are met:

e The engineer slopes are made up of coarse bed material. This is confirmed by performing
grain size distribution per ASTM D422 for the engineered slope and verifying that the ds is
greater than no. 200 sieve (0.074 mm).

e Cover factor in the post project condition is not be greater than the cover factor used in the
pre project condition for the same area.

e A maximum practice factor of 0.25 is applied to proposed fill slopes. A maximum practice
factor of 0.50 is applied to proposed cut slopes.

e A statement from the geotechnical engineer is included in the SWQMP certifying that the
engineered slope will be stable even after accounting for bed sediment generation and the
anticipated soil loss during the planned lifetime of the engineered slope is acceptable.

Additional analysis and/or documentation may be requested by the [City Engineet] ptiot to approval
of the credit for bed sediment yield from engineered slopes.
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STEP 2: CHANNEL ANALYSIS

If an NHDPIlus mapped channel exists within the project property boundary, applicants must consider
the sediment production from this existing channel system. The change is bed sediment yield in the
post-project condition compared to the pre-project condition from channels in the NHDPlus dataset
must be estimated using Equation H.8-10 (SYNHD). This equation is based on screening-level GIS
calculations of stream length that will be contributing sediment in the post-project condition in the
watershed tributary to the point of compliance.

Equation H.8-10: Sediment Yield (NHD)

Lpost

SYnup =
pre
Where:
Lpost = Length of NHDplus streams in the watershed contributing to bed sediment
supply in the post-project condition [miles]
Lpre = Length of NHDplus streams in the watershed contributing to bed sediment
supply in the pre-project existing condition [miles]

STEP 3: SEDIMENT SUPPLY POTENTIAL ANALYSIS

Sediment Supply Potential (Sp) is defined as the ratio of post-project/pre-project (existing) long-term
bed sediment supply. Sp must be calculated using equation H.8-11 presented below:

Equation H.8-11: Sediment Supply Potential

Where:

Sp = 07 X SYRUSLE + 03 X SYNHD

Sp = Sediment Supply Potential [unitless]

SYruste = Change in bed sediment yield from hillslopes and lower order channels and gullies
not part of NHDPlus dataset [unitless]

SYnup = Change in bed sediment yield from channels in NHDPlus dataset [unitless]

When estimating Sp the following additional conditions apply:

Projects that do not have onsite NHDPlus channels shall omit consideration of SYNHD and
weighting factors depicted in Equation H.8-11. This simply results in Sp = SYRUSLE.

It must be assumed that the sediment yield from an area that drains to a structural BMP is
zero. Consideration of sediment yield from an area draining to the structural BMP may be
allowed if sediment bypass measures are implemented upstream of the structural BMP.
However, additional analysis may be requested by the City Engineer to substantiate the
sediment yield estimates proposed by the applicant from implementing sediment bypass
measures.

For scenarios where an upstream coarse sediment yield area drains through the project
footprint and the project footprint cuts off conveyance of bed sediment generated upstream
of the project footprint to the point of compliance, (e.g., via debris basins) the contribution
from the upstream area shall be assumed to be zero.

As applicable, the applicant must use Worksheet H.8-3 to document the Sp calculations for each point

of compliance.
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Worksheet H.8-3: Sediment Supply Potential (Sp) Analysis

Sediment Supply Potential (Sp) Analysis Worksheet H.8-3

1 | Scale of Analysis g Project Scale . .
Watershed Scale (build-out condition)
Step 1: RUSLE Analysis
Pre-Project Post-Project
GLU
A K LS C |A*K¥LS*C | A | K |LS | C | P |A*KXLS*C*P
1
2
3
2 4
5
6
7
8
Add additional rows as needed
3 Sum Pre-Project Sum Post-Project
4 |SYrysig: (Sum Post-Project/ Sum Pre-Project) (From Line 3) unitless
Step 2: Channel Analysis: NHDPlus Channels
5 | Ly (from GIS analysis of pre-project existing condition) miles
6 | Lpos (from GIS analysis of post-project condition) miles
7 | SYyup: (Line 6 / Line 5) unitless
Step 3: Sediment Supply Potential Analysis
8 | RUSLE Analysis Bed Sediment Yield Ratio Calculated ( Line 4) unitless
9 Chgnnel Bed Sediment Yield Ratio from NHDPlus dataset unitless
(Line 7)
10 Sedirnen.t Supply Poten.tial Calculated using Equation H.8.11. unitless
(0.7 x Line 8 + 0.3 x Line 9)
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H.9 Mitigation Measures Fact Sheets

The following fact sheets were developed to assist the project applicants with designing mitigation
measures:

e Additional flow control
e Stream Rehabilitation

H.9.1 Additional Flow Control

Description

/ Additional flow control refers to the modification

i CCSYA of post-development flow rates and durations

/ beyond the levels required by standard HMP criteria

(.e. control of flow rates and durations from

Qcritical to Q10). Additional flow control can

l l l mitigate the effect of decreased sediment delivery

) m— by equivalently limiting sediment transport capacity

T — (Lane’s relationship). BMPs providing additional

il K\ %X — flow control are detention/retention type BMPs

and will typically be larger than those that meet

HMP criteria only. The performance standard for

ey, T additional flow control can be demonstrated
e - through the NII management standard.

Management Standard and Sizing Approach

The management standard additional flow control BMPs need to meet to demonstrate that there is
no net impact to the receiving waters is presented in the equation below:

E
NII = —p < 1.1,Wh€7‘€ Sp <1 Sp Analysis
Sp (Post/Pre)

Where: Example
A 4
Ep: is the ratio of post-project/pre- Sediment Supply S
development  sediment  transport Potential (Sp)
capacity v v
Sp: ratio  of  post-project/pre-project | NetImpact Index (NI} No Net Impact if
(existing) long-term bed sediment Ep/Sp<1.1 Ep<0.17
supply A A
Note: Redevelopment projects typically do not have anlcal Erosion Potential (Ep) EStlmaBt:II Ep with
coarse sediment yield areas onsite because management actions
have been implemented onsite (e.g. impervious areas, 0\
stabilization, etc.). Refer to Appendix H.8 for methodologies
leul Eb an . Ep Analysis
to calculate Ep and Sp (PostiPr)
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Project applicants must demonstrate that the NII management standard will be met under the post-
project scenario through the following steps:

1. Calculate the Sp at the point of compliance using guidance in Appendix H.8.2.
2. Determine the Target Ep: Eprage < 1.1 * Sp

3. Calculate the pre-development sediment transport capacity or work (Ep denominator). Refer
to Section 0.3.3 for definition of pre-development and refer to Appendix H.8.1 for guidance
on calculating the sediment transport capacity or work.

4. TIteratively size additional flow control BMPs and calculate the post-project sediment transport
capacity (Ep numerator) until the target Ep is reached.

5. Summarize the calculations performed to size the BMPs in the SWQMP.

In addition to the general approach outlined above, additional flow control BMPs must meet the
design criteria presented in the Model BMP Design Manual (refer to Appendix E Fact Sheets).
Deviations from these criteria may be approved at the discretion of the City Engineer if it is
determined appropriate.

Design Adaption for Project Goals

NII management standard is met by additional flow control. Larger BMPs may be able to
provide adequate additional flow control to meet the required performance standard. In this scenario
no additional sediment BMPs are required.

For example, project that has an Sp = 0 (i.e. 100% of the bed sediment in the drainage area to the
point of compliance is impacted by the project) can be mitigated by designing a BMP such that there
is no discharge within the geomorphically significant flow range (i.e. Q. to Q).

NII management standard is not fully met by additional flow control. Additional flow control
alone may not be able to entirely meet the NII management standard due to site, or other, constraints.
In scenarios where the target Ep cannot be met by additional flow control, additional BMPs that
increase the supply of bed sediment or reduce the susceptibility of the receiving channel will be
required.

Note: Additional flow control BMPs can be independent BMPs that provide flow control only or
they can be integrated with storm water pollutant control BMPs.

Conceptual Design and Sizing Approach

The following steps detail an approach that can be used to appropriately size BMPs that provide
additional flow control:

Step 1: Calculate the Sediment Supply Potential (Sp) based on pre- and post-project
condition at the point of compliance.

o Refer to Appendix H.8.2 for methodology to calculate Sp. Applicant must
document this analysis using Worksheet H.8.2-1.

Step 2:  Determine the Target Ep based on the results of Step 1.
O Eprag. = 1.1 *Sp
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Step 3:  Perform continuous simulation modeling for pre-development condition.

o Perform continuous simulation (refer to Appendix G of the Model BMP Design
Manual) for the pre-development condition.

o Determine the flow durations for the pre-project scenario as described in
Appendix G.1.6.2 of the Model BMP Design Manual.

Step 4:  Perform pre-development work analysis.

o Calculate the cumulative work performed by the range of geomorphically
significant flows for the pre-development scenario, (refer to Step 3 and Step 4 in
Appendix H.8.1 for calculation of work).

Step 5: Implement flow control BMPs and perform continuous simulation modeling
for post-project scenario.

o Appropriately size pollutant control and hydromodification management BMPs
according to the procedures presented in the Model BMP Design Manual.

o Perform continuous simulation (refer to Appendix G of the Model BMP Design
Manual) for the post-project condition.

o0 Determine the flow durations for the post-project scenario as described in
Appendix G.1.6.2 of the Model BMP Design Manual.

o Typically, BMPs sized to satisfy the flow duration control will provide for some
level of Sp reduction and will ensure that the minimum design standards and sizing
requirements are met.

Step 6:  Perform post-project work analysis.
o Follow the steps presented in Step 4 to determine the post-project total work.
Step 7:  Calculate Ep and determine if Target Ep has been met.

o Divide the post-project total work by the pre-development total work and
determine if the target Ep has been met.

o If the target Ep is met by the standard BMPs, document results and compliance
with hydrologic and sediment supply performance standards.

o If the target Ep is not met, proceed to Step 8.

Step 8:  Provide additional flow control storage and calculate Ep.

o Following the procedures presented in the previous steps, iteratively calculate Ep
for increasingly large BMPs until the target Ep is met.
o Document results and compliance with hydrologic and NII management standard.

As applicable, the applicant must use Worksheet H.8.1-1, Worksheet H.8.2-1 and Worksheet H.9.1-1
to document sizing of the additional flow control mitigation measure.
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Worksheet H.9-1: Additional Flow Control Mitigation Measure

Additional Flow Control Mitigation Measure Worksheet H.9-1
Sediment Supply Potential .
! (Line 10 of Worksheet H.8-3) unitless
5 Attached completed Worksheet H.8-3 and associated O Yes
documentation O No
3 |Target Ep = 1.1 * Line 1 unitless

Erosion Potential

* | (Line 17 of Worksheet H.8-1) unitless

5 | Attached completed Worksheet H.8-1 and associated O Yes
documentation O No
Is Line 4 < Line 3?
. O Yes
6 | If Yes, NII management standard is met. O N
If No, increase the size of the BMP and recalculate Line 4. ©
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H.9.2 Stream Rehabilitation

Description
7 Hydromodification control can be achieved by stream
Regional R In-Stream .y . . . .
. T rehabilitation projects including: drop structures, grade

paE
Onsite }\mﬂ:li
A

control structures, bed and bank teinforcement,
increased channel sinuosity or meandering, increased
channel width, and flow diversion. The objective of
these in-stream controls, or stream restoration
measures, is to reduce or maintain the overall Ep of
the receiving channel. Stream rehabilitation option is
only available when the receiving channel of concern
is already impacted by erosive flows and shows
evidence of excessive sediment, erosion, deposition, or
is a hardened channel.

Vo

Management Standard and Sizing Approach

The management standard stream rehabilitation projects need to meet to demonstrate that there is no
net impact to the receiving waters is presented in the equation below:

Ep
NIl = —<11
Sp
Where:
Ep:  is the ratio of post-project/pre-development sediment transport capacity

Sp:  ratio of post-project/pre-project (existing) long-term bed sediment supply

Note: Stream rehabilitation project reduce Ep by modifying the stream’s hydraulic properties and/or
bed/bank material resistance without fully replacing sediment supply or controlling increases in
runoff. Refer to Appendix H.8 for methodologies to calculate Ep and Sp.

Design Adaption for Project Goals

The following describes different types of stream rehabilitation projects that could be implemented to
meet the NII management standard by reducing or maintaining the overall Ep:

Drop Structures: Drop structures are designed to reduce the average channel slope, thereby reducing
the shear stresses generated by stream flows. These controls can be incorporated as natural looking
rock structures with a step-pool design which allows drop energy to be dissipated into the pools while
providing a reduced longitudinal slope between structures.

Grade Control Structures: Grade control structures are designed to maintain the existing channel
slope while allowing for minor amounts of local scour. These control measures are often buried and
entail a narrow trench across the width of the stream backfilled with concrete or similar material, as
well as the creation of a “plunge pool” feature by placing boulders and vegetation on the downstream
side of the sill. A grade control structure provides a reduced footprint and impact as compared to
drop structures, which are designed to alter the channel slope.
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Bed and Bank Reinforcement: Channel reinforcement serves to increase bed and bank resistance
to instream erosion. A number of vegetated approaches are widely used. Such approaches include
large woody debris, live crib walls, vegetated mechanically stabilized earth, live siltation, live
brushlayering, willow posts and poles, live staking, live fascine, rootwad revetment, live brush
mattresses, and vegetated reinforcement mats. These technologies provide erosion control that
stabilizes bed and bank surfaces and allows for re-establishment of native plants, which serves to
further increase channel stability.

Channel Sinuosity: Increasing channel sinuosity (meandering) can serve to reduce the channel slope,
thereby reducing the shear stresses generated by stream flows. However, forcing a channel to be too
sinuous is likely to lead to subsequent channel avulsion (cutting a new stream path) to a straighter
course. Channel sinuosity needs to be supported by a geomorphic basis of design that shows the
proposed form and gradient are appropriate for the valley slope, sediment, and water regime. This
support may take the form of reference reaches in similar watersheds that have supported the
proposed morphology over a significant period of time, or comparison between the proposed form
and typical literature values.

Channel Widening: Increasing the width-to-depth ratio of a stream’s cross section is meant to spread
flows out over a wider cross section with lower depths, thereby reducing shear stress for a given flow
rate. This approach can be a useful management strategy in incised creeks to restore them to
equilibrium conditions once vertical incision has ceased. As with sinuosity, it is important to develop
a robust geomorphic basis of design that shows the increase in width-to-depth ratio to be sustainable.

Flow Diversion: Flow diversions can be designed to divert the excess flows caused by development
to an hydromodification management exempt water body so that the shear stresses do no increase in
the susceptible receiving water. When diversions are proposed to a water body exempt through
watershed management area analysis, the applicant is required to provide a supporting analysis that
the excess flows diverted to the exempt water body do not invalidate the exemption.

Design Considerations

Each stream rehabilitation project is to some degree unique because of differences in geomorphic
process, morphology and previous watershed history. For this reason, this fact sheet does not provide
a prescriptive ‘cookery book’ approach for rehabilitating streams, but instead provides guidelines and
recommendations. Shields (1996) provides a helpful overview of the analytical steps involved in stream
restoration and Shields et al. (1999) provides examples of approaches used to rehabilitate incised
channels. Applicant will need to provide geomorphic and engineering information to support their
proposed project approach. It is recommended that multiple lines of technical evidence be used by
applicants to develop creek restoration plans based on the preponderance of evidence for design
criteria such as channel width, depth, slope and planform. It is also important to understand that all
creek rehabilitation projects must comply with relevant Federal, State and local regulations and
permits. These will likely include obtaining permits from the RWQCB, USACE and California
DF&W, and may involve additional permits or consultation with USDF&W and FEMA, as well as
permits from the local jurisdiction. The proposed design shall also meet local drainage design
guidelines for channel design.
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Appendix K:
Construction BMP Standards

Appendix K Construction BMP
Standards

K.1 Introduction/Purpose

K.2  Determining Applicable Storm Water Regulations

K.3  Determining Applicable Non-Storm Water Regulations

K.4  Construction Site Prioritization

K.5  Pollution Control Plan Requirements

K.6  Required Best Management Practices

K.7  Permanent BMP Inspections during Construction

K.8  Compliance Verification and Enforcement

Attachment 1: Construction Storm Water Pollution Control Plan (CSWPCP)
Attachment 2: Construction Storm Water Certification Statement

Attachment 3: Storm Water Quality Inspection for Construction Activities Form
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K.1 Introduction/Purpose

This section addresses the storm water impacts and required controls associated with construction
activities in the City of Chula Vista (City). The purpose of these standards is to provide guidance to
prevent construction activities from adversely impacting downstream and on-site resources. The
protection of water quality from on-site pollutant sources is easily attainable when suitable Best
Management Practices (BMPs) are planned, installed and correctly maintained.

All construction sites are required to implement construction BMPs in accordance with the
performance standards in this manual and Chula Vista Municipal Code Chapter 14.20. Every
construction site within the City’s jurisdiction is required to select, install, and maintain BMPs that
address project planning, erosion control, sediment control, and waste management and good
housekeeping to reduce, retain, and manage pollutant discharges to the MEP. BMPs must be
implemented at each construction site year round. Non-storm water discharges from construction
sites into the City’s storm drain system are prohibited year-round. City inspectors have the authority
to require additional BMPs to prevent discharges of pollutants and to prevent non-storm water
discharges to the City’s storm drain system from construction sites year round.

K.2 Determining Applicable Storm Water Regulations

Storm water and non-storm water runoff generated by construction activities in the City Chula Vista
are subject to regulation by the State Water Resources Control Board (SWRCB) and the San Diego
Regional Water Quality Control Board (SDRWQCB). The SDRWQCB is responsible for
implementing statewide water quality regulations in the San Diego region including state programs
implemented as delegated under the Federal Clean Water Act and the California Porter-Cologne
Water Quality Act. Under these provisions, the SWRCB and SDRWQCB have adopted several
permits that impact construction activities. Applicable storm water regulations include the
California Construction General Permit (CGP) and the Municipal Separate Storm Sewer System
(MS4) Permit.

All construction sites are required to implement construction BMPs in accordance with the
performance standards in this manual. Some sites are additionally required to obtain coverage under
the CGP, which is administered by the SWRCB. Generally all sites with soil disturbance of one acre
or more are subject to the CGP. The project owner (or ownet's representative) is responsible for
determining applicability to CGP requirements. The City requirements have been aligned to
requirements under the CGP where possible; where the requirements differ, the project owner must
comply with both requirements.

In general, for projects disturbing one (1) acre or more that require coverage under and compliance
with the CGP, the construction BMPs must be identified in a Storm Water Pollution Prevention
Plan (SWPPP). For projects disturbing less than one (1) acre, a Construction Storm Water Pollution
Control Plan (CSWPCP) is required that identifies the pollution prevention measures that will be
taken to comply with local City standards. If the project qualifies for an Erosivity Waiver under the
CGP, a CSWPCP may be submitted in lieu of a SWPPP. However, if the Erosivity Waiver expires
ptior to project completion, the project applicant shall obtain a new Waste Discharge Identification
number and submit a SWPPP.
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It is the responsibility of the property owner or his/her designee (contractor) to select, install, and
maintain appropriate BMPs. The Storm Water Requirements Applicability Checklist (Intake Form)
shall be completed to determine a project’s permanent and construction storm water BMP
requirements. A list of construction BMPs is provided for reference in section K.5. BMPs must be
installed in accordance with an industry recommended standard or in accordance with the
requirements of the CGP. More information about BMPs is provided in statewide storm water
BMP manuals (e.g., the California Storm Water Quality Association [CASQA] Construction BMP
Online Handbook, and the Caltrans Construction Site BMP Manual).

Construction projects have differing requirements based on the degree of threat to receiving waters.
Projects subject to the CGP must calculate the Risk Level (or Linear Underground/Overhead Type)
and implement the CGP requirements for that Risk Level (or Linear Underground/Overhead Type).

K.3 Determining Applicable Non-Storm Water Regulations

Most non-storm water discharges are prohibited, but exceptions apply (see Municipal Code Section
14.20.110). Additionally, the project owner is responsible for knowing if coverage under additional
National Pollutant Discharge Elimination System (NPDES) permits is required.

Table 3—1 identifies NPDES General Permits that may require enrollment for certain types of

discharges. Unique sources of non-storm water discharges, such as discharge of contaminated water
that has been treated, may require an individual NPDES permit and the SDRWQCB should be
consulted for determination of permit requirements.

Table 3-1. General NPDES Permits That Typically Apply to Non-Storm Water Discharges
from Construction Sites

Permit Name / Order

Abbreviation Number Description Applicability
Discharge To Conditional Waiver of Waste | Order is intended to cover | Small or temporary
Land Discharge Requirements for | temporary discharges of low | dewatering projects, such as
Low Threat Discharges in the | threat waters to land. excavation during
San Diego Region construction, flushing water
SWRCB Order No. lines, discharging recycled
R.2014-0041 Ixzater whmh are.dlscharge to
and for infiltration
Groundwater | General ~Waste  Discharge | Order is intended to cover all | Projects discharging any
Dewatering Requirements for Discharges | discharges of  groundwater | temporary flow or volume
Discharges — from Groundwater Extraction | extraction wastes to surface | of extracted groundwater
San Diego and Similar Discharges to | waters within the San Diego | into surface waters, except
Region except | Surface Waters within the San | Region except the San Diego | San Diego Bay.
to San Diego Diego Region Except for San | Bay. Emphasis is placed on
Bay Diego Bay; Order No. R9- | groundwater extraction due to
2008-0002 construction and other
NPDES No. CAG919002 groundwater extraction activities
regardless of volume, including
discharges less than 100,000
gallons per day.
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Permit Name / Order

Abbreviation Description Applicabili
Number p PP ty
Groundwater General Waste Discharge Order is intended to cover | Projects discharging any
Dewatering Requirements for Discharges temporary discharges of | temporary flow or volume
Discharges — from Temporary Groundwater | groundwater extraction wastes to | of extracted groundwater
San Diego Bay | Extraction and Similar Waste San Diego Bay, and its tributaries | into the San Diego Bay.
Discharges to San Diego Bay, under tidal influence, from
Tributaries thereto under Tidal | groundwater extraction due to
Influence, and Storm Drains or | construction and other
Other Conveyance Systems groundwater extraction activities.
Tributary thereto;
Order No. R9-2007-0034
NPDES No. CAG919001
Hydrostatic General Waste Discharge Order is intended to cover | Include, but are not limited
Water and Requirements for Discharges discharges of hydrostatic test | to, potable and hydrostatic
Potable Water of Hydrostatic Test Water and water and potable water to | test discharges resulting
Discharges Potable Water to Surface various treceiving surface waters | from testing, repair, and

Waters and Storm Drains or
Other Conveyance Systems
within the San Diego Region;
Order No. R9-2010-0003

NPDES No. CAG679001

within the San Diego Region.

maintenance of pipelines,
tanks, and vessels dedicated
to drinking water
purveyance.

Utlity  Vaults
and Structures

General NPDES Permit for
Discharges from Utility Vaults
and Underground Structures
to Waters of the United States;

Order WQ 2014-0174-DWQ
NPDES No. CAG990002

Otrder is intended to cover short-
term intermittent discharges of
pollutants to surface waters from
utility vaults and underground
structures.

Include, but are not limited
to, suppliers of natural gas,
electricity, internet, cable
television, and telephone
services.

Discharges to surface waters within the San Diego region from foundation drain or footing drain
systems designed to be located at or below the groundwater table to actively or passively extract
groundwater during any part of the year are prohibited unless the discharge has coverage under
NPDES Permit No. CAG919001 or NPDES Permit No. CAG919002.

Discharges to surface waters within the San Diego region from foundation drain or footing drain
systems designed to be located above the groundwater table at all times of the year, and only
expected to discharge non-storm water under unusual circumstances may be prohibited if the City of
Chula Vista or SDRWQCB identifies the discharge as a source of pollutants to receiving waters.
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K.4 Construction Site Prioritization

The Municipal Permit requires the following factors to be considered when determining threat to
water quality:

e Sites located within a hydrologic subarea where sediment is known or suspected to
contribute to the highest priority water quality conditions identified in the San Diego Bay
Water Quality Improvement Plan (WQIP),

e Sites located within the same hydrologic subarea and tributary to a water body segment listed
as impaired for sediment on the CWA section 303(d) List;

e Sites located within, directly adjacent to, or discharging directly to a receiving water within an
ESA; and

e Other sites determined by the Copermittee or the San Diego Water Board as a high threat to
water quality.

The WQIP does not identify hydrologic subareas where sediment in known or suspected to
contribute to the highest priority water quality conditions in the City of Chula Vista. Also, the City
does not discharge to a CWA section 303(d) listed water body impaired for sediment. Therefore,
the first two factors do not apply to Chula Vista. There are significant areas of land within the City
which are considered Environmentally Sensitive Areas (ESAs). These ESAs are shown on Map 3
included in Appendix E of this JRMP. Also, there are other factors that the City considers to affect
a construction site’s threat to water quality as discussed below. Therefore, the City has developed
the following criteria for designating a site as a high threat to water quality.

e Asite 50 acres or more in size where grading will occur during the rainy season.

e A site within, directly adjacent to, or discharging directly to a receiving water body within an
ESA.

e Any other site that has been determined by the City to pose a significant Threat to Water
Quality (TTWQ). The City will consider the following factors when evaluating TTWQ:

Soil erosion potential

Site slope

Project type

Sensitivity of receiving water bodies
Proximity to receiving water bodies
Non-storm water discharge potential
Past record of non-compliance at the site
Other site specific factors

O O O O O O 0 O0

K.4.1 Low Threat to Water Quality Sites

Construction sites that are not classified as high TTWQ are considered low TTWQ. These sites are
generally less than one acre and have not otherwise been determined to be a significant threat to
water quality. The City recognizes that there are other factors besides those discussed above that can
influence a construction site’s TTWQ. The City maintains the right to re-prioritize a construction
site’s assigned TTWQ during the course of construction based on compliance history or if any of
the prioritization factors change.
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K.5 Pollution Control Plan Requirements

In accordance with the MS4 Permit (E.4.a), a pollution control plan, construction BMP plan, and/or
an erosion and sediment control plan is required to be developed and submitted by the project
applicant prior to issuance of any permit(s) that allows the commencement of construction projects
that involve ground disturbance or soil disturbing activities that can potentially generate pollutants in
storm water runoff. The City requires a Storm Water Certification Statement, Construction Storm
Water Pollution Control Plan (CSWPCP), or a Storm Water Pollution Prevention Plan (SWPPP), for
all projects. Some project types, such as interior plumbing, electrical and mechanical work, may be
considered exempt. Requirements for each document are further summarized in subsections below.

K.5.1 SWPPP Requirements

Project disturbing one acre or greater is subject to coverage and compliance under the CGP (which
is administered by the SWRCB). The applicant must provide a SWPPP, using either the CASQA or
Caltrans template, which identifies all construction BMP requirements, in accordance with the CGP.
A Waste Discharge Identification number is required prior to issuance of a permit and start of
construction. The SWPPP must be kept on site and made available upon request of a representative
of the City, SDRWQCB, or the SWRCB. Additionally, the CGP has requirements for preparing Site
Maps, BMP inspection, discharge monitoring, and reporting that all must be implemented in
accordance with CGP requirements. Projects that are required to obtain coverage under the CGP
are encouraged to visit the SWRCB’s website for permit application instructions.

Project disturbing one acre or greater and qualifies for an Erosivity Waiver under the CGP, may be
allowed to submit a CSWPCP in lieu of a SWPPP. However, if the Erosivity Waiver expires prior to
project completion, the project applicant shall obtain a new Waste Discharge Identification number
and submit a SWPPP.

K.5.1.1 Maximum Disturbed Area for Erosion Controls

The City requires that temporary or permanent erosion controls be implemented before a
construction site has disturbed a total of 100 acres.  If the site is in compliance with applicable
stormwater regulations and has adequate control practices implemented to prevent stormwater
pollution, the City has the option to give the site written authorization to disturb beyond the
maximum disturbed area allowed. The City will require, as necessary, additional controls for
construction sites allowed to disturb more than 100 acres, which could include additional BMPs,
increased inspection frequency, and/or stronger penalties for non-compliance.

K.5.2 CSWPCP Requirements

A Construction Storm Water Pollution Control Plan (CSWPCP) must be developed and
implemented for construction projects that:

e Result in disturbance of less than one acre of total land area and are not part of a larger
common plan of development or sale; and

e Have Grading, Construction, and Demolition/Removal approval types or require submittal
of grading plans for review and approval.
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e A (CSWPCP) must be developed and implemented for all linear utility projects (Capital
Improvement Projects) that:

o Result in disturbance of less than one acre of total land area, or are considered
maintenance projects and are not part of a larger common plan of development or
sale, or

o Result in disturbance of an acre or more of total land area and are considered regular
maintenance projects performed to restore the original line, grade, or capacity of the
facility, or

o Result in disturbance of one to five acres of total land area and can demonstrate that
there will be no adverse water quality impacts by applying for a Construction Rainfall
Erosivity Waiver.

Linear underground projects involve the replacement and/or rehabilitation of sewer and/or storm
drains along with their associated appurtenances in the public Right of Way. Linear Utility projects
may also include ADA improvements to curb ramps and sidewalk, street repair from full width to
trench limits, and traffic improvements (does not include street resurfacing).

The CSWPCP is a report and shall depict the BMPs to be implemented during construction to
reduce/eliminate discharges of pollutants to the storm drain conveyance system. The CSWPCP and
Site Map shall be updated with each phase of construction activity. The CSWPCP must be kept on
site and made available upon request of a representative of the City, SDRWQCB, or the SWRCB
(refer to Attachment 1 for CSWPCP template).

Any hydrology or hydraulic calculations, soils reports or geotechnical reports prepared in support of
a CSWPCP must be prepared by a professional engineer with appropriate registration qualifications
issued by the State of California.

It is the responsibility of the property owner or his/her designee (contractor) to determine the types
of BMPs that will be used, as well as the levels of application necessary to comply with the City’s
Storm Water and Grading Ordinances. Failure to prevent soil erosion and discharges of sediment
and other pollutants from construction sites is subject to enforcement by the City and others.

K.5.2.1 Basic Elements to a CSWPCP
The following steps are to be used to aid in the design and development of erosion and

sedimentation control measures to be included in the CSWPCP.

1. Project planning (establish construction schedule, disturbed area phasing, BMP materials
storage)

2. Preserve existing vegetation and delineate clearing limits (orange construction fence,
staking with ribbon).

3. Establish construction access points (gravel entrance, shaker plates, tire wash area).

4. Control run-on and run-off flow (using pipe, drainage swales, berms).

5. Install sediment controls (silt fence, sediment traps, etc.).

6. Stabilize soils (erosion controls including but not limited to mulch, hydroseed, straw).
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7. Protect slopes (divert water from top of slope, cover with plastic or erosion control
blanket).

8. Protect drain inlets (catch basin inserts).

9. Stabilize channels and outlets (cover with grass, riprap).

10. Control pollutants (maintain equipment to prevent leaks, drip pans, covered trash bins).
11. Control dewatering (pump to sediment trap).

12. Maintain BMPs (weekly maintenance/replacement, preparation for storm events).

13. Manage the project (re-assess construction schedule, phasing, contact numbers).

14. Document BMP education of contractor/subcontractor employees

15. Retain Inspection Notices and Self-Inspection Worksheets

The CASQA Construction BMP Online Handbook and Caltrans Construction Site BMP Fact
Sheets serve as a reference to develop a construction BMP plan.

K.5.3 Storm Water Certification Statement

A Storm Water Certification Statement (refer to Attachment 2) must be signed by the
Owner/Applicant prior to any approval and/or permit issuance for projects that:

e Have Individual Construction permit that exclusively include one of the following activities
associated with cutb/sidewalk repair, water lateral, sewer lateral, storm drain lateral, or utility
service, or

e Have Grading/Construction permit with a project footprint less than 150 linear feet that
exclusively include only one of the following activities: curb ramp, sidewalk and driveway
apron replacement, pot holing, geotechnical borings, curb & gutter replacement, and
retaining walls, or

e Have Building/Grading/Construction permit for project proposing less than 5,000 square
feet of ground disturbance and has less than 5-foot elevation change over the entire project
area.

Projects with no soil disturbance or change to building dimensions or structural framing such as:
interior remodeling, electrical work, mechanical work, gas and pluming work, fire alarm, and fire
sprinkler work etc. all within existing enclosed structures are considered exempt.

It is the responsibility of the property owner or his/her designee (contractor) to determine the types
of BMPs that will be used, as well as the levels of application necessary to comply with the City’s
Storm Water and Grading Ordinances. Failure to prevent soil erosion and discharges of sediment
and other pollutants from construction sites is subject to enforcement by the City and others.
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K.6 Required Best Management Practices

K.6.1 Minimum BMP Requirements

BMPs collectively refer to a variety of pollution prevention controls implemented throughout the
project site at various times during the project. BMPs discussed herein are specifically aimed to
control pollution in storm water runoff during the construction phase of the project. The major
construction BMP categories as identified in the MS4 Permit (E.4.c) care:

1. Project Planning;

Good Site Management “Housekeeping”, including Waste Management;
Non Storm Water Management;

Erosion Control;

Sediment Control,

Run-on and Run-off Control; and

T A o R

Active/Passive Sediment Treatment Systems, whete applicable

Construction sites are required to implement minimum construction BMPs outlined in Table 5-1
below as applicable to prevent pollution discharges to the MEP regardless of the season. The City
also requires additional or enhanced BMPs for specific site conditions that may be different for the
rainy season (October 1st — April 30th) than they are for the dry season (May 1st — September 30™).
Sites are also required to retain enough materials on site to protect all disturbed areas if a rain event
were to occut.
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CASQA Caltrans

BMP Type Minimum Required BMPs Factsheet  Factsheet!
Project Preservation of natural hydrologic features . ._
Planning where feasible

Preservation of riparian buffers and corridors )
where feasible
Preservation of existing vegetation EC-2 SS-2
Minimization of areas that are cleared and
graded to only the portion of the site that is -
necessary for construction
Minimization of exposure time of disturbed soil EC.1 $S.1
areas
Minimization of grading during the wet season
and correlation of grading with seasonal dry EC-1 SS-1
weather periods to the extent feasible
Employee and Subcontractor Training, as
applicable
Erosion Control Temporary stabilization and permanent re- EC-1 $S-1
vegetation or landscaping as eatly as feasible i i
Preservation of existing vegetation EC-2 SS-2
Physical Stabilization of exposed soil
e  Hydraulic Mulch EC-3 SS-3
e Hydroseeding EC-4 SS-4
e Soil Binders EC-5 SS-5
e Straw Mulch EC-6 S8-6
o  Geotextiles, Plastic Covers, and Erosion EC-7 SS-7
Control Blankets/Mats EC-8 SS-8
Site Drainage
e Farth Dikes/Drainage Swales EC-9 SS-9
e Energy Dissipater/Outlet Protection EC-10 S§-10
e Slope Drains EC-11 SS-11
Sediment Control Perimeter Protection (one or motre must be
implemented)
e Silt Fence SE-1 SC-
SE-6 SC-6
e Gravel Bag Berm SE.5 SC-5
e  Fiber Rolls
Sediment Capture (one or more must be
implemented)
e Sediment/Desilting Basin? SE-2 SC-2
e Storm Drain Inlet Protection SE-10 SC-10
. SE-3 SC-3
e Sediment Trap SE-8 SC-8
e Gravel Bag Barrier SE-9 SC-9
e  Straw Barrier
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(07: 1107\ Caltrans

BMP Type Minimum Required BMPs Factsheet  Factsheet!
Sediment Tracking . .
e Stabilized Construction Entrance/Exit TC-1 TC-1
e Construction Road Stabilization TC-2 TC-2
e Entrance/Exit Tire Wash TC-3 TC-3
e  Street Sweeping SC-7 SC-7
Good Site Vehicle and Equipment Management
Management, e (Cleaning NS-8 NS-8
“Housekeeping” e Fueling NS-9 NS-9
e  Maintenance NS-10 NS$-10
Materials Management
e Material Delivery and Storage WM-1 WM-1
e  Material Use WM-2 WM-2
e  Stockpile Management WM-3 WM-3
e Spill Prevention and Control WM-4 WM-4
Waste Management (where applicable)
e Solid Waste WM-5 WM-5
e Hazardous Waste WM-6 WM-6
e Contaminated Soil WM-7 WM-7
e Concrete WM-8 WM-8
e Sanitary Waste WM-9 WM-9
e Liquid WM-10 WM-10
Non-Stormwater e Water Conservation Practices NS-1 NS-1
Management e Dewatering Operations NS-2 NS-2
e Paving and Grinding NS-3 NS-3
e Potable Water/Irrigation and Flushing NS-7 NS-7

K.6.2 Additional Erosion and Sediment Control Requirements

In addition to the minimum BMPs listed in the table above, construction projects are also required
to comply with the following requirements:

1. The faces of cut-and-fill slopes and the project site shall be prepared and maintained to
control against erosion. All exposed disturbed areas must have erosion prevention controls
properly installed including building pads, unfinished roads and slopes. Slopes greater than
33.3% or 1:3 (vertical vs. horizontal) may use propetly designed and installed de-silting
basins at all discharge points in lieu of this requirement.

2. Where necessary, temporary and/or permanent erosion control devices such as desilting
basins, check dams, cribbing, riprap, or other devices or methods as approved by the City
Engineer shall be employed to control erosion, prevent discharge of sediment, and provide

safety.
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3. Temporary desilting basins constructed of compacted earth shall be compacted to a relative
compaction of 90 percent of maximum density. A gravel bag or plastic spillway must be
installed for overflow, as designed by the engineer of work, to avoid failure of the earthen
dam. A soils engineering report prepared by the soils engineer, including the type of field
testing performed, location and results of testing shall be submitted to the City Engineer for
approval upon completion of the desilting basins.

4. Desilting facilities shall be provided at drainage outlets from the graded site, and shall be
designed to provide a desilting capacity capable of containing the anticipated runoff for a
period of time adequate to allow reasonable settlement of suspended particles.

5. Desilting basins shall be constructed around the perimeter of projects, whenever feasible,
and shall provide improved maintenance access from paved roads during wet weather.
Grading cost estimates must include maintenance and ultimate removal costs for temporary
desilting basins.

6. The erosion control provisions shall take into account drainage patterns during the current
and future phases of grading.

7. Erosion protection may include effective planting of all slopes unless otherwise approved by
the City Engineer. Planting of the slopes shall be done as soon as practicable, and prior to
rough grade approval. If this is not accomplished, the slope shall be treated with punched
cereal straw, broadcast on the soil surface at 4,000 pounds per acre and held with a tackifier,
fiber or net, or an equal system approved by the City Engineer. Planting shall be installed,
fully germinated, and effectively cover the required slopes prior to finished grade approval.

8. The permittee or owner shall be responsible for control of erosion on all areas of grading
until acceptance of the completed grading by the City Council. This responsibility extends to
completed and occupied lots.

9. Equipment and workers for emergency work shall be made available at all times. One
hundred twenty-five percent of all necessary materials shall be available on site and
stockpiled at convenient locations to facilitate rapid construction of temporary devices at all
times.

10. All removable protective devices shown shall be in place at the end of each working day
when there is a 50 percent chance of rain within a 48-hour period. If the developer does not
provide the required installation or maintenance of erosion control structures within two
hours of notification at the 24-hour number on the plans, the City Engineer may order City
crews or the City’s Contractor to do the work or may issue contracts for such work and
charge the cost of this work along with reasonable overhead charges to the cash deposits or
other instruments implemented for this work without further notification to the owner. No
additional work on the project, except erosion control work, may be performed until the full
amount drawn from the deposit is restored by the developer.

11. At any time of year, an inactive site shall be fully protected from erosion and discharges of
sediment. Flat areas with less than five percent grade shall be fully covered unless sediment
control is provided through desilting basins at all project discharge points. A site is
considered inactive if construction activities have ceased for a period of 14 or more
consecutive days.
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K.6.3 ADVANCED TREATMENT METHODS

For the majority of the construction sites within the City’s jurisdiction, the minimum required
BMPs, if correctly installed and maintained, should adequately control sediment discharges from the
site. However, if it is determined that a site possesses characteristics that could result in standard
construction BMPs being ineffective in the treatment of sediment, thus resulting in an exceptional
threat to water quality, advanced treatment will be required. The term “advanced treatment,” as
used in this section, includes both active and passive sediment treatment systems. These systems
usually involve adding a coagulant to construction site discharge to facilitate sediment removal; see
the BMP Design Manual for additional details.

A site is considered to pose an exceptional threat to water quality if it meets all of the following
criteria:

e Islocated within, adjacent to, or a portion of the site is within 200 feet of waters listed on
the 303(d) List for sedimentation or turbidity impairments;

e Disturbance is greater than five acres, including all phases of the development;

e Disturbed slopes are steeper than 4:1 (horizontal: vertical) and higher than 10 feet that drain
toward the 303(d) Listed receiving water;

Contains a predominance of soils with U.S. Department of Agriculture — National Resources
Conservation Service Erosion factor K greater than or equal to 0.4.Alternatively, applicants may
perform a Revised Universal Soil Loss Equation or Modified Universal Soil Loss Equation analysis
to prove to the City Engineer’s satisfaction that advanced treatment is not required.

Treatment effluent water quality shall meet or exceed the water quality objectives for turbidity, and
any other parameter deemed necessary by the City Engineer as listed in the Water Quality Control
Plan for the San Diego Basin for Inland Surface Waters and Lagoons and Estuaries (Basin Plan) for
the appropriate hydrologic unit.

Additionally, the City may require advanced treatment for sites that have a record of noncompliance
with the City’s construction BMP requirements, regardless of whether they meet the above criteria.
For projects where advanced treatment is required, the applicant must submit the design, operations
and maintenance schedule, monitoring plan, and certification of training of staff to the satisfaction
of the City.

K.6.4 ADDITIONAL CONTROLS FOR CONSTRUCTION SITES

Depending on specific site conditions and where a threat to water quality is anticipated, the City may
require a construction site to implement BMPs in addition to the minimum and seasonal BMPs
describe above. Such additional BMPs will be determined by the City on a site-by-site basis.
Additional controls may include required de-silting basins, increased inspection frequency, and/or
stronger penalties for non-compliance. Currently, there are no water bodies that are 303(d) Listed
for sediment in or downstream of the City.
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K.6.5 BMP Implementation

BMPs shall be selected, designed, installed, and maintained properly throughout the duration of
construction projects to control off-site discharges and prevent sediment-laden water and other
pollutants from impacting adjacent properties or entering the City's public storm system and/or
adjacent or downstream rivers, streams, and sensitive areas. BMPs must be discussed with all project
contractors, subcontractors, and any party involved, because education is essential to good BMP
implementation and maintenance and overall site compliance.

K.6.6 BMP Effectiveness

BMPs shall be routinely evaluated for their effectiveness. Additional BMPs shall be implemented as
dictated by site conditions throughout all phases of the project. The contractor shall contact the SWPPP
developer or CSWPCP preparer as applicable if BMPs are found to be ineffective. As described in
Section K.8, The City Inspector may require additional measures depending on individual site conditions.

K.6.7 BMP Maintenance

BMP measures stated in the SWPPP or CSWPCP, as applicable, shall be maintained in fully
functional condition until no longer required for a completed phase of work or final stabilization has
been achieved.

K.7 Permanent BMP Inspections during Construction

For Priority Development Projects, a City inspection is required to verify permanent BMPs have
been installed in accordance with the Storm Water Quality Management Plan. A copy of the
Permanent Constructed BMP Self Certification Form is provided in Appendix I.

The contractor is prohibited from making modifications to the permanent BMPs shown on the
plans. To propose modifications:

e For private permit projects, the engineer of record is required to submit a revised SWQMP
to the Development Services Department for approval, prior to installation.

e For capital improvement projects, the contractor is required to obtain approval from the city
engineer responsible for the design of the plans.

K.8 Compliance Verification and Enforcement

K.8.1 Construction Site Inspections

It is the responsibility of the site owners or contractors to abide by inspection requirements.
Regardless of any inspections conducted by the City, property owners or contractors are required to
prevent any construction-related materials, trash, wastes, spills or residues from entering a storm
water conveyance system.

The City is responsible for performing periodic storm water compliance inspections of construction
sites within its boundaries, and all project owners must allow City Inspectors onto the project site
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for these inspections. All construction sites are subject to site inspection by City staff in accordance
with the City’s Municipal Code, the Municipal Permit, City’s policies and procedures and these
standards.

City inspectors have the authority at any phase of construction to require additional BMPs if the
SWPPP/CSWPCP is not protective of water quality.

Note: projects may also be subject to inspection by staff of the SWRCB, SDRWQCB, or U.S.
EPA. Inspection procedures for those agencies are separate and carry different enforcement
actions/mechanisms.

K.8.2 Inspection Frequency

Each construction site shall be inspected by City staff for compliance with storm water standards at
the minimum frequencies shown in Table 8—1. Site-specific inspection frequencies are re-assessed
periodically, especially when grading activities are planned during the rainy season. City staff may
conduct additional inspections and modify site priority based on several factors including, but not
limited to:

e Site conditions;

e Developer/Contractor previous violations and past performance;
e Rain events during the dry season

e Grading during rainy season; and

e Proximity to water bodies

Table 8-1 Construction Inspection Frequencies

Inspection Frequency
Site Prioritization
Rainy Season Dry Season
High 2x per Month Monthly
Low Monthly As needed
Inactive Monthly As needed

K.8.3 Inspection Content
Construction site inspections will include the following:

a. Where applicable, a check for proof of coverage under the Construction General Permit.
This may include checking the SWPPP for a copy of the Notice of Intent and/or the WDID
number. This proof can also be obtained from the State Water Resources Control Board
SMARTS website. Once coverage has been confirmed, this information is not checked
during subsequent inspections.

b. Assessment of the implementation of all required BMPs, including the minimum and any
additional controls required by the City in the SWPPP or the CSWMP.
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c. Assessment of BMP adequacy and effectiveness. The inspector can issue orders for
additional BMPs if it is determined that previously approved BMPs are not adequate or
effective.

d. Visual observations of actual non-storm water discharges, actual or potential illicit
connections, and potential discharge of pollutants in storm water runoff.

e. Visual observations for actual or potential discharge of sediment and/or construction related
materials from the site.

f. A check for proper maintenance of the applicable BMPs.

g¢. Education of responsible person at the construction site on storm water pollution
prevention as needed. A responsible person, preferably the Qualified SWPPP Developer
(QSD), Qualified SWPPP Practitioner (QSP), or the site superintendent, should accompany

the inspector and receive instructions on BMP deficiencies and corrective actions.

h. Photographs to document BMP implementation and potential violations. This photo
documentation will be required in the event that enforcement actions become necessary.

The inspection form titled “Storm Water Quality Inspection for Construction Activities”, refer to
Attachment 3, will be used during all construction site BMP inspections. The inspection form
contains questions to ensure all the previously mentioned inspection components are addressed.
The form lists the construction BMPs required by the City and includes boxes to document if BMPs
need to be implemented or if they require maintenance. If required BMPs are missing or found to
be improperly implemented, appropriate enforcement actions, as described in Section below, will be
taken.

K.8.4 Construction Site Enforcement

The City is responsible for enforcement of local ordinances and applicable local permits at all
construction sites in its jurisdiction. Enforcement for construction projects will be administered by
City inspectors and/or other staff with inspection and enforcement authority.

When violations are observed and documented during a site inspection, the City will utilize
appropriate enforcement measures based on the severity of the violation. Enforcement can range
from verbal warnings to more severe enforcement such as Stop Work Notices. Escalating
enforcement measures will be used as necessary if proper corrective actions are not implemented
during the allotted time frame or if the severity of the violation warrants stricter enforcement.

The typical progressive enforcement steps that the City will implement for construction sites include
the following:

e Verbal warnings

e Written warnings

e Enforcement of contracts (municipal projects)
e Stop Work Notices and Orders

e Denial or revocation of permits
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e Administrative, Civil, and criminal actions

As required by the Municipal Permit, City inspectors will seek to resolve incidents of observed
noncompliance within 30 calendar days, or before the next rain event, whichever is sooner. In cases
where the violation cannot be resolved within the appropriate timeframe, the reason additional time
was needed for case resolution will be documented and kept in the project’s file.

K.8.5 RWQCB Notification

In accordance with the Municipal Permit, the City will report any non-compliance associated with
construction activity that may endanger human or environmental health. All information will be
reported to the RWQCB verbally within 24 hours of the City becoming aware of the circumstances.
Within 5 days of the City first becoming aware of the circumstances, a written submission including
the following information will be provided to the RWQCB:

e Description of the non-compliance and its cause

e Exact dates and times of non-compliance, or if the non-compliance has not been corrected
by the time of the written submission, the anticipated time it is expected to continue

e Description of the steps taken or planned to reduce, eliminate, and prevent reoccurrence of
the non-compliance

Criteria listed below will be used to determine the human or environmental health threats of a non-
compliance event, whether from storm water or non-storm water discharges, where applicable:

e THstimated area of erosion caused by discharge

e TEstimated pollutant load discharged from site

e FHstimated volume of discharge

e Types of pollutants discharged, including if toxic materials were discharged

e Total suspended solids (TSS) concentration and turbidity of discharge

e Other materials discharged that pose a threat (concrete washout, sanitary washes, etc.)

e Sensitivity of the receiving water body, including if it is 303(d) Listed for any of the
pollutants in the discharge

e Proximity of site to sensitive habitat/endangered species

e Proximity of site to public water supply (well head, monitoring wells)
e How much, if any, of the discharge reached the receiving water body
e Beneficial uses for affected water bodies

e In addition to notifying the RWQCB about threats to human health or the environment, the
City copies the RWQCB on NOVs, Stop Work Notices, or any other high level enforcement
measures whenever they are issued to construction sites in the City’s jurisdiction.
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Attachment 1

Construction Storm Water Pollution Control
Plan (CSWPCP Form)
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a—‘\ﬂﬁ’. Construction Storm Water Pollution
HISisia Control Plan (CSWPCP)

Department of Public Works-Storm Water Management Section March 2016

%

In order to comply with the Federal Clean Water Act, the State Water Code, City of Chula Vista Storm Water
Management and Discharge Control and Grading Ordinances, BMP Desigh Manual and Jurisdictional Runoff
Management Program, the City of Chula Vista requires that property owners complete a Construction Storm
Water Pollution Control Plan (CSWPCP) prior to issuance of any permit for all private and public development
and redevelopment projects not subject to NPDES Construction General Permit requirements (CGP).

This form is utilized for all private or public development and redevelopment permit applications not
subject to the NPDES Construction General Construction (CGP) including but not limited to:

o Project that results in disturbance of less than one acre of total land area and are not part of a larger
common plan of development or sale; or

@)

Project that have Grading, Construction, Building and Demolition/Removal approval types or require
submittal of grading/construction plans for review and approval; or

Project that results in disturbance of one to five acres of total land area and can demonstrate that there
will be no adverse water quality impacts by applying for a Construction Rainfall Erosivity Waiver.

@)

Linear underground project that results in disturbance of an acre or more of total land area and are
considered regular maintenance projects performed to restore the original line, grade, or capacity of the
facility.

@)

Linear underground projects involve the replacement and/or rehabilitation of water, sewer and/or storm
drains along with their associated appurtenances in the public Right of Way. Linear Utility projects may
also include ADA improvements to curb ramps and sidewalk, street repair from full width to trench limits,
and traffic improvements (does not include street resurfacing).

Section 1: Identify Relevant Project Information

Permit Application Number: Project Name:

Project address/location: APN:

Brief Project Description:

Estimate Amount of Disturbed Estimated Elevation over entire
Differential Acreage: Project Area:
Estimate Project Start Date: Estimate Project Finish Date:

Section 2: Owner/Applicant & Contact Information:

Owner Name: Owner E-mail:
Contact Name: Contact E-mail:
Contact Address: City: State: Zip Code:

Telephone No.:

Contractor Name: Company Name:

Telephone No.: E-mail:




+»+City of Chula Vista +»+ Construction Storm Water Pollution Control Plan (CSWPCP) + Page2of6
(March 2016)

Section 3: Identify Construction Storm Water BMPs

The purpose of the CSWPCP is to document Best Management Practices (BMPs) that will be implemented to
prevent pollutants, including sediment, from entering the storm water conveyance system and receiving
waters. The CSWPCP becomes a part of the permit and is subject to enforcement by the City and others.

Unprotected construction sites have the potential to discharge sediment and other pollutants into local
waterways. All construction projects are required to reduce pollution to the Maximum Extent Practicable by
implementing best management practices (BMPs). The seven major categories as identified in the MS4
Permit (E.4.c) are:

Project Planning;

Good Site Management “Housekeeping”, including Waste Management;
Non Storm Water Management;

Erosion Control;

Sediment Control;

Run-on and Run-off Control; and

Active/Passive Sediment Treatment Systems, where applicable

NouohkrwdE

BEST MANAGEMENT PRACTICES (BMP)

The BMPs listed in Tables 1 and 2 (attached) will be implemented on a year-round basis throughout the
project duration, not solely during seasons in which the probability of a rain event is high. All areas not in use
for 14 days will be stabilized (i.e., exposed soil will be covered). Sufficient BMP materials will be maintained
on-site to allow implementation and emergency installation in the event of a breech. Locations where BMPs
will be implemented are to be shown on the Site Map/plan sheet.

BMPs from each of the above categories must be used together as a system in order to prevent potential
pollutant discharges. Projects containing site features identified with a “yes” answer in Table 1 must utilize
BMPs from the applicable BMP from Table 2. If no BMPs from a specific table are selected, an explanation
must be provided. The questions in Table 1 below are designed to assist with selecting appropriate BMPs for
the site; please check “Yes” or “No” and provide additional information if needed)

For BMP implementation details, refer to:

e California Stormwater Quality Association (CASQA) Construction BMP Handbook, online at:
http://www.casqa.org/LeftNavigation/ConstructionBMPHandbookPortalSWPPPTemplate/tabid/200/Defa
ult.aspx, (subscription required); and

e California Department of Transportation (Caltrans) Construction Site BMP Handbook (most current),
online at: http://www.dot.ca.gov/ha/construc/stormwater/CSBMPM 303 _Final.pdf.

Note: It is the responsibility of the property owner and the contractor to determine the types of BMPs that will
be used, as well as the levels of application necessary to comply with all applicable requirements. Failure to
prevent soil erosion and discharges of sediment and other pollutants from construction sites is subject to
enforcement by the City and others.

BMP Inspections

Routine inspections are necessary to ensure the integrity and effectiveness of BMPs, and helps protect a site
from unexpected weather events. Project owner or contractor should perform daily inspections to identify
BMPs in need of maintenance. Best management practice maintenance requirements are listed in Table 3
below.



http://www.casqa.org/LeftNavigation/ConstructionBMPHandbookPortalSWPPPTemplate/tabid/200/Default.aspx
http://www.casqa.org/LeftNavigation/ConstructionBMPHandbookPortalSWPPPTemplate/tabid/200/Default.aspx
http://www.dot.ca.gov/hq/construc/stormwater/CSBMPM_303_Final.pdf
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Table 1 - Determination of Site Features, Activities, and Potential Pollutants

If Yes, Select Potential Pollutant
No Site/Activity Features Questions No | Yes BMPs from Sources (add, if not
Table 2: listed)

1 Is there run-on to the site from ] 0 ltem H -
surrounding areas?

2 | Are storm drain inlets located within the 0 0 Items F & H -
project boundary and/or will the site
discharge storm water to nearby storm
drain inlets?

3 | Will concentrated flows and/or large 0 0 ltem H -
accumulations of water occur on-site?

4 | Is the site adjacent to a waterway or 0 0 Item E -
sensitive habitat (i.e., wetland, vernal
pool, etc.)? Note: additional permitting
may be required.

6 | Will the site have exposed/disturbed 0 0 ltems A, B, C & -
slopes greater than 5 percent? D, F

7 | Will there be soil-disturbance activities 0 0 ltems A, B, C & Sediment
(grading, stockpiling, trenching, etc.)? D,FG

8 | Will there be asphalt paving, cutting, 0 0 ltem A & J Asphalt aggregate
and/or patching?

9 | Will there be stockpiling (i.e., soil, 0 B Iltem K Stockpiled material, please
concrete, solid waste, etc.) for over 24 specify:
hours?

10 | Will there be slurries from concrete or 0 B Items |, J & K |Concrete materials,
mortar mixing, coring, or saw cutting? aggregate, slurry water

11 | Will wash water or liquid waste be 0 B ltems|,J&M | Liquid waste, please
generated from this project? specify:

12 | Will there be dewatering operations? B 0 ltem M Dewatering water,

please specify:

13 | Will there be on-site storage of B 0 Item K Construction materials,

construction materials such as mortar please specify:
mix, raw landscaping and soil
stabilization materials, treated Ilumber,
rebar, and plated metal fencing
materials?

14 | Will trash or solid wastes (including 0 0 ltem J Solid waste,
landscaping wastes) be generated from please specify:
this project?

15 | Will hazardous materials or wastes, B 0 Item J Hazardous material,
including paint, be stored or handled on- please specify:
site?

16 | Will construction equipment and/or B 0 ltems |, L Engine fluids, fuels, oil,
vehicles be stored, fueled, maintained, or & M grease, wash water
washed on- site?

17 | Will portable sanitary facilities (“Porta- 0 0 ltems |, J Sanitary waste
potties”) be used on the site?

18 | Are underlying soils potentially 0 0 Item J Contaminated soil
contaminated?

19 | Will dust (i.e., from grading, driving on 0 0 Item N Sediment, particulate
unpaved roads, etc.) or particulates (i.e., construction  materials,

from sandblasting, concrete cutting,
painting, etc.) be generated from this
project?

please specify:
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TABLE 2 - Minimum Required Standard Construction Stormwater BMPs

References Check at | If no BMP were selected,
Minimum Required BMPs CASQA Caltrans least explain the rational
BMP BMP one BMP
Iltem A: General Erosion Control BMPs
Scheduling/Phasing Construction EC-1 SS-1 0
Minimize Slope Length and Gradient - - ]
Manage Soil Stockpiles WM-3 WM-3 0
Item B: Physical Stabilization BMPs
Erosion Control Blankets and Turf EC-7 SS-7 0
Reinforced Mats
Mulch and Bonded Fiber Matrix EC-3, EC-5 | SS-3 0
Soil Binders EC-5 SS-5 ]
Mulch EC-6, EC-8, | SS-6, SS-8 0
EC-14
Compost Blankets EC-14 - 0
Soil Roughening EC-15 - B
Topsoil Reapplication - - 0
Permanent Stabilization (i.e., retaining - - ]
walls, rock gabions, rock riprap, etc.)
Item C: Vegetation Stabilization BMPs
Preserve Existing Vegetation EC-2 SS-2 ]
Establish Interim Vegetation EC-4 SS-4 B
Establish Permanent Landscaping - - 0
Streambank Stabilization EC-12 SS-12 N
Item D: Perimeter Control BMPs
Silt Fencing SE-1 SC-10 0
Gravel Bag Barriers SE-6 SC-6 ]
Fiber Rolls or Straw Wattles SE-5 SC-5 B
Compost Socks and Berms SE-13 - ]
Item E: Resource Protection BMPs
Linear Protection SE-1, SE-6, | SC-10, SC-6, B
SE-5, SE-13| SC-5
Preserve Natural Hydraulic Features & - - 0
Riparian Area Buffers
Demolition Adjacent to Water NS-15 NS-15 0
Temporary Stream Crossing NS-4 - N
Iltem F: Sediment Capture BMPs
Storm Drain Inlet Protection SE-10 SC-10 n
Sediment Trap EC-3 SC-3 0
Sedimentation Basin SE-2 SC-2 0
Active Treatment System SE-11 - 0
Item G: Off-Site Sediment Tracking BMPs
Construction Entrance/Exit Stabilization TC-1 TC-1 B
Construction Road Stabilization TC-2 - B
Tire Wash TC-3 TC-3 []
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TABLE 2 - Minimum Required Standard Construction Stormwater BMPs

References Check at | If no BMP were selected,
Minimum Required BMPs CASQA Caltrans least explain the rational
BMP BMP one BMP

Street Sweeping and Vacuuming SE-7 SC-7 0
Item H: Run-On and Site Storm Water Management BMPs
Divert Run-on from Surrounding Areas EC-9, SE-5, | SC-5, SS-9, 0

SE-6, SE-13| SC-6, NS-5
Check Dams SE-4 SC-4 0
Slope Drains and/or Stabilized Drainage | EC-9, SS-9, 0
Swales EC-11 SS-11
Outlet Protection EC-10 SS-10 0
Item [: Spill Control BMPs
Spill Prevention and Control WM-4 WM-4 ]
Reporting Significant Spills - - ]
Item J: Waste Management BMPs
Solid Waste Management WM-5 WM-5 B
Liquid Waste Management WM-10 WM-10 0
Contaminated Soil Management WM-7 WM-7 B
Sanitary Waste Management WM-9 WM-9 0
Concrete Waste Management WM-8 WM-8 0
Hazardous Waste Management WM-6 WM-6 0
Stockpiled Waste Management WM-3 WM-3 B
Iltem K: Material Storage and Handling BMPs
Material Storage WM-1 WM-1 ]
Material Handling WM-2 WM-2 B
Paving and Grinding Operations NS-3 NS-3 B
Concrete Management NS-12, NS- | NS-12, ]

13, NS-16 NS-14
Item L: Vehicle and Equipment Management BMPs
Vehicle and Equipment Fueling NS-9 NS-9 0
Vehicle and Equipment Maintenance NS-10 NS-10 B
Item M: Non-Storm Water Management BMPs
llicit Connection/Discharge Control NS-6 NS-6 0
Potable Water/Irrigation NS-7 NS-7 0
Vehicle and Equipment/Cleaning NS-8 NS-8 B
Water Conservation Practice NS-1 NS-1 B
Dewatering Operations NS-2 NS-2 0
Item N: Particulate and Dust Control BMPs
Wind Erosion Control WE-1 WE-1




+»+City of Chula Vista +»+ Construction Storm Water Pollution Control Plan (CSWPCP) + Page6of6
(March 2016)

Section 4: Develop a Construction BMP Site Map/Plan

A Site Map must be developed and included as Appendix A of this WPCP. The site map should be neat and
legible. Several sheets may be used to illustrate the phasing of BMP implementation as construction
progresses over time. When two or more sheets are used to illustrate the plan view, an index sheet is
required. The Site Map must include all of the following, where applicable:

e Legend, north arrow, and scale of the drawing

e The site boundary and limits of construction;

o Key site features such as steep slopes, highly erodible soils, etc., including State and federal
wetlands, if any;

e Storm water conveyance features including, but not limited to all streams and drainage ways
delineated, all storm drain inlets and outlets, curb and gutter, swales and channels.

e Anticipated discharge points for construction wastewater (i.e. stormwater, groundwater, and
construction wastewater such as dewatering byproducts);

o Drainage areas and direction of flow

e Location of nearby water bodies (including Clean Water Act Section 303(d) List of Impaired
Segments in the site’s vicinity)

e Location of entrance/exits to the project area

Areas of soil disturbance and potential pollutant sources;

Material, stockpile, and waste storage areas (e.g., trash, soil, fuel, construction materials);

Vehicle and equipment fueling, wash and maintenance areas;

Locations of portable sanitary facilities;

Locations where underlying soil is potentially contaminated; and

Locations of all BMP implementation areas (types of erosion and sediment controls, as well as

dewatering and soil stabilization controls, where applicable).

e Location of building and activity areas (e.g., fueling islands, garages, waste container area, wash
racks, hazardous material storage areas).

Section 5: CSWPCP Certification Statement

The property owner and contractor must sign the following certification before a Permit will be issued.

I have read and understand that the City of Chula Vista has adopted minimum requirements for managing
urban runoff, including storm water from construction and land development activities. | certify that the BMPs
selected on this form will be implemented to minimize the potentially negative impacts of this project's
construction and land development activities on water quality. | further agree to install, monitor, maintain, or
revise the selected BMPs to ensure their effectiveness.

| also understand that non-compliance with the City’s Storm Water Standards may result in enforcement by
the City, including fines, cease and desist orders, or other actions. | further understand that approval of this
WPCP does not relieve me of my responsibility to comply with storm water regulations including the
protection of adjacent properties from inundation as a result of my construction activities.

Contractor Name:

Contractor’s Signature: Date:

Property Owner’'s Name:

Property Owner’s Signature: Date:
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Qi
a®e |NSPECTION REPORT e Part 1

Storm Water Quality Inspection for Construction Activities

CITY OF
CHUI.A VISTA 1800 Maxwell Road, Chula Vista, CA91911 e  619-397-6000 e Fax 619-397-6259
[]1st NOTICE [ ] 2nd NOTICE [] NOTICE OF VIOLATION [ JSTOP WORK ORDER
Inspector Name: Inspection Date / / Time AM/PM
Developer: Responsible Person(s):
Project Name: Telephone #  ( ) - ( )
Project Address: Inspection Report: [ JFaxed  []Posted

Amount of rainfall since last inspection:

INSPECTION TYPE
[JRoutine Site Inspection []Prior to Forecasted Rain Event  State General Construction Permit? [[JYES []JNO
[]Complaint Investigation [ ] After Rain Event Does the site maintain a SWPPP? [ JYES []JNO
[JFollow-Up WDID# Is the Project SWPPP on Site? JYES [INO

GENERAL OBSERVATIONS / CONDITIONS OF CONCERN (If more space is needed, please complete Part 2.)

REQUIRED BEST MANAGEMENT PRACTICES (BMP)

Best Management Practice Implementatlon alntenance Comments
Required Required

Good Housekeeping
Materials Storage

Spill Control / Containment
Stabilized Entrance / Exit
Dust Control

Material Washout Area(s)
Storm Drain Inlet Protection
Vehicle Storage / Maint.
Street Maintenance
Stockpile(s) Management
Slope / Soil Stabilization
Silt Fencing

Fiber Rolls

Gravel Bags / Check Dams
SWPPP Maintenance

BMP:

Non-Storm Water Management

Inspector Signature: Date / /
I have received a copy of this Inspection Report. The Corrective Actions required above will be considered and acted ur)on within days of
the inspection unless otherwise noted. | understand that non-compliance with corrective actions listed above may result in further enforcement

action per Chula Vista Municipal Code, chapter 14.20.

Received By (Signature): Date / /

COPY DISTRIBUTION White--Inspector Yellow--Developer/Contractor Pink--File REV 6/15



EROSION AND SEDIMENTATION CONTROL/WATERCOURSE PROTECTION

All development projects in Chula Vista need to implement erosion and sedimentation control and watercourse protection measures. If
control measures are not properly implemented/maintained and monitored for effectiveness, the potential is great for the release of
significant volumes of sediment and other pollutants to the City’s watercourses during the construction of the project from initial
grading through completion.

During periods of heavy rain, some control measures may be overwhelmed by large volumes of rainfall and silt. Other measures may
prove to be very effective. City Ordinances and National Pollutant Discharge Elimination System (NPDES) regulations require you to
implement and maintain Best Management Practices in order to reduce/control and eliminate sediment and pollutant discharges to the
City’s storm water conveyance systems, including storm drain channels, to the Maximum Extent Practicable.

As specified in the Chula Vista Municipal Code Chapters 14.20, 15.04, and 1.41, failure to comply could result in enforcement actions
that may include a Cease and Desist Order (Stop Work Notice), assessment of fines and/or Civil Penalties up to $10,000 for each day
such a violation exists.

CVMC 14.20.100 ¢ DISCHARGE OF NON-STORM WATER PROHIBITED
A. Itis unlawful for any person to discharge non-storm water into the storm water conveyance system, except as provided in
CVMC 14.20.110.

B. Itis unlawful for any person to cause either individually or jointly any discharge into or from the Storm Water Conveyance System
that results in or contributes to a violation of any NPDES permit. Liability for any damage, abatement costs, or fines against the
permit holder caused by such discharge shall be the responsibility of the person(s) causing or responsible for the discharge.

(Ord. 2854 § 5, 2002; Ord. 2597 § 11, 1994).

CVMC 14.20.120 ¢ REDUCTION OF POLLUTANTS CONTACTING OR ENTERING STORM WATER REQUIRED
Any person engaged in activities, which may result in Pollutants entering the Storm Water Conveyance System, shall, to the maximum
extent practical, undertake all measures to reduce the risk of illegal discharges. The following requirements shall apply:

A. Best Management Practices Implementation. It is unlawful for any person not to comply with BMPs and pollution control
requirements established by the city or other responsible agency to eliminate or reduce pollutants entering the city's storm water
conveyance system. BMPs shall be complied with throughout the life of the activity.

B. Storm Water Pollution Prevention Plan. When the enforcement official determines that a business or business-related activity
causes or may cause an illegal discharge to the storm water conveyance system, then the enforcement official may require the
business to develop and implement a storm water pollution prevention plan (SWPPP). Businesses which may be required to prepare
and implement a SWPPP include, but are not limited to, those which perform maintenance, storage, manufacturing, assembly,
equipment operations, vehicle loading, and/or cleanup activities partially or wholly out of doors.

C. Coordination with Hazardous Materials Response Plans and Inventory. Any activity subject to the hazardous materials inventory
and response program, pursuant to Chapter 6.95 of the California Health and Safety Code, shall include provisions for
compliance with this chapter in its hazardous materials response plan, including prohibitions of unlawful non-storm water
discharges illegal discharges, and provisions requiring the use of BMPs to reduce the discharge of pollutants in storm water.

D. Impervious Surfaces. Persons owning or operating a parking lot or an impervious surface (including, but not limited to, service
station pavements or paved private streets and roads) used for automobile-related or similar purposes shall clean those surfaces
as frequently and as thoroughly as is necessary, in accordance with BMPs, to prevent the discharge of pollutants to the city's storm
water conveyance system. Sweepings or cleaning residue from parking lots or impervious surfaces shall not be swept or otherwise
made or allowed to go into any storm water conveyance, gutter, or roadway, but must be disposed of in accordance with regional
solid waste procedures and practices.

E. Compliance with NPDES Permit for Storm Water Discharges. Each discharger, subject to any NPDES permit for storm water
discharges shall comply with all requirements of such permit. (Ord. 2854 § 7, 2002; Ord. 2597 § 11, 1994).

CVMC 14.20.130 ¢ CONTAINMENT, CLEANUP, AND NOTIFICATION OF SPILLS

It is unlawful for any person owning or occupying any premises who has knowledge of any release of significant quantities of materials,
pollutants, or waste which may result in pollutants or non-storm water discharges entering the city's storm water conveyance system to
not immediately take all reasonable action to contain, minimize, and clean up such release. Such person shall notify the city of Chula
Vista of the occurrence and/or the County of San Diego department of health services/environmental health services hazardous
materials management division, and any other appropriate agency of the occurrence as soon as possible, but no later than 24 hours
from the time of the incident's occurrence. (Ord. 2597 § 11, 1994).
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Appendix L: Glossary of Key Terms

50% Rule

Refers to an MS4 Permit standard for redevelopment PDPs (PDPs on previously
developed sites) that defines whether the redevelopment PDP must meet storm
water management requirements for the entire development or only for the newly
created or replaced impervious surface. Refer to Section 1.7.

Aggregate

Hard, durable material of mineral origin typically consisting of gravel, crushed
stone, crushed quarry or mine rock. Gradation varies depending on application
within a BMP as bedding, filter course, or storage.

Aggregate Storage
Layer

Layer within a BMP that serves to provide a conduit for conveyance, detention
storage, infiltration storage, saturated storage, or a combination thereof.

Alternative
Compliance
Programs

A program that allows PDPs to participate in an offsite mitigation project in lieu of
implementing the onsite structural BMP performance requirements required under
the MS4 Permit. Refer to Section 1.8 for more information on alternative
compliance programs.

Bed Sediment

The part of the sediment load in channel flow that moves along the bed by sliding
or saltation, and part of the suspended sediment load, that principally constitutes
the channel bed.

Bedding

Aggregate used to establish a foundation for structures such as pipes, manholes,
and pavement.

Biodegradation

Decomposition of pollutants by biological means.

Biofiltration BMPs

Biofiltration BMPs are shallow basins filled with treatment media and drainage rock
that treat storm water runoff by capturing and detaining inflows prior to controlled
release through minimal incidental infiltration, evapotranspiration, or discharge via
underdrain or surface outlet structure. Treatment is achieved through filtration,
sedimentation, sorption, biochemical processes and/or vegetative uptake. These
BMPs must be sized to:[a] Treat 1.5 times the DCV not reliably retained onsite,
OR{[b] Treat the DCV not reliably retained onsite with a flow-thru design that has
a total volume, including pore spaces and pre-filter detention volume, sized to hold
at least 0.75 times the portion of the DCV not reliably retained onsite. (See Section
5.5.3 and Appendix B.5 for illustration and additional information).

Biofiltration
Treatment

Treatment from a BMP meeting the biofiltration standard.
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Biofiltration with
Partial Retention
BMPs

Appendix L:
Glossary of Key Terms

Biofiltration with partial retention BMPs are shallow basins filled with treatment
media and drainage rock that manage storm water runoff through infiltration,
evapotranspiration, and biofiltration. Partial retention is characterized by a
subsurface stone infiltration storage zone in the bottom of the BMP below the
elevation of the discharge from the underdrains. The discharge of biofiltered water
from the underdrain occurs when the water level in the infiltration storage zone
exceeds the elevation of the underdrain outlet. (See Section 5.5.2.1 for illustration
and additional information).

Bioretention BMPs

Vegetated surface water systems that filter water through vegetation and soil, or
engineered media prior to infiltrating into native soils. Bioretention BMPs in this
manual retain the entire DCV prior to overflow to the downstream conveyance
system. (See Section 5.5.1.2 for illustration and additional information).

BMP

A procedure or device designed to minimize the quantity of runoff pollutants and
/ ot volumes that flow to downstream receiving water bodies. Refer to Section
2.2.2.1.

BMP Sizing
Calculator

An on-line tool that was developed under the 2007 MS4 Permit to facilitate the
sizing factor method for designing flow control BMPs for hydromodification

management. The BMP Sizing Calculator has been discontinued as of June 30,
2014.

Cistern

A vessel for storing water. In this manual, a cistern is typically a rain barrel, tank,
vault, or other artificial reservoir.

Coarse Sediment
Yield Area

A GLU with coarse-grained geologic material (material that is expected to produce
greater than 50% sand when weathered). See the following terms modifying coarse
sediment yield area: critical, potential critical.

Compact
Biofiltration BMP

A biofiltration BMP, either proprietary or non-proprietary in origin, that is designed
to provide storm water pollutant control within a smaller footprint than a typical
biofiltration BMP, usually through use of specialized media that is able to efficiently
treat high storm water inflow rates.

Conditions of
Approval

Requirements a jurisdiction may adopt for a project in connection with a
discretionary action (e.g., issuance of a use permit). COAs may include features to
be incorporated into the final plans for the project and may also specify uses,
activities, and operational measures that must be observed over the life of the
project.

Construction BMP

Includes schedules of activities, prohibitions of practices, maintenance procedures,
and erosion and sediment control practices to prevent, eliminate, or reduce the
pollution of waters of the receiving waters.

Contemporary
Design Standards

This term 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 Model BMP Design 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 hour 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.

BMP Design Manual-Appendices

December 2015

QW
I.-2 ]

o

CITY OF
CHULA VISTA

W




Continuous
Simulation
Modeling

Appendix L:
Glossary of Key Terms

A method of hydrological analysis in which a set of rainfall data (typically houtly for
30 years or more) is used as input, and a continuous runoff hydrograph is calculated
over the same time period. Continuous simulation models typical track dynamic soil
and storage conditions during and between storm events. The output is then
analyzed statistically for the purposes of comparing runoff patterns under different
conditions (for example, pre- and post-development-project).

Copermittees

See Jurisdiction.

Critical Channel
Flow (Qc)

The channel flow that produces the critical shear stress that initiates bed movement
or that erodes the toe of channel banks. When measuring Qc, it should be based on
the weakest boundary material — either bed or bank.

Critical Coarse
Sediment Yield
Areas

A GLU with coarse-grained geologic material and high relative sediment
production, where the sediment produced is critical to the receiving stream (a
source of bed material to the receiving stream). See also: potential critical coarse
sediment yield area.

Critical Shear Stress

The shear stress that initiates channel bed movement or that erodes the toe of
channel banks. See also critical channel flow.

DCV A volume of storm water runoff produced from the 85th percentile, 24-hour storm
event. See Section 2.2.2.2.

De Minimis DMA De minimis DMAs are very small areas that are not considered to be significant
contributors of pollutants, and are considered not practicable to drain to a BMP.
See Section 5.2.2.

Depth The distance from the top, or surface, to the bottom of a BMP component.

Detention Temporarily holding back storm water runoff via a designed outlet (e.g., underdrain,

orifice) to provide flow rate and duration control.

Detention Storage

Storage that provides detention as the outflow mechanism.

Development
Footprint

The limits of all grading and ground disturbance, including landscaping, associated
with a project.

Development
Project

Construction, rehabilitation, redevelopment, or reconstruction of any public or
private projects. Includes both new development and redevelopment. Also includes

whole of the action as defined by CEQA. See Section 1.3.

Direct Discharge

The connection of project site runoff to an exempt receiving water body, which
could include an exempt river reach, reservoir or lagoon. To qualify as a direct
discharge, the discharge elevation from the project site outfall must be at or below
either the normal operating water surface elevation or the reservoir spillway
elevation, and propetly designed energy dissipation must be provided. “Direct
discharge” may be more specifically defined by each municipality.

Direct Infiltration

Infiltration via methods or devices, such as dry wells or infiltration trenches,
designed to bypass the mantle of surface soils that is unsaturated and more
organically active and transmit runoff directly to deeper subsurface soils.
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DMAs

Appendix L:
Glossary of Key Terms

See Section 3.3.3.

Drawdown Time

The time required for a storm water detention or infiltration facility to drain and
return to the dry-weather condition. For detention facilities, drawdown time is a
function of basin volume and outlet orifice size. For infiltration facilities, drawdown
time is a function of basin volume and infiltration rate.

Enclosed
Embayments
(Enclosed Bays)

Enclosed bays are indentations along the coast that enclose an area of oceanic water
within distinct headlands or harbor works. Enclosed bays include all bays where the
narrowest distance between the headlands or outermost bay works is less than 75
percent of the greatest dimension of the enclosed portion of the bay. Enclosed bays
do not include inland surface waters or ocean waters. In San Diego: Mission Bay
and San Diego Bay.

Environmentally
Sensitive Areas
(ESAs)

Areas that include but are not limited to all Clean Water Act Section 303(d) impaired
water bodies; areas designated as Areas of Special Biological Significance by the
State Water Board and SDRWQCB; State Water Quality Protected Areas; water
bodies designated with the RARE beneficial use by the State Water Board and
SDRWQCB; and any other equivalent environmentally sensitive areas which have
been identified by the Copermittees.

Filter Course

Aggregate used to prevent particle migration between two different materials when
storm water runoff passes through.

Filter Fabric

A permeable textile material, also termed a non-woven geotextile that prevents
particle migration between two different materials when storm water runoff passes
through.

Filtration

Controlled seepage of storm water runoff through media, vegetation, or aggregate
to reduce pollutants via physical separation.

Flow Control

Control of runoff rates and durations as required by the HMP.

Flow Control BMP

A structural BMP designed to provide control of post-project runoff flow rates and
durations for the purpose of hydromodification management.

Flow-thru
Treatment

Treatment from a BMP meeting the flow-thru treatment control standard.

Flow-Thru
Treatment BMPs

Flow-thru treatment control BMPs are structural, engineered facilities that are
designed to remove pollutants from storm water runoff using treatment processes
that do not incorporate significant biological methods. Flow-thru BMPs include
vegetated swales, media filters, sand filters, and dry extended detention basins. (See
Section 5.5.4 for illustration and additional information).

Forebay

An initial storage area at the entrance to a structural BMP designed to trap and settle
out solid pollutants such as sediment in a concentrated location, to provide pre-
treatment within the structural BMP and facilitate removal of solid pollutants during
maintenance operations.

Full Infiltration

Infiltration of a storm water runoff volume equal to the DCV.
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Appendix L:

Glossary of Key Terms
Geomorphic A quantification or measure of the changing properties of a stream channel.
Assessment
Geomorphically Flows that have the potential to cause, or accelerate, stream channel erosion or

Significant Flows

other adverse impacts to beneficial stream uses. The range of geomorphically
significant flows was determined as part of the development of the March 2011
Final HMP, and has not changed under the 2013 MS4 Permit. However, under the
2013 MS4 Permit, Q2 and Q10 must be based on the pre-development condition
rather than the pre-project condition, meaning that no pre-project impervious area
may be considered in the computation of pre-development Q2 and Q10.

GLUs

Classifications that provide an estimate of sediment yield based upon three factors:
geology, hillslope, and land cover. GLUs are developed based on the methodology
presented in the SCCWRP Technical Report 605 titled “Hydromodification
Screening Tools: GIS-Based Catchment Analyses of Potential Changes in Runoff
and Sediment Discharge” (SCCWRP, 2010).

Gross Pollutants

In storm water, generally litter (trash), organic debris (leaves, branches, seeds, twigs,
grass clippings), and coarse sediments (inorganic breakdown products from soils,
pavement, or building materials).

Harvest and Use
BMP

Harvest and use (aka rainwater harvesting) BMPs capture and store storm water
runoff for later use. These BMPs are engineered to store a specified volume of water
and have no design surface discharge until this volume is exceeded. (See Section
5.5.1.1 for illustration and additional information).

HMP

A plan implemented by the Copermittees so that post-project runoff shall not
exceed estimated pre-development rates and/or durations by more than 10%,
where increased runoff would result in increased potential for erosion or other
adverse impacts to beneficial uses. The March 2011 Final HMP and the updated
MS4 Permit are the basis of the flow control requirements of this manual.

Hungry Water

Also known as "sediment-starved" watet, "hungry" water refers to channel flow that
is hungry for sediment from the channel bed or banks because it currently contains
less bed material sediment than it is capable of conveying. The “hungry water”
phenomenon occurs when the natural sediment load decreases and the erosive force
of the runoff increases as a natural counterbalance, as desctibed by Lane’s Equation.

Hydraulic Head

Energy represented as a difference in elevation, typically as the difference between
the inlet and outlet water surface elevation for a BMP.

Hydraulic
Residence Time

The length of time between inflow and outflow that runoff remains in a BMP.

Hydrologic Soil
Group

Classification of soils by the Natural Resources Conservation Service (NRCS) into
A, B, C, and D groups according to infiltration capacity.
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Hydromodification

Appendix L:
Glossary of Key Terms

The change in the natural watershed hydrologic processes and runoff characteristics
(i.e., interception, infiltration, overland flow, interflow and groundwater flow)
caused by urbanization or other land use changes that result in increased stream
flows and sediment transport. In addition, alteration of stream and river channels,
installation of dams and water impoundments, and excessive stream-bank and
shoreline erosion are also considered hydromodification, due to their disruption of
natural watershed hydrologic processes.

Hydromodification
Management BMP

A structural BMP for the purpose of hydromodification management, either for
protection of critical coarse sediment yield areas or for flow control. See also flow
control BMP.

Impervious Surface

Any material that prevents or substantially reduces infiltration of water into the soil.

Infeasible

As applied to BMPs, refers to condition in which a BMP approach is not practicable
based on technical constraints specific to the site, including by not limited to
physical constraints, risks of impacts to environmental resources, risks of harm to
human health, or risk of loss or damage to property. Feasibility criteria are provided
in this manual.

Infiltration

In the context of LID, infiltration is defined as the percolation of water into the
ground. Infiltration is often expressed as a rate (inches per hour), which is
determined through an infiltration test. In the context of non-storm water,
infiltration is water other than wastewater that enters a sewer system (including
sewer service connections and foundation drains) from the ground through such
means as defective pipes, pipe joints, connections, or manholes. Infiltration does
not include, and is distinguished from, inflow [40 CFR 35.2005(20)].

Infiltration BMP

Infiltration BMPs are structural measures that capture, store and infiltrate storm
water runoff. These BMPs are engineered to store a specified volume of water and
have no design surface discharge (underdrain or outlet structure) until this volume
is exceeded. These types of BMPs may also support evapotranspiration processes,
but are characterized by having their most dominant volume losses due to
infiltration. (See Section 5.5.1.2 for illustration and additional information).

Jurisdiction

The term “jurisdiction” is used in this manual to refer to individual copermittees
who have independent responsibility for implementing the requitements of the MS4
Permit.

LID

A storm water management and land development strategy that emphasizes
conservation and the use of onsite natural features integrated with engineered,
small-scale hydrologic controls to more closely reflect pre-development hydrologic
functions. See Site Design.

Lower Flow
Threshold

The lower limit of the range of flows to be controlled for hydromodification
management. The lower flow threshold is the flow at which erosion of sediment
from the stream bed or banks begins to occur. See also critical channel flow. For
the San Diego region, the lower flow threshold shall be a fraction (0.1, 0.3, or 0.5)
of the pre-development 2-year flow rate based on continuous simulation modeling
(0.1Q2, 0.3Q2, or 0.5Q2).
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Appendix L:

Glossary of Key Terms
Media Storm water runoff pollutant treatment material typically included as a permeable
constructed bed or container (cartridge) within a BMP.
MEP Refer to the definition in the MS4 Permit. [Appendix C, Definitions, Page C-0]

National Pollutant
Discharge
Elimination System

The national program for issuing, modifying, revoking and reissuing, terminating,
monitoring and enforcing permits, and imposing and enforcing pretreatment
requirements, under Sections 307, 318, 402, and 405 of the Clean Water Act.

New Development

Land disturbing activities; structural development, including construction or
installation of a building or structure, the creation of impervious surfaces; and land
subdivision.

Oo&M

Requirements in the MS4 Permit to inspect structural BMPs and verify the
implementation of operational practices and preventative and corrective
maintenance in perpetuity.

Partial Infiltration

Infiltration of a storm water runoff volume less than the DCV.

Partial Retention

Partial retention category is defined by structural measures that incorporate both
infiltration (in the lower treatment zone) and biofiltration (in the upper treatment
zone).

PDPs As defined by the MS4 Permit provision E.3.b, land development projects that fall
under the planning and building authority of the Copermittee for which the
Copermittee must impose specific requirements in addition to those required of
Standard Projects. Refer to Section 1.4 to determine if your project is a PDP.

PDPs with only PDPs that need to meet Source Control, Site Design and Pollutant Control

Pollutant Control Requirements (but are exempt from Hydromodification Management

Requirements Requirements).

PDPs with PDPs that need to meet Source Control, Site Design, Pollutant Control and

Pollutant Control
and
Hydromodification
Management
Requirements

Hydromodification Management Requirements.

Point of
Compliance

1. For channel screening and determination of low flow threshold: the point at
which collected storm water from a development is delivered from a constructed
or modified drainage system into a natural or un-lined channel. POC for channel
screening may be located onsite or offsite, depending on where runoff from the
project meets a natural or un-lined channel. 2. For flow control: the point at which
pre-development and post-development flow rates and durations will be compared.
POC for flow control is typically onsite. A project may have a different POC for
channel screening vs. POC for flow control if runoff from the project site is
conveyed in hardened systems from the project site boundary to the natural or un-
lined channel.

Pollutant Control

Control of pollutants via physical, chemical or biological processes
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Pollution
Prevention

Appendix L:
Glossary of Key Terms
Pollution prevention is defined as practices and processes that reduce or eliminate

the generation of pollutants, in contrast to source control BMPs, treatment control
BMPs, or disposal.

Post-Project
Hydrology Flows,
Volumes

The peak runoff flows and runoff volume anticipated after the project has been
constructed taking into account all permeable and impermeable surfaces, soil and
vegetation types and conditions after landscaping is complete, detention or
retention basins or other water storage elements incorporated into the site design,
and any other site features that would affect runoff volumes and peak flows.

Potential Critical
Coarse Sediment
Yield Area

A GLU with coarse-grained geologic material and high relative sediment
production, as defined in the Regional WMAA. The Regional WMAA identified
GLUs as potential critical coarse sediment yield areas based on slope, geology, and
land cover. GLU analysis does not determine whether the sediment produced is
critical to the receiving stream (a source of bed material to the receiving stream)
therefore the areas are designated as potential.

Pre-Development
Runoff Conditions

Approximate flow rates and durations that exist or existed onsite before land
development occurs. For new development projects, this equates to runoff
conditions immediately before any new project disturbance or grading. For
redevelopment projects, this equates to runoff conditions from the project
footprint assuming infiltration characteristics of the underlying soil, and existing
grade. Runoff coefficients of concrete or asphalt must not be used. A
redevelopment PDP must use available information pertaining to existing
underlying soil type and onsite existing grade to estimate pre-development runoff
conditions.

Pre-Project
Condition

The condition prior to any project work or the existing condition. Note that pre-
project condition and pre-development condition will not be the same for
redevelopment projects.

Pretreatment

Removal of gross solids, including organic debris and coarse sediment, from runoff
to minimize clogging and increase the effectiveness of BMPs.

Project Area

All areas proposed by an applicant to be altered or developed, plus any additional
areas that drain on to areas to be altered or developed. Also see Section 1.3.

Project Footprint

All areas proposed by an applicant to be altered or developed, including both
impervious and pervious areas.

Project Submittal

Documents submitted to a jurisdiction or Copermittee in connection with an
application for development approval and demonstrating compliance with MS4
Permit requirements for the project. Specific requirements vary from municipality
to municipality.

Proprietary BMP

BMP designed and marketed by private business for treatment of storm water.
Check with City Engineer prior to proposing to use a proprietary BMP.

Receiving Waters

See Waters of the United States.
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Redevelopment

Appendix L:
Glossary of Key Terms

The creation and/or replacement of impetvious sutface on an already developed
site. Examples include the expansion of a building footprint, road widening, and
the addition to or replacement of a structure. Replacement of impervious surfaces
includes any activity where impervious material(s) are removed, exposing
underlying soil during construction. Redevelopment does not include routine
maintenance activities, such as trenching and resurfacing associated with utility
work; pavement grinding; resurfacing existing roadways, sidewalks, pedestrian
ramps, or bike lanes on existing roads; and routine replacement of damaged
pavement, such as pothole repair.

Retrofitting

Storm water management practice put into place after development has occurred in
watersheds where the practices previously did not exist or are ineffective.
Retrofitting of developed areas is intended to improve water quality, protect
downstream channels, reduce flooding, or meet other specific objectives.
Retrofitting developed areas may include, but is not limited to replacing roofs with
green roofs, disconnecting downspouts or impervious surfaces to drain to pervious
surfaces, replacing impervious surfaces with pervious surfaces, installing rain
barrels, installing rain gardens, and trash area enclosures.

Regional Water
Quality Control
Board (SDRWQCB)

California RWQCBs are responsible for implementing pollution control provisions
of the Clean Water Act and California Water Code within their jurisdiction. There
are nine California RWQCBs.

Retention
(Retention BMPs)

A category of BMP that does not have any service outlets that discharge to surface
water or to a conveyance system that drains to surface waters for the design event
(i.e. 85" percentile 24-hour). Mechanisms used for storm water retention include
infiltration, evapotranspiration, and use of retained water for non-potable or
potable purposes.

Saturated Storage

Storage that provides a permanent volume of water at the bottom of the BMP as
an anaerobic zone to promote denitrification and/or thermal pollution control.
Also known as internal water storage or a saturation zone.

Self-mitigating

A natural, landscaped, or turf area that does not generate significant pollutants and

Areas drains directly offsite or to the public storm drain system without being treated by
a structural BMP. See Section 5.2.1.

Self-retaining DMA  An area designed to retain runoff to fully eliminate storm water runoff from the

via Qualifying Site 85t percentile 24 hours storm event; See Section 5.2.3.

Design BMPs

SIC A Federal government system for classifying industries by 4-digit code. It is being
supplanted by the North American Industrial Classification System but SIC codes
are still referenced by the Regional Water Board in identifying development sites
subject to regulation under the National Pollutant Discharge Elimination System
permit. Information and an SIC search function are available at
https:/ /www.osha.gov/pls/imis/sicsearch.html

Significant Redevelopment that meets the definition of a “PDP” in this manual. See Section

Redevelopment 14.
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Site Design

Appendix L:
Glossary of Key Terms

A storm water management and land development strategy that emphasizes
conservation of natural features and the use of onsite natural features integrated
with engineered, small-scale hydrologic controls to more closely reflect pre-
development hydrologic functions.

Sizing Factor
Method

A method for designing flow control BMPs for hydromodification management
using sizing factors developed from unit area continuous simulation models.

Sorption

Physical and/or chemical process whete pollutants are taken out of runoff through
attachment to another substance.

Source Control

Land use or site planning practices, or structures that aim to prevent runoff
pollution by reducing the potential for contamination at the source of pollution.
Source control BMPs minimizes the contact between pollutants and storm water
runoff. Examples include roof structures over trash or material storage areas, and
berms around fuel dispensing areas. Source control BMPs are described within this
manual.

Standard Project

Any development project that is not defined as a PDP by the MS4 Permit.

Storm Water
Conveyance System

A conveyance or system of conveyances (including roads with drainage systems,
municipal streets, catch basins, curbs, gutters, ditches, man-made channels, or storm
drains): (i) Owned or operated by a State, city, town, borough, county, parish,
district, association, or other public body (created by or pursuant to State law)
having jurisdiction over disposal of sewage, industrial wastes, storm water, or other
wastes, including special districts under State law such as a sewer district, flood
control district or drainage district, or similar entity, or an Indian tribe or an
authorized Indian tribal organization, or designated and approved management
agency under section 208 of the Clean Water Act that discharges to waters of the
United States; (if) Designated or used for collecting or conveying storm water; (iii)
Which is not a combined sewer; (iv) Which is not part of the Publicly Owned
Treatment Works as defined at 40 CFR 122.26.

Storm Water
Pollutant Control
BMP

A category of storm water management requirements that includes treatment of
storm water to remove pollutants by measures such as retention, biofiltration,
and/or flow-thru treatment control, as specified in this manual. Also called a
Pollutant Control BMP.

Storm Water
Pollution
Prevention Plan
(SWPPP)

A written plan submitted to the City and State Water Resource Control that
documents the series of phases and activities that, first, characterizes your site, and
then prompts you to select and carry out actions which prevent the pollution of
stormwater discharges; used for projects, with land disturbance greater than or equal
to 1 acre

Structural BMP

Throughout the manual, the term "structural BMP" is a general term that
encompasses the pollutant control BMPs and hydromodification BMPs required
for PDPs under the MS4 Permit. A structural BMP may be a pollutant control BMP,
a hydromodification management BMP, or an integrated pollutant control and
hydromodification management BMP. Structural BMPs as defined in the MS4
Permit are: a subset of BMPs which detains, retains, filters, removes, or prevents
the release of pollutants to surface waters from development projects in perpetuity,
after construction of a project is completed.

Subgrade

In-situ soil that lies underneath a BMP.
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Tributary Area

Appendix L:
Glossary of Key Terms

The total surface area of land or hardscape that contributes runoff to the BMP;
including any offsite or onsite areas that comingles with project runoff and drains
to the BMP. Refer to Section 3.3.3 for additional guidance Also termed the
drainage atea or catchment area.

Unified BMP
Design Approach

This term refers to the standardized process for site and watershed investigation,
BMP selection, BMP sizing, and BMP design that is outlined and described in this
manual with associated appendices and templates. This approach is considered to
be “unified” because it represents a pathway for compliance with MS4 Permit
requirements that is anticipated to be reasonably consistent across the local
jurisdictions in San Diego County. In contrast, applicants may choose to take an
alternative approach where they demonstrate to the satisfaction of the Copermittee,
in their submittal, compliance with applicable performance standards without
necessarily following the process identified in this manual.

Upper Flow
Threshold

The upper limit of the range of flows to be controlled for hydromodification
management. For the San Diego region, the upper flow threshold shall be the pre-
development 10-year flow rate (Q10) based on continuous simulation modeling.

Vactor

Refers to a sewer or storm drain cleaning truck equipped to remove materials from
sewer or storm drain pipes or structures, including some storm water BMPs.

Vector

An animal or insect capable of transmitting the causative agent of human disease.
An example of a vector in San Diego County that is of concern in storm water
management is a mosquito.

Water Quality
Improvement Plan

Copermittees are required to develop a Water Quality Improvement Plan for each
Watershed Management Area in the San Diego Region. The purpose of the Water
Quality Improvement Plans is to guide the Copermittees’ jurisdictional runoff
management programs towards achieving the outcome of improved water quality
in MS4 discharges and receiving waters. WQIPs requirements are defined in the
MS4 Permit provision B.

Waters of the
United States

Surface bodies of water, including naturally occurring wetlands, streams (perennial,
intermittent, and ephemeral (exhibiting bed, bank, and ordinary high water mark)),
creeks, rivers, reservoirs, lakes, lagoons, estuaries, harbors, bays and the Pacific
Ocean which directly or indirectly receive discharges from storm water conveyance
systems. The Copermittee shall determine the definition for wetlands and the limits
thereof for the purposes of this definition, which shall be as protective as the
Federal definition utilized by the United States Army Corps of Engineers and the
United States Environmental Protection Agency. Constructed wetlands are not
considered wetlands under this definition, unless the wetlands were constructed as
mitigation for habitat loss. Other constructed BMPs are not considered receiving
waters under this definition, unless the BMP was originally constructed within the
boundaries of the receiving waters. Also see MS4 permit definition.

Watershed
Management Area

The ten areas defined by the SDRWQCB in Regional MS4 Permit provision B.1,
Table B-1. Each Watershed Management Area is defined by one or more
Hydrologic Unit, major surface water body, and responsible Copermittee.
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Glossary of Key Terms
Watershed For each Watershed Management Area, the Copermittees have the option to
Management Area  perform a WMAA for the purpose of developing watershed-specific requirements
Analysis for structural BMP implementation. Each WMAA includes: GIS layers developed

to provide physical characteristics of the watershed management area, a list of
potential offsite alternative compliance projects, and areas exempt from
hydromodification management requirements.

Water Pollution A written plan submitted to the City that documents the series of phases and
Control Plan activities that, first, characterizes your site, and then prompts you to select and carry
(WPCP ) out actions which prevent the pollution of stormwater discharges; used for projects

less than 1 acre

BMP Design Manual-Appendices \\\V/,
December 2015 L-12 ~

CITY OF
CHULA VISTA



	Appendix A: Submittal Templates 
	A.1 Storm Water Requirements Applicability Checklist

(Intake Form) 
	A.2 Standard SWQMP Template 
	A.3 PDP SWQMP Template
	A.4 Storm Water Management Facilities Maintenance
Agreement with Grant of Access and Covenant’s Template

	Appendix B: Storm Water Pollutant Control

Hydrologic Calculations and Sizing Methods 
	B.1  CV 
	B.1.1 Runoff Factor 
	B.1.2 Offline BMPs
	B.1.3 85th Percentile, 24-Hour Storm Event 

	B.2  Adjustments to Account for Site Design BMPs 
	B.2.1 Adjustment to Impervious Runoff Factor
	B.2.2 Adjustment to DCV

	B.3  Harvest and Use BMPs
	B.3.1 Planning Level Harvest and Use Feasibility
	B.3.2 Harvested Water Demand Calculation
	B.3.3 Sizing Harvest and Use BMPs

	B.4  Infiltration BMPs 
	B.4.1 Simple Method
	B.4.2 Percent Capture Method 
	B.4.3 Technical Basis for Equivalent Sizing Methods

	B.5  Biofiltration BMPs 
	B.5.1 Standard Biofiltration BMP Sizing
	B.5.2     Non-Standard and Compact Biofiltration BMP Sizing
	B.5.3 Basis for Minimum Sizing Factor for Biofiltration BMPs 
	B.5.4  Volume Retention Mechanisms 

	B.6  Flow-Thru Treatment Control BMPs (for use with Alternative Compliance) 
	B.6.1 PDP Most Significant Pollutants of Concern
	B.6.2 Selection of Flow-Thru Treatment Control BMPs
	B.6.3 Sizing Flow-Thru Treatment Control BMPs:


	Appendix C: Geotechnical and Groundwater Investigation Requirements
	C.1 Simple Feasibility Criteria 
	C.1.1  Infiltration Feasibility Condition Letter

	C.2 Detailed Feasibility Criteria 
	C.2.1 Geotechnical Feasibility Criteria
	C.2.2 Groundwater Quality and Water Balance Feasibility Criteria

	C.3 Geotechnical and Groundwater Investigation Report Requirements 
	C.3.1 Site Evaluation
	C.3.2 Field Investigation 
	C.3.3 Reporting Requirements by the Project Geotechnical Consultant
	C.3.4 Reporting Requirements by the Project SWQMP Preparer

	C.4 Feasibility Screening Exhibits 

	Appendix D: Approved Infiltration Rate

Assessment Methods for Selection of Storm

Water BMPs 
	 D.1  Introduction  
	D.2  Role of Infiltration Testing in Different Stages Project Development 
	D.3  Guidance for Selecting Infiltration Testing Methods 
	D.3.1 Desktop Approaches and Data Correlation Methods 
	D.3.2 Surface and Shallow Excavation Methods
	D.3.3 Deeper Subsurface Tests 
	D.3.4 Percolation Rate Conversion Example

	D.4  Specific Considerations for Infiltration Testing
	D.4.1  Hydraulic Conductivity versus Infiltration Rate Versus Percolation Rate 
	D.4.2  Cut and Fill Conditions 
	D.4.3  Effects of Direct and Incidental Compaction
	D.4.4  Temperature Effects on Infiltration Rate
	D.4.5  Number of Infiltration Tests Needed 

	D.5  Selecting a Safety Factor 
	D.5.1  Determining Factor of Safety
	D.5.2  Site Suitability Considerations for Selection of an Infiltration Factor of Safety 
	D.5.3  Design Related Considerations for Selection of an Infiltration Factor of Safety 
	D.5.4  Implications of a Factor of Safety in BMP Feasibility and Design


	Appendix E: BMP Design Fact Sheets
	E.1   Source Control BMP Requirements
	E.2   SC-Q: Large Trash Generating Facilities
	E.3   SC-R: Animal Facilities
	E.4   SC-S: Plant Nurseries and Garden Center 
	E.5   SC-T: Automotive Facilities
	 E.6   SD-A Tree  
	E.7   SD-B Impervious Area Dispersion
	E.8   SD-C: Green Roofs
	E.9   SD-D Permeable Pavement (Site Design BMP) 
	E.10   SD-E Rain Barrels 
	E.11   SD-F Amended Soils 
	E.12   HU-1 Cistern 
	E.13   INF-1 Infiltration Basin 
	E.14   INF-2 Bioretention  
	E.15   INF-3 Permeable Pavement (Pollutant Control) 
	E.16   INF-4 Dry Wells 
	E.17   PR-1 Biofiltration with Partial Retention 
	E.18   BF-1 Biofiltration
	E.19   BF-2 Nutrient Sensitive Media Design 
	E.20   BF-3 Proprietary Biofiltration Systems
	E.21   FT-1 Vegetated Swales 
	E.22   FT-2 Media Filters 
	E.23   FT-3 Sand Filters 
	E.24   FT-4 Dry Extended Detention Basin
	E.25   FT-5 Proprietary Flow-Thru Treatment Control BMPs
	E.26   PL Plant List 

	Appendix F:   Biofiltration Standard and Checklist 
	F.1 Pollutant Treatment Performance Standard 
	F.2 Guidance on Sizing and Design of Non-Standard

Biofiltration BMPs 
	F.2.1 Guidance on Design per Conditions of Certification/Verification
	F.2.2 Sizing of Flow-Based Biofiltration BMP

	F.3 Bioretention Soil Media (BSM) 
	SECTION 803 - BIORETENTION SOIL MEDIA COMPOSITION, TESTING,

AND INSTALLATION 
	803-1 GENERAL. 
	803-2 BLENDED BSM CRITERIA AND TESTING REQUIREMENTS 
	803-2.1 General. 
	803-2.2 Testing and Submittals. 
	803-2.3 Agronomic Suitability. 
	803-2.4 Hydraulic Suitability. 
	803-2.5 Chemical Suitability for Areas Draining to Impaired Receiving Waters. 
	803-2.5.1 General. 
	803-2.5.2 Testing. 
	803-2.5.3 BSM Limits in Areas Draining to Impaired Receiving Waters
	803-2.5.4 Alternative BSM for Reduced Phosphorus Leaching.
	803-2.5.5. Nitrogen Impaired Receiving Waters. 


	803-3 SAND FOR BSM. 
	803-3.1 General.
	803-3.2 Gradation Limits

	803-4 TOPSOIL FOR BSM
	803-4.1 General
	803-4.2 Textural Class. 

	803-5 COMPOST FOR BSM.
	803-5.1 General.
	803-5.1.1 Gradation Limits. 
	803-5.1.2 Material Content. 

	803-5.2 Compost Testing. 
	803-5.2.1 Pathogens and Pollutant Limits


	803-6 DELIVERY, STORAGE, HANDLING, AND PAYMENT
	803-6.1 General. 
	803-6.1.1 Delivery.
	803-6.1.2 Storage
	803-6.1.3 Handling and Placement. 
	803-6.1.4 Hydraulic Suitability

	803-6.2 Quality Control and Acceptance
	803-6.2.1 General. 

	803-6.5 Measurement and Payment. 

	803-7 AGGREGATE MATERIALS FOR BIORETENTION AND

BIOFILTRATION DRAINAGE LAYERS
	803-7.1 General. 
	803-7.2 Rock and Sand Materials for Drainage Layers
	803-7.2.1 General. 
	803-7.2.2 Filter Course. 
	803-7.2.3 Open-Graded Aggregate Stone.

	803-7.3 Layer Thicknesses and Construction
	803-7.3.1 General.
	803-7.3.2 Filter Course Layers
	803-7.3.3 Aggregate Drainage and Storage Layer.
	803-7.3.4 Spreading.
	803-7.3.5 Compacting. 

	803-7.4 Measurement and Payment

	803-8 SUMMARY


	Appendix G:  Guidance for Continuous Simulation

and Hydromodification Sizing Factors 
	G.1 Guidance for Continuous Simulation Hydrologic

Modeling for Hydromodification Management Studies

in San Diego County Region 9 �奠鵣㸀ᬮ怋㼿㷔煵቟�ꁝ▟ﹿ�簀�紀�Ā�㜧㜓Ā䰀䤀䴀䤀吀䄀吀䤀伀一匀Ȁ뜀 䐀漀 渀漀琀 搀椀猀琀甀爀戀 攀砀椀猀琀椀渀最Ⰰ 洀愀琀甀爀攀Ȁ琀爀攀攀猀 愀渀搀 爀漀漀琀 猀礀猀琀攀洀猀⸀Ȁ뜀 䔀渀猀甀爀攀 猀椀最栀琀 氀椀渀攀猀 愀渀搀 琀甀
	G.1.1   Introduction
	G.1.2  Software for Continuous Simulation Hydrologic Modeling
	G.1.3  Climatology Parameters
	G.1.4  LAND CHARACTERISTICS AND LOSS PARAMETERS
	G.1.5   MODELING STRUCTURAL BMPS (PONDS AND LID FEATURES)
	G.1.6   FLOW FREQUENCY AND DURATION

	G.2 Sizing Factors for Hydromodification Management BMPs 
	G.2.1 Unit Runoff Ratios  
	G.2.2  Sizing Factors for "Infiltration" BMP 
	G.2.3 Sizing Factors for Biofiltration with Partial Retention 
	G.2.4 Sizing Factors for Biofiltration
	G.2.5     Sizing Factors for "Cistern" BMP 


	Appendix H: Guidance for Investigating Potential

Critical Coarse Sediment Yield Areas (“CCSYA”) 
	H.1  Step 1: Identify CCSYAs 
	H.1.1  Identification Methods 
	H.1.2  Refinement Options

	H.2 Step 2: Avoidance of Onsite CCSYAs 
	H.2.1 Avoidance Metrics

	H.3 Step 3: Bypass Onsite and Upstream CCSYAs 
	H.3.1  Bypass CCSYAs from Hillslopes 
	H.3.2 Bypass CCSYAs from Channels
	H.3.3 De Minimis Upstream CCSYA

	H.4 Step 4: Demonstrate No Net Impact 
	H.4.1 Background
	H.4.2 Management Standard
	H.4.3 Types of Mitigation Measures

	H.5 References 
	H.5.1 Terms of Reference

	H.6 PCCSYAs: Regional WMAA Maps
	H.6.1 Criteria Site-Specific for GLU Analysis
	H.6.2 Assumptions for Regional WMAA PCCSYA Maps
	H.6.3    Encroachment Allowance for Regional PCCSYA WMAA Map

	H.7 Downstream System Sensitivity to Coarse Sediment
	H.7.1 Depositional Analysis
	H.7.2 Threshold Channel Analysis
	H.7.3 Coarse Sediment Source Area Verification

	H.8 Calculation Methodology for Ep and Sp 
	H.8.1 Calculation of Ep
	H.8.2 Calculation of Sp

	H.9 Mitigation Measures Fact Sheets 
	H.9.1 Additional Flow Control 
	H.9.2 Stream Rehabilitation


	Appendix I: Intentionally Blank 
	Appendix J: Intentionally Deleted
	Appendix K: Construction BMP Standards
	 Construction BMP 

Appendix K

Standards  
	K.1 Introduction/Purpose
	K.2 Determining Applicable Storm Water Regulations 
	K.3 Determining Applicable Non-Storm Water Regulations
	K.4 Construction Site Prioritization 
	K.4.1 Low Threat to Water Quality Sites 

	K.5 Pollution Control Plan Requirements 
	K.5.1 SWPPP Requirements 
	K.5.2 CSWPCP Requirements
	K.5.3 Storm Water Certification Statement 

	K.6 Required Best Management Practices 
	K.6.1 Minimum BMP Requirements
	K.6.2 Additional Erosion and Sediment Control Requirements
	K.6.3 ADVANCED TREATMENT METHODS
	K.6.4 ADDITIONAL CONTROLS FOR CONSTRUCTION SITES 
	K.6.5 BMP Implementation
	K.6.6 BMP Effectiveness
	K.6.7 BMP Maintenance

	K.7 Permanent BMP Inspections during Construction
	K.8 Compliance Verification and Enforcement 
	K.8.1 Construction Site Inspections
	K.8.2 Inspection Frequency
	K.8.3 Inspection Content
	K.8.4 Construction Site Enforcement
	K.8.5 RWQCB Notification


	Appendix L: Glossary of Key Terms 

