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Project Owner’s Certification

This Water Quality Management Plan (WQMP) has been prepared for US AUCTIONS, Armando
Camarena, Owner by NM Civil Engineering, Inc. The WQMP is intended to comply with the requirements
of the City of Colton and the NPDES Areawide Stormwater Program requiring the preparation of aWQMP.
The undersigned, while it owns the subject property, is responsible for the implementation of the
provisions of this plan and will ensure that this plan is amended as appropriate to reflect up-to-date
conditions on the site consistent with San Bernardino County’s Municipal Storm Water Management
Program and the intent of the NPDES Permit for San Bernardino County and the incorporated cities of San
Bernardino County within the Santa Ana Region. Once the undersigned transfers its interest in the
property, its successors in interest and the city/county shall be notified of the transfer. The new owner will
be informed of its responsibility under this WQMP. A copy of the approved WQMP shall be available on
the subject site in perpetuity.

“I certify under a penalty of law that the provisions (implementation, operation, maintenance, and funding)
of the WQMP have been accepted and that the plan will be transferred to future successors.”
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Section 1 Discretionary Permit(s)

Form 1-1 Project Information

Project Name OFFICE, WAREHOUSE/STORAGE BUILDING AND PARKING AREA

Project Owner Contact Name: ARMANDO CAMARENA

Mailing E-mail
130 EAST 9™ STREET, UPLAND, CA 91780 Telephone: | (909) 982-6688
Address: Address:

Tract/Parcel Map

APN:0163-281-31
Number(s):

Permit/Application Number(s):

Total Lot Size is 309,276 S.F.(7.1 Acres) and with no existing improvements. The proposed
Additional Information/ Office Buildingn has a 1%t floor area of 3,853 S.F., a Warehouse/Storage Building of 6,000
Comments: S.F., a Parking and Pavement Areas of 234,586 S.F., Landscaping of 36,820 S.F. and gravel
filled open area of 28,017 S.F.

Proposed Office, Warhouse/Storage Building, Parking and Pavement Areas at 1050 S 6t

Description of Project:
Street, Colton, CA 92324

Provide summary of Conceptual
WQMP conditions (if previously
submitted and approved). Attach
complete copy.
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Section 2

2.1 Project Information

This section of the WQMP should provide the information listed below. The information providedfor

Conceptual/ Preliminary WQMP should give sufficient detail to identify the major proposed site design and LID

Project Description

BMPs and other anticipated water quality features that impact site planning. FinalProject WQMP must
specifically identify all BMP incorporated into the final site design and provide other detailed information as

described herein.

The purpose of this information is to help determine the applicable development category, pollutants of

concern, watershed description, and long term maintenance responsibilities for the project, and any applicable

water quality credits. This information will be used in conjunction with the information in Section 3, Site

Description, to establish the performance criteria and to select the LID BMP or other BMP for the project or
other alternative programs that the project will participate in, which are described in Section 4.

Form 2.1-1 Description of Proposed Project

1Development Category (Select all that apply):

|:| Significant re-development
involving the addition or
replacement of 5,000 ftZor
more of impervious surface on
an already developed site

|X|New development involving
the creation of 10,000 ft2 or
more of impervious surface
collectively over entire site

|:|Automotive repair shops
with standard industrial
classification (SIC) codes
5013, 5014, 5541, 7532-
7534, 7536-7539

DRestaurants (with SIC
code 5812) where the land
area of development is
5,000 ft2 or more

|:|Hillside developments of
5,000 ft2 or more which are
located on areas with known
erosive soil conditions or
where the natural slope is
25 percent or more

DDeveIopments of 2,500 ft2
of impervious surface or more
adjacent to (within 200 ft) or
discharging directly into
environmentally sensitive areas
or waterbodies listed on the
CWA Section 303(d) list of
impaired waters.

X]Parking lots of 5,000 ft2
or more exposed to storm
water

|:|Retai| gasoline outlets
that are either 5,000 ft2 or
more, or have a projected
average daily traffic of 100
or more vehicles per day

|:| Non-Priority / Non-Category Project May require source control LID BMPs and other LIP requirements.

Jjurisdiction on specific requirements.

Please consult with local

2 Project Area (ft2):

244,439 S.F.

3 Number of Dwelling Units:

4 SIC Code:

1541/1771

5 . .
Is Project going to be phased? Yes |:| No |Z|lfyes, ensure that the WQMP evaluates each phase as a distinct DA, requiring LID BMPs

to address runoff at time of completion.

6 L . . . .
Does Project include roads? Yes DNO &/f yes, ensure that applicable requirements for transportation projects are addressed (see

Appendix A of TGD for WQMP)
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2.2 Property Ownership/Management

Describe the ownership/management of all portions of the project and site. State whether any infrastructure
will transfer to public agencies (City, County, Caltrans, etc.) after project completion. State if a homeowners or
property owners association will be formed and be responsible for the long-term maintenance of project
stormwater facilities. Describe any lot-level stormwater features that will be the responsibility of individual
property owners.

Form 2.2-1 Property Ownership/Management

Describe property ownership/management responsible for long-term maintenance of WQMP stormwater facilities:

Property Owner, Armando Camarena will manage all portions of the project site including full responsibility for the long term
maintenance of WQMP stormwater facilities. There will be no infrastructure that will be transferred to public agencies (i.e. County
of San Bernardino, City of Colton, Caltrans, etc.) after project completion. Neither a Home Owners Association (HOA) or Property
Owners Association (POA) will be formed. There will be a property management company.

Property Owner:

Armando Camarena
1050 S 6th Street
Colton, CA 92324
(909) 982-6688
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2.3 Potential Stormwater Pollutants

Determine and describe expected stormwater pollutants of concern based on land uses and site activities (refer
to Table 3-3 in the TGD for WQMP).

Form 2.3-1 Pollutants of Concern

Please check:
Pollutant E=Expected, N=Not Additional Information and Comments
Expected

Pathogens (Bacterial / Virus) EX N[ ]

Phosphorous X N[]

Nitrogen X N[

Sediment X N[]

Metals X N[]

Oil and Grease EX N

Trash/Debris EX N[

Pesticides / Herbicides EX N

Organic Compounds EX N

Other: E[] N[]

Other: E[] N[]

Other: E[] N[]

Other: E[] N[

Other: E[] N[

Other: E[] N[

2-3
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2.4 Water Quality Credits

A water quality credit program is applicable for certain types of development projects if it is not feasible to meet
the requirements for on-site LID. Proponents for eligible projects, as described below, can apply for water
quality credits that would reduce project obligations for selecting and sizing other treatment BMP or
participating in other alternative compliance programs. Refer to Section 6.2 in the TGD for WQMP to
determine if water quality credits are applicable for the project.

Form 2.4-1 Water Quality Credits

1 Project Types that Qualify for Water Quality Credits: Select all that apply

|:|Redevelopment projects that
reduce the overall impervious
footprint of the project site.
[Credit = %impervious reduced]

Higher density
development projects
|:|Vertical density [20%]
|:|7units/acre[5%]

[IMixed use development,
(combination of residential,
commercial, industrial, office,
institutional, or other land uses
which incorporate design principles
that demonstrate environmental
benefits not realized through single
use projects) [20%]

[IBrownfield
redevelopment
(redevelop real property
complicated by presence
or potential of hazardous
contaminants) [25%]

DRedeveIopment projects in
established historic district,
historic preservation area, or
similar significant core city center
areas [10%]

|:|Transit—oriented
developments (mixed use
residential or commercial
area designed to maximize
access to public
transportation)[20%]

|:|In—fill projects(conversion of
empty lots & other underused
spaces < 5 acres, substantially
surrounded by urban land uses, into
morebeneficially used spaces, such
as residential or commercial areas)
[10%]

[ JLive-
Workdevelopments
(variety of developments
designed to support
residential and vocational
needs) [20%)]

2 Total Credit %

(Total all credit percentages up to a maximum allowable credit of 50 percent)

Description of Water Quality
Credit Eligibility(if applicable)

24
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Section 3  Site and Watershed Description

Describe the project site conditions that will facilitate the selection of BMPthrough an analysis of the physical
conditions and limitations of the site and its receiving waters.Identify distinct drainage areas (DA) that collect
flow from a portion of the site and describe how runoff from each DA (and sub-watershed DMAs) is conveyed
to the site outlet(s). Refer to Section 3.2 in the TGD for WQMP. The form below is provided as an example.Then
complete Forms 3.2 and 3.3 for each DA on the project site.If the project has more than one
drainage area for stormwater management, then complete additional versions of
these forms for each DA / outlet.

Form 3-1 Site Location and Hydrologic Features

Site coordinates take GPS
measurement at approximate Latitude N34°03'12"W Longitude 117°19'46"
center of site

Thomas Bros Map page 606-
D5

1 San Bernardino County climatic region: [X] Valley [ ]Mountain

2 Does the site have more than one drainage area (DA): Yes[_| No[Xlif no, proceed to Form 3-2. If yes, then use this form to show a

conceptual schematic describing DMAs and hydrologic feature connecting DMAs to the site outlet(s). An example is provided below that can be
modified for proposed project or a drawing clearly showing DMA and flow routing may be attached

Outlet1 |« Outlet 2
A

DA1DMAB

DA1DMAC

Example only — modify for project specific WQMP using additional form

Conveyance Briefly describe on-site drainage features to convey runoff that is not retained within a DMA

DA1 DMACflows to Ex. Bioretention overflow to vegetated bioswale with 4’ bottom width, 5:1 side slopes and bed slope of 0.01. Conveys
DA1 DMA A runoff for 1000’ through DMA 1 to existing catch basin on SE corner of property

DA1 DMA A to Outlet 1

DA1 DMAB to Outlet 1

DA2 to Outlet 2

3-5
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Form 3-2 Existing Hydrologic Characteristics for Drainage Areal

For Drainage Area 1’s sub-watershed DMA,

. . . DMA A DMA B DMA C DMAD
provide the following characteristics

1DMA drainage area (ft?) 244,439 S.F.

2Existing site impervious area (ft2)

3 . .
Antecedent moisture conditionFor desert
areas, use

http://www.sbcounty.qov/dpw/floodcontrol/pdf/2
0100412 map.pd;

4 Hydrologic soil group Refer to Watershed
Mapping Tool -
http://sbcounty.permitrack.com/WAP

5Longest flowpath length (ft)

6 Longest flowpath slope (ft/ft)

7
Current land cover type(s) Select from Fig C-3
of Hydrology Manual

8Pre-deve|opedpervious area condition:

Based on the extent of wet season vegetated cover
good >75%; Fair 50-75%; Poor <50% Attach photos
of site to support rating

3-6
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Form 3-2 Existing Hydrologic Characteristics for Drainage Areal
(use only as needed for additional DMA w/in DA1)

For Drainage Area 1’s sub-watershed DMA,
provide the following characteristics

DMAE DMAF DMA G

1 DMA drainage area (ft2)

2 Existing site impervious area (ft2)

3 Antecedent moisture condition For desert
areas, use
http://www.sbcounty.qov/dpw/floodcontrol/pdf/2
0100412 map.pd,|

4 Hydrologic soil group Refer to Watershed

Mapping Tool —
http://sbcounty.permitrack.com/WAP

5Longest flowpath length (ft)

6 Longest flowpath slope (ft/ft)

7 Current land cover type(s) Select from Fig C-3
of Hydrology Manual

8Pre—developedpervious area condition:

Based on the extent of wet season vegetated cover
good >75%; Fair 50-75%; Poor <50% Attach photos
of site to support rating
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Form 3-3 Watershed Descriptionfor Drainage Area

Receiving waters
Refer to Watershed Mapping Tool - Santa Ana River Reaches 5-1
http://sbcounty.permitrack.com/WAP

See ‘Drainage Facilities” link at this website

Applicable TMDLs
Refer to Local Implementation Plan Santa Ana River Reach 3- Pathogens, Nitrate

303(d) listed impairments

Refer to Local Implementation Plan and Watershed
Mapping Tool -
http://sbcounty.permitrack.com/WAP and State
Water Resources Control Board website —
http://www.waterboards.ca.gov/santaana/water iss
ues/programs/tmdl/index.shtml

Santa Ana River, Reach 2 - Indicator Bacteria

Santa Ana River, Reach 3- Pathogens, Lead

Santa Ana River, Reach 4 - Pathogens

Environmentally Sensitive Areas (ESA)
Refer to Watershed Mapping Tool — Endangered species Fish and Birds
http://sbcounty.permitrack.com/WAP

Unlined Downstream Water Bodies
Refer to Watershed Mapping Tool —
http://sbcounty.permitrack.com/WAP

Santa Ana River

|:| Yes Complete Hydrologic Conditions of Concern (HCOC) Assessment. Include Forms
Hydrologic Conditions of Concern 4.2-2 through Form 4.2-5 and Hydromodification BMP Form 4.3-10 in submittal

X No

|:| Yes Attach verification of regional BMP evaluation criteria in WAP
* More Effective than On-site LID
Remaining Capacity for Project DCV
Upstream of any Water of the US
Operational at Project Completion
Long-Term Maintenance Plan

Watershed—based BMP included in a RWQCB
approved WAP
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Section4 Best Management Practices (BMP)

4.1 Source Control BMP

4.1.1 Pollution Prevention

Non-structural and structural source control BMP are required to be incorporated into all new development
and significant redevelopment projects. Form 4.1-1 and 4.1-2 are used to describe specific source control BMPs
used in the WQMP or to explain why a certain BMP is not applicable. Table 7-3 of the TGDfor WQMP provides
a list of applicable source control BMP for projects with specific types of potential pollutant sources or activities.
The source control BMP in this table must be implemented for projects with these specific types of potential
pollutant sources or activities.

The preparers of this WQMP have reviewed the source control BMP requirements for new development and
significant redevelopment projects. The preparers have also reviewed the specific BMP required for project as
specified in Forms 4.1-1 and 4.1-2.All applicable non-structural and structural source control BMP shall be
implemented in the project.

4-1
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Form 4.1-1 Non-Structural Source Control BMPs

Identifier

Check One

Included

Not
Applicable

Describe BMP Implementation OR,
if not applicable, state reason

Education of Property Owners, Tenants
and Occupants on Stormwater BMPs

X

[

All occupants will receive training materials

Activity Restrictions

No washing of cars and use restricted for parking

Landscape Management BMPs

Efficient irrigation system will be used and landscaping design will be implemented.

BMP Maintenance

Maintenance staff will maintain BMP per attached maintenance schedule

Title 22 CCR Compliance
(How development will comply)

Not a part of this project.

Local Water Quality Ordinances

Not a part of this project.

Spill Contingency Plan

Not a part of this project.

Underground Storage Tank Compliance

Not a part of this project.

Hazardous Materials Disclosure
Compliance

O o) 0o 0 0 ¥X| ¥X| X

Xl X| X| X X| O O O

Not a part of this project.
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Form 4.1-1 Non-Structural Source Control BMPs

Identifier

Check One

Included

Not
Applicable

Describe BMP Implementation OR,
if not applicable, state reason

Uniform Fire Code Implementation

]

X

Not a part of this project.

Litter/Debris Control Program

Parking Lot will be swept once per week and Trash enclosures provided

Employee Training

Property Owner to educate employees

Housekeeping of Loading Docks

Not a part of this project.

Catch Basin Inspection Program

Catch Basin inspection every month and before and after storm

Vacuum Sweeping of Private Streets and
Parking Lots

Parking Lot will be swept once per week

Other Non-structural Measures for Public
Agency Projects

Not a part of this project.

Comply with all other applicable NPDES
permits
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Form 4.1-2 Structural Source Control BMPs

Check One . .
" Describe BMP Implementation OR,
Identifier Name Not .
Included If not applicable, state reason
Applicable
s1 Provide storm drain system stencilling and signage |:| |z| Not a part of this project.
(CASQA New Development BMP Handbook SD-13)
Design and construct outdoor material storage . .
S2 areas to reduce pollution introduction (CASQA D Izl Not a part of this project.
New Development BMP Handbook SD-34)
Design and construct trash and waste storage .
S3 areas to reduce pollution introduction (CASQA |z| D Trash enclosures provided
New Development BMP Handbook SD-32)
Employ rain-trigger shutoff devices to prevent irrigation after pricipation, using
mulches (such as wood chips) to minimize sediment in runoff and to maintain soil
Use efficient irrigation systems & landscape infiltration capacity, and coordinating design of the irrigation system and
design, water conservation, smart controllers, and & D landscape to minimize overspray and runoff. Use flow reducers and shutoff valves
S4 source control (Statewide Model Landscape triggered by a pressure drop to control water loss in the event of broken sprinkler
Ordinance; CASQA New Development BMP heads or water supply lines. Use water conservation devices such as
Handbook SD-12) programmabile irrigation timers and soil moisture sensors.Irrigation timers
provided
Finish grade of landscaped areas at a minimum of Izl D Will be implemented during construction
S5 1-2 inches below top of curb, sidewalk, or P g
pavement
Protect slopes and channels and provide energy . )
S6 dissipation (CASQA New Development BMP D |z| Not a part of this project.
Handbook SD-10)
7 Covered dock areas (CASQA New Development |:| |z| Not a part of this project.
BMP Handbook SD-31)
Covered maintenance bays with spill containment . )
S8 plans (CASQA New Development BMP Handbook D |Z| Not a part of this project.
SD-31)
59 Vehicle wash areas with spill containment plans |:| |Z Not a part of this project.

(CASQA New Development BMP Handbook SD-33)
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S10

Covered outdoor processing areas (CASQA New
Development BMP Handbook SD-36)

Not a part of this project.

Form 4.1-2 Structural Source Control BMPs

Identifier

Check One

Included

Not
Applicable

Describe BMP Implementation OR,
If not applicable, state reason

Equipment wash areas with spill containment
plans (CASQA New Development BMP Handbook
SD-33)

]

X

Not a part of this project.

Fueling areas (CASQA New Development BMP
Handbook SD-30)

Not a part of this project.

Hillside landscaping (CASQA New Development
BMP Handbook SD-10)

Not a part of this project.

Wash water control for food preparation areas

Not a part of this project.

Community car wash racks (CASQA New
Development BMP Handbook SD-33)

Not a part of this project.
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Water Quality Management Plan (WQMP)

4.1.2 Preventative LID Site Design Practices

Site design practices associated with new LID requirements in the MS4 Permit should be considered in the earliest
phases of a project. Preventative site design practices can result in smaller DCV for LID BMP and hydromodification
control BMP by reducing runoff generation. Describe site design and drainage plan including:

= A narrative of site design practices utilized or rationale for not using practices

= A narrative of how site plan incorporates preventive site design practices

* Include an attached Site Plan layout which shows how preventative site design practices are included in
WQMP

Refer to Section 5.20f the TGDfor WQMP for more details.

Form 4.1-3Preventative LID Site Design Practices Checklist

Site Design Practices
If yes, explain how preventative site design practice is addressed in project site plan. If no, other LID BMPs must be selected to meet targets

Minimize impervious areas: Yes |Z| No |:|

Explanation: Parking and sidewalks were kept to a minimum required.

Maximize natural infiltration capacity: Yes [X]No []

Explanation: Site will drain to infiltrationtrench which will maximize infiltration

Preserve existing drainage patterns and time of concentration: Yes |Z|No |:|

Explanation: There is no change to existing drainage patterns of the site.

Disconnect impervious areas: Yes |Z|No |:|

Explanation: Roof and parking lot run-offs are directed towards infiltration area and stormtec system.

Protect existing vegetation and sensitive areas: Yes [_]No [X]

Explanation: No existing vegetation and sensitive areas on-site.

Re-vegetate disturbed areas: Yes [X]No [_]
Explanation: All disturbed areaswill be landscaped and irrigation provided.

Minimize unnecessary compaction in stormwater retention/infiltration basin/trench areas:Yes |Z|No |:|

Explanation: Infiltration areas and planter areas will be restricted from compaction by heavy equiptment and other vehicles.

Utilize vegetated drainage swales in place of underground piping or imperviously lined swales: Yes [_JNo [X]
Explanation: Overflow run-offs are directed to landscape areas prior to discharging on to street.

Stake off areas that will be used for landscaping to minimize compaction during construction : Yes [X]No [_]
Explanation: During ground preparation, infiltration and landscape areas will be protected from compaction by heavy
equiptment and other vehicles by providing stakes to warn construction equiptments.
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Water Quality Management Plan (WQMP)

4.2 Project Performance Criteria

The purpose of this section of the Project WQMP is to establish targets for post-development hydrology based on
performance criteria specified in the MS4 Permit. These targets include runoff volume for water quality control
(referred to as LID design capture volume), and runoff volume, time of concentration, and peak runoff for

protection of any downstream waterbody segments with a HCOC. If the project has more than one
outlet for stormwater runoff, then complete additional versions of these forms for each
DA / outlet.

Methods applied in the following forms include:

= For LID BMP Design Capture Volume (DCV), the San Bernardino County Stormwater Program requires use of
the Ps method (MS4 Permit Section XI.D.6a.ii) - Form 4.2-1

* For HCOC pre- and post-development hydrologic calculation, the San Bernardino County Stormwater Program
requires the use of the Rational Method (San Bernardino County Hydrology Manual Section D). Forms 4.2-2
through Form 4.2-5 calculate hydrologic variables including runoff volume, time of concentration, and peak
runoff from the project site pre- and post-development using the Hydrology Manual Rational Method approach.
For projects greater than 640 acres (1.0 mi?), the Rational Method and these forms should not be used. For such
projects, the Unit Hydrograph Method (San Bernardino County Hydrology Manual Section E) shall be applied
for hydrologic calculations for HCOC performance criteria.

Refer to Section 4 in the TGD for WQMPfor detailed guidance and instructions.

Form 4.2-1 LID BMP Performance Criteria for Design Capture Volume
(DA 1)

1Project area DA 1 (ft?):
Parking Area w/ 2 Imperviousness after applyingpreventative 3 Runoff Coefficient (Rc): _0.7153

additional paving and | site design practices (Imp%): 79.04% R. = 0.858(Imp%)"3-0.78(Imp%)"*+0.774(Imp%)+0.04

New Bldg.: 244,439 S.F.

4 Determine 1-hour rainfall depth for a 2-year return period Payr-1nr (in): 0.477http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html

5 L .
Compute Ps, Mean 6-hr Precipitation (inches): .7063
Ps = Item 4 *Ci, where Ci is a function of site climatic region specified in Form 3-1 Item 1 (Valley = 1.4807; Mountain = 1.909; Desert = 1.2371)

6 Drawdown Rate

Use 48 hours as the default condition. Selectionand use of the 24 hour drawdown time condition is subject to approval 24-h rs|:|
by the local jurisdiction. The necessary BMP footprint is a function of drawdown time. While shorter drawdown times 48-hrs |z
reduce the performance criteria for LID BMP design capture volume, the depth of water that can be stored is also
reduced.

7 Compute design capture volume, DCV (ft3): 20,202 cu. ft.

DCV = 1/12 * [Item 1* Item 3 *Item 5 * C;], where C; is a function of drawdown rate (24-hr = 1.582; 48-hr = 1.963)
Compute separate DCV for each outlet from the project site per schematic drawn in Form 3-1 Item 2
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Water Quality Management Plan (WQMP)

Form 4.2-2 Summary of HCOC Assessment (DA1)

Does project have the potential to cause or contribute to an HCOC in a downstream channel: Yes[ | No [X]

Go to: http://sbcounty.permitrack.com/WAP

If “Yes”, then complete HCOC assessment of site hydrology for 2yr storm event using Forms 4.2-3 through 4.2-5 and insert results

below(Forms 4.2-3 through 4.2-5 may be replaced by computer software analysis based on the San Bernardino County Hydrology

Manual)

If “No,” then proceed to Section 4.3 Project Conformance Analysis

Condition

Runoff Volume (ft3)

Time of Concentration (min)

Peak Runoff(cfs)

Pre-developed

1

Form 4.2-3 Item 12

2

Form 4.2-4 Item 13

3

Form 4.2-5 Item 10

Post-developed

Difference

4

Form 4.2-3 Item 13

Item 4 —Item 1

5

Form 4.2-4 Item 14

Item 5 —Item 2

6

Form 4.2-5 Item 14

Item 6 — Item 3

Difference

(as % of pre-developed)

10 9%

Item 7 / Item 1

11 %

Item 8 / Item 2

12 %

Item 9/ Item 3
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Water Quality Management Plan (WQMP)

Form 4.2-3 HCOC Assessment for Runoff Volume (DA1)

Weighted Curve Number
Determination for: DMA A DMA B DMA C DMA D DMAE DMA F DMA G
Pre-developed DA

1a Land Cover type

2a Hydrologic Soil Group (HSG)

3a DMA Area, ft2sum of areas of
DMA should equal area of DA

4a Curve Number (CN) use Items
1 and 2 to select the appropriate CN
from Appendix C-2 of the TGD for
wamp

Weighted Curve Number
Determination for:
Post-developed DA

1b Land Cover type

2b Hydrologic Soil Group (HSG)

3b DMA Area, ftZsum of areas of
DMA should equal area of DA

4b Curve Number (CN) use Items
5 and 6 to select the appropriate CN
from Appendix C-2 of the TGD for
wamp

7 Pre-developed soil storage capacity, S (in): 9 Initial abstraction, I, (in):
S=(1000/ Item 5) - 10 la=0.2 *Item 7

5 Pre-Developed area-weighted CN:

8 Post-developed soil storage capacity, S (in): 10 Initial abstraction, I, (in):

6 Post-Developed area-weighted CN:
S$=(1000/Item 6) - 10 la=0.2 * Item 8

11 Precipitation for 2 yr, 24 hr storm (in):
Go to: http://hdsc.nws.noaa.qgov/hdsc/pfds/sa/sca_pfds.html

12 Pre-developedVolume (ft3):
Vore =(1/12) * (Item sum of Item 3) * [(Item 11 — Item 9)"2 / ((Item 11 — Item 9 + Item 7)

13 Post-developedVolume (ft3):
Vre =(1/ 12) * (Item sum of Item 3) * [(Item 11 — Item 10)*2 / ((Item 11 — Item 10 + Item 8)

14 Volume Reduction needed to meet HCOC Requirement, (ft3):
Vicoc = (Item 13 * 0.95) — Item 12
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Water Quality Management Plan (WQMP)

Form 4.2-4 HCOC Assessment for Time of Concentration (DA 1)

Compute time of concentration for pre and post developed conditions for each DA(For projects using the Hydrology Manual complete the

form below)

Pre-developed DA1 Post-developed DA1
Use additional forms if there are more than 4 DMA Use additional forms if there are more than 4 DMA

DMA A DMA B DMAC DMAD DMA A DMA B DMAC DMAD

Variables

1 Length of flowpath (ft) Use Form 3-2

Item 5 for pre-developed condition

2 Change in elevation (ft)

3 Slope (ft/ft), So = Item 2 / Item 1

4 Land cover

3 Initial DMA Time of Concentration
(min)Appendix C-1 of the TGD for WQMP

6 Length of conveyance from DMA

outlet to project site outlet (ft)
May be zero if DMA outlet is at project
site outlet

7 Cross-sectional area of channel (ft2)

8 Wetted perimeter of channel (ft)

9 Manning’s roughness of channel (n)

0 Channel flow velocity (ft/sec)

Vios = (1.49 / Item 9) * (Item 7/Item 8)"057
* (Item 3)"°%

u Travel time to outlet (min)
Te=Item 6 / (Item 10 * 60)
12

Total time of concentration (min)
Tc=lItem 5+ Item 11

1 . . .
3 Pre-developed time of concentration (min): Minimum of Item 12 pre-developed DMA

14 Post-developed time of concentration (min): Minimum of Item 12 post-developedDMA

15 Additional time of concentration needed to meet HCOC requirement (min): Tc-Heoc = (Item 14 * 0.95) — Item 13
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Water Quality Management Plan (WQMP)

Form 4.2-5 HCOC Assessment for Peak Runoff (DA 1)

Compute peak runoff for pre- and post-developed conditions

Variables

Pre-developed DA to Project
Outlet (Use additional forms if
more than 3 DMA)

Post-developed DA to Project
Outlet (Use additional forms if
more than 3 DMA)

DMA A

DMA B

DMAC | DMAA | DMAB | DMAC

1 Rainfall Intensity for storm duration equal to time of concentration
Ipeak = 107(LOG Form 4.2-1 Item 4 - 0.6 LOG Form 4.2-4 Item 5 /60)

2 Drainage Area of each DMA (ft?)

For DMA with outlet at project site outlet, include upstream DMA (Using example
schematic in Form 3-1, DMA A will include drainage from DMA C)

3 Ratio of pervious area to total area

For DMA with outlet at project site outlet, include upstream DMA (Using example
schematic in Form 3-1, DMA A will include drainage from DMA C)

4 Pervious area infiltration rate (in/hr)

Use pervious area CN and antecedent moisture condition with Appendix C-3 of the TGD

for wQMmP

3 Maximum loss rate (in/hr)

'm =Item 3 * Item 4

Use area-weighted Fm from DMA with outlet at project site outlet, include upstream
DMA (Using example schematic in Form 3-1, DMA A will include drainage from DMA C)

6 Peak Flow from DMA (cfs)
Qp =ltem 2 * 0.9 * (Item 1 - Item 5)

7 Time of concentration adjustment factor for other DMA to

site discharge point

Form 4.2-4 Item 12 DMA / Other DMA upstream of site discharge
point (If ratio is greater than 1.0, then use maximum value of 1.0)

DMA A

DMA B

DMAC

n/a

8Pre-developed Qp at T. for DMA A: Q»

= tem 6pmaa + [Item 6pmas™ (Item 1pmaa - Item
5omas)/(Item 1pmas - Item 5pmas)* Item 7omassz] +
[Item 6pmac* (Item Lpmaa - Item Spmac)/(Item Lpmac -
Item 5pmiac)* Item 7pmanss]

9Pre-developed Qpat T for DMA B: Q

= Item 6pmas + [Item 6pmaa*™ (Item Ipmas - Item
Soman)/(Item 1pmaa - Item 5ppan)* Item 7omas/i] +
[Item 6pmac* (Item 1pmas - Item Spmac)/(Item Lpmac -
Item 5pmac)* Item 7pmasys]

1OPre-developed Qpat T for DMA C:

Qp = Item 6pmiac + [Item 6pmaa™ (Item 1pyac - Item
Soman)/(Item 1pmaa - Item 5ppan)* Item 7omacsi] +
[Item 6pmas™ (Item Lpmac - Item 5pmas)/(Item 1omas -
Item 5pmas)* Item 7pmacy2]

10 Peak runoff from pre-developed condition confluence analysis (cfs):

Maximum of Item 8, 9,and 10 (including additional forms as needed)

11 Post-developed Qpat Tc for DMAA:

Same as Item 8 for post-developed values

2 Post-developed Qpat T, for DMA B:

Same as Item 9 for post-developed values

13Post-developed Qpat Tc for DMA C:

Same as Item 10 for post-developed values

14 Peak runoff from post-developed condition confluence analysis (cfs):

needed)

Maximum of Item 11, 12, and 13 (including additional forms as

15Peak runoff reduction needed to meet HCOC Requirement (cfs):

Qp-Heoc = (Item 14 * 0.95) — Item 10
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Water Quality Management Plan (WQMP)

4.3 Project Conformance Analysis

Complete the following forms for each project site DA to document that the proposed LID BMPsconform to the
project DCV developed to meet performance criteria specified in the MS4 Permit (WQMP Template Section
4.2).For the LID DCV, the forms are ordered according to hierarchy of BMP selection as required by the MS4
Permit (see Section 5.3.1in the TGD for WQMP). The forms compute the following for on-site LID BMP:

= Site Design and Hydrologic Source Controls (Form 4.3-2)
= Retention and Infiltration(Form 4.3-3)

= Harvested and Use (Form 4.3-4) or

= Biotreatment(Form 4.3-5).

At the end of each form, additional fields facilitate the determination of the extent of mitigation provided by
the specific BMP category, allowing for use of the next category of BMP in the hierarchy, if necessary.

The first step in the analysis, using Section 5.3.2.1 of the TGD for WQMP, is to complete Forms 4.3-1 and 4.3-3)
to determine if retention and infiltration BMPs are infeasible for the project. For each feasibility criterion in
Form 4.3-1, if the answer is “Yes,” provide all study findings that includes relevant calculations, maps, data
sources, etc.used to make the determination of infeasibility.

Next, complete Forms 4.3-2 and 4.3-4 to determine the feasibility of applicable HSC and harvest and use BMPs,
and, if their implementation is feasible, the extent of mitigation of the DCV.

If no site constraints exist that would limit the type of BMP to be implemented in a DA, evaluate the use of
combinations of LID BMPs, including all applicable HSC BMPs to maximize on-site retention of the DCV. If no
combination of BMP can mitigate the entire DCV, implement the single BMP type, or combination of BMP
types, that maximizes on-site retention of the DCV within the minimum effective area.

If the combination of LID HSC, retention and infiltration, and harvest and use BMPs are unable to mitigate the
entire DCV, then biotreatment BMPs may be implemented by the project proponent. If biotreatment BMPs are
used, then they must be sized to provide sufficient capacity for effective treatment of the remainder of the
volume-based performance criteria that cannot be achieved with LIDBMPs (TGD for WQMP Section 5.4.4.2).
Under no circumstances shall any portion of the DCV be released from the site without effective
mitigation and/or treatment.
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Water Quality Management Plan (WQMP)

Form 4.3-1 Infiltration BMP Feasibility (DA 1)

Feasibility Criterion — Complete evaluation for each DA on the Project Site

1Wou|d infiltration BMP pose significant risk for groundwater related concerns? Yes |:| No |X|
Refer to Section 5.3.2.1 of the TGD for WQMP

If Yes, Provide basis:(attach)

2Would installation of infiltration BMP significantly increase the risk of geotechnical hazards? Yes |:|No |X|

(Yes, if the answer to any of the following questions is yes, as established by a geotechnical expert):

e The location is less than 50 feet away from slopes steeper than 15 percent

e  The location is less than eight feet from building foundations or an alternative setback.
A study certified by a geotechnical professional or an available watershed study determines that stormwater infiltration
would result in significantly increased risks of geotechnical hazards.

If Yes, Provide basis: (attach)

3Would infiltration of runoff on a Project site violate downstream water rights?Yes |:|No |X|

If Yes, Provide basis: (attach)

4Is proposed infiltration facility located on hydrologic soil group (HSG) D soils or does the site geotechnical investigation indicate

presence of soil characteristics, which support categorization as D soils?Yes |:|No |X|

If Yes, Provide basis: (attach)

5Is the design infiltration rate, after accounting for safety factor of 2.0, below proposed facility less than 0.3 in/hr (accounting
for soil amendments)?Yes |:|No |Z|

If Yes, Provide basis: (attach)

6Would on-site infiltration or reduction of runoff over pre-developed conditions be partially or fully inconsistent with watershed

management strategies as defined in the WAP, or impair beneficial uses?Yes |:|No |Z|
See Section 3.5 of the TGD for WQMP and WAP

If Yes, Provide basis: (attach)

7Any answer from Item 1 through Item 3 is “Yes”: Yes |:|No |X|

If yes, infiltration of any volume is not feasible onsite. Proceed to Form 4.3-4, Harvest and Use BMP. If no, then proceed to Item 9 below.

8 Any answer from Item 4 through Item 6 is “Yes”: Yes |:|No |Z

If yes, infiltration is permissible but is not required to be considered. Proceed to Form 4.3-2, Hydrologic Source Control BMP.
If no, then proceed to Item 9, below.

9 All answers to Item 1 through Item 6 are “No”:

Infiltration of the full DCV is potentially feasible, LID infiltration BMP must be designed to infiltrate the full DCV to the MEP.
Proceed to Form 4.3-2, Hydrologic Source Control BMP.
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Water Quality Management Plan (WQMP)

4.3.1 Site Design Hydrologic Source Control BMP

Section XI.E. of the Permit emphasizes the use of LID preventative measures; and the use of LID HSC BMPs
reduces the portion of the DCV that must be addressed in downstream BMPs. Therefore, all applicable HSC
shall be provided except where they are mutually exclusive with each other, or with other BMPs. Mutual
exclusivity may result from overlapping BMP footprints such that either would be potentially feasible by itself,
but both could not be implemented. Please note that while there are no numeric standards regarding the use of
HSC, if a project cannot feasibly meet BMP sizing requirements or cannot fully address HCOCs, feasibility of all
applicable HSC must be part of demonstrating that the BMP system has been designed to retain the maximum
feasible portion of the DCV. Complete Form 4.3-2 to identify and calculate estimated retention volume from
implementing site design HSC BMP. Refer to Section 5.4.1 in the TGD for more detailed guidance.

Form 4.3-2 Site Design Hydrologic Source Control BMPs (DA 1)

1 Implementation of Impervious Area Dispersion BMP (i.e. DA DMA
routing runoff from impervious to pervious areas), excluding | pa DMA DA DMA BMP
impervious areas planned for routing to on-lot infiltration BMP Type BMP Type Type (Use
BMP: Yes [_|No [_]if yes, complete Items 2-5; If no, proceed additional forms for
to Item 6 more BMPs)

2 Total impervious area draining to pervious area (ft2)

3., . - . .
Ratio of pervious area receiving runoff to Impervious area

4 . . . .
Retention volume achieved from impervious area

dispersion (ft3) V = item2 * Item 3 * (0.5/12), assuming retention
of 0.5 inches of runoff

3 Sum of retention volume achieved from impervious area dispersion (ft3): 0.0Vietention =Sum of Item 4 for all BMPs

6 Implementation of Localized On-lot Infiltration BMPs (e.g. DA DMA

on-lot rain gardens): Yes [] No [X] ifyes, complete items 7- DA DMA DA DMA BMP‘T‘ype (Use

13 for aggregate of all on-lot infiltration BMP in each DA; If no, BMP Type BMP Type additional forms for
more BMPs)

proceed to Item 14

7 Ponding surface area (ft?)

8 ponding depth (ft)

9 Surface area of amended soil/gravel (ft2)

10 Average depth of amended soil/gravel (ft)

1 Average porosity of amended soil/gravel

2 . . e .
Retention volume achieved from on-lot infiltration (ft3)
Vietention = (Item 7 *Item 8) + (Item 9 * Item 10 * Item 11)

13 Runoff volume retention from on-lot infiltration (ft3): 0.0Vietention =Sum of Item 12 for all BMPs
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Water Quality Management Plan (WQMP)

Form 4.3-2 cont. Site Design Hydrologic Source Control BMPs (DA 1)

4 Implementation of evapotranspiration BMP (green,

DA DMA

DA DMA DA DMA BMP Type (Use
brown, or blue roofs): Yes [_JNo [ BMP Type BMP Type additional forms for
If yes, complete Items 15-20. If no, proceed to Item 21 more BMPs)

15
Rooftop area planned for ET BMP (ft?)
16 .
Average wet season ET demand (in/day)
Use local values, typical ~ 0.1
17 . R
Daily ET demand (ft3/day)
Item 15 * (Item 16 / 12)
8 Drawdown time (hrs)
Copy Item 6 in Form 4.2-1
? Retention Volume (ft3)
Vietention = Item 17 * (ltem 18/24)
20 Runoff volume retention from evapotranspiration BMPs (ft3): 0.0 Vietenion=Sum of Item 19 for all BMPs
DA DMA
1 . BMP
Implementation of Street Trees: Yes [INo [J DA DMA DA DMA
BMP T BMP T Type  (Use
If yes, complete Items 20-2. If no, proceed to Item 24 ype ype additional forms for
more BMPs)
22Number of Street Trees
23 . .
Average canopy cover over impervious area (ft2)
4 Runoff volume retention from street trees (ft3)
Vretention = Item 22 * Item 23 * (0.05/12)assume runoff retention of
0.05 inches
25 Runoff volume retention from street tree BMPs (ft3): 0.0Vietention = Sum of Item 24 for all BMPs
DA DMA
6 . . . . . BMP
Implementation of residential rain barrels/cisterns: DA DMA DA DMA
BMP T BMP T Type (Use
Yes[INo O If yes, complete Items 27-28; If no, proceed to Item 29 ype ype additional forms for
more BMPs)

27 Number of rain barrels/cisterns

28 Runoff volume retention from rain barrels/cisterns (ft3)

Vietention = Item 27 * 3

3 Runoff volume retention from residential rain barrels/Cisterns (ft3):0.0 Vietention =Sum of Item 28 for all BMPs

0 Total Retention Volume from Site Design Hydrologic Source Control BMPs: 0.0Sum of Items 5, 13, 20, 25 and 29
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Water Quality Management Plan (WQMP)
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Water Quality Management Plan (WQMP)

4.3.2 Infiltration BMPs

Use Form 4.3-3 to compute on-site retention of runoff from proposed retention and infiltration BMPs. Volume
retention estimates are sensitive to the percolation rate used, which determines the amount of runoff that can
be infiltrated within the specified drawdown time. The infiltration safety factor reduces field measured
percolation to account for potential inaccuracy associated with field measurements, declining BMP
performance over time, and compaction during construction. Appendix Dof the TGD for WQMP provides
guidance on estimating an appropriate safety factor to use in Form 4.3-3.

If site constraints limit the use of BMPs to a single type and implementation of retention and infiltration BMPs
mitigate no more than 40% of the DCV, then they are considered infeasible andthe Project Proponent may
evaluate the effectiveness of BMPs lower in the LID hierarchy of use (Section 5.5.1 of the TGD for WQMP)

If implementation of infiltrations BMPs is feasible as determined using Form 4.3-1, then LID infiltration
BMPsshall be implemented to the MEP (section 4.1 of the TGD for WQMP).
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Water Quality Management Plan (WQMP)

Form 4.3-3 Infiltration LID BMP - including underground BMPs (DA 1)

1 Remaining LID DCV not met by site design HSC BMP (ft3): 20,202 Vunmet = Form 4.2-1 Item 7 - Form 4.3-2 Item 30

BMP Type Use columns to the right to compute runoff volume retention
from proposed infiltration BMP (select BMP from Table 5-4 in TGD for
WQMP) - Use additional forms for more BMPs

DA 1DMA A
BMP Type C

DA DMA
BMP Type

DA DMA
BMP Type
(Use additional forms for
more BMPs)

2 Infiltration rate of underlying soils (in/hr) See Section 5.4.2 and

Appendix D of the TGD for WQMP for minimum requirements for
assessment methods

3 Infiltration safety factor See TGD Section 5.4.2 and Appendix D

4 Design percolation rate (in/hr) Paesign = Item 2 / Item 3

3 Ponded water drawdown time (hr) Copy item 6 in Form 4.2-1

6 Maximum ponding depth (ft) BMP specific, see Table 5-4 of the TGD
for WQMP for BMP design details

7Ponding Depth (ft) dsve = Minimum of (1/12*Item 4*Item 5) or Item 6

8 Infiltrating surface area, SAswp (ft?) the lesser of the area needed for

infiltration of full DCV or minimum space requirements from Table 5.7 of
the TGD for WQMP

3 Amended soil depth, dmedis (ft) Only included in certain BMP types,
see Table 5-4 in the TGD for WQMP for reference to BMP design details

10 Amended soil porosity

1 Gravel depth, dmedis (ft) Only included in certain BMP types, see
Table 5-4 of the TGD for WQMP for BMP design details

12 Gravel porosity

3 Duration of storm as basin is filling (hrs) Typical ~ 3hrs

14 .
Above Ground Retention Volume (ft3) Vietention = Item 8 * [Item7 +

(Iltem 9 * [tem 10) + (Item 11 * Item 12)+ (Item 13 * (Item 4 / 12))]

3

21,681

3 Underground Retention Volume (ft3) Volume determined using

manufacturer’s specifications and calculations

16

Total Retention Volume from LID Infiltration BMPs: 21.681 (Sum of Items 14and 15 for all infiltration BMP included in plan)

7 Fraction of DCV achieved with infiltration BMP: 107% Retention% = Item 16 / Form 4.2-1 Item 7

18

Is full LID DCV retained on-site with combination of hydrologic source control and LID retention and infiltration BMPs? Yes [X] No [ ]

If yes, demonstrate conformance using Form 4.3-10; If no, then reduce Item 3, Factor of Safety to 2.0 and increase Item 8, Infiltrating Surface Area, such that the
portion of the site area used for retention and infiltration BMPs equals or exceeds the minimum effective area thresholds (Table 5-7 of the TGD for WQMP) for the

applicable category of development and repeat all above calculations.
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Water Quality Management Plan (WQMP)

4.3.3 Harvest and Use BMP

Harvest and use BMP may be considered if the full LID DCV cannot be met by maximizing infiltration BMPs.
Use Form 4.3-4 to compute on-site retention of runoff from proposed harvest and use BMPs.

Volume retention estimates for harvest and use BMPs are sensitive to the on-site demand for captured
stormwater. Since irrigation water demand is low in the wet season, when most rainfall events occur in San
Bernardino County, the volume of water that can be used within a specified drawdown period is relatively low.
The bottom portion of Form 4.3-4 facilitates the necessary computations to show infeasibility if aminimum
incremental benefit of 40 percent of the LID DCVwould not be achievable with MEP implementation of on-site
harvest and use of stormwater (Section 5.5.4 of the TGD for WQMP).

Form 4.3-4 Harvest and Use BMPs (DA 1)

1 Remaining LID DCV not met by site design HSC or infiltration BMP (ft3): 0.00
Vunmet = Form 4.2-1 Item 7 - Form 4.3-2 Item 30— Form 4.3-3 Item 16

DA DMA
BMP Type(s) Compute runoff volume retention from proposed DA DMA DA DMA BMP Type
harvest and use BMP(Select BMPsfromTable 5-4 of the TGD for

WQMP) - Use additional forms for more BMPs BMP Type BMP Type (Use additional forms

for more BMPs)

2 Describe cistern or runoff detention facility

3 Storage volume for proposed detention type (ft3) Volume of

cistern

4 Landscaped area planned for use of harvested stormwater
(ft?)

3 Average wet season daily irrigation demand (in/day)
Use local values, typical ~ 0.1 in/day

6 Daily water demand (ft3/day) Item 4 * (item 5/ 12)

7 Drawdown time (hrs) Copy Item 6 from Form 4.2-1

8Retention Volume (ft3)
Vietention = Minimum of (Item 3) or (Item 6 * (Item 7 / 24))

9Total Retention Volume (ft3) from Harvest and Use BMP 0.05Sum of Item 8 for all harvest and useBMP included in plan

10 Is the full DCV retained with a combination of LID HSC, retention and infiltration, and harvest and use BMPs? Yes |:| No |:|

If yes, demonstrate conformance using Form 4.3-10. If no, then re-evaluate combinations of all LID BMP and optimize their implementation such
that the maximum portion of the DCV is retained on-site (using a single BMP type or combination of BMP types). If the full DCV cannot be mitigated
after this optimization process, proceed to Section 4.3.4.
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4.3.4 Biotreatment BMP

Biotreatment BMPs may be considered if the full LID DCV cannot be met by maximizing retention and
infiltration, and harvest and use BMPs. A key consideration when using biotreatment BMP is the effectiveness
of the proposed BMP in addressing the pollutants of concern for the project (see Table 5-5 of the TGD for
WQMP).

Use Form 4.3-5 to summarize the potential for volume based and/or flow based biotreatment options to
biotreat the remaining unmet LID DCV w. Biotreatment computations are included as follows:

e  Use Form 4.3-6 to compute biotreatment in small volume based biotreatment BMP (e.g. bioretention w/underdrains);
e  Use Form 4.3-7 to compute biotreatment in large volume based biotreatment BMP (e.g. constructed wetlands);

e  Use Form 4.3-8 to compute sizing criteria for flow-based biotreatment BMP (e.g. bioswales)

Form 4.3-5 Selection and Evaluation of Biotreatment BMP(DA 1)

1 L . .
Remaining LID DCV not met by site design HSC, List pollutants of concern Copy from Form 2.3-1.

infiltration, or harvest and use BMP for potential
biotreatment (ft3): Form 4.2-1 Item 7 - Form 4.3-2
Item 30 — Form 4.3-3 Item 16- Form 4.3-4 Item 9

) Volume-based biotreatment Flow-based biotreatment
Biotreatment BMP Selected Use Forms 4.3-6 and 4.3-7 to compute treated volume Use Form 4.3-8 to compute treated volume

(Select biotreatment BMP(s) [ ] Bioretention with underdrain
necessary to ensure all pollutants °f [ ] Planter box with underdrain [ ]Vegetated swale
concern are addressed through Unit |:| Constructed wetlands |:|Vegetated filter strip

Operations and Processes, described I:‘W ded d i |:| P K bi
in Table 5-5 of the TGD for WQMP) D Det exttend eOI dettentt'lon roprietary biotreatment
ry extended detention

3 Volume biotreated in volume based 4 Compute remaining LID DCV with 5Remaining fraction of LID DCV for

biotreatment BMP (ft3): 0.00Form 4.3-6 implementation of volume based biotreatment | sizing flow based biotreatment BMP:
Item 15 + Form 4.3-7 Item 13 BMP (ft3): Item 1 —Item 3 % Item4 /Item 1

6 Flow-based biotreatment BMP capacity provided (cfs): 0.0Use Figure 5-2 of the TGD for WQMP to determine flow capacity required to

provide biotreatment of remaining percentage of unmet LID DCV (Item 5), for the project’s precipitation zone (Form 3-1 Item 1)

7Metrics for MEP determination:

Provided a WQMP with the portion of site area used for suite of LID BMP equal to minimum thresholds in Table 5-7 of the

TGD for WQMP for the proposed category of development: |:|/f maximized on-site retention BMPs is feasible for partial capture,
then LID BMP implementation must be optimized to retain and infiltrate the maximum portion of the DCV possible within the prescribed
minimum effective area. The remaining portion of the DCV shall then be mitigated using biotreatment BMP.
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Form 4.3-6 Volume Based Biotreatment (DA 1) -
Bioretention and Planter Boxes with Underdrains

Biotreatment BMP Type
(Bioretention w/underdrain, planter box w/underdrain, other
comparable BMP)

DA DMA
BMP Type

DA DMA
BMP Type

DA DMA
BMP Type

(Use additional forms
for more BMPs)

1 Pollutants addressed with BMPList all pollutant of concern that

will be effectively reduced through specific Unit Operations and
Processes described in Table 5-5 of the TGD for WQMP

2 . .
Amended soil infiltration rate Typical ~ 5.0

3 Amended soil infiltration safety factor Typical ~ 2.0

4 Amended soil design percolation rate (in/hr) Paesign = Item 2/
Item 3

3 Ponded water drawdown time (hr) Copy Item 6 from Form 4.2-1

6 Maximum ponding depth (ft) see Table 5-6 of the TGD for WQMP

for reference to BMP design details

7 Ponding Depth (ft) dswr = Minimum of (1/12 * item 4 * item 5) or
Item 6

8 Amended soil surface area (ft2)

3 Amended soil depth (ft) see Table 5-6 of the TGD for WQMP for

reference to BMP design details

10 Amended soil porosity, n

1 Gravel depth (ft) see Table 5-6 of the TGD for WQMP for reference
to BMP design details

12 Gravel porosity, n

3 Duration of storm as basin is filling (hrs) Typical ~ 3hrs

4 .
Biotreated Volume (ft3) Vbiotreated = Item 8 * [(Item 7/2) + (Item 9 *
Item 10) +(Item 11 * Item 12)+ (Item 13 * (Item 4 / 12))]

15

Sum of Item 14 for all volume-based BMPs included in this form

Total biotreated volume from bioretention and/or planter box with underdrains BMP:
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Form 4.3-7 Volume Based Biotreatment (DA 1) -
Constructed Wetlands and Extended Detention

) DA DMA
Biotreatment BMP Type DA DMA BMP Type
Constructed wetlands, extended wet detention, extended dry detention, BMP Type
or other comparable proprietary BMP. If BMP includes multiple modules
(e.g. forebay and main basin), provide separate estimates for storage
and pollutants treated in each module. Forebay Forebay Basin

(Use additional forms
for more BMPs)

1 Pollutants addressed with BMP forebay and basin

List all pollutant of concern that will be effectively reduced through
specific Unit Operations and Processes described in Table 5-5 of the TGD
for waQmp

2 Bottom width (ft)

3 Bottom length (ft)

4
Bottom area (ft2) Avottom = Item 2 * Item 3

3 Side slope (ft/ft)

6 Depth of storage (ft)

7 Water surface area (ft2)
Asurface =(Item 2 + (2 * Item 5 * Item 6)) * (Item 3 + (2 * Item 5 * [tem 6))

8
Storage volume (ft3)For BMP with a forebay, ensure fraction of total

storage is within ranges specified in BMP specific fact sheets, see Table
5-6 of the TGD for WQMP for reference to BMP design details
V =Item 6 /3 * [Item 4 + Item 7 + (Item 4 * [tem 7)70.5]

? Drawdown Time (hrs) Copy Item 6 from Form 2.1

1
0 Outflow rate (cfs) Qswe = (Item Sforevay + Item 8vasin) / (Item 9 * 3600)

1 Duration of design storm event (hrs)

2 .
Biotreated Volume (ft3)
Vbiotreated = (Item 8forebay + Item 8pasin) +( Item 10 * Item 11 * 3600)

13 Total biotreated volume from constructed wetlands, extended dry detention, or extended wet detention : 0.0
(Sum of Item 12 for all BMP included in plan)
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Form 4.3-8 Flow Based Biotreatment (DA 1)

DA DMA

Vegetated I tlt‘ d filter strip, or thyr mparable proprietar, M M MP Ty
2 g BMP T BMP T L | it
egetated swale, vegetated filter strip, or other comparable proprietary MP Ty MP Ty ( iti /f

BMP
for more BMPs)

1 Pollutants addressed with BMP

List all pollutant of concern that will be effectively reduced through
specific Unit Operations and Processes described in TGD Table 5-5

2 Flow depth for water quality treatment (ft)

BMP specific, see Table 5-6 of the TGD for WQMP for reference to BMP
design details

3 Bed slope (ft/ft)
BMP specific, see Table 5-6 of the TGD for WQMP for reference to BMP
design details

4 Manning's roughness coefficient

3 Bottom width (ft)
w = (Form 4.3-5 Item 6 * Item 4) / (1.49 * Item 2"1¢7 * [tem 3"0°)

8 Side slope (ft/ft)
BMP specific, see Table 5-6 of the TGD for WQMP for reference to BMP
design details

7 .
Cross sectional area (ft2)
A =(ltem 5 * [tem 2) + (Item 6 * [tem 2'?)

8 Water quality flow velocity (ft/sec)
V= Form 4.3-5 Item 6 / Item 7

3 Hydraulic residence time (min)

Pollutant specific, see Table 5-6 of the TGD for WQMP for reference to
BMP design details

10 Length of flow based BMP (ft)
L=Item 8 * Item 9 * 60

1 Water surface area at water quality flow depth (ft?)
SAiop = (Item 5 + (2 * Item 2 * [tem 6)) * Item 10
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4.3.5 Conformance Summary

Complete Form 4.3-9 to demonstrate how on-site LID DCV is met with proposed site design hydrologic source
control, infiltration, harvest and use, and/or biotreatment BMP. The bottom line of the form is used to describe
the basis for infeasibility determination for on-site LID BMP to achieve full LID DCV, and provides methods for
computing remaining volume to be addressed in an alternative compliance plan. If the project has more than
one outlet, then complete additional versions of this form for each outlet.

Form 4.3-9 Conformance Summary and Alternative
Compliance Volume Estimate (DA 1)

1

Total LID DCV for the Project DA-1(ft3): 20,202 cu.ft. Copy Item 7 in Form 4.2-1

2

On-site retention with site design hydrologic source control LID BMP (ft3): 0.00Copy Item 30 in Form 4.3-2

3 On-site retention with LID infiltration BMP (ft3): 20,202 cu.ft. Copy Item 16 in Form 4.3-3

4

On-site retention with LID harvest and use BMP (ft3): 0.00 Copy Item 9 in Form 4.3-4

3 On-site biotreatment with volume based biotreatment BMP (ft3): 0.00Copy Item 3 in Form 4.3-5

6 Flow capacity provided by flow based biotreatment BMP (cfs): 0.00 Copy item6 in Form 4.3-5

LID BMP performance criteria are achieved if answer to any of the following is “Yes”:

e Full retention of LID DCV with site design HSC, infiltration, or harvest and use BMP: Yes [X] No [_]

If yes, sum of Items 2, 3, and 4 is greater than Item 1

Combination of on-site retention BMPs for a portion of the LID DCV and volume-based biotreatment BMPthat address
all pollutants of concern for the remaining LID DCV: Yes [ | No [_]

If yes, a) sum of Items 2, 3, 4, and 5 is greater than Item 1, and Items 2, 3 and 4 are maximized; orb) Item 6 is greater than Form
4.3--5 Item 6 and Items 2, 3 and 4 are maximized

On-site retention and infiltration is determined to be infeasible and biotreatment BMP provide biotreatment for all
pollutants of concern for full LID DCV: Yes [ ] No [ ]

If yes, Form 4.3-1 Items 7 and 8 were both checked yes

8 If the LID DCV is not achieved by any of these means, then the project may be allowed to develop an

alternativecompliance plan. Check box that describes the scenario which caused the need for alternative compliance:

e Combination of HSC, retention and infiltration, harvest and use, and biotreatment BMPs provide less than full LID DCV

capture:[]

Checked yes for Form 4.3-5 Item 7, Item 6 is zero, and sum of Items 2, 3, 4, and 5 is less than Item 1. If so, apply water quality credits
and calculate volume for alternative compliance, Var = (Item 1 —Item 2 —Item 3 — Item 4 — Item 5) * (100 - Form 2.4-1 Item 2)%

An approved Watershed Action Plan (WAP) demonstrates that water quality and hydrologic impacts of urbanization
are more effective when managed in at an off-site facility:[_]

Attach appropriate WAP section,including technical documentation,showing effectiveness comparisons for the project site and
regional watershed
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4.3.6 Hydromodification Control BMP

Use Form 4.3-10 to compute the remaining runoff volume retention, after LID BMP are implemented, needed to
address HCOC, and the increase in time of concentration and decrease in peak runoff necessary to meet targets
for protection of waterbodies with a potential HCOC. Describe hydromodification control BMPthat address
HCOC, which may include off-site BMP and/or in-stream controls.Section 5.6 of the TGD for WQMP provides
additional details on selection and evaluation of hydromodification control BMP.

Form 4.3-10 Hydromodification Control BMPs (DA 1)

. On-site retention with site design hydrologic source control, infiltration, and
1 Volume reduction needed for HCOC ! fon with st 'gn ny gl Y intt !

harvest and use LID BMP (ft3): Sum of Form 4.3-9 Items 2, 3, and 4 Evaluate
option to increase implementation of on-site retention in Forms 4.3-2, 4.3-3, and 4.3-4 in
excess of LID DCV toward achieving HCOC volume reduction

performance criteria (ft3):
(Form 4.2-2 Item 4 * 0.95) — Form 4.2-2 Item 1

3 Remaining volume for HCOC Volume capture provided by incorporating additional on-site or off-site retention BMPs

(ft3): Existing downstream BMP may be used to demonstrate additional volume capture (if
so, attach to this WQMP a hydrologic analysis showing how the additional volume would be retained
during a 2-yr storm event for the regional watershed)

volume capture (ft3): Item 1—
Item 2

3 If ltem 4 is less than Item 3, incorporate in-stream controls on downstream waterbody segment to prevent impacts due to

hydromodification [ _JAttach in-stream control BMP selection and evaluation to this WQMP

E;Is Form 4.2-2 Item 11 less than or equal to 5%:Yes [_] No [_]
If yes, HCOC performance criteria is achieved. If no, select one or more mitigation options below:
e  Demonstrate increase in time of concentration achieved by proposed LID site design, LID BMP, and additional on-site

or off-site retention BMP [_]
BMPupstream of a waterbody segment with a potential HCOC may be used to demonstrate increased time of concentration through
hydrograph attenuation (if so, show that the hydraulic residence time provided in BMP for a 2-year storm event is equal or greater
thanthe addition time of concentration requirement in Form 4.2-4 Item 15)
Increase time of concentration by preserving pre-developed flow path and/orincrease travel time by reducing slope
and increasing cross-sectional area and roughness for proposed on-site conveyance facilities[_]
Incorporate appropriate in-stream controls for downstream waterbody segment to prevent impacts due to
hydromodification, in a plan approved and signed by a licensed engineer in the State of California[_]

7 Form 4.2-2 Item 12 less than or equal to 5%:Yes [_| No [_]
If yes, HCOC performance criteria is achieved. If no, select one or more mitigation options below:
e Demonstrate reduction in peak runoff achieved by proposed LID site design, LID BMPs, and additional on-site or off-
site retention BMPs []

BMPs upstream of a waterbody segment with a potential HCOC may be used to demonstrate additional peak runoff reduction
through hydrograph attenuation (if so, attach to this WQMP, a hydrograph analysis showing how the peak runoff would be reduced
during a 2-yr storm event)

Incorporate appropriate in-stream controls for downstream waterbody segment to prevent impacts due to
hydromodification, in a plan approved and signed by a licensed engineer in the State of California [_]
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4.4 AlternativeCompliance Plan (if applicable)

Describe an alternative compliance plan (if applicable) for projects not fully able to infiltrate, harvest and use,
or biotreat the DCV via on-site LID practices. A project proponent must develop an alternative compliance plan
to address the remainder of the LID DCV.Depending on project type some projects may qualify for water
quality credits that can be applied to reduce the DCV that must be treated prior to development of an
alternative compliance plan (see Form 2.4-1, Water Quality Credits). Form 4.3-9 Item 8 includes instructions on
how to apply water quality credits when computing the DCV that must be met through alternative compliance.
Alternative compliance plans may include one or more of the following elements:

e Ons-site structural treatment control BMP - All treatment control BMP should be located as close to
possible to the pollutant sources and should not be located within receiving waters;

e  Off-site structural treatment control BMP - Pollutant removal should occur prior to discharge of runoff to
receiving waters;

e Urban runoff fund or In-lieu program, if available

Depending upon the proposed alternative compliance plan, approval by the executive officer may or may not be
required (see Section 6 of theTGDfor WQMP).
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Section 5 Inspection and Maintenance Responsibility
for Post Construction BMP

All BMP included as part of the project WQMP are required to be maintained through regular scheduled
inspection and maintenance (refer to Section 8, Post Construction BMP Requirements, in the TGD for WQMP).
Fully complete Form 5-1 summarizing all BMP included in the WQMP.Attach additional forms as needed. The
WOQMP shall also include a detailed Operation and Maintenance Planfor all BMPand may require a
Maintenance Agreement (consult the jurisdiction’s LIP). If a Maintenance Agreement is required, it must also

be attached to the WQMP.

Form 5-1 BMP Inspection and Maintenance
(use additional forms as necessary)

. Inspection/ Maintenance Minimum Frequency
BMP ReponsibleParty(s) o . o
Activities Required of Activities
Owner will implement appropriate outreach
efforts to employees and customers to reduce
non-permissible non-stormwater discharges.
Owner will be provided with material that
Educati contribute to protection of stormwater quality,
ucation and BMP’s that eliminate or reduce pollution
for . .
p during property improvements (concrete work,
roperty pool installation, etc.). Good housekeeping At completion of
Owners, . . .
Armando Camarena practices are: construction and
Tenants
) ] ) repeated annually
and 1. Posting quick reference guide at the office to
Occupant reinforce educational seminars and training.
]
2. Educate how to reduce or avoid human errors
that lead to accidental releases and
3. Provide necessary tools to immediately stop
and begin cleanup should an emergency occur.
Activity Pesticide application in common areas must be
L . . Annually or as
Restrictio | Armando Camarena performed by an applicator certified by the
. . . . often as necessary.
ns California Department of Pesticide Regulation.
Owner will provide staff and employees training
Employee . . . . ..
.. to identify non-stormwater discharges and report | At time of hiring
Training/ . .
Educati Armando Camarena discharges to the appropriate Agency. Also and repeated
ucation s o L .
P training in identifying and documenting illegal semi-annually
rogram o . .
& dumping incidents is required
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Sweeping
Parking
Lots

SC-41

Armando Camarena

Sweep parking lots prior to the storm season in
the late summer or early fall and after heavy
storms.

At completion of
construction and
heavy storms and
repeated quarterly
at a minimum.

Landscapi

ng
Planning

SD-10

Armando Camarena

Landscape planning will couple consideration of
land suitability for urban uses with consideration
of community goals and projected growth.
Project plan designs will conserve natural areas
to the extent possible, maximize natural water
storage and infiltration opportunities, and
protect slopes and channels. Plants will be
grouped with similar water requirements in
order to reduce excess irrigation runoff and
promote surface filtration. Landscaping will
correlate to the climate, soil, related natural
resources and existing vegetation of the site, as
well as the type of development proposed.
Ongoing maintenance consistent with County
Administrative Design Guidelines (available at:
http://www.co.sanbernardino.ca.us/landuseservi
ces/Informational%2oHandouts/Administative%
20D esign%20Guidelines-Jan%202002.pdf) or
local equivalent, plus fertilizer and pesticide
usage consistent with the instructions contained
on product labels and with the regulations
administered by the State Department of
Pesticide Regulation shall be implemented.

At time when
landscaping plans
is prepared and
prior planting
period and
repeated annually
as needed.

Efficient
Irrigation

SD-12

Armando Camarena

Install irrigation timers to minimize runoff of
excess irrigation water across impervious
surfaces. Used rain-triggered shutoff devices to
eliminate or reduce irrigation during and
immediately after precipitation, using mulches
(such as wood chips) to minimize sediment in
runoff and to maintain soil infiltration capacity,
and coordinating design of the irrigation system
and landscape to minimize overspray and runoff.
Use flow reducers and shutoff valves triggered by
a pressure drop to control water loss in the event
of broken sprinkler heads or water supply lines.
Use water conservation devices such as
programmable irrigation timers and soil
moisture sensors.

At time when
landscaping plans
is prepared and
prior planting
period and
repeated annually
as needed.
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Trash enclosures areas shall have a permanent
roofing placed over them and the container

Trash (dumpster) areas shall have drainage from .
Storage D . At completion of
adjoining roofs and pavements diverted around )
Area and construction and
the area(s). Dumpsters shall be leak proof and
Litter Armando Camarena repeated monthly
have attached permanent roof structures. Trash .
Control . or after trash pick-
compactors will be roofed and set on a concrete u
SD-32 pad. The pad shall be a minimum of one foot P-
larger all around than the trash compactor and
sloped to drain to a sanitary sewer line.
At completion of
construction and
Infiltra- Inspectinfiltration trench quarterly and before before and after
tion Armando Camarena | start of storm season. Pickup of trash and other heavy storms and
Trench collected materials. repeated
quarterly at a
minimum.




Section 6 WQMP Attachments

6.1.

Include a site plan and drainage plan sheet set containing the following minimum information:

6.2

Site Planand Drainage Plan

Project location

Site boundary

Land uses and land covers, as applicable
Suitability/feasibility constraints

Structural Source ControlBMP locations

Site Design Hydrologic Source Control BMP locations
LID BMP details

Drainage delineations and flow information

Drainage connections

Electronic Data Submittal

Minimum requirements include submittal of PDF exhibits in addition to hard copies. Format must not require

specialized software to open.If the local jurisdiction requires specialized electronic document formats (as
described in their local Local Implementation Plan), this section will describe the contents (e.g., layering,
nomenclature, geo-referencing, etc.) of these documents so that they may be interpreted efficiently and

accurately.

6.3

Post Construction

Attach all O&M Plans and Maintenance Agreements for BMP to the WQMP.

6.4 Other Supporting Documentation

BMP Educational Materials
Activity Restriction - C, C&R’s & Lease Agreements
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BMP TREATMENT VOLUME
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REQUIRED DCV=20,202 CUBIC FEET

DRAINAGE MANAGEMENT AREA PLAN

NOT TO SCALE

CONSTRUCTION NOTES:

@ CONSTRUCT INFILTRATION TRENCH 45 WIDE X 130" LONG X 6 DEPTH
@ PROVIDE LANDSCAPING PER LANDSCAPE ARCHITECT PLANS.

PROJECT DESCRIPTION

GROSS LOT AREA =309,276 S.F. (7.10 Acres)
DISTURBED LOT AREA =301,776 S.F. (6.93 Acres)

NOTES: DRAINAGE AREA 1 (DMA A)

DMA 1 BUILDING ROOF FOR OFFICE AND WAREHOUSE—TOTAL AREA: 9,855 S.F.
DMA 2 PARKING AND WALKWAY—TOTAL AREA: 254,856 S.F.

DMA & LANDSCAPED AND PLANTER—TOTAL AREA: 56,820 S.F.
DMA 4 INFILTRATION AREA—-TOTAL: /7,150 S.F.

“ DMA o5 GRAVEL FILLED AREA-TOTAL: 20,864 S.F.
2 "l

é W Congrees St

S Jefferson Ln

VICINITY MAP

Not to Scale

LEGEND

T.C. Top of Curb

F.L. Flowline

T.P. Top of Pavement

G.B. Grade Break

H.P. High Point

E.P. Edge of Pavement

T.S.W. Top of Sidewalk
————(06y———— Existing Grade/Contour Elev.

0.00 Finished Grade Elevation

sminmmunmmuimm )rginage Area Boundary

Surface Flow Direction

SOURCE CONTROL BMP'S NON STRUCTURAL BMP'S STRUCTURAL TREATMENT BMP'S
PROJECT CHARACTERISTICS /ACTIVITY BMP NO. DESCRIPTION BMP NO. DESCRIPTION
Infiltration Trench N1 Education of Property Owners, Tenants, & Occupqnts @ INFILTRATION TRENCH AREA (TC—30)
Landscape/Outdoor Pesticide Use N2 Activity Restrictions @ ROOF DRAIN TO PLANTER AREAS (SD—11)
N3 Landscape Management BMP’S ©) EFFICIENT IRRIGATION (SD—12) & LANDSCAPE DESIGN (SD—10)
N4 BMP Maintenance
WIDTH=55' _
LENGTH=120" ) | .
yush™
SEED PLANTED GRASS > 3 .
4—6" |AYER SAND Sy e =
GEOTEXTILE FABRIC TOP SOIL , S ?
A =
\ \%@?
s, ‘(MA (M lll&& \/\//\T//\\\l\é
B-0-0-N-0°0-0-0-0-0-8~
FILTER FABRIC J L
PEA GRAVEL
(45" MIN)
SECTION ‘A-A
@ NOT TO SCALE
. L CITY OF COLTON
NM Civil Engineering, Inc. BENCHMARK
22880 Van Buren Street PUBLIC SERVICES DEPARTMENT REVISIONS DATE | APPR.
Grand Terrace, CA 92313-5747 City of Colton standard brass disc set in NE CITY ENGINEER WATER QUALITY MANAGEMENT PLAN SCALE
(951) 712-0623 corner of the inlet structure at the NW cor. NAME: HORIZ: 1"=40’
_No.C-036838 of Olive St. and Pennsylvania Ave. Set approx. ’ US AUCTIONS
EXP. 06/30/20 40 fteet west and 22 feet north of the center| R-CE- EXPIRES VERT: _N.TS.
line intersection . Initials "B M” marked on APN: 0163-281-31 DATE:  1-6-19
concrete 0.90 foot south of the disc. APPROVED: DATE:
Nelson M. Manlolo Date BM 127-B Elevation: 1019.371 SLAN NO. ADDRESS: 1050 5 6th Street, Colton | ooty o 1
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NOAA Atlas 14, Volume 6, Version 2

Elevation: 925.39 ft**
* source: ESRI Maps
** source: USGS

Location name: Colton, California, USA*
Latitude: 34.0539°, Longitude: -117.3281°

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner, Kazungu Maitaria, Deborah Martin, Sandra
Pavlovic, Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey
Bonnin, Daniel Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PE_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)’ |
Durati Average recurrence interval (years)
uration|
1 | 2 | s || 10 [ 25 [ s0 || 100 | 200 || 500 | 1000
5-min 0.098 0.126 0.163 0.193 0.235 0.267 0.301 0.335 0.383 0.421
(0.081-0.118)[[(0.105-0.152)|(0.135-0.198)||(0.159-0.237)] [(0.187-0.298)[ |(0.208-0.347)|[(0.228-0.400)||(0.247-0.460) |(0.271-0.548)| (0.287-0.624)
10-min || 0-140 0.180 0.233 0.277 0.336 0.383 0.431 0.481 0.549 0.603
(0.117-0.170)|[(0.150-0.219)||(0.193-0.284) [(0.228-0.340)||(0.267-0.427)[ |(0.298-0.497)(0.327-0.574)||(0.354-0.659)||(0.388-0.786)| |(0.411-0.894)
15-min || 0-169 0.218 0.282 0.334 0.407 0.463 0.521 0.581 0.664 0.730
(0.141-0.205)||(0.181-0.264)||(0.234-0.343){|(0.275-0.411)| [(0.323-0.517)| |(0.360-0.602) (0.395-0.694)|[(0.428-0.797)| |(0.469-0.950)| | (0.497-1.08)
30-min || 0-256 0.329 0.425 0.505 0.614 0.700 0.787 0.878 1.00 1.10
(0.213-0.310)|[(0.274-0.399)||(0.353-0.518)||(0.416-0.620)| (0.488-0.781)| |(0.544-0.908)|| (0.597-1.05) || (0.647-1.20) || (0.708-1.44) || (0.751-1.63)
60-min | 0-371 0.477 0.617 0.733 0.891 1.01 1.14 1.27 1.46 1.60
(0.309-0.450)||(0.397-0.579)|[(0.512-0.751)|[(0.603-0.900)|| (0.709-1.13) || (0.789-1.32) || (0.866-1.52) |[ (0.939-1.75) || (1.03-2.08) || (1.09-2.37)
2-hr 0.530 0.677 0.872 1.03 1.25 1.42 1.60 1.78 2.02 2.22
(0.441-0.642)|[(0.564-0.822)|| (0.724-1.06) || (0.849-1.27) || (0.994-1.59) || (1.11-1.85) || (1.21-2.12) [ (1.31-2.43) || (1.43-2.90) || (1.51-3.29)
3-hr 0.652 0.832 1.07 1.26 1.53 1.74 1.95 217 2.47 2.70
(0.543-0.790)|[ (0.693-1.01) || (0.888-1.30) || (1.04-1.55) || (1.22-1.95) || (1.35-2.26) || (1.48-2.60) || (1.60-2.97) || (1.74-3.53) || (1.84-4.01)
6-hr 0.911 1.16 1.49 1.77 2.13 2.42 2.7 3.01 3.42 3.74
(0.759-1.11) || (0.968-1.41) || (1.24-1.82) || (1.45-2.17) || (1.70-2.71) || (1.88-3.14) || (2.05-3.61) || (2.22-4.12) || (2.41-4.89) || (2.55-5.54)
12-hr 1.21 1.55 1.99 2.35 2.84 3.22 3.60 3.99 4.53 4.94
(1.01-1.47) || (1.29-1.88) || (1.65-2.42) || (1.93-2.89) || (2.26-3.61) || (2.50-4.18) || (2.73-4.79) || (2.94-5.47) || (3.20-6.48) || (3.37-7.33)
24-hr 1.61 2.07 2.68 317 3.83 4.34 4.85 5.38 6.10 6.65
(1.43-1.86) || (1.83-2.39) || (2.36-3.10) || (2.77-3.69) || (3.24-4.62) || (3.60-5.34) || (3.93-6.11) || (4.24-6.97) || (4.61-8.22) || (4.87-9.28)
2-da 1.96 2.56 3.35 3.99 4.87 5.54 6.23 6.94 7.91 8.66
Y || (1.73-2.26) || (2.26-2.95) || (2.95-3.87) || (3.49-4.66) || (4.12-5.87) || (4.60-6.82) || (5.05-7.85) || (5.47-8.99) || (5.99-10.7) || (6.34-12.1)
3-da 2.08 2.77 3.68 4.43 5.46 6.26 7.08 7.93 9.11 10.0
Y || (1.85-2.40) || (2.45-3.20) || (3.25-4.26) || (3.87-5.17) || (4.62-6.58) || (5.19-7.70) || (5.74-8.92) || (6.25-10.3) || (6.89-12.3) || (7.34-14.0)
4-da 2.23 3.00 4.01 4.85 6.01 6.92 7.86 8.84 10.2 113
Y || (1.98-2.57) || (2.65-3.46) || (3.54-4.64) || (4.24-5.66) || (5.09-7.25) || (5.74-8.52) || (6.37-9.90) || (6.97-11.4) || (7.71-13.7) || (8.24-15.7)
7-da 2.56 3.46 4.67 5.66 7.04 8.13 9.24 10.4 12.0 13.3
Y || @.27-2.95) || (3.06-4.00) || (4.11-5.40) || (4.956.61) || (5.97-8.49) || (6.74-9.99) || (7.49-11.6) || (8.21-13.5) || (9.11-16.2) || (9.75-18.6)
10-da 2.78 3.78 5.11 6.22 7.76 8.96 10.2 11.5 13.3 14.8
Y || (2.46-3.21) || (3.34-4.36) || (4.51-5.92) || (5.44-7.25) || (6.57-9.35) || (7.44-11.0) || (8.27-12.9) || (9.08-14.9) || (10.1-18.0) || (10.8-20.6)
20-da 3.38 4.63 6.31 7.7 9.66 1.2 12.8 14.5 16.9 18.8
Y || (2.99-3.90) | (4.00-5.34) || (5.56-7.30) || (6.74-8.99) || (8.18-11.6) || (9.30-13.8) || (10.4-16.1) || (11.4-18.8) || (12.8-22.7) || (13.7-26.2)
30-da 4.01 5.50 7.52 9.21 11.6 13.5 15.4 17.5 20.4 227
Y || (3.55-4.62) || (4.87-6.35) || (6.63-8.70) || (8.06-10.7) || (9.80-13.9) || (11.2-16.5) || (125-19.4) || (13.8-22.6) || (154-27.5) || (16.631.7)
45-da 4.79 6.56 8.97 11.0 13.8 16.1 18.5 21.0 245 27.4
Y || (4.24-552) || (5.80-7.58) || (7.91-10.4) || (9.62-12.8) || (11.7-16.7) || (13.4-19.8) || (15.0-23.3) || (16.527.2) || (18.6-33.1) || (20.0-38.2)
60-da 5.58 7.62 10.4 12.7 16.0 18.6 21.3 24.3 28.4 31.7
Y || (4.94-6.43) || (6.74-8.79) || (9.16-12.0) || (11.1-14.8) || (13.5:19.3) || (15.422.9) || (17.326.9) || (19.1-31.4) || (21.5-38.2) || (23.2-44.2)

" Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).

Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for
a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.

Please refer to NOAA Atlas 14 document for more information.

Back to Top




PF graphical

PDS-based depth-duration-frequency (DDF) curves
Latitude: 34.0539°, Longitude: -117.3281°
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US Department of Commerce
National Oceanic and Atmospheric Administration
National Weather Service
National Water Center
1325 East West Highway
Silver Spring, MD 20910
Questions?: HDSC.Questions@noaa.gov
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Design Objectives o

WMaximize Infiltration
Provide Retenfion
Slow Runoff

Minimize Impervious Land
Coverage

Probibdt Dumping of fmpropar
Matarials

Contain Pollutants

RS NN

Collect and Convey

Description

Each project site possesses unique topographic, hydrologic, and vegetative features, some of
which are more suitable for development than others. Integrating and incorporating
appropriate landscape planning methodologies into the project design is the most effective
action that can be done to minimize surface and groundwater contamination from stormwater,

Approach

Landscape planning should couple consideration of land suitability for wurban uses with
consideration of community goals and projected growth. Project plan designs should conserve
natural areas to the extent possible, maximize natural water storage and infiltration
opportunities, and protect slopes and channels,

Suitable Applications
Appropriate applications include residential, commercial and industrial areas planned for
development or redevelopment.

Design Considerations
Design requirements for site design and landscapes planning should conform to applicable
standards and specifications of agencies with Jurisdietion and be consistent with applicable
General Plan and Local Area Plan policies.
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SD-10 Site Design & Landscape Planning

Designing New Installations
Begin the development of a plan for the landscape unit with attention to the following general
principles:

a  Formulate the plan on the basis of clearly articulated communily goals. Carefully identify
conflicts and choices between retaining and protecting desired resources and community
growth. '

#  Map and assess land suitability for urban uses. Include the following landscape features in
the assessment: wooded land, open nnwooded land, steep slopes, erosion-prone soils,
foundation suitability, soil suitability for waste disposal, aquifers, aquifer recharge areas,
wetlands, floodplains, surface waters, agricultural lands, and various categories of urban
land use. When appropriate, the assessment can highlight outstanding local or regional
resources that the community determines should be protected (e.g., a scenic area,
recreational avea, threatened species habitat, farmland, fish run), Mapping and assessment
should recognize not only these resources but also additional areas needed for their
sustenance,

Project plan designs should conserve natural areas to the extent possible, maximize natural
water storage and infiltration opportunities, and protect slopes and channels.

Conserve Nutural Areas during Landscape Planning

H applicable, the following items are required and must be implemented in the site layout
during the subdivision design and approval process, consistent with applicable General Plan and
Local Area Plan policies:

s Cluster development on least-sensitive portions of a site while leaving the remaining land in
a natural undisturbed condition.

= Limit clearing and grading of native vegetation at a site to the minimum amount needed to
build lots, allow access, and provide fire protection.

s Maximize trees and other vegetation at each site by planting additional vegetation, clusteri ng
tree areas, and promoting the use of native and/or drought tolerant plants.

= Promote natural vegetation by using parking lot islands and otber landscaped areas.
s Preserve ripatian areas and wetlands.

Maxirize Natural Water Storage and Infiltration Opportunities Within the Landscape Unit

» Promote the conservation of forest cover. Building on land that is already deforested affects
basin hydrology to a lesser extent than converting forested land. Loss of forest cover reduces
interception storage, detention in the organic forest floor layer, and water losses by
evapotranspiration, resulting in large peak runoff increases and either their negative effects
or the expense of countering them with structural solutions.

= Maintain natural storage reservoirs and drainage corridoys, including depressions, areas of
permeable soils, swales, and intermittent streams. Develop and implement policies and
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Site Desigp & Landscajge Planning SD-10

regulations to discourage the clearing, filling, and channelization of these features. Utilize
them in drainage networks in preference to pipes, culverts, and engineered ditches.

» Evaluatiog infiliration opportunities by referring to the stormwater management manual for
the jurisdiction and pay particular attention to the selection criteria for avoiding
groundwater contamination, poor soils, and hydrogeological conditions that cause these
facilities to fail. If necessary, locate developments with large amounts of impervious
surfaces or 4 potential to produce relatively contaminated runoff away from groundwater
recharge areas.

Frotection of Slopes and Channels during Landscape Design
»  Convey runoff safely from the tops of slopes.

s Avoid disturbing steep or unstable slopes.

W Avoid disturbing natural channels.

®  Stabilize disturbed slopes as quickly as possible.

s Vegetate slopes with native or drought tolerant vegetation.

»  Control and treat flows in landscaping and/or other controls prior to reaching existing
natoral drainage systems.

" Stabilize temporary and permanent channel crossings as quickly as possible, and ensure that
increases in run-off velocity and frequency caused by the project do not erode the channel.

» Install energy dissipaters, such as riprap, at the outlets of new storm drains, culverts,
conduits, or channels that enter unlined channels in accordance with applicable
specifications to minimize erosion. Energy dissipaters shall be installed in such a way 4s to
minimize impacts to receiving waters,

w  Line on-site conveyance channels where appropriate, to reduce erosion cansed by increased
flow velocity due to increases in tributary impervious area. The first choice for linings
should be grass or some other vegetative surface, since these materials not only reduce
runoff velocities, but alse provide water guality benefits from filtration and infiltration. If
velocities in the channel are high enongh to erode grass or other vegetative linings, riprap,
conerete, soil cement, or geo-grid stabilization are other alternatives,

Consider other design principles that are comparable and equally effective.

Redeveloping Existing Installutions

Various jurisdictional stormwater management and mitigation plans (SUSMP, WOMP, ete.)
define “redevelopment” in terms of amounts of additional impervious ares, increases in gross
floor area and/or exterior construction, and land disturbing activities with struetural or
impervious surfaces. The definition of “ redevelopment” must be consulted to determine
whether or not the requirements for new development apply to areas intended for
redevelopment. If the definition applies, the steps outlined under “designing new installations”
above should be followed.

January 2003 California Stermwater BMP Handbook Jof 4
New Development and Redevelopment
www.cabmphandbooks.com



SD-10 Site Design & Landscape Planning

Redevelopment may present significant opportunity to add features which had not previously
been implemented. Examples include incorporation of depressions, areas of perrmeable soils,
and swales in newly redeveloped areas. While some site eonstraints may exist due to the status
of already existing infrastructure, opportunities should not be missed to maximize infiltration,
slow runoff, reduce impervious areas, disconnect directly connected impervious areas.

Other Resources
4 Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County
Department of Public Works, May 2002,

Stormwater Management Manual for Western Washington, Washington State Department of
Eeology, August 2001, '

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of
San Diego, and Cities in San Diego County, February 14, 2002.

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood
Control District, and the Incorporated Cities of Orange County, Draft February 2003,

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures,
July 2002,
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oof Runoff Controls -3

Design Objectives

& Maximize infillration
o  Provide Retention
4 Sow Runoff

Minimize impervious Land
Coverage
Prohitsit Dumping of lreproner
M arials

& Contain Pollutants

Collect and Convey

Rain Garden

Description

Vartous roof runoff controls are available to address stormwater

that drains off rooftops. The objective is to reduce the total voluime and rate of runoff from
individual lots, and retain the pollutants on site that may be picked up from roofing materials
and atmospheric deposition. Roof runoff controls consist of directing the roof ranoff away from
paved areas and mitigating flow to the storm drain system through one of several general
approaches: cisterns or rain barrels; dry wells or infiltration trenches; pop-up emitters, and
foundation planting. The first three approaches require the roof runcff to be contained in a
gutter and downspout system. Foundation planting provides a vegetated strip under the drip
line of the roof.

Approach

Design of individual lots for single-family homes as well as lots for higher density residential and
commercial structures should consider site design provisions for containing and infiltrating roof
runoff or directing roof runoff to vegetative swales or buffer areas. Retained water can be reused
for watering gardens, lawns, and trees. Benefits to the environment include reduced demand for
potable water used for irrigation, improved stormwater quality, increased groundwater
recharge, decreased runoff volume and peak flows, and decreased flooding potential.

Suitable Applications
Appropriate applications include residential, commercial and industrial areas planned for
development or redevelopment.

Design Considerations

Designing New Installations

Cisterns or Rain Burrels

One method of addressing roof runoff is to direct roof downspouts
to cisterns or rain barrels. A cistern is an above ground storage
vessel with either a manually operated valve or a permanently open
outlet. Roof runoff is temporarily stored and then released for
irrigation or infiltration between storms. The number of rain

California

Stormwater

Giuality
Asgociation
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SD-11 Roof Runoff Controls

barrels needed is a function of the rooftop area. Some low impact developers recommend that
every house have at least 2 rain barrels, with a minimum storage capacity of 1000 liters. Roof
barrels serve several purposes including mitigating the first flush from the roof which has a high
volume, amount of contaminants, and thermal load. Several types of rain basrels are
commercially available. Consideration must be given to selecting rain barrels that are vector
proof and childproof. In addition, some barrels are designed with a bypass valve that filters out
grit and other contaminants and routes overflow to a soak-away pit or rain garden.

If the cistern has an operable valve, the valve can be dosed to store stormwater for irrigation ot
infiltration between storms. This system requires continual monitoring by the resident or
grounds crews, but provides greater flexibility in water storage and metering. If a cistern is
provided with an operable valve and water is stored inside for long periods, the cistern must be
covered to prevent mosquitoes from breeding.

A cistern systemn with a permanently open outlet can also provide for metering stormwater
ranoff. If the cistern outlet is significantly smaller than the size of the downspout inlet (say Y4 to
‘2 inch diameter), runoff will build up inside the cistern during storms, and will empty out
slowly after peak intensities subside. This is a feasible way to mitigate the peak flow increases
caused by rooftop impervious land coverage, especially for the frequent, small storms.

Dry wells and Infiltration Trenches

Roof downspouts can be directed to dry wells or infiltration trenches. A dry well is constructed
by excavating a hole in the ground and filling it with an open graded aggregate, and allowing the
water to fill the dry well and infiltrate after the storm event. An underground connection from
the downspout conveys water into the dry well, allowing it to be stored in the voids. To
minimize sedimentation from lateral soil movement, the sides and top of the stone storage
matrix can be wrapped in a permeable filter fabric, though the bottom may remain open. A
perforated observation pipe can be inserted vertically into the dry well to allow for inspection
and maintenance.

In practice, dry wells receiving runoff from single roof downspouts have been successful over
long periods because they contain very little sediment. They must be sized according to the
amount of rooftop runoff received, but are typically 4 to 5 feet square, and 2 to 3 feet deep, with
a minimum of 1-foot soil cover over the top (maximum depth of 10 feet).

To protect the foundation, dry wells must be set away from the bﬁilding atleast 10 feet. They
must be installed in solids that accommodate infiltration. In poorly drained soils, dry wells have
very limited feasibility.

Infiltration trenches function in a similar mauner and would be particularly effective for larger
roof areas. An infiltration trench is a long, narrow, rock-filled trench with no outlet that receives
stormwater runoff. These are deseribed under Treatment Controls.

FPop-up Drainage Emitter

Roof downspouts can be directed to an underground pipe that daylights some distance from the
building foundation, releasing the roof tunoff through a pop-up emitter. Similar to a pop-up
irrigation head, the emitter only opens when there is flow from the roof. The emitter remains
flush to the ground during dry periods, for ease of lawn or landscape maintenance.

2ef3 California Stormwater BMP Handbook January 2003
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Roof Runoff Controls SD-11

Foundation Planting

Landscape planting can be provided around the base to allow increased opportunities for
stormwater infiltration and protect the soil from erosion caused by concentrated sheet flow
coming off the roof. Foundation plantings can reduce the physical impact of water on the soil
and provide a subsurface matrix of roots that encourage infiltration. These plantings must be
sturdy enough to tolerate the heavy runoff sheet flows, and periodic soil saturation.

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitigation plans (SUSMP, WOQMP, ete.)
define “redevelopment” in terms of amounts of additional impervious area, increases in ErOSS
floor area and/or exterior construction, and land disturbing activities with structural or
impervious surfaces. The definition of “ redevelopment” must be consulted to determine
whether or not the requirements for new development apply to areas intended for
redevelopment. If the definition applies, the steps outlined under “designing new installations”
above should be followed.

Supplemental Information
Examples
w  City of Ottawa’s Water Links Surface ~Water Quality Protection Program

#  City of Toronto Downspout Disconnection Program
»  City of Boston, MA, Rain Barrel Demonstration Program

Other Resources
Hager, Marty Catherine, Stormwater, “Low-Imapact Development”, January/February 2003.
www.stormh2o.com

Low Impact Urban Design Tools, Low Impact Development Design Center, Belisville, MD.
www lid-stormwater.net

Start at the Source, Bay Arca Stormwater Management Agencies Association, 1999 Fdition
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Efficient Ewﬁgmmﬁ

Design Objectives

o Maximize Infiitration
¥ Provide Retention
o Siow Rungff

Minimize Impervious Lang
Coverage

Prohibit Dumping of improper
Materials

Contain Pollutants

Collgct and Convey

Description
Irrigation water provided to landscaped areas may result in excess irrigation water being
tonveyed into stormwater drainage systems,

Approach

Project plan designs for development and redevelopment should include application methods of
irrigation water that minimize runoff of excess irrigation water into the stormwater conveyanee
system,

Suitable Applications

Appropriate applications include residential, commereial and industrial areas planned for
development or redevelopment. (Detached residential single-family homes are typically
excluded from this requirement.)

Besign Cansiderations
Dresigning New Installations

The following methods to reduce excessive irrigation runoff should be considered, and
incorporated and implemented where determined applicable and feasible by the Permittee;

#  Bmploy rain-triggered shutoff devices to prevent irrigation after precipitation.
= Design irrigation systems to each landscape area’s specific water requirements.

# Include design featuring flow reducers or shutoff valves triggered by a pressure drop to
control water luss in the event of broken sprinkler heads or lines.

w - Implement landscape plans consistent with County or City water conservation resolutions,
which may include provision of water sensors, programmable
irrigation times {for short eycles), ete.

C;Tﬂan;g
. Stormwater

%ﬁi Cuality

e Assoctation
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SD-12 Efficient Irrigation

w Design timing and application methods of irrigation water to minimize the runoff of excess
irrigation water into the storm water drainage system,

& Group plants with similar water requirements in order to reduce excess irrigation runoff and
promote surface filtration. Choose plants with low irrigation requirements (for example,
native or drought tolerant species). Consider design features such as:

- Using mulches (such as wood chips or bar) in planter areas without ground cover to
minimize sediment in nnoff

- Installing appropriate plant materials for the location, in accordance with amount of
suntight and climate, and use native plant materials where possible and/or as
recommended by the landscape architect

-~ Leaving a vegetative barrier along the property boundary and interior watercouirses, to
act as a pollutant filter, where appropriate and feasible

- Choosing plants that minimize or eliminate the use of fertilizer or pesticides to sustain
growth

»  Employ other comparable, equally effective methods to reduce irrigation water runoff.

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, ete.)
define “redevelopment” in terms of amounts of additional impervious area, increases in gross
floor area angl/or exterior construction, and land disturbing activities with structural or
impervious surfaces. 'The definition of * redevelopment” must be consulted to determine
whether or not the requirements for new development apply to areas intended for
redevelopment. If the definition applies, the steps outlined under “designing new instailations”
above should be followed.

Other Resources
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County
Department of Public Works, May 2002,

Modei Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of
San Diego, and Cities in San Diego County, February 14, 2002,

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood
Control District, and the Incorporated Cities of Orange County, Draft February 2003.

Ventura Countywide Technpical Guidance Manual for Stormwater Quality Control Measures,
July 2002,

20f2 Cailfornia Stormwater BMP Handbook January 2003
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Storm Drain S?@ﬁage SD-13

Design Objectives

Maximize Infilration
Provide Retertion
Slow Runoff

Minimize impervious Land
Caverage

s Prohisit Durmping of improper
Materials

Contain Poliutants

Collect and Convey

Description
Waste materials dumped into storm drain inlets can have severe impacts on receiving and
ground waters. Posting notices regarding discharge prohibitions at storm drain inlets can
prevent waste dumping. Storm drain signs and stencils are highly visible souree controls that
are typically placed directly adjacent to storm drain inlets.

Approach

The stencil or affixed sign containg a brief statement that prohibits dumping of improper
materials into the urban runoff conveyance system. Storm drain messages have become g
popular method of alerting the public about the effects of and the prohibitions against waste
disposal,

Suitable Appiications

Stencils and signs alert the public to the destination of pollutants discharged to the storm drain.
Signs are appropriate in residential, commercial, and industrial areas, as well as any other area
where contributions or dumping to storm drains is likely.

Design Considerations

Storm drain message markers or placards are recommended at all storm drain inlets within the
boundary of a development project. T'he marker should be placed in clear sight facing toward
anyone approaching the inlet from ecither side. Al storm drain inlet locations should be
identified on the development site map.

Designing New installations
The following methods shonld be considered for inclusion in the project design and show on
project plans:

= Provide stenciling or labeling of all storra drain inlets and catch
basins, constructed or modified, within the project area with
prohibitive language. Examples include "NO DUMPING -

Latiformia

Stormwater

Cuiality
Association
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SD-13 Storm Drain Signagg

DRAINS TO OCEAN" and/or other graphical icons to discourage illegal dumping,

Post signs with prohibitive language and/or graphical icons, which prohibit iflegal dumping
at public access points along channels and creeks within the project area.

Note - Sorne local agencies have approved specific signage and/or storm drain message placards
for use. Consult local agency stormwater staff to determine specific requirements for placard
types and methods of application.

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.)
define “redevelopment” in terms of amounts of additional impervious area, increases in gross
floor area and/or exterior construction, and land disturbing activities with structural or
impervious surfaces. If the project meets the definition of “redevelopment”, then the
requiremnents stated under “ designing new instaflations” above should be included in all project
design plans.

Additional Information

Maintenance Considerations ]

#  Legibility of markers and signs should be maintained. If required by the agency with
jurisdiction over the project, the owner/operator or homeowner's association should enter
into 2 maintenance agreement with the agency or record a deed restriction upon the
property title to maintain the legibility of placards or signs.

Placement
»  Signage on top of curbs tends to weather and fade.

w  Signage on face of curbs tends to be worn by contact with vehicle tires and sweeper brooms.

Supplemental Information

Examples

s Most MS4 programs have storm drain signage programs. Some MS4 programs will provide
stencils, or arrange for volunteers to stencil storm drains as part of their outreach program.

Other Resources
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County
Department of Public Works, May 2002.

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of
San Diego, and Cities in San Diego County, February 14, 2002,

Model Water Quality Management Plan (WQMP) for County of Grange, Orange County Flood
Control District, and the Incorporated Cities of Orange County, Draft February 2003.

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures,
dJuly 2003,

Zof2 California Stormwater BMP Handbook January 2003
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Trash Storage Areas SD-32

Design Objectives

Description

Trash storage areas are areas where a trash receptacle () are Meximize Infitration
located for use as a repository for solid wastes. Stormwater Provide Retention
runoff from areas where trash is stored or disposed of can be Slow Runoff

pollated. In addition, loose trash and debris can be easily

transported by water or wind into nearby storm drain inlets, Minimize Impervious Land

channels, and/or creeks. Waste handling operations that may be Coverags
sources of stormwater pollution include dumpsters, litter control, ;"’h*”‘ Durmping of improper

and waste piles.
v Contain Pollutants

Approach
. . . . . Collect and Convey
This fact sheet contains details on the specific measures required

to prevent or reduce pollutants in stormwater runoff associated
with trash storage and handling. Preventative measures
including enclosures, containment structures, and impervious
pavements to mitigate spills, should be used to reduce the

likelihood of contamination.

Suitable Applications

Appropriate applications include residential, commercial and industrial areas planned for
development or redevelopment. {Detached residential single-family homes are typically
exciuded from this requirement.)

Design Considerations

Design requivements for waste handling areas are governed by Building and Fire Codes, and by
current local agency ordinances and zoning requirements. The design criteria described in this
fact sheet are meant to enhance and be consistent with these code and ordinance requirements.
Hazardous waste should be handled in accordance with legal requirements established in Title

22, California Code of Regulation.

Wagtes from commercial and industrial sites are typically hauled by either public or commercial
carriers that may have design or access requirements for waste storage areas. The design
criteria in this fact sheet are recommendations and are not intended to be in conflict with
requirements established by the waste hauler. The waste hauler should be contacted prior to the
design of your site trash collection areas. Conflicts or issues should be discussed with the locat

agency.

Designing New Installations
Trash storage areas should be designed to consider the following structural or treatment control
BMPs:

w  Design trash container areas so that drainage from adjoining roofs and pavement is diverted
around the area(s) to avoid ruu-on. This might incdude berming
or grading the waste handling area to prevent rup-on of
stormwater.

2 Make sure trash container areas are sereened or walled to
prevent off-site transport of rash,

Stormwater
Quaiity
Associntion
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SD-32 Trash Storage Areas

x Use lined bins or dumpsters to reduce leaking of Hquid waste.

#  Provide roofs, awnings, or attached lids on all trash containers to minimize direct
precipitation and prevent rainfall from entering containers.

a  Pave trash storage areas with an impervious surface to niitigate spills.
u Do not locate storm drains in immediate vicinity of the trash storage area.

»  Post signs on all dumpsters informing users that hazardous materials are not to be disposed
of therein.

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.)
define “redevelopment” in terms of amounts of additional impervious area, increases in gross
floor area and/or exterior construction, and land disturbing activities with structural or
impervious surfaces. The definition of “ redevelopment” must be consulted to determine
whether or not the requirements for new development apply to areas intended for
redevelopment. If the definition applies, the steps outlined under “designing new installations”
above should be followed.

Additional Information

Muaintenance Considerations

The integrity of structural elements that are subject to damage (i.e., screens, covers, and signs)
must be maintained by the owner/operator. Maintenance agreements between the local agency
and the owner/operator may be required. Some agencies will require maintenance deed
restrictions 1o be recorded of the property title. If required by the local agency, maintenance
agreements or deed restrictions must be executed by the owner/operator before improvement

plans are approved.

Other Resources
A Manual for the Standard Urban Stormwater Mitigation Plan {SUSMP), Los Angeles County
Department of Public Works, May 2002.

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of
San Diego, and Citles in S8an Diego County, February 14, 2002.

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood
Countrol District, and the Incorporated Cities of Orange County, Draft February 2003.

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures,
July 2002,

2of2 California Stormwater BMP Handbook January 2003
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Trash Storage Areas SD-32

Design Objectives

Description
Trash storage areas are areas where a trash receptacle (s) are Maximize Infitration
located for use as a repository for solid wastes. Stormwater Provide Retention
runoff from areas where trash is stored or disposed of can be Slow Ranoft
polluted. To addition, loose trash and debris can be easily o )
transported by water or wind into nearby storm drain inlets, Minimize Impervious Land
channels, and/or creeks. Waste handling operations that may be Coverage
sources of stormwater pollution include durmpsters, litter control, Prohiblt Dumping of Improper
and waste piles, Materials

«  Contaln Poflutants
Approach Colfect and Convey

This fact sheet contains details on the specific measures required
to prevent or reduce pollutants in stormwater runoff associated
with trash storage and handling. Preventative measures
inciuding enclosures, containment structures, and impervious
pavements to mitigate spills, should be used to reduce the

likelihood of contamination.

Suitable Applications

Appropriate applications include residential, commercial and industrial areas planned for
development or redevelopment. (Detached residential single-family homes are typically
excluded from this requirement.)

Design Considerations

Design requirements for waste handling areas are governed by Building and Fire Codes, and by
current local agency ordinances and zoning requirements. The design criteria deseribed in this
fact sheet are meant to enhance and be consistent with these code and ordinance requirements,
Hazardous waste should be handled in accordance with legal requirements established in Title
22, California Code of Regulation.

Wastes from commercial and industrial sites are typically hauled by either public or commercial
carriers that may have design or access requirements for waste storage areas. The design
criteria in this fact sheet are recommendations and are not intended to be in conflict with
requirements established by the waste hauler. The waste bauler should be contacted prior to the
design of your site trash collection areas. Conflicts or issues should be discussed with the local

agency.

Designing New Installations \
Trash storage areas should be designed to consider the following structural or treatment control
BMPs:

@ Design trash container areas so that drainage from adjoining roofs and pavement is diverted
around the areu(s) to aveid run-on. This might inclade berming
or grading the waste handling area to prevent run-on of
stormwater.

®  Make sure trash container areas are screened or walled to
prevent off-site transpori of trash.

January 2003 California Stormwater BMP Handbook 10f2
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SD-32 Trash Storage Areas

* Use lined bins or dumpsters to reduce leaking of Hquid waste,

»  Provide roofs, awnings, or attached lids on all trash containers to minimize direct
precipitation and prevent rainfall from entering containers.

®  Pave trash storage areas with an impervious surface to mitigate spills.
# Do not locate storm drains in immediate vicinity of the trash storage area.

w  Post signs on all dumpsters informing users that hazardous materials are not to be disposed
of therein.

Redeveloping Fxisting Installations

Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, ete.)
define “redevelopment” in terms of amounts of additional impervious area, increases in £ross
floor area and/or exterior construction, and land disturbing activities with structural or
impervious surfaces. The definition of “ redevelopment” must be consulted to determine
whether or not the requirements for new development apply to areas intended for
redevelopment. If the definition applies, the steps outlined under “designing new installations”
above should be followed.

Additional Information

Maintenance Considerations

The integrity of structural elements that are subject to damage (i.e., screens, covers, and signs)
must be maintained by the owner/operator. Maintenance agreements between the local agency
and the owner/operator may be required. Some agencies will require maintenance deed
restrictions to be recorded of the propecty title. If required by the local ageney, maintenance
agreements or deed restrictions must be executed by the owner/operator before improverment
plans are approved.

Other Resources
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County
Department of Public Works, May 2002,

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of
San Diego, and Cities in San Diego County, February 14, 2002.

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood
Control District, and the Incorporated Cities of Orange County, Draft February 2003.

Ventura Countywide Technieal Guidance Manual for Stormwater Quality Control Measures,
July 2002.
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Outdoor Material Storage Areas SD-34

Design Objectives

Maximize infiltration
Provide Retention
Slow Runoff

Mmnimize Impervious Land
Coverage

Frohibit Dumping of Improper
Materials

¥ Contain Pofutant
Collect and Convey

Description

Proper design of outdoor storage areas for materials reduces opportunity for toxic compounds,
oil and grease, heavy metals, nutrients, suspended solids, and other pollutants to enter the
stormwater conveyance system. Materials may be in the form of raw products, by-products,
finished products, and waste products. The type of pollutants associated with the materials will
vary depending on the type of commercial or industrial activity.

Approach

Outdoor storage areas require a drainage approach different from the typical
infiltration/detention strategy. In outdoor storage areas, infiltration is discouraged.
Containment is encouraged. Preventative measures include enclosures, secondary containment
structures and impervious surfaces.

Suitable Applications
Appropriate applications include residential, commercial 2nd industrial areas planned for
development or redevelopment.

Design Considerations

Some materials are more of a concern than others. Toxic and hazardous materials must be
prevented from coming in contact with stormwater. Non-toxic or non-hazardous materials do
not have 1o be prevented from stormwater contact. However, these materials enay have toxic
effects on receiving waters if allowed to be discharged with stormwater in significant quantities.
Accumulated material on an impervious surface could result in significant impact on the rivers
or streams that receive the runoff.

Material may be stored in a variety of ways, including bulk piles,
containers, shelving, stacking, and tanks. Stormwater
contamination may be prevented by eliminating the possibility of
stormwater contact with the material storage areas either through
diversion, cover, or capture of the stormwater. Control measures
may also include minimizing the storage area. Design requirements
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SD-34 Outdoor Material Storage Areas |

for material storage areas are governed by Building and Fire Codes, and by current City or
County ordinances and zoning requirements. Control measures are site specific, and must meet
local agency requirements,

Designring New Installations

Where proposed project plans include outdoor areas for storage of materials that may contribute
pollutants to the stormwater conveyance system, the following structural or treatment BMPS
should be considered:

« Materials with the potential to contaminate stormwater should be: (1) placed in an enclosure
such as, but not limited to, a cabinet, shed, or similar structure that prevents contact with
runoff or spiliage to the stormwater conveyance system, or (2) protected by secondary
containment structures such as berms, dikes, or curbs.

»  The storage area should be paved and sufficiently impervious to contain leaks and spills,

® The storage area should slope towards a dead-end sump to contain spills and direct runoff
from downspouts/roofs should be directed away from storage areas.

» The storage area should have a roof or awning that extends beyond the storage area to
minimize collection of stormwater within the secondary containment area. A manufactured
storage shed may be used for small containers.

Note that the location(s} of installations of where these preventative measures will be employed
must be included on the map or plans identifying BMPs,

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.)
define “redevelopment” in terms of amounts of additional impervious area, increases in Zross
floor area and/or exterior construction, and land disturbing activities with structural or
impervious surfaces. The definition of * redevelopment” must be consulted to determine
whether or not the requirements for new development apply to areas intended for
redevelopment. If the definition applies, the steps outlined under “designing new installations”
above should be followed.

Additional Information

Stormwater and non-stormwater will accumulate in containment areas and sumps with
impervious surfaces. Contaminated accumulated water must be disposed of in accordance with
applicable laws and cannot be discharged directly to the storm drain or sanitary sewer system
without the appropriate permits.

Other Resources
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County
Department of Public Works, May 2002,

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of
San Diego, and Cities in San Diego County, February 14, 2002,

pr—.
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QOutdoor Material Storage Areas SD-34

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood
Control District, and the Incorporated Cities of Orange County, Draft February 2003.

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures,
July 2002.
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Building & Grounds Maintenance SC-41

Y Objectives

= Cover

= Contain

w Educate

w Reduce/Minimize
» Product Substitution

Targeted Constituents

Description Sediment

Stormwater runoff from building and grounds maintenance Nutrients
activities can be contaminated with toxic hydrocarbons in Trash
solvents, fertilizers and pesticides, suspended solids, heavy Metals
metals, abnormal pH, and oils and greases, Utilizing the Bacleria
protocols in this fact sheet will prevent or reduce the discharge of Oil and Greasa
pollutants to stormwater from building and grounds
maintenance activities by washing and cleaning up with as little
water as possible, following good landscape management
practices, preventing and cleaning up spills immediately, keeping
debris from entering the storm drains, and maintaining the
stormwater collection system,

NNONS

Ouganics

Approach

Reduce potential for pollutant discharge through source control
poliution prevention and BMP implementation. Successful
implementation depends on effective training of employees on
applicable BMPs and general pollution prevention strategies and
objectives.

Pollution Prevention
s Switch to non-toxic chemicals for maintenance when
possible.

»  Choose cleaning agents that can be recycled.

CASQA

) Caittornta

k Stornvwater
: Quality
Association

= Encourage proper lawn management and landscaping, -
including use of native vegetation,
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SC-41 Building & Grounds Maintenance

% Encourage use of Integrated Pest Management techniques for pest control.
= Encourage proper onsite recycling of yard trimmings.
s Recycle residual paints, solvents, lumber, and other material as much as possible.

Suggested Protocols

Pressure Washing of Buildings, Rooftops, and Qther Large Objects

= Insituations where soaps or detergents are used and the surrounding area is paved, pressure
washers must use a water collection device that enables collection of wash water and
associated solids. A sump pump, wet vacuum or similarly effective device must be used to
collect the runoff and loose materials. The collected runoff and solids must be disposed of

properiy.

» Ifsoaps or detergents are not used, and the surrounding area is paved, wash runoff does not
have to be collected but must be screened. Pressure washers must use filter fabric or some
other type of screen on the ground and/or in the catch basin to trap the particles in wash
water runoff,

» Ifyou are pressure washing on a grassed area (with or without soap), runoff must be
dispersed as sheet flow as much as possible, rather than as a concentrated stream. The wash
runoff must remain on the grass and not drain to pavement,

Landscaping Activities .

% Dispose of grass clippings, leaves, sticks, or other collected vegetation as garbage, or by
composting. Do not dispose of collected vegetation into waterways or storm drainage
systems.

»  Use mulch or other erosion control measures on exposed soils.

Building Repair, Rernodeling, and Construction
» Do not dump any toxic substance or liquid waste on the pavement, the ground, or toward a
stormn drain. .

s Use ground or drop doths underneath cutdoor painting, scraping, and sandblasting work,
and properly dispose of collected material daily,

»  Use a ground cloth or oversized tub for activities such as paint mixing and tool cleaning.

»  Clean paintbrushes and tools covered with water-based paints in sinks connected to sanitary
sewers or in portable containers that can be dumped into a sanitary sewer drain. Brushes
and tools covered with non-water-based paints, finishes, or other materials must be cleaned
in a manner that enables collection of used solvents (e.g., paint thinner, turpentine, etc.) for
recycling or proper disposal,

®  Use a storm drain cover, filter fabric, or similarly effective runoff control mechanism if dust,
grit, wash water, or other pollutants may escape the work area and enter a catch basin. This
is particularly necessary on rainy days. The containment device(s) must be in place at the
beginning of the work day, and acenmulated dirty runoff and solids must be collected and
disposed of before removing the containment device(s) at the end of the work day.
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Building & Grounds Maintenance SC-41

® 1If you need to de-water an excavation site, you may need to filter the water before

discharging to a catch basin or off-site, If directed off-site, you should direct the water
through hay bales and filter fabric or use other sediment filters or traps.

® Store toxic material under cover during precipitation events and when not in use. A cover

would include tarps or other temporary cover material.

Mowing, Trimming, and Planting

Dispose of leaves, sticks, or other collected vegetation as garbage, by composting or at a
permitted landfill. Do not dispose of collected vegetation into waterways or storm drainage
systems.

Use mulch or other erosion control measures when soils are exposed.

Flace temporarily stockpiled material away from watercourses and drain inlets, and berm or
cover stockpiles to prevent material releases to the storm drain systen,

Consider an alternative approach when bailing out muddy water: do not put it in the storm
drain; pour over landscaped areas.

Use hand weeding where practical,

Fertilizer and Pesticide Management

= Follow all federal, state, and local laws and regulations governing the use, storage, and
disposal of fertilizers and pesticides and training of applicators and pest control advisors.

w  Use less toxic pesticides that will do the job when applicable. Avoid use of copper-based
pesticides if possible. :

s Do not use pesticides if rain is expected.

m Do not mix or prepare pesticides for application near storm drains.

»  Use the minimum amount needed for the job.

» Calibrate fertilizer distributors to avoid excessive application.

= Employ techniques to minimize off-target application (e.g., spray drift) of pesticides,
including consideration of alternative application techniques.

w  Apply pesticides only when wind speeds are low.

®  Fertilizers should be worked into the soil rather than dumped or broadcast onto the surface.

» Irrigate slowly to prevent runoff and then only as much as is needed.

s (lean pavement and sidewalk if fertilizer is spilled on these surfaces before applying
irrigation water,

» Dispose of empty pesticide containers accerding to the instructions on the container label.
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SC-41 Building & Grounds Maintenance

s Use up the pesticides. Rinse containers, and use rinse water as product, Dispose of unused
pesticide as hazardous waste,

v Implement storage requirements for pesticide products with guidance from the local fire
department and County Agricultural Commissioner. Provide secondary containment for
pesticides.

Inspection

 Inspectirrigation system periodically to ensure that the right amount of water is being

applied and that excessive runoff is not occurring. Minimize excess watering and repair
leaks in the irrigation system as soon as they are observed.

Training
s Educate and train employees on pesticide use and in pesticide application technigues to
prevent pollution,

= Train employees and contractors in proper techniques for spill containment and cleanup.

m  Be sure the frequency of training takes into account the complexity of the operations and the
nature of the staff.

&pill Response and Prevention
®  Keep your Spill Prevention Control and Countermeasure (SPCC) Plan up-to-date.

s Place a stockpile of spill cleanup materials, such as brooms, dustpans, and vacuum sweepers
(if desired) near the storage area where it will be readily accessible.

= Have employees trained in spill containment and cleanup present during the
loading/unloading of dangerous wastes, liguid chemicals, or other materials.

» Familiarize employees with the Spill Prevention Control and Countermeasure Plan.
®  Clean up spills immediately.

Other Considerations ‘
Alternative pest/weed controls may not be available, suitable, or effective in IANY cases,

Requirements
Caosts
»  Cost will vary depending on the type and size of facility,

»  Overall costs should be low in comparison to other BMPs.

Maintenance
Sweep paved areas regularly to collect loose particles. Wipe up spills with rags and other
absorbent material immediately, do not hose down the area to a storm drain.
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Buildiﬁg & Grounds Maintenance $C-41

Suppiemental Information

Further Detail of the BMP

Fire Sprinkler Line Flushing

Building fire sprinkler line flushing may be a source of non-stormwater runoff pollution. The
water entering the system is usually potable water, though in some areas it may be non-potable
reclaimed wastewater. There are subsequent factors that may drastically reduce the quality of
the water in such systems. Black iron pipe is usually used since it is cheaper than potable
piping, but it is subject to rusting and results in lower quality water. Initially, the black iron pipe
has an oil coating to protect it from rusting between manufacture and installation; this will
contaminate the water from the first flush but not from subsequent flushes. Nitrates, poly-
phosphates and other corrosion inhibitors, as well as fire suppressants and antifreeze may be
added to the sprinkler water system. Water generally remains in the sprinkler system a long
time (typically a year) and between flushes may accumulate iron, manganese, lead, copper,
nickel, and zine. The water generally becomes anoxic and contains living and dead bacteria and
breakdown products from chlorination. This may result in a significant BOD problem and the
water often smells, Consequently dispose fire sprinkler line flush water into the sanitary sewer,
Do not allow discharge to storm drain or infiltration due to potential high levels of pollutants in
fire sprinkler line water.

References and Resources
California’s Nonpoint Source Program Plan hitp://www.swreb.ca.gov/ nps/index himl

Clark County Storm Water Pollution Control Manual
http://www.go.clark wa.us/pubworks/bmpman.pdf

King County Storm Water Pollution Control Manual http://dor.metroke.gov/wir /dss/spem. htm

Mgobile Cleaners Pilot Program: Final Report. 1997. Bay Area Stormwater Management
Agencies Association (BASMAA). hitp://www.basmaa.org/

Pollution from Surface Cleaning Folder. 1996, Bay Area Stormwater Management Agencies
Association (BASMAA). htip://www.basmaa.org/

Santa Clara Valley Urban Runoff Pollution Prevention Program hitp:/ LW SCOIpDD.OLg

The Storm Water Managers Resource Center http://www.stormwatercenter.net/
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Vegetated Swale TC-30

Design Considerations

n Tribiary Area
m Areg Required
% Slope

W Waler Availzbility

Description

Vegetated swales are open, shallow channels with vegetation

covering the side slopes and bottom that collect and slowly Targeted Constituents

Sediment
Nutrients
Trash
Metals
Baclena

convey runoff flow to downstream discharge points. They are
designed to treat runoff through filtering by the vegetation in the
channel, filtering through a subsoil matrix, and/or infiltraton
into the underlying solls. Swales can be natural or manmade.
They trap particulate pollutants (suspended solids and trace
metals}), promote infiltration, and reduce the flow velocity of o
stormwater runoff. Vegetated swales can serve as part of a Olland Crease
stormwater drainage system and ean replace curbs, gutters and Crganics
storm sewer systems, Legend [Removal Effectiveniss}
* low ¥ High

SR SNA N NA
L I I S

Catifornia Experience

Caltrans constructed and monitored six vegetated swales in
southern California. These swales were generally effective in
reducing the volume and mass of pollutants in runoff. Even in
the areas where the annual rainfall was only about 10 inches/yr,
the vegetation did not require additional irrigation. One factor
that strongly affected performance was the presence of large
nurmnbers of gophers at most of the sites. The gophers created
earthen mounds, destroyed vegetation, and generally reduced the
etfectiveness of the controls for TSS reduction.

A Medium

Advantages
= i properly designed, vegetated, and operated, swales can
serve as an aesthetic, polentially inexpensive urban

development or roadway drainage conveyance measure with
significant collateral water quality benefits.

o California
Stormwater
s, Qutality
Assotistion
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TC-30 Vegetated Swale

* Roadside ditches should be regarded as significant potential swale,/buffer strip sites and
should be utilized for this purpese whenever possible.

Limitations
o Can be diffieult to aveid channelization.

¥ Maynot be appropriate for industrial sites or Jocations where spills may cceur

*»  Gragsed swales cannot treat a very large drainage area. Large areas may be divided and
treated using multipie swales.

» A thick vepetative cover is needed for these practices to function properly,
»  They are impractical in areas with steep tepography.

s They are not effective and may even erode when flow velocities are high, if the grass cover is
not properly maintained.

v Insome places, their use is restricted by law: many local municipalities require curb and
gutter systerns in residential areas.

s Swales are mores susceptible to failure i not properly maintained than other freatment
BMPs.

Design and Sizing Guidelines
s Flow rate based design determined by local requirements or sized so that 85% of the annual
runoff volume is discharged at less than the design rainfall intensity.

Swale should be designad 30 that the water level does not exceed 2/ards the height of the
grass or 4 inches, which ever is less, at the design treatment rate.

#  Longitudinal slopes sheuld not exceed 2.5%

# Trapezoidal channels are normally recommended but other configurations, such as
parabolic, can also provide substantial water guality improvement and may be easier to mow
than designs with sharp breaks in slope.

»  Swales constructed in cut are preferred, or in f1l areas that are far enough from an adiacent
slope to minimize the potential for gopher damage. Do not use side slopes constructed of
fill, which are prone to structural damage by gophers and other burrowing animals.

» A diverse selection of low growing, plants that thrive under the specific site, climatic, and
watering eonditions should be specified. Vegetation whose growing season corresponds to
the wet season are preferred. Drought tolerant vegetation should be considered especially
for swales that are not part of 4 regularly irrigated landscaped area.

s  The width of the swale should be determined using Manning's Equation using a value of
0.25 for Manning’s .,
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Vegetated Swale TC-30

Construction/Inspection Considerations

® Include directions in the specifications for use of appropriate fertilizer and soil amendments
based on soil properties determined through testing and compared to the néeds of the
vegetation requirements.

* Install swales at the time of the year when thers is 2 reasonable chance of sugeessiul
establishment without irrigation: however, it is recognized that rainfall in a given year may
ot be sufficient and temporary irrigation may be used.

»  1f sod tiles must be used, they should be placed so that there are no gaps betweexn the tles;
stagger the ends of the tiles to prevent the formation of channels along the swale or strip,

= Usea roller on the sod to ensure that no air pockets form between the sod and the s0iL

»  Where seeds are nsed, erosion controls will be necessary 1o protect seeds for at least 75 days
after the first rainfall of the season.

Performance

The literature suggests that vegetated swales represent a practical and potentially effective
technigue for controlling urban runoff quality. While limited quantitative performance data
exists for vegetated swales, if is known that check dams, slight slopes. permeable soils, dense
grass cover, increased contact time, and smell storm events all contribute to successful poliutant
removal by the swale system. Factors decreasing the effectiveness of swales include comparted
soilg, short runoff contact time, large storm evexuts, frozen ground, short grass heights, sieep
slopes, and high runoff velocities and discharge rates,

Conventional vegetated swale designs have achieved mixed results in rem oving particulate
pollutants. A study performed by the Nationwide Urban Runoff Program (NURP) monitored
three grass swales in the Washington, D.C., area and found no significant improvement in urban
runoff quality for the pollutants analyzed. However, the weak performance of these swales was
attributed to the high flow velocities in the swales, soil compaction, steep slapes, and short ETASS
height.

Another project in Durham, NC, monitored the performance of a carefully designed artificia)
swale that received runoff from a commercial parking Jot. The project tracked 11 storms and
concluded that particulate concentrations of heavy metals (Cu, Pb, Zn, and Cd) were reduced by
approximately 50 percent. However, the swale proved largely ineflective for removing soluble
nutrients,

The effectivencss of vegetated swales can be enhanced by adding check dams at approximately

7meter (50 foot) increments along their length (See Figure 1), These dams maximize the
retention time within the swale, decrease flow velocities, and promote particulate settling,
Finally, the incorporation of vegetated filter strips parallel to the top of the channel banks can
help to treat sheet flows entering the swale.

Only g studies have been conducted on all gragsed channels designed for water quality (Table 1).
The data suggest relatively high removal rates for some pollutants, but negative removals for
some bacteria, and fair performance for phosphorus.
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TC-30 Vegetated Swale

Table 1 Grassed swale poflutant removal efficiency data

Removal Efficiencies (% Removal)

Study TS| TP | TN | NO; | Metals | Bacteria Type

Caitrans zoo2 77| B ty &6 83-00 33 dry swales
Goldberg 1693 7.81 4.5 - a4 4262 106G |jgrassed channel
i‘;;;i;z ?j{i?;ggfg? : 25;0!1 6o | 45 ~ e 216 -25 grassed channel
Depatment o Bedo s | 83| 39 | - | w5 | 467 | a5 fresed channe
Wang et al, 158; By - - - 70~80 - dry swale
Durman et al, 1989 gB ¢ 18 - 45 -8 - ey swale
Harper, 1988 87 | 83 84 Bo 885y ! - dry swale
Kercher et al, 1983 oy | 99 | 99 4y 99 - dry swale
Harper, 1988, 8 1 1w 4o 52 K ¥ i) - wet swale
Koon, 1995 &7 1 39 - ) ~25te 6 - wel swale

While it is difficalt to distinguish between different designs based on the small amount of
evailable data, grassed channels generally have poorer removal rates than wet and dry swales,
although some swales appear to export soluble phosphorus (Harper, 1588; Kooz, 1095). It is not
clear why swales export bacteria. One explanation is that bacteria thrive in the warm swale
soils,

Siting Criteria

The suitability of a swale at a site will depend on land use, size of the area serviced, soil ype,
slope, Imperviousness of the contributing watershed, and dimensions and slope of the swale
system (Schueler et al., 1952}, In general, swales can be used 1o serve aress of legs than 10 acres,
with slopes no greater than 5 %. Use of natural topopraphic lows is encouraged and natural
drainage courses should be regarded as significant local resources to be kept in use (Young et al.,
1996).

Selection Criteria (NCTCOG, 1993)
» Comparable performance to wet basins

«  Limited to treating a few acres
w  Availability of water during dry periods to maintain vegetation
»  Sufficient available land area

Research in the Austin area indicates that vegetated controls are effective at removing pollutants
even when dormant. Therefore, irrigation is not required to maintain growth during dry
periods, but may be necessary only to prevent the vegetation from dying.
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Vegetated Swale TC-30

The topography of the site should permit the design of a channel with appropriate slope and
cross-sectional area. Site topography may also dictate a need for additional structural controls.
Recommendations for longitudinal stopes range between 2 and 6 percent. Flatter slopes can be
used, if sufficient to provide adequate conveyance. Steep slopes increase flow velocity, decrease
detention time, and may require energy dissipating and grade check. Steep slopes also can be
managed using a series of check dams to terrace the swale and reduce the slope 1o within
acceptable limits. The use of check dams with swales also promotes infiltration.

Additional Design Guidelines

Most of the design guidelines adopted for swale design specify a minimum hydraulic residence
time of 9 minutes. This criterion is based on the results of 1 single study conducted in Seaitle,
Washington {Seattle Metro and Washington Department of Ecolegy, 1992), and is not well
supported. Anatvsis of the data collected in that study indicates that pollutant removal at a
residence time of 5 minutes was not significantly different, although there is more variability in
that data, Therefore, additional research in the design criteria for swales is needed. Substantial
pollutant removal has also been observed for vegetated controls designed solely {or conveyance
{Barrett et 21, 1098); consequently, some flexibility in the design is warranted.

Many design guidelines recommend that grass be frequently mowed to maintain deuse coverage
near the ground surface. Recent research (Colwell £t al., 2000) has shown mowing frequency or
grass height has little or no effect on pollutant removal.

Summary of Design Recommendations
1) The swale should have a length that provides 2 minimum hydraulic residence time of
at least 10 minutes. The maximum bottom width should not exceed 10 feet unless a
dividing berm is provided. The depth of flow should not exceed 2/3rds the height of
the grass at the peak of the water quality design storm intensity. The channel slope
should not exceed 2.5%.

Y A design prass height of 6 inches is recommended.

3} Regardiess of the recommended detention time, the swale should be not less than
160 feet in length.

4] The width of the swale should be determined using Manning’s Equation, at the peak
of the design storm, using a Manning’s n of 0.25.

5) The swale can be sized as both a treatment facility for the design storm snd asa
conveyance system 1o pass the peak bydraulic flows of the 100-vear storm if it ds
located “on-line.” The side slopes should be no steeper than 31 (H:V}

6) Roadside ditches should be regarded as significant potential swale/buffer strip sites
and should be wtilized for this purpose whenever possible. If flow 1s to be introduced
through curb cuts, place pavement slightly above the elevation of the vegetated aveas,
Curb cuts should be at least 12 inches wide to prevent clogging.

7) Swales must be vegetated in order to provide adequate treatment of runoff. Itis
important to maximize water contact with vegetation and the soil surface. For
general purposes, select fine, close-growing, water-resistant grasses. If possible,
divert runoff {other than necessary irrigation) during the period of vegetation
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TC-30 Vegetated Swale

establishment, Where runoff diversion is not possible, cover graded and seeded
areas with suitable erosion control materials.

Maintenance

The useful life of a vegetated swale systern is directly proportional to its maintenance frequency.
If properly designed and regularly maintained, vegetated swales can last indefinitely. The
maintenance objectives for vegetated swale systems include keeping up the hydraulic and
removal efficiency of the channel and maintaining a dense, healthy grass cover.

Maintenance activities should include periodic mowing (with grass never cut shorter than the
design flow depth), weed control, watering during drought conditions, reseeding of bare areas,
and clearing of debris and blockages. Cuttings should be removed from the channel and
disposed in a local composting facility. Accumulated sediment should also be remeved
manually 1o avoid concentrated flows in the swale. The application of fertilizers and pesticides
should be minimal,

Another aspeet of 4 good maintenance plan is repairing damaged areas within 2 channel. For
example, if the channe! develops ruts or holes, it should be repaired vtilizing a suitable soil that
i properly tamped and seeded. The grass cover should be thick; if it is not, reseed as necessary.
Any standing water removed during the maintenance operation must be disposed to a sanitary
sewer at an approved discharge location. Residuals {e.g., silt, grass cuttings) must be disposed
in accordance with loca] or State requirernents. Maintenance of grassed swales mostly involves
maintenance of the grass or wetland plant cover, Typical maintenance activites are
summarized below:

= Inspect swales at least twice annually for erosion, damage to vegetation, and sediment and
debris aceunmulation preferably at the end of the wet season to schedule summer
maintenance and before major fall runoff to be sure the swale is ready for winter, However,
additional inspection after perinds of heavy runoff is desirable. The swale should be checked
for debris and litter, and areas of sediment accumulation.

®  Grass height and mowing frequency may not bave a large impact on pollutant removal,
Consequently, mowing may only be necessary once or twice & year for safety or aesthetics or
to suppress weeds and woody vegetation.

»  Trash tends to accumulate in swale areas, partioularly along highways. The need for litter
removal is determined through periodic inspection, but litter should always be removed
prior 1o rowing.

»  Sediment accumnlating near culverts and in channels should be removed when it builde up
to 75 mm {3 in.) 4t any spot, or covers vegetation.

#  Regularly inspect swales for pools of standing water, Swales can become a nuisance due to
mesquito breeding in standing water if obstructions develop (e.g. debris acrumulation,
invasive vegetation) and/or if proper drainage slopes are not implemented and maintained.
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Vegetated Swale TC-30

Cost

Construction Cost

Little data is available to estimate the difference in cost between various swale designs. One
study (SWRPC, 1991} estimated the construction cost of grassed channels at approximately
$¢.25 per ft2. This price does not include design costs or contingencies. Brown and Schueler
(1997) estimate these costs at approximately 32 percent of construction costs for most
stormwater management practices, For swales, however, these costs would probably be
significantly higher since the construction costs are 50 low compared with other practices. A
more realistic estimate would be 2 total cost of approximately $0.50 per ft%, which compares
favorably with other stormwater management practices.
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TC-30 Vegetated Swale

Muintenance Cost

Caltrans (2002) estimated the expected annual maintenance cost for a swale with a tributary
area of approximately 2 ha at approximately $2,700. Since almost all maintenance consists of
mowing, the cost is fundamentally a function of the mowing frequency. Unit costs developed by
SEWRPC are shown in Table 3. In many cases vegetated channels would be used to convey
runofl and would require perfodic mowing as well, so there may be little additional cost for the
water quality cornponent. Since essentially all the activities are related to vegetation
management, no special training is required for maintenance personnel,
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Vegetated Swale TC-30
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TC-30 Vegetated Swale
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Vegetated Buffer Strip TC-31

Design Considerations

m Tributary Ares

w Water Avaiiabiiity

u Agstheling

Description

Grassed buffer strips (vegetated filter strips, filter strips, and
grassed filters) are vegetated surfaces that are designed to treat

sheet flow from adjacent surfaces. Filter sirips function by
slowing runoff velocities and allowing sediment and other Targeted Constituants

poliutants to settle and by providing some infiltration into
underlying soils. Filter strips were originally used as an
agricultural treatment practice and have more recently evolved
into an urban practice. With proper design and maintenance,
filter strips can provide relatively high pollutant removal. In
addition, the public views them s landscaped amenities and not
as stormwater infrastructure. Consequently, there is litile
resistance to their use.

Sediment

Nufriznty

Trash

hetals

Bacteria

Cii and Grease

Organics

Legend {Removal Effectiveness)

® low W High

CEANANSNAS
rEmeEr e

California Experience

Caltrans constructed and monitored three vegetated buffer strips
in southern California and is currently evaluating thelr A Hedium
performance at eight additional sites statewide. These strips were

generally effective in reducing the volume and mass of pollutants

in ranoff. Even in the areas where the annoal rainfall was only

abort 10 inches/yr, the vegetation did not require additional

irrigation. One factor that strongly affected performmance was the

presence of large numbers of gopliers at most of the southern

California sites. The gophers created earthen mounds, destroyed

vegetation, and generally reduced the effectiveness of the

controls for TSS reduction.

Advantages
»  Buffers require minimal maintenance activity (generally just

erosion prevention and mowing).

w If properly designed, vegetated, and operated, buffer strips can j b ASQA
provide reliable water quality benefits in conjunction with high . .\’ SGifernia

aesthetic appeal. ¥R Stormwater
: 7 Quailty
Assatiation

lanuary 2003 Catifornia Stormwater 8MP Handbook iof8
New Development and Redevelopment
www, cabmphandbooks.com



TC-31 Vegetated Buffer Strip

Flow characteristics and vegetation type and density can be closely controlled to maximize -
BMP effectiveness.

Roadside shoulders act as effective buffer strips when slope and length meet criteriz
described below.

Limitations

May not be appropriate for industrial sites or locations where spilis may ocour,
Buffer strips cannot treat & very large drainage area.
A thick vegetative cover is needed for these practices to function properly.

Buffer or vegetative filter length must be adequate and flow characteristics acceptable ur
water quality performance can be severely lmited.

Vegetative buffers may not provide treatment for dissolved constituents except to the axtent
that flows across the vegetated surface are infilirated into the soil profile.

This technology does not provide significant attenuation of the increased volume and flow
rate of runoff during intense rain events.

Design and Sizing Guidelines

Maximum length (in the direction of fiow towards the buffer) of the tributary area should be
60 feet,

Slopes shonld not exceed 15%.
Minimum length (in direction of fiow) is 15 fest.
Width should be the same as the tributary area.

Either grass or a diverse selection of other low growing, drought tolerant, native vegetation
should be speeified. Vegetation whose growing season correspongs o the wet season is
preferred.

Construction/Inspection Considerahons

include directions in the specifications for use of appropriate fertilizer and soil amendments

]
based on soll properties determined through testing and compared to the needs of the
vegetation requirements.

» Install strips af the time of the vear when there i5 a reasonable chance of successful
establishment without irrigation; however, it is recognized that rainfall in a given year may
not be sufficient and temaporary irrigation may be required.

» I sod tiles must be used, they should be placed so that there are no gaps between the tiles;
stagger the ends of the tiles to prevent the formation of channels along the strip.

s Use a roller on the sod 1o ensure that no air pockets form between the sod and the soll.

2ofg Califarnia Stormwater BMP Handbook Jaruary 2003
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Vegetated Buffer Strip TC-31

» Where seeds are used, erosion controls will be necessary to protect seeds for at iﬁas't';?’:; davs
after the first rainfall of the season.

Performance

Vegetated buffer strips tend to provide somewhat better treatment of stormwater runoff than
swales and have fewer tendencies for channelization or erogion. Table 1 documents the pollutant
removal observed in 2 recent study by Caltrans (2002) based on three sites in southern
California. The column labeled “Significance™ is the probability that the mean influent and
effluent EMCs are not significantly different based on an analysis of variance.

The removal of sediment and dissolved metals was comparable to that observed in much more
complex controls. Reduction in nitrogen was not significant and all of the sites exported
phosphorus for the entire study period. This may have been the result of using salt grass, a warm
weather species that is dormant during the wet season, and which leaches phosphorus when
dormant.

Ancther Caltrans study (unpublished) of vegetated highway shoulders as buffer strips also found
substantial reductions often within a very short distance of the edge of pavement. Figure 1
presents a box and whisker plot of the concentrations of TSS in highway runoff after traveling
various distances (shown in meters) through a vegetated flter strip with a slope of about 10%.
One can see that the TSS median concentration reaches an wrreducible minimum concentration
of ebout 20 mg/L within 5 meters of the pavement edge.

Table 1 Poliutant Reduction in & Vegetated Buffer Strip

) Mean EMC Resmoval Significance
Constituent Influent Effluent % P
(mg/L) Gmg/l)

T&S 119 31 w4 <0000
NN o6y .88 13 0.367
TEN-N 250 210 16 0542
Total N¢ .57 2.68 15 -
Dissolved P .15 thals 8056 0.047
Total P 0.4 .62 “BL 035
Total Cu 0058 0.00¢ &q <0000
Total Pb 0.046 0006 #8 <G.O00
Tatal Zn .245 09.055 78 <8, 000
Digsotved Cu o.oRY 0.007 b 0.004
Irissolved Ph D.0D4 0.002 65 o.00b
Digsolved Zn 0.049 £.035 65 <0.000
Jenuary 2003 Californie Stormwater BMP Handbonk 36i 8
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TC-31 Vegetated Buffer Strip
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Filter strips also exhibit good removal of litter and other floatables because the water depth in
these systems is well below the vegetation height and consequently these materials are not easily
transported through them. Unfortunately little attenuation of peak runcff rates and volumes
{particularly for larger events) is normally observed, depending on the soil properties Therefore
it may be prudent to follow the strips with another practice than can reduce fooding and
channel erosion downstrear,

Siting Criteria

The use of buffer strips is imited to gently sloping areas where the vegetative cover is robust and
diffuse, and where shallow flow characteristics are possible. The practical water quality benefits
ean be effectively eliminated with the occurrence of significant erosion or when flow
concentration occurs across the vegetated surface. Slopes should not excesd 15 percent or be less
than 1 percent. The vegetative surface should extend across the full width of the area being
drained. The upstream boundary of the filter should be located contiguous to the developed
zrea. Use of a level spreading device {vegetated berm, sawtooth concrete border, rock trench,
ete) to facilitate overland sheet flow is not normally recommended because of maintenance
considerations and the potential for standing water.

Filter strips are applicable in most regions, but are restricted in some situations because they
consume a large amount of space relative to other practices. Filter strips are best suited to
treating runoff from roads and highways, roof downspouts, srnall parking lots, and pervious
surfaces, They are also ideal components of the "outer zone” of a stream buffer or as
pretreatment 1o a structural practice. In arid areas, however, the cost of irrigating the grass on
the practice will most likely outweigh its water quality benefits, although aesthetic
considerations may be sufficient to overcome this constraint. Filter strips are generally
impractical in ultra-urban areas where little pervious surface exists.

Some cold water species, such as trout, are sensitive to changes in temperature, Whils some
treatment practices, such as wet ponds, can warm stormwater substantially, filter strips do not

40f 8 Cabfornia Stormwater BMP Handbook January 2003
New Developraent and Redevelopment
www.cahmphandhonks. com



Vegetated Buffer Strip TC-31

are not expected to increase stormwater temperatures. Thus, these practices are good for
protection of cold-water streams,

Filter strips should be separated from the ground water by betwesn 2 and 4 ft to prevent
contarnination and to ensure that the filter strip does not remain wet between storms.

Additional Design Guidelines

Filter strips appear to be a minimal design practice because they are basically no more than a
grassed slope. In general the slope of the strip should not exceed 151c% and the strip should be
at least 15 feet long to provide water quality treatment. Both the top and toe of the slope should
pe as flat as possible to encourage sheet flow and prevent erosion. The top of the strip should be
installed 2-5 inches below the adjacent pavement, so that vegetation and sediment aceumulation
at the edge of the strip does not prevent mnoff from entering,

A major guestion that remains unresolved is how large the drainage area to a strip can be,
Research has conclusively demonstrated that these are effective on roadside shoulders, where
the contributing area is about twice the buffer area. They have also been installed on the
perimeter of large parking lots where they performed fairly effectively; however much lower
slopes may be needed to provide adequate water quality treatment.

The filter area should be densely vegetated with a mix of erosion-resistant plant species that
effectively bind the soil, Native or adapted grasses, shrubs, and trees are preferred because they
generally require less fertilizer and are more drought resistant than exotic plants. Runoff flow
velocities should not exceed about 1 fps across the vegetated surface.

For engineered vegetative strips, the fzcility surface should be graded flat prior to placement of
vegetation. Initial establishment of vegetation requires attentive care including appropriate
watering, fertilization, and prevention of excessive flow across the facility until vegetation
completely covers the area and is well established. Use of & permanent irrigation systemn may
help provide maximal water quality performance.

In cold climates, filter strips provide a convenient area for snow storage and treatment. If used
for this purpose, vegetation in the filter strip should be salt-tolerant {e.g., creeping bentgrass),
and a maintenance schedule should include the removal of sand built up at the bottom of the
siope. In arid or semi~-arid climates, designers should specify drought-tolerant grasses to
minimize frvigation requirements.

Maintenance
Filter strips require mainly vegetahion management; therefore little special training is needed
for maintenance crews. Typical maintenance activities and frequencies include:

» Inspect strips at least twice annually for erosion or damage to vegetation, preferably at the
end of the wet season to schedule summer maintenance and before major fall run-off to be
sure the strip is ready for winter. However, additional inspection after periods of heavy mn-
off is most desirable. The strip should be checked for debris and litter and areas of sediment

accurnulation.

»  Recent research on biofiltration swales, but likely applicable to strips {Colwell et al,, 2000},
indicates that grass height and mowing frequency have little impact on pollutant removal;

January 2003 California Stormwater B8MP Handhook 5of g
New Deveippment and Redevelopment
www.cabmphanipooks.com



TC-31 Vegetated Buffer Strip

consequently, mowing may only be necessary once or twice a year for safety and aesthetics”
or to suppress weeds and woody vegetation.

» Trash tends to accumnlate in strip areas, particularly siong highways. The need for litter
removal should be determined through periodic inspection but litter should always be
removed pricr to mowing,

»  Regularly inspect vegetated buffer strips for pools of standing water. Vegetated buffer strips
can become a nuisance due to mosquito breeding in level spreaders (unless designed to
dewater completely in 48-72 hours), in pools of standing water if obstructions develop (e.g.
debris accumulation, invasive vegetation), and/jor if proper drainage slopes are not
implemented and maintained.

Cost

Construction Cost

Little data is available on the actual construction costs of filter strips. One rough estimate can be
the cost of seed or sod, which is approximately 30¢ per £ for seed or 70¢ per fi2 for sod. This
amounts to between $13,000 and $30,000 per acre of filter strip. This cost is relatively high
compared with other treatment practices. However, the grassed aree used as a filter strip may
have been seeded or sodded even if it were not used for treatment. In these cases, the only
additional cost is the design. Typical maintenance costs are about $350/acre/year (adapted
from SWRPC, 1591). This cost is relatively inexpensive and, again, might overlap with regular
landscape maintenance costs,

The true cost of filter strips is the land they consume. In some situations this land is available as
wasted space beyond back yards or adjacent to roadsides, but this practice is cost-prohibitive
when land prices are high and land could be used for other purposes,

Maintenance Cost

Maintenance of vegetated buffer strips consists mainly of vegetation rmanagement (mowing,
Irrigation if needed, weeding) and litter removal. Conseguently the costs are quite variable
depending on the frequency of these activities and the Jocal labor rate,

References and Sources of Additional Information
Calirans, 2002, BMP Retrofit Pilot Program Propoesed Final Report, Rpt. CTSW-RT-01-050,
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Summary Review and Bibliography. Coastal Resources Center. University of Rhede Island,
Kingston, RL

Magette, W, R. Brinsfield, R. Palmer and J. Wood. 1989, Nutrient and Sediment Rernoval by
Vegetated Filter Strips. Transactions of the American Society of Agricultural Engineers 32(2):
663657,
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Vegetated Buffer Strip TC-31
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Media Filter TC-40

Design Considerations

w Assihelics

® Hydraulic Head

Description
Stormwater media filters are usually two-chambered including a Targeted Constituents
pretreatment settling basin and a filter bed filled with sand or other 7 Somen: -
absorptive filtering media. As stormwater flows into the first "
] i _ . ¥ Nurignis -

chamber, large particles settle out, and then finer patticles and /o
other pollutants are removed as stormwater flows through the ash "
filtering media in the second chamber. There are 2 number of v Metals b
design variations including the Austin sand filter, Delaware sand ¥ Batiena 4
filter, and multi~chambered treatment frain (MCTT). v Qi and Greass ]

. 3 ¥ Organics o
California Experience Legend [Remaval Effectiveness)
Caltrans constricted and monitored five Austin sand filters, two . Low . g

MCTTs, and one Delawsre design in southern California. Pollutant
removal was very similar for each of the designs; however A Medum
operational and maintenance aspects were quite different. The

Delaware filter and MCTT maintain permanent pools and

consequently mosquito management was a critical issue, while the

Austin style which is designed to empty completely between storms

was less affected. Removal of the top few inches of sand was

required at 3 of the Austin filters and the Delaware filter du ring the

third vear of operation; consequently, sizing of the filter bed is a

critical design factor for establishing maintenance frequency.

Advantages
* Relatively high pollutant removal, especially for sediment and
associated pollutants,

»  Widespread application with sufficient capture volume can provide
significant control of channel erosion and enlargement caused by M ASOA
. A i . Sz e
changes to flow frequency relationships resulting from the increase = /A LT

. . i L Californta
of impervious cover in a watershed. L

Stormwater
: Quality
Limitations & Assoclation
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TC-40 Media Filter

®  More expensive to construct than many other BMPs.

¥ May require more maintenance that some other BMPg depending upon the sizing of the filter
bed,

*  Generally require more hydraulic head to operate properly (minimum 49 feet).
w  High solids loads will cause the filter to clog.
= Wark best for relatively small, impervious watersheds,

»  Filters in residential areas can present aesthetic and safety problems if constructed with vertical
concrete walls,

®  Certain designs (e.g., MCTT and Delaware filter) maintain permanent sources of standing
water where mosquito and midge breeding is likely to oceur.

Design and Sizing Guidelines
®  Capture volume determined by Jocal requiremnents or sized to treat 85% of the annual runoff
volume.

®  Fiiter bed sized to discharge the capture volume over a period of 48 hours,
»  Filter bed 18 inches thick above underdrain system.
® Include energy dissipation in the inlet design to reduce resuspension of accumulated sediment.

® A maintenance ramp should be included in the design to facilitate access to the sedimentation
and filter basins for maintenance activities {particularly for the Austin design).

®  Designs that utilize covered sedimentation und filtration basins should be accessible to vector
control personnel via access doors to facilitate vector surveillance and contralling the basins if
needed,

Construection/Inspection Considerations
®  Tributary urea should be completely stabilized before media is installed to prevent premature
clogging.

FPerformance

The pollutant removal performance of media filters and other stormwater BMPs is generally
characterized by the percent reduction in the influent load. This method implies a relationship
between influent and effluent concentrations. For instance, it would be expected that a device that is
reported te achieve a 75% reduction would have an efffupnt concentration equal to 25% of the
influent concentrations. Recent work in California {Caltrans, 2002) on various sand filter designs
indicates that this medel for characterizing performance is inadequate. Figure 4 presents a graph
relating influent und efflnent TSS concentrations for the Austin full sedimentation design.
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Figure 4
Comparison of Influent and Effluent Concentrations for 155

1t is clearly evident that the effluent concentration is relative constant and independent of mfluent
concentration. Consequently, the performance is more accurately characterized by the effluent
coneentration, which is about 7.5 mg/L. Constant effluent concentrations also are observed for all
other particle related constituents such as particulate metals {total - dissolved) and particulate
phosphorus.

The small uncertainty in the estimate of the mean effluent concentration h ighlights the very
consistent effluent quality for TSS produced by sand filters. In addition, it demonstrates that a
caleulated percent reduction for TSS and other constituents with similar behavior for Austin sang
filters is u secondary characteristic of the device and depends primarily on the specific influent
concentrations observed. The distinction between a constant effluent quality and a percent
reduction is extremely important to recognize if the results are to be used to estimate efflnent guality
from sand filters instailed at other sites with different influent concentrations or for estirnating
compliance with water quality standards for storms with high concentrations of particulate
constituents,

If the conventionally derived removal efficiency (9u%) were used 10 estimate the TSS concentrations
i the treated runoff from storms with high influent concentrations, the estimated effluent
concentration would be too high. For instance, the storm with the highest observed influent
concentration {420 mg/L) wonld be expected to have a concentration in the treated runoff of 42
mg/ L, rather than the 10 mg/L that was measured. In fact, the TS effluent concentrations for all
events with influent concentrations greater than 200 mg/L were 10 mg/L or less,

The stable effluent concentration of a sand filter under very different influent TSS concentrations
implies something about the properties of the influent particle size distribution. If one assames that
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only the smallest size fraction can pass through the filter, then the similarity in effluent
concentrations suggests that there is little difference in the total mass of the smaliest sized particles
even when the total TSS concentration varies greatly. Further, the difference in TSS concentration
must then be caused by changes in the relative amount of the larger size fractions. Further research
is necessary 1o determine the range of particle size that is effectively removed in the filter and the
portion of the size fraction of suspended solids that it represents in urban stormwater.

Sand filters are effective stormwater management practices for poilutant removal. Conventional
removal rates for all sand filters and prganic filters are presented in Table 1. With the exception of
witrates, which are alwavs exporied from filtering svstems because of the conversion of ammonia and
Organie nitrogen to nitrate, they perform relatively well at removing pollutants,

Table 1 Sand filter remaval efficiencies {percent) i

| Sand Filter Compost Filter Systern | Multi-Chamber Treatment Train
(Glick ot el e Pittetal, | Pitt, | Greb etal
1008 Stewart, | . . ittetal, | Pity, re -
798 199z | ML 1999 | TN 00T L 0t 19598
T8S Hg 95 &5 83 83 98
i : a4 41 4 Bo P By
N 17 : - R R
Nitrate -6 -4 -o3 . 4 .
MMetals 7a-B6 £61-88 4478 65-90 G1-100 fn-8o
Racters 1% . . . | R ; .

From the few studies available, it is difficult to determine if organic Slters necessarily have higher
removal efficiencies than sand filters, The MCTT may have high pollutant removal for some
constitueats, although an evaluation of these devices by the California Department of Transportation
indicated no significant difference for moest conventional pollutants,

In addition to the relatively high pollutant removal in media filters, these devices, when sized to
capture the channel forming storm volume, are highly effective at attenuating peak flow rates and
reducing channel erosion.

Siting Criteria

In general, sand filters are preferred over infiltration practices, such as infiltration trenches, when
contamination of groundwater with conventional pollutams is of concern. This usuvally oecurs in
areas where underiying soils alone cannot treat runoff adequately - or ground water tables are high.
In most cases, sand filters can be constructed with impermeable basin or chamber bottoms, which
help to collect, treat, and release runoff to a storm drainage system or directly to surface water with
no contact between contaminated runoff and groundwater. In regions where evaporation exceeds
rainfall and a wet pond would be unlikely to maintain the requived permanent pool, a sand filtration
system can be used,
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The selection of a sand filter design depends targely on the drainage area’s characteristics. For
example, the Washington, D.C. and Delaware sand filter systems are well suited for highly
impervious arcas where land available for structural controls is hmited, sinee both are instalied
underground. They have been used to treat runoff from parking lots, driveways, loading docks,
service stations, garages, airport ranways/taxiways, and storage yards. The Austin sand filtration
system is more suited for large drainage areas that have both umpervious and pervious surfaces. This
system is located at grade and is used to treat runoff from any urban land use.

It is challenging to use most sand filters in very flat tevrain because they require a significant amount
of hydraulic head (about 4 feet), to allow flow through the systern. One exception is the perimeter
sand filter, which can be applied with as little as 2 feet of head.

Sand filters are best applied on relatively small sites {up to 25 acres for surface sand filters and closer
ta 2 acres for perimeter or underground filters). Filters have been used on larger drainage areas, of
up {0 100 acres, but these systems can clog when they treat larger drainage areas unless adequate
measures are provided to prevent clogging, such as a larger sedimentation chamber or more
inteusive regular maintenance.

When sand filters are designed as a stand-alone practice, they can be used on almost any soil because
they can be designed so that stormwater never infiltrates into the soil or interacts with the ground
water. Alternatively, sand filters can be designed as pretreatment for an infiliration practice, where
soils do play a role.

Additional Design Guidelines

Pretreatment is a eritical component of any stormwater management practice. I sand filters,
pretreatment is achieved in the sedimentation chamber that precedes the filter bed. In this chamber,
the coarsest particles settle out and thus do not reach the filter bed. Pretreatment reduces the
maintenance burden of sand filters by reducing the potential for these sediments to clog the filter.
When pretreatment is not provided designers should increase the size of the filter area to reduce the
dogging potential. In sand filters, designers should select a medium sand as the fiftering medivm. A
fine aggregate (ASTM C-33) that {s intended for use in concrete is commonty specified.

Many guidelines recommend sizing the filter bed using Darcy's Law, which relates the velocity of
finids to the hivdraulic head and the coefficient of permeability of a medium. The resulting equation,
as derived by the city of Austin, Texas, (1096), i

Af = WOV &/t (hedy)

Where:

Af = area of the filter bed {fry:

d = depth of the filter bed (ft; usually about 1.5 feet, depending on the design);

k = coefficient of permeability of the filtering medium {ft/day):

t = time for the water quality volume to filter through the system (days; usuvally
agssumed to be 1.67 days); and
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h = average water height above the sand bed {f1; assumed to be one-half of the
maximurmn head).

Typicat values for k, as assembled by CWP (1996), are shown in Table 2.

Table 2 Coefficient of permeability values
for stormwater filtering practices
{CWP, 1936)

- . | Coefficient of Permeability
Filter Meditm (ft/day)

Band 2.8

Peat/Sand 2.75

Compost By

The permeability of sand shown in Table 2 is extremely conservative, but is widely used since it is
incorporated in the design guidelines of the City of Austin. When the sand is initially installed, the
permeability Is so high (over 100 ft/d) that generally only a portion of the filter area is required 1o
infiltrate the entire volume, especially in a “full sedimentation” Anstin design where the capture
volume is released {o the filter basin ever 24 hours.

The preceding methodology results in a filter bed area that is oversized when new and the entire
water Guality volume is filtered in less than a day with no significant height of water on top of the
sand bed. Consequently, the following simple rule of thumb is adequate for sizing the flter area. 1f
the filter i preceded by a sedimentation basin that releases the water quality valume (WOQV) to the
filter over 24 hours, then

Af = WOV/18
If no pretreatment is provided then the filler area is caleulated more conservatively as:
Af = WOV/10

Typically, filtering practices are designed as “off-line” systems, meaning that during larger storms all
runoff greater than the water quality volume is bypassed untreated using & tlow gplitler, which is a
structure that divects larger flows to the storm drain system or to a stabilized channel. One exception
is the perimeter filter; in this design, all flows enter the system, but larger flows overflow to an outlet
chamber and are not treated by the practice.

The Austin design variations are preforred where there is sufficient space, becanse they lack a
permanent pool, which eliminates vector concerns. Design details of this variation are summarized
helow.

Summuary of Design Recommendations
{1} Capture Volume - The facility should be sized to capture the reguired water quality
volume, preferably in a separate pretreatment sedimentation basin.
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(2}

(3)

{4}

(51

(6}

Basin Geometry ~ The water depth in the sedimentation basin when full should be at
least 2 feet and no greater than 10 feet. A fixed vertical sediment depth marker should be
tnstalled in the sedimentation basin to indicate when 20% of the basin volume has been
lost becanse of sediment accumulation. When a pretreatment sedimentation basin is
provided the minimum average surface area for the sand filter (Af) is caleulated from the
following equation:

Af = WV/18
If no pretreatment is provided then the filter area is caleulated as:
Af = WOV/10

Sand and Gravel Configuration - The sand filter is constructed with 18 inches of sand
overlying 6 inches of gravel. The sand and gravel media are separated by permeable
geotextile fabric and the gravel Jayer is situated on geotextile fabrie. Four-inch
perforated PVC pipe is used to drain captured flows from the gravel laver. A minimum of
2 inches of gravel must cover the top surface of the PVC pipe. Figure 5 presents a
schematic representation of a standard sand bed profile.

Sand Properties ~ The sand grain size distribution should be comparable to that of
“washed concrete sand,” as specified for fine aggregate in ASTM C-33.

Underdrain Pipe Configuration ~ In an Austin filter, the underdrain piping should
consist of a main collector pipe and two or more lateral branch pipes, each with a
mininum diameter of ¢ inches, The pipes should have a minimum slope of 1% (1/8 inch
per foot} and the laterals should be spaced at intervals of no more than 10 feet, There
should be no fewer than two lateral branch pipes. Each individual underdrain pipe
should have a cleanout access location. All piping is to be Schedule 40 PVC. The
maximum spacing between rows of pecforations should not exceed 6 inches.

Flow Splitter - The inflow structure 1o the sedimentation chamber should incorporate a
flow-gplitting device capable of isalating the capture volume and bypassing the 25-year
peak flow around the facility with the sedimentation/filtration pond full.

Ienvary 2043
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Schematic of Sand Bed Profile

{7 Basin Inlet - Energy dissipation i required at the sedimentation basin inlet so that flows
entering the basin should be distributed uniformly and at low velocity in order to prevent
resuspension and encourage quiescent conditions necessary for deposition of solids.

8) Sedimentation Pond Quilet Structure - The outflow structure from the sedimentation
chamber should be (1) an earthen berm; (2) a concrete wall; or (3) a rock gabion. Gabion
outtlow structures should extend across the fall width of the facility such that no short-
circuiting of flows ecan occur. The gabion rock should be 4 inches in diameter. The
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receiving end of the sand filter should be protected (splash pad, riprap, etc.) such that
erosion of the sand media does not oceur. When a riser pipe is used to connect the
sedimentation and filtration basins (example in Figure 6), a valve should be included to
isolate the sedimentation basin in case of 2 hazardous material spill in the watershed.
The control for the valve must be accessible at all times, inchiding when the basin is full.
The riser pipe should have a minimumn diameter of 6 inches with four 1-inch perlorations
per vow. The vertical spacing between rows should be 4 inches (on centers).

{0} Sand Filter Discharge - If a gabion structure is used to separate the sedimentation and
fliration basins, a valve must installed so that discharge from the BMP can be stopped in
case runoff from a spill of hazardous material enters the sand filter, The control for the
valve must be accessible at all times, including when the basin is full.

Maintenance

Even though sand filters are generally thought of as one of the higher maintenance BMPs, in a recent
California study an average of only about 49 hours a year were required for field aetivities. This was
less maintenance than was required by extended detention basins serving comparable sized
catchments. Most maintenance consists of routine removal of trash and debris, especially in Austin
sand filters where the outlet riser from the sedimentation basin can become clogged.

Most data (i.c. Clark, 2001) indicate that hydraulic failure from clogging of the sand media occurs
before pollutant breakthrough. Typically, only the very top of the sand becomes clogged while the
rest remains in relative pristine condition as shown in Figure 7. The rate of clogging hag been related
to the TSS loading on the filter bed (Urbonas, 1999); however, the data are quite variable, Empirical
observation of sites treating urban and highway runoff indicates that clogging of the fiter oecurs
after 2 - 10 years of service. Presumably, this is related to differences in the type and amount of
sediment in the catchment areas of the various installations. Once clogging occurs the top 2 — 2
inches of filter media is removed, which restores much, but not all, of the lost permeability. This
removal of the surface layer can occur several times before the entire filter bed must be replaced.
The cost of the removal of the surface layer is not prohibitive, generally ranging between $2,000
{EPA Fact Sheet) and $4,000 (Caltrans, 2002) depending wn the size of the filter,

Medta filters can become a nuisance due to mosquito and midge breeding in certain designs or if not
regularly maintained. "Wet" designs {e.g., MCTT and Delaware filter) are more canducive to vectors
than others {e.g., Austin fillers) because they maintain permanent sources of standing water where
breeding is likely to oceur. Caltrans snccessfully excluded mosquitoes and midges from accessing the
permanent water in the sedimentation basin of MCTT installations through use of a tight-fitting
alurninum cover to seal vectors out. However, typical wet designs may require routine inspections
and treatments by local mosquito and vectar control agencies 10 suppress mosquito production,
Vector habitats may alse be created in "dry” designs when media filters clog, and/or when featores
such as level spreaders that hold water over 72 hours are included in the installation. Dry designs
such as Austin filters should dewaler completely (recommended 72 hour residence time or less) to
prevent ereating mosquito and other vector habitats. Mainienance efforts to prevent vector breeding
in dry designs will need to focus on hasic housekeeping practices such as removal of debris
accurnulations and vegetation management (in filter media) to prevent clogs and/or pools of
standing water.
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