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WATER QUALITY MANAGEMENT PLAN (WQMP)

PROJECT SITE INFORMATION

Name of Project: Edgewater Lake Communities

Project Location: South-West corner of Chino Corona Road and Comet Avenue

Size of Significant Re-Development on an Already Developed Site (in feet): N/A

Size of New Development (in feet?): 11,888,830.8 sf (272.93 Ac.)

Number of Home Subdivisions: 1

SIC Codes: 1521 (Single Family Houses)

Erosive Site Conditions?: The Soils Report does not indicate any findings of erosive
site conditions. BMPs will be implemented during the

construction phase to prevent erosion.

Natural Slope More Than 25%7?: None

Revised June 09, 2005



WATER QUALITY MANAGEMENT PLAN

(WQMP)

Check the appropriate project category below:

Check
below

Project Categories

All significant re-development projects. Significant re-development is
defined as the addition or creation of 5,000 or more square feet of
impervious surface on an already developed site. This includes, but is not
limited to, additional buildings and/or structures, extension of existing
footprint of a building, construction of parking lots, etc. Where
redevelopment results in an increase of less than fifty percent of the
impervious surfaces of a previously existing development, and the existing
development was not subject to SUSMPs, the design standards apply only
to the addition, and not the entire development. When the redevelopment
results in an increase of more than fifty percent of the impervious surfaces,
then a WQMP is required for the entire development (new and existing).

Home subdivisions of 10 units or more. This includes single family
residences, multi-family residence, condominiums, apartments, etc.

Industrial/commercial developments of 100,000 square feet or more.
Commercial developments include non-residential developments such as
hospitals, educational institutions, recreational facilities, mini-malls, hotels,
office buildings, warehouses, and light industrial facilities.

Automotive repair shops (with SIC codes 5013, 5014, 5541, 7532- 7534,
7536-7539).

Restaurants where the land area of development is 5,000 square feet or
more.

Hillside developments of 10,000 square feet or more which are located on
areas with known erosive soil conditions or where the natural slope is
twenty-five percent or more.

Developments of 2,500 square feet of impervious surface or more adjacent
to (within 200 feet) or discharging directly into environmentally sensitive
areas such as areas designated in the Ocean Plan as areas of special
biological significance or waterbodies listed on the CWA Section 303(d) list
of impaired waters.

Parking lots of 5,000 square feet or more exposed to storm water. Parking
lot is defined as land area or facility for the temporary storage of motor
vehicles.

The project does not fall into any of the categories described above. (If the
project requires a precise plan of development [e.g. all commercial or industrial
projects, residential projects of less than 10 dwelling units, and all other land
development projects with potential for significant adverse water quality
impacts] or subdivision of land, it is defined as a Non-Category Project.)
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Section 1
Introduction And Project Description

1.1  Project Information
= Owner: Edgewater Associates I, LLC

= Address: 165 S. Union Blvd., Suite 510, Lakewood, CO 80228

= Contact Info: Tel. (303) 986-2222 Fax (303) 986-7990

= Contact Person: Donald Rosier

= Project Site Address: South-West corner of Chino Corona Road and Comet Avenue
1.2 Permits

= List all tract or permit number(s), condition number(s), and any acquired
waste discharge identification numbers (WDIDs) pertaining to project.
-WDID No.: (pending)
-Design Review No.: SCH 2006-121093
-Conditions of Approval No.: (pending)
-Certifications: A 401 Water Quality Certification is not required for this project.
1.3 Project Description

» Provide a detailed project description include following:
- Land-use type (refer to Tables 1-1 and 2-1 in the WQMP Guidance).
The proposed project site will include a large scaled subdivision composed of
single family homes, multi-family homes (condominiums) and a church or school.
- Project size.
272.93 acres
- Homeowners association or property owner association formation.
There will be a Home Owners Association in place for this project.

» Include location map and site plan identifying storm drain facilities and
structures, structural BMPs, stormwater flow (drainage), and the receiving
water. The location and site plan may be shown on the same map.

-The following page depicts a vicinity map (Thomas Guide) for our project and it
also depicts our project site in relation to the Prado Flood Control Basin (Google
Earth).
-Attachment E is the WQMP Site Plan which depicts any proposed or existing
storm drain facilities, proposed structural BMPs, stormwater flow (drainage), and
the receiving water which is the Mill Creek.

1.4  Site Description

= Describe and identify the watershed(s) that the project lies within.

The project lies within the Santa Ana Watershed. Please see page 5, Section
2.1 for identification on the proximate and downstream receiving waters which
also includes the Hydrologic Unit Basin Numbers.

* Include any pre-existing water quality problems that have been identified.

Due to the fact that large areas of our project site were dairy farms,

certain corrective measures will be taken to remove it. First, the upper foot of
material in all dairy areas will be removed due to the fact that it is predominantly
dairy waste. This material should be removed, stockpiled, hauled offsite and
disposed of in a proper manner according to local regulations. Undocumented
fill, native soil, and low-density older alluvium encountered below the dairy waste
should be removed. The corrective grading removals are anticipated to be about
5to 11 feet deep. The corrective grading should extend to sufficient depths until
dense older alluvium is encountered.

Per the 2006 CWA Section 303(d) List of Water Quality Limited Segments for the
Santa Ana Regional Board found in Attachment B, the Mill Creek (Prado Area) is
impaired due to nutrients and total suspended solids.

Revised June 09, 2005 4
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Section 2

Pollutants of concern and hydrologic conditions of concern

2.1  Pollutants of Concern (NOT REQUIRED FOR NON-CATEGORY PROJECTYS)

Use Table 2-1 in the WQMP Guidance to identify the potential pollutants expected
to be generated by the development. List all expected pollutants of concern for
the project site as directed below:

= List all expected and potential pollutants using Table 2-1.

Nutrients, pesticides, sediments, trash & debris, oxygen demanding
substances, bacteria/virus, heavy metals, organic compounds, and oil & grease.

= List any other pollutants of concern from the project site not listed in
Tables 2-1 and B-1.

No pollutants of concern known.

» Identify pollutants of concern in the receiving waters as follows:

1.

Revised June 09, 2005

For each of the proposed project discharge points, identify the
proximate receiving water for each point of discharge and all
downstream receiving waters, using hydrologic unit basin numbers
as identified in the most recent version of the Water Quality Control
Plan for the Santa Ana Basin prepared by the RWQCB.

- The proposed tract will have in place proposed engineered and hardened storm
drain facilities to accept all project flows. All flows will be treated before entering
the proximate receiving waters, the Mill Creek (Prado Area). From hereon, flows
will continue on the downstream waters, the Santa Ana River, Reach 3 and
eventually terminate at the Pacific Ocean.

The Hydrologic Unit Basin numbers are as follows:
Mill Creek (Prado Area) 801.25
The Santa Ana River, Reach 3 801.21

Identify each proximate and downstream receiving water identified
above that is listed on the most recent list of Clean Water Act
Section 303(d) (CWA 303(d) list) impaired water bodies (Attachment
B, Table B-1). List any and all pollutants for which the receiving
waters are impaired.

- Per the 2006 CWA Section 303(d) List of Water Quality Limited Segments for
the Santa Ana Regional Board found in Attachment B of the Water Quality
Management Plan Guidance, the proximate receiving waters, the Mill Creek
(Prado Area) is impaired due to nutrients and total suspended solids.

Per the EPA’s TMDL reports, Mill Creek (Prado Area) is impaired due to
pathogens.



3. Compare the list of pollutants for which the receiving waters are
impaired with the pollutants expected to be generated by the project
(and listed above).
-See the Pollutant of Concern Summary Table below.

4, List all pollutants that are expected or potential from the project site,
and for which the receiving waters are impaired.
- See the Pollutant of Concern Summary Table below.

5. Summarize identified pollutants of concern by checking the
applicable boxes in the following table. (For identified pollutants of
concern that are causing impairment in receiving waters, the project
WQMP shall incorporate one or more Treatment Control BMPs of
medium or high effectiveness in reducing those pollutants.)

-See the Pollutant of Concern Summary Table below. The project site will
incorporate Treatment Control BMPs to treat the following project site generated
pollutants stated in the Summary Table below.

We will also incorporate Treatment Control BMPs that will reduce with medium or
high effectiveness for the following pollutants of concern: bacteria/virus, nutrients,
and sediments. These are considered pollutants of concern since these are
pollutants generated by the project site in which it will discharge into existing
impaired receiving waters with similar pollutants which are causing impairment.

Pollutant of Concern Summary Table

Pollutant Type Expected | Potential | Listed for
Receiving Water

Bacteria/Virus X X Mill Creek (Prado
Area)

Heavy Metals X

Nutrients X Mill Creek (Prado
Area)

Pesticides X

Organic Compounds X

Sediments X X Mill Creek (Prado
Area)

Trash & Debris X

Oxygen Demanding Substances X X

Oil & Grease X X

Other—specify pollutant(s):

Revised June 09, 2005 6



2.2 HYDROLOGIC CONDITIONS OF CONCERN (NOT REQUIRED FOR NON-

CATEGORY PROJECTS)

All Category projects must identify any hydrologic condition of concern (HCOC) that will be

caused by the project, and implement Site Design, Source Control, and/or Treatment Control
BMPs to address identified impacts. Project proponents must follow the procedure for
identifying HCOCSs specified in Section 2.3 of the Model WQMP. Use the following Table and
instructions as a guide.

1.

(from Section 2.3, Part 2):

Determine if the project will create a Hydrologic Condition of Concern.
Check “yes” or “no” as applicable and proceed to the appropriate section as outlined
below.

Yes

No

A.

All downstream conveyance channels, that will receive runoff from the project, are
engineered, hardened (concrete, riprap or other), and regularly maintained to
ensure design flow capacity, and no sensitive stream habitat areas will be affected.
Engineered, hardened, and maintained channels include channel reaches that
have been fully and properly approved (including CEQA review, and permitting by
USACOE, RWQCB and California Dept. of Fish & Game) by June 1, 2004 for
construction and hardening to achieve design capacity, whether construction of the
channels is complete. Discharge from the project will be in full compliance with
Agency requirements for connections and discharges to the MS4, including both
quality and quantity requirements, and the project will be permitted by the Agency
for the connection or discharge to the MS4.

Project runoff rates, volumes, velocities, and flow duration for the post-
development condition will not exceed those of the pre-development condition for
1-year, 2-year and 5-year frequency storm events. This condition will be
substantiated with hydrologic modeling methods that are acceptable to the Agency,
to the U.S. Army Corps of Engineers (USACOE), and to local watershed
authorities.

Can the conditions in part A or B above be demonstrated for the project?

If the answer for A, B, and/or C above is yes, then the project does not create a HCOC—in this

case go to Section 3 (page A-12).

If the answer for C above is no, the go to section 2.3. Part 3, below.

-See the following page for discussion on how post-development conditions will
not exceed those of the pre-development conditions. The following page will also
include hydrological summary tables.

Revised June 09, 2005




- We have prepared hydrological studies to support the fact that runoff
rates for the post-development conditions will not exceed those of the
pre-development condition for 2-year, 5-year, 10-year, and 100-year
frequency storm events.

We have designed the proposed project site to reduce runoff for all cases.
The difference between flows for pre-development conditions versus post-
development conditions for 2-year, 5-year, and 10-year frequency storms is
greater than the flows as calculated in the WQMP for Qy,mp. The difference
between flows for pre-development conditions versus post-development
conditions for a 100-year frequency storm is lower than the flows as
calculated in the WQMP for Qpmp.

Reducing runoff is accomplished by having in place infiltration basins
sized large enough to detain and infiltrate the post-development and pre-
development generated volume difference. All three infiltration basins will
be in place for water quality mitigation measures as well to serve as flood
control purposes. The intent is for the project to not create a HCOC and
this is achieved by making sure the post-development runoff rates,
volumes, velocities, and flow duration do not exceed the pre-development
condition for 2-year, 5-year, 10-year, and 100-year frequency storm events.
Since the infiltration basins will act as detention basins as well, the basins
are capable of releasing the post-development 2-year, 5-year, 10-year, and
100-year, 24 hour volume at flow rates less than or equal to the pre-
development 2-year, 5-year, 10-year, and 100-year, 24 hour peak flow rates.
The basins will pass the 100-year storm events without damaging the
facilities. The outlet velocities will be controlled such that the downstream
erosion and habitat loss is minimized.

- The project will include the construction of on-site lakes which will help
mitigate the runoff generated by the developed site to levels acceptable by
the City and State agencies. The site will include 5 storm drain systems
that will intercept the generated runoff and ultimately outlet the runoff onto
the proposed infiltration basins located within the proposed recreational
open space areas surrounding the site.

The post developed condition ultimately will not increase the runoff
generated by the site due to the construction of lakes and infiltration
basins throughout the site. Each line (Line A, B, C, and D) will drain to an
infiltration basin and then will outlet the spillway into the proposed
recreational open space before it sheet flows into the Mill Creek. Before
the flows reach the infiltration basins, an offline Vortech Unit will be in
place each line to ensure pre-treatment before entering the infiltration
basin. All flows exiting our proposed project site will be treated by a train
system of treatment control BMPs. First, the Offline Vortech Unit will
pre-treat the calculated required flow of rate (the first flush), immediately
after all flows will continue to the infiltration basins which are sized large
enough to detain and infiltrate the post-development and pre-development
generated volume difference. The calculated required volume (the first
flush) which is significantly less than the post-development and pre-
development generated volume difference will be infiltrated and therefore
treated. The excess flows greater than the post-development and pre-
development generated volume flows will then exit the spillway into the
proposed recreational open space before it sheet flows into the Mill Creek.



This in turn will provide additional help in reducing flow velocities, runoff
rates, volumes, and flow duration.

-Each infiltration basin will treat the runoff rate from the pre-development
conditions versus post-development conditions for 2-year, 5- year, 10-year,
and 100-year frequency storms which in actuality is greater than our
calculated Qpmps.

Please see the following pages for the Summary Tables for reductions and
the Hydrological Summary Table for the project site.

-Therefore it is determined that this project will not create a Hydrologic
Condition of Concern.



LINE A, B, C AND D
STORM EVENT RUNOFF (AC—FT)
2 (YR) | 5 (YR) | 10 (YR) |100 (YR)
EXISTING CONDITION 2.4 4.9 21.8 80.3
PROPOSED CONDITION 8.8 13.7 20.2 52.2
DIFFERENCE 6.4 88 | (—1.6) |(—28.1)
SMITTIGATED RUNOFF/ o/ 4y 11.4 43.4
% OF EXISTING 0% 100% 52.3% 54,0%
<k APPROXIMATE RUNOFF
ROUTED T0 THE DETENTION BASINS 8.8 8.8 8.8 8.8

* MITTIGATED RUNOFF IS CALCULATED BY SUBTRACTING THE
DIFFERENCE FROM THE PROPOSED CONDITION RUNOFF

LINE A WILL BE SIZED TO DETAIN 2.8 ACRE-FT, LINE B WILL BE DESIGNED TO
DETAIN 2.4 ACRE-FT, LINE C WILL BE DESIGNED TO DETAIN 2.0 ACRE—FT, AND
LINE D WILL BE DESIGNED TO DETAIN 1.6 ACRE—FT ( A TOTAL OF 8.8 ACRE—FT).

APPROXIMATE LIMITS OF EACH DETENTION BASIN IS SHOWN ON THIS MAP.

H-20




SECTION 3
BEST MANAGEMENT PRACTICE SELECTION PROCESS

3.1 SITE DESIGN BMPS

For listed Site Design BMPs, indicate in the following table whether it will be used
(yes/no) and describe how used, or, if not used, provide justification/alternative. Provide
detailed descriptions of planned Site Design BMPs, if applicable.

1. Minimize Stormwater Runoff, Minimize Project’s Impervious Footprint,
and Conserve Natural Areas

Maximize the permeable area. This can be achieved in various ways, including but not limited to, increasing
building density (hnumber of stories above or below ground) and developing land use regulations seeking to
limit impervious surfaces.

Yes X ‘ No |

Describe actions taken or justification/alternative: LANDSCAPED AREAS ARE PART OF THE
SITE DESIGN AND ARE INCORPORATED THROUGHOUT THE PROJECT SITE. THE BUILDING
DENSITY WILL BE INCREASED BY UTILIZING TWO STORIES HIGH HOMES. THE DEVELOPER WILL
INSURE TO PROVIDE SUFFICIENT LANDSCAPE AREA TO MEET OR EXCEED THE CITY OF CHINO
MINIMUM REQUIREMENTS.

Runoff from developed areas may be reduced by using alternative materials or surfaces with a lower
Coefficient of Runoff, or “C-Factor”.

Yes X ‘ No |

Describe actions taken or justification/alternative: THE DEVELOPER WILL CONSIDER THE USE
OF PERVIOUS MATERIALS FOR HARDSCAPING THROUGH OUT THE SITE. DETAILS WILL BE
DETERMINED DURING FINAL DESIGN.

Conserve natural areas. This can be achieved by concentrating or clustering development on the least
environmentally sensitive portions of a site while leaving the remaining land in a natural, undisturbed
condition.

Yes X No

Describe actions taken or justification/alternative: THE SITE DESIGN DOES INCORPORATE THE
CONSERVATION OF NATURAL AREAS LOCATED ON THE SOUTH-EAST AREA OF THE PROJECT SITE.
THE DEVELOPER WILL ALSO INSURE THAT THE LANDSCAPE ARCHITECT WILL DESIGN THE SITE TO
INCORPORATE PLANTING OF NATIVE AND DROUGHT TOLERANT TREES AND LARGE SHRUBS.

Revised June 09, 2005
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Construct walkways, trails, patios, overflow parking lots, alleys, driveways, low-traffic streets, and other low-
traffic areas with open-jointed paving materials or permeable surfaces, such as pervious concrete, porous
asphalt, unit pavers, and granular materials.

Yes X No

Describe actions taken or justification/alternative: THE DEVELOPER WILL CONSIDER THE USE OF
PERVIOUS MATERIALS FOR WALKWAYS, TRAILS, PARKING LOTS, AND/OR DRIVEWAYS, THROUGH
OUT THE SITE. DETAILS WILL BE DETERMINED DURING FINAL DESIGN.

Construct streets, sidewalks, and parking lot aisles to the minimum widths necessary, provided that public safety
and a pedestrian friendly environment are not compromised!. Incorporate landscaped buffer areas between
sidewalks and streets.

Yes X No

Describe actions taken or justification/alternative: THE DEVELOPER WILL INSURE TO PROVIDE
LANDSCAPE BUFFER AREAS BETWEEN SIDEWALKS AND STREETS. HE WILL ALSO CONSTRUCT
STREETS, SIDEWALKS, AND PARKING LOT AILSES TO MINIMUM WIDTHS AS REQUIRED BY LOCAL
AGENCIES. DETAILS WILL BE DETERMINED DURING FINAL DESIGN.

Reduce widths of street where off-street parking is available2.

Yes X No

Describe actions taken or justification/alternative: THE DEVELOPER WILL CONSIDER REDUCING THE
WIDTHS OF STREETS WHERE OFF-STREET PARKING IS AVAILABLE. DETAILS WILL BE DETERMINED
DURING FINAL DESIGN.

Maximize canopy interception and water conservation by preserving existing native trees and shrubs, and
planting additional native or drought tolerant trees and large shrubs.

Yes X No

Describe actions taken or justification/alternative: THE SITE DESIGN DOES INCORPORATE THE
CONSERVATION OF NATURAL AREAS LOCATED ON THE SOUTH-EAST AREA OF THE PROJECT SITE.
THE DEVELOPER WILL ALSO INSURE THAT THE LANDSCAPE ARCHITECT WILL DESIGN THE SITE TO
INCORPORATE PLANTING OF NATIVE AND DROUGHT TOLERANT TREES AND LARGE SHRUBS.
DETAILS WILL BE DETERMINED DURING FINAL DESIGN.

1 sidewalk widths must still comply with Americans with Disabilities Act regulations and other life safety requirements.

2 However, street widths must still comply with life safety requirements for fire and emergency vehicle access.

Revised June 09, 2005
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Other comparable site design options that are equally effective. None

Describe actions taken or justification/alternative:

Minimize the use of impervious surfaces, such as decorative concrete, in the landscape
design.

Yes x | No |

Describe actions taken or justification/alternative: THE DEVELOPER WILL INSURE TO MINIMIZE
THE USE OF IMPERVIOUS SURFACES IN THE LANDSCAPE DESIGN. DETAILS WILL BE DETERMINED
DURING FINAL DESIGN.

Use natural drainage systems.

Yesx | No |

Describe actions taken or justification/alternative: THE DEVELOPER WILL CONSIDER USING
SITE DESIGN BMPs THAT FALL UNDER THE CATEGORY NATURAL DRAINAGE SYSTEMS. DETAILS
WILL BE DETERMINED DURING FINAL DESIGN.

Where soils conditions are suitable, use perforated pipe or gravel filtration pits for low flow
infiltrations.

Yes x | No |

Describe actions taken or justification/alternative: THE DEVELOPER WILL CONSIDER USING
PERFORATED PIPES OR GRAVEL INFILTRATION PITS FOR LOW FLOW INFILTRATION. PERCOLATION
TESTING WILL BE PERFORMED TO DETERMINE IF THE SOILS CONDITIONS ARE SUITABLE FOR
INFILTRATION. THIS WILL DETERMINE ARE USAGE. FURTHER DETAILS WILL BE DETERMINED
DURING FINAL DESIGN.

Construct onsite ponding areas, rain gardens, or retention facilities to increase opportunities
for infiltration, while being cognizant of the need to prevent the development of vector
breeding areas.

Yes x | No |

Describe actions taken or justification/alternative: THE DEVELOPER WILL CONSIDER
CONSTRUCTING PONDING AREAS, RAIN GARDENS, OR RETENTION FACILITIES TO INCREASE
OPPORTUNITIES FOR INFILTRATION. IF ONE OF THESE FACILITIES WILL BE USED, THE DEVELOPER
WILL INSURE INSPECTION AND MAINTENANCE OF THE FACILITY TO PREVENT THE DEVELOPMENT
OF VECTOR BREEDING. FURTHER DETAILS WILL BE DETERMINED DURING FINAL DESIGN.

3However, projects must still comply with hillside grading ordinances that limit or restrict infiltration of runoff. Infiltration areas may
be subject to regulation as Class V injection wells and may require a report to the USEPA. Consult the Agency for more information
on use of this type of facility.

Revised June 09, 2005 10
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2. Minimize Directly Connected Impervious Areas

Where landscaping is proposed, drain rooftops into adjacent landscaping prior to discharging to the storm drain.

Yes X ‘ No

Describe actions taken or justification/alternative: THE DEVELOPER WILL INSURE ROOF RUNOFF WILL
DRAIN INTO ADJACENT LANDSCAPING AS A ROOF RUNOFF CONTROL. DETAILS WILL BE
DETERMINED DURING FINAL DESIGN.

Where landscaping is proposed, drain impervious sidewalks, walkways, trails, and patios into adjacent
landscaping.

Yes X ‘ No ‘

Describe actions taken or justification/alternative: THE DEVELOPER WILL INSURE PROPOSED
SIDEWALKS, WALKWAYS, TRAILS, AND PATIOS LOCATED ADJACENT TO ANY LANDSCAPING WILL
DRAIN INTO THIS LANDSCAPING. DETAILS WILL BE DETERMINED DURING FINAL DESIGN.

Increase the use of vegetated drainage swales in lieu of underground piping or imperviously lined swales.

Yes X No

Describe actions taken or justification/alternative: THE DEVELOPER WILL CONSIDER USING VEGETATED
DRAINAGE SWALES IN LIEU OF UNDERGOUND PIPING OR IMPERVIOUSLY LINED SWALES. DETAILS
WILL BE DETERMINED DURING FINAL DESIGN.

Use one or more of the following:

Yes No Design Feature

Rural swale system: street sheet flows to vegetated swale or gravel shoulder, curbs at
X street corners, culverts under driveways and street crossings

Urban curb/swale system; street slopes to curb; periodic swale inlets drain to vegetated
X swale/biofilter.

Dual drainage system: First flush captured in street catch basins and discharged to
X adjacent vegetated swale or gravel shoulder, high flows connect directly to municipal
storm drain systems.

X Other comparable design concepts that are equally effective.

Describe actions taken or justification/alternative: THE DEVELOPER WILL CONSIDER USING URBAN
CURB / SWALE SYSTEMS OR OTHER DESIGN FEATURES IN THE PROJECT SITE. DETAILS WILL BE
DETERMINED DURING FINAL DESIGN.

Revised June 09, 2005
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Use one or more of the following features for design of driveways and private residential parking areas:

Yes No Design Feature
= Design driveways with shared access, flared (single lane at street) or wheel strips
(paving only under tires); or, drain into landscaping prior to discharging to the
X municipal storm drain system.
= Uncovered temporary or guest parking on private residential lots may be paved with a
permeable surface; or designed to drain into landscaping prior to discharging to the
X municipal storm drain system.
=  Other comparable design concepts that are equally effective.
X

Describe actions taken or justification/alternative: THE DEVELOPER WILL CONSIDER CONSTRUCTING
TEMPORARY OR PRIVATE RESIDENTIAL PARKING SPACES WITH A PERMEABLE SURFACES OR
DESIGN THEM TO DRAIN INTO LANDSCAPING PRIOR TO DISCHARGING INTO THE STORM DRAIN
SYSTEM. THE DEVELOPER WILL ALSO CONSIDER OTHER DESIGN FEATURES FOR THE PROJECT
SITE. DETAILS WILL BE DETERMINED DURING FINAL DESIGN.

Use one or more of the following design concepts for the design of parking areas:

Yes No Design Feature
X Where landscaping is proposed in parking areas, incorporate landscape areas into the
drainage design.
X Overflow parking (parking stalls provided in excess of the Agency’s minimum parking
requirements) may be constructed with permeable paving.
X Other comparable design concepts that are equally effective.

Describe actions taken_or justification/alternative: THE DEVELOPER WILL CONSIDER DRAINING PARKING
AREAS INTO THE LANDSCAPING OR CONSTRUCTING OVERFLOW PARKING WITH PERMEABLE
PAVING. THE DEVELOPER WILL ALSO CONSIDER OTHER DESIGN FEATURES FOR THE PROJECT
SITE. DETAILS WILL BE DETERMINED DURING FINAL DESIGN.

Revised June 09, 2005
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3.2 SOURCE CONTROL BMPS

Complete the following selection table for Source Control BMPs, by checking boxes that are
applicable. All listed BMPs shall be implemented for the project. Where a required Source
Control BMP is not applicable to the project due to project characteristics, justification and/or
alternative practices for preventing pollutants must be provided. In addition to completing the
following tables, provide detailed descriptions on the implementation of planned Source Control
BMPs.

*ONCE THE FINAL WQMP IS IN MOTION, SECTION 4 WILL FULLY DESCRIBE OPERATIONS AND
MAINTENANCE REQUIREMENTS AND HANDLING OF WASTES FOR APPLICABLE SOURCE
CONTROL BMPs.

*DETAILED INFORMATION ON THE IMPLEMENTATION OF PLANNED SOURCE CONTROL BMPs
WILL BE DETERMINED AND DISCUSSED IN THE FINAL WQMP.

Revised June 09, 2005 13
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X
X

X
X

2
2

development
Home
subdivisions of
10 or more
units
Commercial/
Industrial
Development
>100,000 ft*
Automotive
Repair Shop
Restaurants
Hillside
Development
>10,000 ft
Development of
impervious
surface >2,500
ft*
Parking Lots
>5,000 ft“ of
exposed storm
water
* Provide justification of each Source Control BMP that will not be incorporated in the project WQMP, or explanation of proposed equally effective alternatives in
the following table.
Revised June 09, 2005
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Justification for Source Control BMPs not incorporated into the project WQMP

Source Control BMP

Used in
Project
(yes/no)?

Justification/Alternative*

Implementation Description

Education of Property Owners

YES

The Developer will insure the “Education of Property
Owners” BMP will be implemented for our specific
project site. Detailed information on the
implementation of this planned source control BMP
will be determined and discussed in the Final
WQMP, Section 3.2.

Activity Restrictions

YES

The Developer will insure the “Activity Restrictions”
BMP will be implemented for our specific project
site. Detailed information on the implementation of
this planned source control BMP will be determined
and discussed in the Final WQMP, Section 3.2.

Spill Contingency Plan

YES

The Developer will insure the “Spill Contingency
Plan” BMP will be implemented for our specific
project site. Detailed information on the
implementation of this planned source control BMP
will be determined and discussed in the Final
WQMP, Section 3.2.

Employee Training/Education
Program

YES

The Developer will insure the “Employee
Training/Education Program” BMP will be
implemented for our specific project site. Detailed
information on the implementation of this planned
source control BMP will be determined and discussed
in the Final WQMP, Section 3.2.

Street Sweeping Private Street
and Parking Lots

YES

The Developer will insure the “Street Sweeping and
Parking Lots” BMP will be implemented for our
specific project site. Detailed information on the
implementation of this planned source control BMP
will be determined and discussed in the Final
WQMP, Section 3.2.

Common Areas Catch Basin
Inspection

YES

The Developer will insure the “Catch Basin
Inspection” BMP will be implemented for our
specific project site. Detailed information on the
implementation of this planned source control BMP
will be determined and discussed in the Final
WQMP, Section 3.2.

Landscape Planning (SD-10)

YES

The Developer will insure the “Landscaping
Planning” BMP will be implemented for our specific
project site. Detailed information on the
implementation of this planned source control BMP
will be determined and discussed in the Final
WQMP, Section 3.2.

Hillside Landscaping

NO

There are no existing hillsides within the project
site that would be disturbed.

Roof Runoff Controls (SD-11)

YES

The Developer will insure the “Roof Runoff
Controls” BMP will be implemented for our specific
project site. Detailed information on the
implementation of this planned source control BMP
will be determined and discussed in the Final
WQMP, Section 3.2.

Efficient Irrigation (SD-12)

YES

The Developer will insure the “Efficient Irrigation”
BMP will be implemented for our specific project
site. Detailed information on the implementation of
this planned source control BMP will be determined
and discussed in the Final WQMP, Section 3.2.

Protect Slopes and Channels

YES

The Developer will insure the “Protect Slopes and
Channels” BMP will be implemented for our specific
project site. Detailed information on the
implementation of this planned source control BMP
will be determined and discussed in the Final
WQMP, Section 3.2.

Storm Drain Signage (SD-13)

YES

The Developer will insure the “Storm Drain Signage”
BMP will be implemented for our specific project
site. Detailed information on the implementation of
this planned source control BMP will be determined
and discussed in the Final WQMP, Section 3.2.

Revised June 09, 2005
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Inlet Trash Racks

NO

Will not be necessary since onsite catch basins
will be equipped with filter systems and there
will also be offline Vortech units placed
downstream to treat the project site Qum, flows.

Energy Dissipaters

YES

The Developer will insure the “Energy Dissipaters”
BMP will be implemented for our specific project
site. Detailed information on the implementation of
this planned source control BMP will be determined
and discussed in the Final WQMP, Section 3.2.

Trash Storage Areas (SD-32)
and Litter Control

YES

The Developer will insure the “Trash Storage Areas
and Litter Control” BMP will be implemented for our
specific project site. Detailed information on the
implementation of this planned source control BMP
will be determined and discussed in the Final
WQMP, Section 3.2.

Fueling Areas (SD-30)

NO

There are no fueling areas within project site.
Not a proposed land use. The resident’s terms
will prohibit the use of fueling areas in order to
protect storm water quality. The
tenant/occupant’s lease term will prohibit the use
of fueling areas in order to protect storm water
quality.

Air/Water Supply Area
Drainage

NO

There is no air/water supply area within the
project site. Not a proposed land use. The
resident’s terms will prohibit the use of air/water
supply area drainage in order to protect storm
water quality. The tenant/occupant’s lease term
will prohibit the use of air/water supply area
drainage in order to protect storm water quality.

Maintenance Bays and Docks
(SD-31)

NO

There are no maintenance bays or docks within
the project site. Not a proposed land use. The
resident’s terms will prohibit the use of
maintenance bays and docks in order to protect
storm water quality. The tenant/occupant’s lease
term will prohibit the use of maintenance bays
and docks in order to protect storm water quality.

Vehicle Washing Areas (SD-
33)

NO

The owner shall prohibit vehicle-washing areas.
Not a proposed land use. The resident’s terms
will prohibit the use of vehicle washing areas in
order to protect storm water quality. The
tenant/occupant’s lease term will prohibit the use
of vehicle washing areas in order to protect storm
water quality.

Outdoor Material Storage
Areas (SD-34)

NO

There are no outdoor material storage areas
within project site. Not a proposed land use. The
resident’s terms will prohibit the use of outdoor
material storage areas order to protect storm
water quality. The tenant/occupant’s lease term
will prohibit the use of outdoor material storage
areas order to protect storm water quality.

Outdoor Work Areas (SD-35)

NO

There are no outdoor work areas within project
site. Not a proposed land use. The resident’s
terms will prohibit the use of outdoor work areas
in order to protect storm water quality. The
tenant/occupant’s lease term will prohibit the use
of outdoor work areas in order to protect storm
water quality.

Outdoor Processing Areas
(SD-36)

NO

There are no outdoor processing areas within
project site. Not a proposed land use. The
resident’s terms will prohibit the use of outdoor
processing areas in order to protect storm water
quality. The tenant/occupant’s lease term will
prohibit the use of outdoor processing areas in
order to protect storm water quality.

Revised June 09, 2005
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Wash Water Controls for Food
Preparation Areas

NO

There are no food preparation areas within the
project site. Not a proposed land use. The
resident’s terms will prohibit the use of wash
water controls for food preparation areas in order
to protect storm water quality. The
tenant/occupant’s lease term will prohibit the use
of wash water controls for food preparation areas
in order to protect storm water quality.

Pervious Pavement (SD-20)

YES

The Developer will insure the “Pervious Pavement”
BMP will be implemented for our specific project
site. Detailed information on the implementation of
this planned source control BMP will be determined
and discussed in the Final WQMP, Section 3.2.

Alternative Building Materials
(SD-21)

YES

The Developer will insure the “Alternative Building
Materials” BMP will be implemented for our specific
project site. Detailed information on the
implementation of this planned source control BMP
will be determined and discussed in the Final
WQMP, Section 3.2.

*Attach additional sheets if necessary for justification.

Revised June 09, 2005
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3.3 TREATMENT CONTROL BMPS (Not required for Non-Category projects)

= Complete the following Treatment Control BMPs Selection Matrix. For each
pollutant of concern enter “yes” if identified in Section 2.1, above, or “no” if
not identified for the project. Check the boxes of selected BMPs that will be
implemented for the project to address each pollutant of concern from the
project as listed above in section 2.1. Treatment Control BMPs must be
selected and installed with respect to identified pollutant characteristics and
concentrations that will be discharged from the site. For any identified
pollutants of concern not listed in the Treatment Control BMP Selection Matrix,
provide an explanation of how they will be addressed by Treatment Control
BMPs. For identified pollutants of concern that are causing an impairment in
receiving waters (as identified in Section 2.1, above), the project WQMP shall
incorporate one or more Treatment Control BMPs of medium or high
effectiveness in reducing those pollutants. Itis the responsibility of the
project proponent to demonstrate, and document in the project WQMP,
that all pollutants of concern will be fully addressed. The Agency may require
information beyond the minimum requirements of this WQMP to demonstrate
that adequate pollutant treatment is being accomplished.

= |n addition to completing the Selection Matrix, provide detailed descriptions on
the location, implementation, installation, and long-term O&M of planned
Treatment Control BMPs.

0 Educational materials of the Treatment Control BMPs are found in Attachment H.
Sizing calculations for all primary (full) treatment BMPs will be provided in the final
WQMP within Attachment I.

0 Locations of Treatment Control BMPs are found within the WQMP Site Plan in
Attachment E and discussed about in this section of the Water Quality Management
Plan. For the Final WQMP, other primary (full) treatment control BMPs could be
utilized and if so, it will be discussed in full detail.

0 Implementation, installation, and O&M descriptions will be discussed in the final
WQMP within this section, section 4.1.1, and Attachment F.

Infiltration Basins (TC-11): The infiltration basins are the primary/full treatment control
BMP for the entire project site and they are incorporated within the proposed recreational
open space areas surrounding the project site on the south and east sides.

The basins are sized large enough to detain and infiltrate the post-development and pre-
development generated volume difference. All three infiltration basins will be in place for
water quality and mitigation measures as well to serve as flood control purposes. The
intent is for the project to not create a HCOC and this is achieved by making sure the
post-development runoff rates, volumes, velocities, and flow duration do not exceed the
pre-development conditions for 2-year, 5-year, 10-year, and 100-year frequency storm
events. Since the infiltration basins will act as detention basins as well, the basins

are capable of releasing the post-development 2-year, 5-year, 10-year, and 100-year, 24
hour volume at flow rates less than or equal to the pre-development 2-year, 5-year, 10-
year, and 100-year, 24 hour peak flow rates. The basins will pass the 100-year storm
events without damage to the facilities. The outlet velocities will be controlled such that
the downstream erosion and habitat loss is minimized.

The infiltration basins will be designed treat the required capture volume of the BMP per
the assigned drainage area. The infiltration basins will have spillways to convey excess
volumes of water that are not necessary to capture, anything greater than the difference
between pre-development and post-development conditions. All infiltration basins will be

Revised June 09, 2005 18
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lined with a vegetated groundcover to reduce runoff velocities and to provide water
quality benefits from filtering by the vegetation and infiltration into the underlying soils.
The vegetated groundcover will be drought tolerant. All storm drain outlets entering the
infiltration basins will be incorporate rock areas at the mouth of the outlets to prevent
scouring and erosion at these specific locations within the infiltration basins.

The infiltration basins are implemented to be the primary BMP for removal of sediment
and associated pollutants. It is proven to have a “High” Removal Effectiveness rating for
all targeted constituents that are expected or potential for our project site.

Vortechs System (MP-51): Offline Vortechs units will be installed on the storm drain
lines before entering the proposed infiltration basins located throughout the project site
and each unit is designed and sized to treat the required flow rate of flow through the
BMP per the assigned drainage area. The Vortechs Systems orientations are an offline
design to meet our water quality objectives and site constraints. Offline units are sized to
treat only peak design treatment flows (Qpmp). All excess flows will be bypassed due to
its configuration and continue downstream. All Vortech Systems have been designed to
treat 80% removal of the 80 micron sized particle.

These Vortechs units are will act as pre-treatment control BMPs within the train system
before entering the infiltration basins.

Table 2-5 of the WQMP by the San Bernardino County Stormwater Program states that
this BMP has a “High” or “Medium” Removal Effectiveness rating for the following
targeted constituents that are expected or potential for our specific project site BMP
drainage areas: sediment, trash, and oil & grease. To insure performance, all Vortechs
systems must be maintained as required per the manufacturer’s guidelines and through
further information found in Section 4.1.1 and Attachment F of this Water Quality
Management Plan.

Revised June 09, 2005 19

H-32



Treatment Control BMP Selection Matrix

Treatment Control BMP Categories

Pollutant of Concern Biofilters Detention Infiltration Wet Ponds or Filtration Water Quality | Hydrodynamic Manufactured/
Basins® Basins® Wetlands Inlets Separator Systems | Proprietary
@ Devices
Vortech Units
Sediment/Turbidity H/M M H/M H/M H/M L H/M U
(L for turbidity)
Yes/No? ‘ YES X X
Nutrients L M HIM HIM L/M L L U
Yes/No? ‘ YES X
Organic Compounds U U U U H/M L L U
Yes/No? ‘ YES X X
Trash & Debris L M U U H/M M H/M U
Yes/No? ‘ YES X X
Oxygen Demanding L M H/M H/IM H/M L L U
Substances
Yes/No? ‘ YES X X
Bacteria & Viruses U U H/M U H/M L L U
Yes/No? ‘ YES X X
Oils & Grease H/M M U U H/M M L/M U
Yes/No? ‘ YES X
Pesticides (non-soil U U U U U L L U
bound)
Yes/No? ‘ YES X
Metals H/M M H H H L L U
Yes/No? ‘ YES X X
June 09, 2005 A-20
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3.4 BMP DESIGN CRITERIA

= The following Treatment Control BMP(s) (Flow Based or Volume Based) will be
implemented for this project (check “Implemented” box, if used):

Design Basis of Treatment Control BMPs

Implemented Treatment Control BMP Design Basis

Vegetated Buffer Strips

Vegetated Swales
Flow Based

Multiple Systems

X Vortechs systems (MP-51)

Bioretention

Wet Pond

Constructed Wetland

Extended Detention Basin

Water Quality Inlet

Volume Based
Retention/Irrigation

X Infiltration Basins

Infiltration Trench

Media Filter

Manufactured/Proprietary

3.4.1 Flow Based Design Criteria

= Calculate the BMP design flow by using the method described in Attachment D,
Section A. Show calculations in detail-attach a separate sheet of calculations.
- SEE ATTACHMENT D FOR CALCULATIONS.

3.4.2 Volume-Based Design Criteria

= Calculate the required capture volume of the BMP using the method described in
Attachment D, Section B. Show calculations in detail-attach a separate sheet of
calculations.
- SEE ATTACHMENT D FOR CALCULATIONS.

June 09, 2005 21
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Section 4

Operation and Maintenance

4.1 Operations and Maintenance

Operation and maintenance (O&M) requirements for all Source Control, Site Design, and
Treatment Control BMPs shall be identified within the WQMP. The WQMP shall include
the following:

41.1

4.1.2

June 09, 2005

O&M DESCRIPTION AND SCHEDULE THAT MUST:

List and identify each BMP that requires O&M.

Maximizing canopy interception and water conservation, Landscape planning (SD-10),
Roof Runoff Controls (SD-11), Efficient irrigation (SD-12), Storm drain system signage
(SD-13), Trash storage areas and litter control (SD-32), Employee training/education
program, Protect slopes and channels, Street sweeping and parking lots, Common area
catch basin inspection, Energy dissipaters, Pervious Concrete / Alternative Materials,
Infiltration Basins and Vortechs units..

Provide a thorough description of O&M activities (include the O&M
process, and the handling and placement of any wastes).

-DETAILED INFORMATION ON THE OPERATION AND MAINTENANCE ACTIVITIES
INCLUDING THE O&M PROCESS AND THE HANDLING AND PLACEMENT OF ANY
WASTES WILL BE DETERMINED AND THEN DISCUSSED IN THIS SECTION

FOR THE FINAL WQMP.

Include BMP start-up dates.
- BMP’s will be in effect by the scheduled completion of the subdivision. The
approximate scheduled completion date is to be determined.

Provide a schedule of the frequency of O&M for each BMP.

-DETAILED INFORMATION ON THE OPERATION AND MAINTENANCE FREQUENCY
FOR EACH BMP WILL BE DETERMINED AND THEN DISCUSSED IN THIS SECTION
FOR THE FINAL WQMP.

INSPECTION & MONITORING REQUIREMENTS THAT MUST:

Provide thorough descriptions of water quality monitoring (if locally
required).

-CURRENTLY NOT REQUIRED

Provide self-inspections and record keeping requirements for BMPs
(review local specific requirements regarding self-inspections and/or
annual reporting), including identification of responsible parties for
inspection and record keeping.

-FURTHER DETAILED INFORMATION FOR SELF-INSPECTIONS AND RECORD
KEEPING REPORTS WILL BE DETERMINED AND THEN DISCUSSED IN
ATTACHMENT F FOR THE FINAL WQMP.

22
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4.1.3

June 09, 2005

IDENTIFICATION OF RESPONSIBLE PARTIES THAT MUST:

Provide the party or parties that will be responsible for each BMP O&M. For
each responsible party, include the party’s name, address, contact name and
telephone number.

Interim:

Edgewater Associates I, LCC**
Contact: Donald Rosier

165 SOUTH UNION BLVD., SUITE 510
LAKEWOOD, CO 80228

PHONE NO. (303) 986-2222

FAX NO. (303) 986-7990

Ultimate (Long Term):
HOA - To be determined.

**Edgewater Associates I, LLC will be the responsible party for operation and
maintenance of each BMP until the community HOA is formed. The community
HOA will be the long term responsible party for operation and maintenance of
the site BMP’s.

23
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SECTION 5
FUNDING

5.1 Funding

The Permit requires that for all Treatment Control BMPs, a funding source or sources for
operation and maintenance of each BMP be identified within the WQMP. Project
proponents must:

= Indicate funding sources or sources for O&M for this project. For each funding
source, include the responsible party’s name, address, contact name and
telephone number.

Interim:

Edgewater Associates I, LCC**
Contact: Donald Rosier

165 SOUTH UNION BLVD., SUITE 510
LAKEWOOD, CO 80228

PHONE NO. (303) 986-2222

FAX NO. (303) 986-7990

Ultimate (Long Term):
HOA - To be determined.

**Edgewater Associates I, LLC will be the initial party for funding of operation
and maintenance of each BMP until the community HOA is formed. The
community HOA will be the long term funding source for the operation and
maintenance of the site BMP’s.

June 09, 2005 24
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SECTION 6
WQMP Certification

6.1 Certification

“This Water Quality Management Plan has been prepared for Edgewater Associates I, LLC by
Huitt-Zollars Inc. It is intended to comply with the requirements of the City of Chino requiring
the preparation of a Water Quality Management Plan (WQMP). The undersigned is aware that
Best Management practices (BMPs) are enforceable pursuant to the City of Chino’ Municipal
Code. 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 Stormwater 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 of Chino 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.”

Applicant’s Signature Date
Applicant’s Name Applicant’s Telephone Number
June 09, 2005 25
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Tables
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Pollutants of Concern

Bacteria and Viruses — Bacteria and Viruses are ubiquitous microorganisms that thrive
under certain environmental conditions. Their proliferation is typically cause by the transport
of animal or human fecal wastes from the watershed. Water, containing excessive bacteria
and viruses, can alter the aquatic habitat and create a harmful environment for humans and
aqguatic life. Also, the decomposition of excess organic waste causes increased growth of
undesirable organisms in the water.

Metals — The primary source of metal pollution in stormwater is typically commercially
available metals and metal products. Metals of concern include cadmium, chromium,
copper, lead, mercury, and zinc. Lead and chromium have been used as corrosion inhibitors
in primer coatings and cooling tower systems. Metals are also raw material components in
non-metal products such as fuels, adhesives, paints, and other coatings. At low
concentrations naturally occurring in soil, metals may not be toxic. However, at higher
concentrations, certain metals can be toxic to aquatic life. Humans can be impacted from
contaminated groundwater resources, and bioaccumulation of metals in fish and shellfish.
Environmental concerns, regarding the potential for release of metals to the environment,
have already led to restricted metal usage in certain applications (OC 2003).

Nutrients — Nutrients are inorganic substances, such as nitrogen and phosphorus.
Excessive discharge of nutrients to water bodies and streams causes eutrophication, where
aguatic plants and algae growth can lead to excessive decay of organic matter in the water
body, loss of oxygen in the water, release of toxins in sediment, and the eventual death of
aquatic organisms. Primary sources of nutrients in urban runoff are fertilizers and eroded
soils.

Pesticides -- Pesticides (including herbicides) are chemical compounds commonly used to
control nuisance growth or prevalence of organisms. Relatively low levels of the active
component of pesticides can result in conditions of aquatic toxicity. Excessive or improper
application of a pesticide may result in runoff containing toxic levels of its active ingredient
(OC 2003).

Organic Compounds — Organic compounds are carbon-based. Commercially available or
naturally occurring organic compounds are found in pesticides, solvents, and hydrocarbons.
Organic compounds can, at certain concentrations, indirectly or directly constitute a hazard
to life or health. When rinsing off objects, toxic levels of solvents and cleaning compounds
can be discharged to storm drains. Dirt, grease, and grime retained in the cleaning fluid or
rinse water may also adsorb levels of organic compounds that are harmful or hazardous to
aguatic life (OC 2003).

Sediments — Sediments are solid materials that are eroded from the land surface.
Sediments can increase turbidity, clog fish gills, reduce spawning habitat, lower young
aquatic organisms survival rates, smother bottom dwelling organisms, and suppress aquatic
vegetation growth.

Trash and Debris — Trash (such as paper, plastic, polystyrene packing foam, and aluminum
materials) and biodegradable organic matter (such as leaves, grass cuttings, and food
waste) are general waste products on the landscape. The presence of trash and debris may
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have a significant impact on the recreational value of a water body and aquatic habitat.
Trash impacts water quality by increasing biochemical oxygen demand.

Oxygen-Demanding Substances — This category includes biodegradable organic material
as well as chemicals that react with dissolved oxygen in water to form other compounds.
Proteins, carbohydrates, and fats are examples of biodegradable organic compounds.
Compounds such as ammonia and hydrogen sulfide are examples of oxygen-demanding
compounds. The oxygen demand of a substance can lead to depletion of dissolved oxygen
in a water body and possibly the development of septic conditions. A reduction of dissolved
oxygen is detrimental to aquatic life and can generate hazardous compounds such as
hydrogen sulfides.

Oil and Grease — Oil and grease in water bodies decreases the aesthetic value of the water
body, as well as the water quality. Primary sources of oil and grease are petroleum
hydrocarbon products, motor products from leaking vehicles, esters, oils, fats, waxes, and
high molecular-weight fatty acids.
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Attachment D

Volume Base BMP Design Calculations
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Figure D-1: NOAA Atlas 14 Inset Map.
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FLOW-BASED BMP DESIGN CALCULATIONS FOR AREA: A 4

PROJECT : EDGEWATER LAKE COMMUNITIES E.A.J.
CLIENT : ALLIANCE COMMERCIAL PARTNERS TE: 10/15/2007
JOB NO 10-1073-04

JE

GOAL: CALCULATE THE TARGET BMP FLOW RATE FOR THE PROPOSED DRAINAGE AREA, A,

A.) DETERMINE THE "WATERSHED IMPERVIOUSNESS RATIO", i, WHICH 1S EQUAL TO THE PERCENT OF
IMPERVIOUS AREA IN THE BMP DRAINAGE AREA DIVIDED BY 100.

Includes all areas that will contribute runoff to proposed BMP.

A, = TOTAL BMP DRAINAGE AREA (Ac) = A,
Agmrervious) = IMPERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)
Aervious) = PERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)

i = SITE IMPERVIOUS RATIO { Aweervious / At )

Am= 38.245 Acres
Agmpervious) = 21.03  Acres
A(PERVIOUS) = 17.21 Acres
THEREFORE, i= 0.55
B.) CALCULATE THE COMPOSITE RUNOFF COEFFICIENT, Caue FOR
THE DRAINAGE AREA ABOVE USING THE FOLLOWING EQUATION:
Camp = 0.8581° - 0.78% +0.774i +0.04 = .1427-.2360+.4257+.04 Camp = 0.372

C.) DETERMINE WHICH REGION THE DRAINAGE AREA IS LOCATED (VALLEY, MOUNTAIN OR DESERT)
THE DRAINAGE AREA IS LOCATED IN A VALLEY REGION.

D.} DETERMINE BMP DESIGN RAINFALL INTENSITY, lgyp, BY MULTIPLYING THE AREA-AVERAGED
2-YEAR 1-HOUR VALUE FROM THE NOAA ATLAS 14 MAP BY THE APPROPRIATE REGRESSION
"CCEFFICIENT FROM TABLE D-1 ("'}, AND THEN MULTIPLYING BY THE SAFETY FACTOR SPECIFIED
IN THE CRITERIA - USUALLY A FACTOR OF 2.

lame = BMP DESIGN RAINFALL INTENSITY, IN INCHES/HOUR
lawe = N X 2 x (REGRESSION COEFFICIENT FOR INTENSITY)
= 0.50 x 2 x 0.2787 lewp= 0.3177 inthr

E.) CALCULATE THE TARGET BMP FLOW RATE, Q, BY USING THE FOLLOWING FORMULA.

Q = TARGET BMP FLOW RATE IN FT%/S
Q=Cavp X lamp XA =

= 0.3725 X 0.3177 X 38.245
| Q= 4.526 cfs. |

F.) FOR THE PROPOSED BMP DRAINAGE AREA, WE HAVE CALCULATED THE TARGET BMP FLOW RATE
TO BE, 4526 c.fs

H-47




FLOW-BASED BMP DESIGN CALCULATIONS FOR AREA: A

PROJECT: EDGEWATER LAKE COMMUNITIES E.A.J
CLIENT : ALLIANCE COMMERCIAL PARTNERS TE: 10/15/2007
JOBNO: 10-1073-04

o[

GOAL: CALCULATE THE TARGET BMP FLOW RATE FOR THE PROPOSED DRAINAGE AREA, A

A)) DETERMINE THE "WATERSHED IMPERVIOUSNESS RATIO", i, WHICH 15 EQUAL TO THE PERCENT OF
IMPERVIOUS AREA IN THE BMP DRAINAGE AREA DIVIDED BY 100.
Includes all areas that will contribute runoff to proposed BMP.

A = TOTAL BMP DRAINAGE AREA (Ac) = A,
Agrervious) = IMPERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)
Apervious) = PERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)

i = SITE IMPERVIOUS RATIO ( Ampervious / At )

Aq= 88.316 Acres
Aimpervious) = 55.20 Acres
A(PERVlOUS] = 33.12 Acres
THEREFORE, i= 0.63
B.) CALCULATE THE COMPOSITE RUNQFF COEFFICIENT, Caye FOR
THE DRAINAGE AREA ABOVE USING THE FOLLOWING EQUATION:
Ceomp = 0.8581° - 0.781 +0.774i +0.04 = .1427-.2360+.4257+.04 Cowe = 0.429

C.) DETERMINE WHICH REGION THE DRAINAGE AREA IS LOCATED (VALLEY, MOUNTAIN OR DESERT)
THE DRAINAGE AREA IS LOCATED IN A VALLEY REGION.

D.) DETERMINE BMP DESIGN RAINFALL INTENSITY, lyyp, BY MULTIPLYING THE AREA-AVERAGED
2-YEAR 1-HOUR VALUE FROM THE NOAA ATLAS 14 MAP BY THE APPROPRIATE REGRESSION
COEFFICIENT FROM TABLE D-1 {"I"), AND THEN MULTIPLYING BY THE SAFETY FACTCR SPECIFIED
IN THE CRITERIA - USUALLY A FACTOR OF 2.

lgme = BMP DESIGN RAINFALL INTENSITY, IN INCHES/HOUR
lewr = N x 2 x (REGRESSION COEFFICIENT FOR INTENSITY)
= 0.50x2x0.2787 lwe= 0.3177 inihr

E.) CALCULATE THE TARGET BMP FLOW RATE, Q, BY USING THE FOLLOWING FORMULA.

Q = TARGET BMP FLOW RATE IN FT¥/S
Q= Cpwp X lpwp X A=

= 0.4285 X 0.3177 X 88.316
| Q= 12.025 c.fs. |

F.) FOR THE PROPOSED BMP DRAINAGE AREA, WE HAVE CALCULATED THE TARGET BMP FLOW RATE
TO BE, 12.025 c.fs )
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FLOW-BASED BMP DESIGN CALCULATIONS FOR AREA: A

PROJECT: EDGEWATER LAKE COMMUNITIES E.AJ.
CLIENT : ALLIANCE COMMERCIAL PARTNERS TE: 10/15/2007
JOB NO: 10-1073-04

S 12

GOAL: CALCULATE THE TARGET BMP FLOW RATE FOR THE PROPOSED DRAINAGE AREA, A3,

A.) DETERMINE THE "WATERSHED IMPERVIOUSNESS RATIO", i, WHICH IS EQUAL TC THE PERCENT OF
IMPERVIOUS AREA IN THE BMP DRAINAGE AREA DIVIDED BY 100.
Includes all areas that will contribute runoff to proposed BMP.

A, = TOTAL BMP DRAINAGE AREA (Ac) = A

Agupervious) = IMPERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)
Agpervious) = PERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)

i = SITE IMPERVIOUS RATIO ( Agpervious AT )

Amq= 33.1956 Acres
Aumpervicus) = 19.92  Acres
THEREFORE, i= 0.60
B.) CALCULATE THE COMPOSITE RUNOFF COEFFIGIENT, Cgyp FOR
THE DRAINAGE AREA ABOVE USING THE FOLLOWING EQUATION:
Caupe = 0.8581° - 0.781° +0.774i +0.04 = .1427-.2360+ 4257+.04 Cowe =  0.409

C.) DETERMINE WHICH REGION THE DRAINAGE AREA IS LOCATED (VALLEY, MOUNTAIN OR DESERT)
THE DRAINAGE AREA IS LOCATED IN A VALLEY REGION.

D.} DETERMINE BMP DESIGN RAINFALL INTENSITY, lgye, BY MULTIPLYING THE AREA-AVERAGED
2-YEAR 1-HOUR VALUE FROM THE NOAA ATLAS 14 MAP BY THE APPROFPRIATE REGRESSION
COEFFICIENT FROM TABLE D-1 ("'}, AND THEN MULTIPLYING BY THE SAFETY FACTOR SPECIFIED
IN THE CRITERIA - USUALLY A FACTOR OF 2.

lgmp = BMP DESIGN RAINFALL INTENSITY, IN INCHES/HOUR
lawe = N x 2 x (REGRESSION COEFFIGIENT FOR INTENSITY)
= 0.50x2x0.2787 lwp= 03177  in/hr

E.) CALCULATE THE TARGET BMP FLOW RATE, Q, BY USING THE FOLLOWING FORMULA.

Q = TARGET BMP FLOW RATE IN FT¥S
Q=Cowp X lamp X A=

= (0.4089 X 0.3177 X 33.195
i Q= 4313 c.is. |

F.) FOR THE PROPOSED BMP DRAINAGE AREA, WE HAVE CALCULATED THE TARGET BMP FLOW RATE
TO BE, 4313 cf.s
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FLOW-BASED BMP DESIGN CALCULATIONS FOR AREA: A 4

PROJECT : EDGEWATER LAKE COMMUNITIES BY: E.AJ
CLIENT : ALLIANCE COMMERCIAL PARTNERS DATE: 10/15/2007
JOB NG : 10-1073-04

GOAL: CALCULATE THE TARGET BMP FLOW RATE FOR THE PROPOSED DRAINAGE AREA, A,

A.) DETERMINE THE "WATERSHED IMPERVIOUSNESS RATIO", i, WHICH IS EQUAL TO THE PERCENT OF
IMPERVIOUS AREA IN THE BMP DRAINAGE AREA DIVIDED BY 100.
Includes all areas that will contribute runoff to proposed BMP.

Ay = TOTAL BMP DRAINAGE AREA (Ac) = A,
Agupervious) = IMPERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)
Apervious) = PERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)

i = SITE IMPERVIOUS RATIO ( Awpervious / AT )

Am= 49.087 Acres
A(IMPERVIOUS) = 27.00 Acres
Arcrvious) = 22.09 Acres
THEREFORE, P= 0.55
B.) CALCULATE THE COMPOSITE RUNOFF GOEFFIGIENT, Cgyp FOR
THE DRAINAGE AREA ABOVE USING THE FOLLOWING EQUATION:
Cawp = 0.8581° - 0.781° +0.774i +0.04 = .1427-.2360+.4257+.04 Cowp=  0.372

C.) BETERMINE WHICH REGION THE DRAINAGE AREA iS LOCATED (VALLEY, MOUNTAIN OR DESERT)
THE DRAINAGE AREA IS LOCATED IN A VALLEY REGION.

D.) DETERMINE BMP DESIGN RAINFALL INTENSITY, lgye, BY MULTIPLYING THE AREA-AVERAGED
2-YEAR 1-HOUR VALUE FROM THE NOAA ATLAS 14 MAP BY THE APPROPRIATE REGRESSION
COEFFICIENT FROM TABLE D-1 ("I}, AND THEN MULTIPLYING BY THE SAFETY FACTOR SPECIFIED
IN THE CRITERIA - USUALLY A FACTOR OF 2.

lewe = BMP DESIGN RAINFALL INTENSITY, IN INCHES/HOUR
lawp = N X 2 X (REGRESSION COEFFICIENT FOR INTENSITY)
= 0.50 x 2 x 0.2787 lwe = 0.3177 inthr

E.) CALCULATE THE TARGET BMP FLOW RATE, Q, BY USING THE FOLLOWING FORMULA.

Q = TARGET BMP FLOW RATE IN FT%/S
Q=Comp X lanp X A =

=  0.3725 X 0.3177 X 49.087
| Q= 5.809 cfs. | '

F.) FOR THE PROPOSED BMP DRAINAGE AREA, WE HAVE CALCULATED THE TARGET BMP FLOW RATE
TO BE, 5.809 c.fs
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VOLUME-BASE BMP DESIGN CALCULATIONS FOR AREA: A )
*SEE THE WQMP SITE PLAN FOR BMP DRAINAGE AREAS

PRCJECT: EDGEWATER LAKE COMMUNITY BY: EAJ
CLIENT : ALLIANCE COMMERCIAL PARTNERS DATE: 10/15/2007
JOBNQ: 10-1073-04

A)

E.)

GOAL: CALCULATE THE TARGET CAPTURE VOLUME FOR THE PROPOSED DRAINAGE AREA, Ay,

DETERMINE THE "WATERSHED IMPERVIOUSNESS RATIO", i, WHICH IS EQUAL TO THE PERCENT OF
IMPERVIOUS AREA IN THE BMP DRAINAGE AREA DIVIDED BY 100,

Includes all areas that will contribute runoff to proposed BMP.

A = TOTAL BMP DRAINAGE AREA (Ac)
Agwpervious) = IMPERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)
Apervious) = PERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)

i = SITE IMPERVIOUS RATIO ( Awpervious ! At )

Am= 38.245 Acres
A(PERVlOUS) = 1 7.210 Acres
THEREFORE, i= 0.550
CALCULATE THE COMPOSITE RUNGFF COEFFICIENT, Caye FOR
THE DRAINAGE AREA ABOVE USING THE FOLLOWING EQUATION:
Cpye = 0.8581° - 0.781% +0.774i +0.04 c= 0372

DETERMINE WHICH REGION THE DRAINAGE AREA IS LOCATED (VALLEY, MOUNTAIN OR DESERT)

THE DRAINAGE AREA IS LOCATED IN A VALLEY REGION.

DETERMINE THE AREA-AVERAGED "8-HOUR MEAN STORM RAINFALL", P;, FOR THE DRAINAGE
AREA,

This is calculated by multiplying the area averaged 2-year 1-hour value by the appropriate regression coefficient from Table 1.

Ps=n X Poyranr
Ps = 6-HOUR MEAN STORM RAINFALL, IN INCHES n= 1.4807
Porawr = 0.52
Ps = 0.770 inches

DETERMINE THE APPROPRIATE DRAWDOWN TIME. USE THE REGRESSION CONSTANT a=1.582 FOR
24 HOURS AND a=1.963 FOR 48 HOURS.
(A 48-HOUR DRAWDOWNTIME IS RECOMMENDED FOR MOST SITE IN CALIFORNIA)

a= 1.963
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F.) CALCULATE THE "MAXIMIZED DETENTION VOLUME", F,, USING THE FOLLOWING EQUATION:
Pg=aXCBMPXP6
Py sSMAXIMIZED DETENTION VOLUME, IN INCHES P, = 0.563 inches
G.) CALCULATE THE "TARGET CAPTURE VOLUME", V,, USING THE FOLLOWING EQUATION:
Vo = TARGET CAPTURE VOLUME, IN ACRE-FEET

Vo= (Pax A) /12
1.794  acre-feet

A\
MULTIPLY BY 43,560 FT2TO

GET CUBIC FEET (FT% V,= 78,162 ft°

H.) FOR THE PROPOSED BMP DRAINAGE AREA, WE HAVE CALCULATED THE TARGET CAPTURE VCOLUME

RUNOFF TO BE, 78,162 ft’. WE INTEND TO UTILIZE AN INFILTRATION BASIN IN
IN ORDER TO CAPTURE AND TREAT THE CALCULATED TARGETED VOLUME.
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VOLUME-BASE BMP DESIGN CALCULATIONS FOR AREA: A 5
*SEE THE WQMP SITE PLAN FOR BMP DRAINAGE AREAS

PROJECT : EDGEWATER LAKE COMMUNITY BY: E.A.LL
CLIENT: ALLIANCE COMMERCIAL PARTNERS DATE : 10/15/2007
JOB NO: 10-1073-04

Al)

D)

E.)

GOAL: CALCULATE THE TARGET CAPTURE VOLUME FOR THE PROPOSED DRAINAGE AREA, A,

DETERMINE THE "WATERSHED IMPERVIOUSNESS RATIO", i, WHICH IS EQUAL TO THE PERCENT OF
IMPERVIOUS AREA IN THE BMP DRAINAGE AREA DIVIDED BY 100.

Includes alt areas that wilt contribute runoff to proposed BMP.

A = TOTAL BMP DRAINAGE AREA (Ac)

Agrervious) = IMPERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)
Apervious) = PERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)

i = SITE IMPERVIOUS RATIO ( Appervious At )

Aq= 88.316 Acres
A(IMPERVIOUS) = 55.198 Acres
Apervicus) = 33119 Acres
THEREFCRE, i= 0.625
CALCULATE THE COMPOSITE RUNQFF COEFFICIENT, Cgye FOR
THE DRAINAGE AREA ABOVE USING THE FOLLOWING EQUATION:
Conp = 0.8581° - 0.781 +0.774i +0.04 C=  0.429

DETERMINE WHICH REGION THE DRAINAGE AREA IS LOCATED (VALLEY, MOUNTAIN OR DESERT)

THE DRAINAGE AREA IS LOCATED IN A VALLEY REGION.

DETERMINE THE AREA-AVERAGED "6-HOUR MEAN STORM RAINFALL", P;, FOR THE DRAINAGE
AREA.
This is calcutated by multiplying the area averaged 2-year 1-hour value by the appropriate regression coefficient from Table 1.

Ps= 1 x Payraur
Ps=6-HOUR MEAN STORM RAINFALL, [N INCHES n= 14807
Povrmr = 0.52
Ps= 0770 inches

DETERMINE THE APPROPRIATE DRAWDOWN TIME. USE THE REGRESSION CONSTANT a=1.582 FOR
24 HOURS AND a=1.963 FOR 48 HOURS.
(A 48-HOUR DRAWDOWNTIME IS RECOMMENDED FOR MOST SITE IN CALIFORNIA)

as= 1.963
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F.} CALCULATE THE "MAXIMIZED DETENTION VOLUME", Py, USING THE FOLLOWING EQUATION:

P0= aXCBMPX Ps

Po =MAXIMIZED DETENTION VOLUME, N INCHES P, = 0.648 inches
G.) CALCULATE THE "TARGET CAPTURE VOLUME", V,, USING THE FOLLOWING EQUATION:

Vy = TARGET CAPTURE VOLUME, IN ACRE-FEET

V0=(POXA)I12
4.767  acrefeet

1]

Vo
MULTIPLY BY 43,560 FT2 TO

GET CUBIC FEET (FT% V, = 207,646 ft°

H.} FOR THE PROFOSED BMP DRAINAGE AREA, WE HAVE CALCULATED THE TARGET CAPTURE VOLUME
RUNOFF TO BE, 207,646 ft'. WE INTEND TO UTILIZE AN INFILTRATION BASIN IN
IN ORDER TO CAPTURE AND TREAT THE CALCULATED TARGETED VOLUME.
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VOLUME-BASE BMP DESIGN CALCULATIONS FOR AREA: A 3
*SEE THE WQMP SITE PLAN FOR BMP DRAINAGE AREAS

PROJECT : EDGEWATER LAKE COMMUNITY BY: E.A.J.
CLIENT : ALLIANCE COMMERCIAL PARTNERS DATE: 10/15/2007
JOBNQ: 10-1073-04

GOAL: CALCULATE THE TARGET CAPTURE VOLUME FOR THE PROPOSED DRAINAGE AREA, A,

A) DETERMINE THE "WATERSHED IMPERVIOUSNESS RATIO", i, WHICH IS EQUAL TO THE PERCENT OF
IMPERVIOUS AREA IN THE BMP DRAINAGE AREA DIVIDED BY 100.

Includes all areas that will contribute runcff to proposed BMP.

A, = TOTAL BMP DRAINAGE AREA (Ac)
Agvpervious) = IMPERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)
Apervious) = PERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)

i = SITE IMPERVIOUS RATIO ( Appervious f Ar )

Aqp= 33.195 Acres
A(IMPER\IIOUS) = 19.917 Acres
A(FER\“OUS) = 13-278 ACI‘eS
THEREFORE, i= 0.600
B.) CALCULATE THE COMPOSITE RUNOFF COEFFICIENT, Cayr FOR
THE DRAINAGE AREA ABOVE USING THE FOLLOWING EQUATION:
Canp = 0.858i° - 0.781 +0.774i +0.04 C= 0.409

C.) DETERMINE WHICH REGION THE DRAINAGE AREA IS LOCATED (VALLEY, MOUNTAIN OR DESERT)

THE DRAINAGE AREA IS LOCATED IN A VALLEY REGION.

D.) DETERMINE THE AREA-AVERAGED "6-HOUR MEAN STORM RAINFALL", P;, FOR THE DRAINAGE
AREA.

This is calculated by multiplying the area averaged 2-year 1-hour value by the appropriate regression coefficient from Table 1.

Pe= N X Payp g
P;=6-HOUR MEAN STORM RAINFALL, IN INCHES n= 1.4807
Povr-iHr = 0.52
Ps= 0770 inches

E.) DETERMINE THE APPROPRIATE DRAWDOWN TIME. USE THE REGRESSION CONSTANT a=1.582 FOR
24 HOURS AND a=1.963 FOR 48 HOURS.
(A 48-HOUR DRAWDOWNTIME 1S RECOMMENDED FCR MOST SITE IN CALIFORNIA)

a= 1.963
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F.) CALCULATE THE "MAXIMIZED DETENTION VOLUME", P,, USING THE FOLLOWING EQUATION:
Ps=ax Cgyp x Pg
Py =MAXIMIZED DETENTION YOLUME, IN INCHES Py = 0.618 inches
G.} CALCULATE THE "TARGET CAPTURE VOLUME", V,, USING THE FOLLOWING EQUATION:
V= TARGET CAPTURE VOLUME, IN ACRE-FEET

Vo= (PoxA) /12
1.710 acre-feet

1}

Vo
MULTIPLY BY 43,560 FT2 TO

GET CUBIC FEET (FT) Vo= 74,476 ft°

H.) FOR THE PROPOSED BMP DRAINAGE AREA, WE HAVE CALCULATED THE TARGET CAPTURE VOLUME

RUNOCFF TO BE, 74,476 ft’. WE INTEND TO UTILIZE AN INFILTRATION BASIN IN
iN ORDER TO CAPTURE AND TREAT THE CALCULATED TARGETED VOLUME.
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VOLUME-BASE BMP DESIGN CALCULATIONS FOR AREA: A
*SEE THE WQMP SITE PLAN FOR BMP DRAINAGE AREAS

PROJECT : EDGEWATER LAKE COMMUNITY BY: EAJ
CLIENT: ALLIANCE COMMERCIAL PARTNERS DATE: 10/15/2007
JOB NO: 10-1073-04

A)

B.)

C)

D.)

E)

GOAL: CALCULATE THE TARGET CAPTURE VOLUME FOR THE PROPOSED DRAINAGE AREA, A,

DETERMINE THE "WATERSHED IMPERVIOUSNESS RATIO", i, WHICH IS EQUAL TO THE PERCENT OF
IMPERVICUS AREA IN THE BMP DRAINAGE AREA DIVIDED BY 100.

Includes all areas that will contribute ruroff fo proposed BMP.

Am = TOTAL BMP DRAINAGE AREA (Ac)
Agwpervious) = IMPERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)
Apervious; = PERVIOUS AREA WITHIN BMP DRAINAGE AREA (Ac)

i = SITE IMPERVIOUS RATIO ( Ampervious / At )

A= 49.087 Acres
A(PERVlOUS) = 22-089 Acres
THEREFORE, i= 0.550
CALCULATE THE COMPOSITE RUNOFF COEFFICIENT, Caye FOR
THE DRAINAGE AREA ABOVE USING THE FOLLOWING EQUATION:
Cawr = 0.858i1° - 0.78i% +0.774i +0.04 C= 0.372

DETERMINE WHICH REGION THE DRAINAGE AREA 1S LOCATED (VALLEY, MOUNTAIN OR DESERT)

THE DRAINAGE AREA IS LOCATED IN A VALLEY REGION.

DETERMINE THE AREA-AVERAGED "6-HCUR MEAN STORM RAINFALL", P, FOR THE DRAINAGE
AREA.

This is caleulated by multiplying the area averaged 2-year 1-hour value by the appropriate regression coefficient from Table 1.

Pe=n X Payraur
Pg = 6-HOUR MEAN STORM RAINFALL, IN INCHES n= 1.4807
Povr.iHr = 0.52
Ps= 0770  inches

DETERMINE THE APPROPRIATE DRAWDOWN TIME. USE THE REGRESSION CONSTANT a=1.582 FOR
24 HOURS AND a=1.963 FOR 48 HOURS.
(A 48-HOUR DRAWDOWNTIME IS RECOMMENDED FOR MOST SITE IN CALIFORNIA)

a= 1963
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F.) CALCULATE THE "MAXIMIZED DETENTION VOLUME", Py, USING THE FOLLOWING EQUATION:

Py= EXCBMPX Ps

Ps =MAXIMIZED DETENTION VOLUME, IN INCHES Po= 0563 inches
G.) CALCULATE THE "TARGET CAPTURE VOLUME", V;, USING THE FOLLOWING EQUATION:

V, = TARGET CAPTURE VOLUME, IN ACRE-FEET
Vo= (Pox A}/ 12

Vo 2.303  acre-feet

MULTIPLY BY 43,560 FT? TO

GET CUBIC FEET (FT) Vo= 100,321 ft’

H.) FOR THE PROPOSED BMP DRAINAGE AREA, WE HAVE CALCULATED THE TARGET CAPTURE VOLUME

RUNOFF TO BE, 100,321 it'. WE INTEND TO UTILIZE AN INFILTRATION BASIN IN
IN ORDER TO CAPTURE AND TREAT THE CALCULATED TARGETED VOLUME.
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Attachment E
WQMP Site Plan
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Section 4
Source Control BMPs
4.1 Introduction

This section describes specific source control Best Management Practices (BMPs) to be
considered for incorporation into newly developed public and private infrastructure, as well as
retrofit into existing facilities to meet stormwater management objectives.

4.2 BMP Fact Sheets Table 4-1  Source Control BMPs for
Source control fact sheets for design are listed in Design

Table 4-1. The fact sheets detail planning Design

methods and concepts that should be taken into SD-10 | Site Design and Landscape Planning
consideration by developers during project SD-11 Roof Runoff Controls

design. The fact sheets are arranged in three [SD12 | Efficient Irrigation

categories: those that have to do with landscape,

irrigation, and signage considerations; those that | S2~3 | Storm Drain System Signs

have to do with use of particular materials, those | Materials

that have to do with design of particular areas. SD-20 | Pervious Pavements

SD-21 Alternative Building Materials

4.3 Fact Sheet Format ye—

A BMP fact sheet is a short document that SD-30 | Fueling Areas

provides information about a particular BMP. SD-31 | Maintenance Bays and Docks

Typically each fact sheet contains the information
SD-32 Trash Enclosures

outlined in Figure 4-1. Supplemental information
is provided if it is available. The fact sheets also SD-33 | Vehicle Washing Areas

contain side bar presentations with information SD-34 | Outdoor Material Storage Areas

on BMP design objectives. Completed fact sheets | sp-as | Outdoor Work Areas

for each of the above activities are provided in SD-36 | Outdoor Processing Areas

Section 4.4.
SDxx Example Fact Sheet i 4.4 BMP Fact Sheets

| Source Control BMP Fact Sheets for design follow.

Description of the BMP | The BMP fact sheets are individually page numbered
Approach i and are suitable for photocopying and inclusion in
w&t@—s | stormwater quality management plans. Fresh copies
Design Considerations | of the fact sheets can be individually downloaded from
. Desu;mlng 'NeW I?St'aﬂamn:ﬂ _ the California Stormwater BMP Handbook website at
R sedeveloping s ng Installations ¥ www.cabmphandbooks.com.
m  Examples
w  Other Resources

Figure 4-1
Example Fact Sheet

January 2003 California Stormwater BMP Handbook 4-1
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Site Design & Landscape Planning SD-10

Design Objectives

Maximize Infiliration
Provide Retention
Slow Runoff

Minimize Impervious Land
Caverage

Prohibit Bumping of improper
Matetials

Contaln Pollutants
Collect and Convey

"SNP

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 urban 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 jurisdiction and be consistent with applicable
General Plan and Local Area Plan policies.

Stormwater
Quality
Association

January 2003 California Stormwater BMP Handbook 1of4
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SD-10 Site Desigh & Landscape Planning

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

principles:

®  Formulate the plan on the basis of clearly articulated community 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 unwooded 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 area, 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 designé should conserve natural areas to the extent possible, maximize natural
water storage and infiltration opportunities, and protect slopes and channels,

Conserve Natural Areas during Landscape Planning

If 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:

m  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.

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

» Promote natural vegetation by using parking lot islands and other landscaped areas.

®  Preserve riparian areas and wetlands.

Maximize 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 corridors, including depressions, areas of
permeable soils, swales, and intermittent streams, Develop and implement policies and

2of4 California Stormwater BMP Handbook January 2003
New Development and Redevelopment
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Site Design & Landscape 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,

Evaluating infiltration 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 hydrogeclogical conditions that cause these
facilities to fail. If necessary, locate developments with large amounts of impervious
surfaces or a potential to produce relatively contaminated runoff away from groundwater

recharge areas.

Protection of Slopes and Channels during Landscape Design

Convey runoff safely from the tops of slopes.

Avoid disturbing steep or unstable slopes.

Avoid disturbing natural channels.

Stabilize disturbed slopes as quickly as possible.

Vegetate slopes with native or drought tolerant vegetation.

Control and treat flows in landscaping and/or other controls prior to reaching exidting
natural 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 as to
minimize impacts to receiving waters.

Line on-site conveyance channels where appropriate, to reduce erosion caused 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 also provide water quality benefits from filtration and infiltration. If
velocities in the channel are high enough to erode grass or other vegetative linings, riprap,
concrete, soil cement, or geo-grid stabilization are other alternatives.

Consider other design principles that are comparable and equally effective.

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 £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.,

January 2003 . California Stormwater BMP Handbook 3of4
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SD-10 Site Design & Landscape Plannin_g_

Redevelopment may present significant opportunity to add features which had not previously
been implemented. Examples include incorporation of depressions, areas of permeable soils,
and swales in newly redeveloped areas. While some site constraints 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
A 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
Ecology, 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 Febraary 2003.

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

4of4 : California Stormwater BMP Handbaok January 2003
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Roof Runoff Controls SD-11

Design Objectives

v Maximize infiltration
V' Provide Retention
v Slow Runoff

Minimize Impervious Land
Coverage

Prohibit Dumping of Improper
Materials

v Contain Poliutants
Collect and Convey

Rain Garden

Description

Various roof runoff controls are available to address stormwater

that drains off rooftops. The objective is to reduce the total volume 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 runoff 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 runoff to be contained in a
gutter and downspout system. Foundation planting provides a vegetated strip under the drip

{ine 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 inelude 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 Barrels _ i

One method of addressing roof runoff is to direct roof downspouts ‘ !
CASQA

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 Stormwater

e . . . . - Quality
irrigation or infiltration between storms. The number of rain Association

January 2003 California Stormwater BMP Handbook _ 1of3
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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 2 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 barrels 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 closed to store stormwater for irrigation or
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 system with a permanently open outlet can also provide for metering stormwater
runoff. If the cistern outlet is significantly smaller than the size of the downspout inlet (say % to
Y2 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 gver
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 building at least 10 feet. They
must be installed in solids that accommeodate infiltration. In poorly drained soils, dry wells have

very limited feasibility.

-Infiltration trenches function in a similar manner 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 described under Treatment Controls,

Pop-up Drainage Emitter

Roof downspouts can be directed to an underground pipe that daylights some distance from the
building foundation, releasing the roof runoff through a pop-up emitter. Similarto 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.

20f3 California Stormwater BMP Handbook January 2003
New Development and Redevelopment
www.cabmphandbook.com

H-70




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, 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 instailations’
above should be followed.

4

Supplemental Information

Examples
x  City of Ottawa’s Water Links Surface —Water Quality Protection Program

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

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

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

Start at the Source, Bay Area Stormwater Management Agencies Association, 1999 Edition

January 2003 California Stormwater BMP Handbook 3of 3
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Efficient Irriga’tion - SD-12

Design Objectives

v Maximize Infiltration
v Provide Retention
v’ Slow Runoff

Minimize Impervicus Land
Coverage

Prohibit Dumping of Improper
Materials

Contain Pollutants
Collect and Convey

Description
Irrigation water provided to landscaped areas may result in excess irrigation water being
conveyed 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 conveyance
system.

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

Designing 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:

»  Employ rain-triggered shutoff devices to prevent irrigation after precipitation.
m  Design irrigation systems to each landscape area’s specific water requirements.

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

a Implement landscape plans consistent with County or City water conservatlon resolutions,
which may include provision of water sensors, programmable
irrigation times (for short cycles), ete.

alifornia

Stormwater

,  Quality
Association
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SD-12 Efficient Irrigation

»  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 runoff

- Installing appropriate plant materials for the location, in accordance with amount of
sunlight 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 watercourses, 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, efc.)
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,

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 Technical Guidance Manual for Stormwater Quality Control Measures,
July 2002.

20f2 California Stormwater BMP Handhook January 2003
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Storm Drain Signage SD-13

Design Objectives

Maximize Infiltration
Provide Retention
Slow Runoff

Minimize Impetvious Land
Coverage

v Prohibit Dumping of Improper
Materials

Contain Pollutants
Collect and Convey

Description

Waste materials damped 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 source controls that
are typically placed directly adjacent to storm drain inlets.

Approach

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

djsposal.

Suitable Applications

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. The marker should be placed in clear sight facing toward
anyone approaching the inlet from either side. All storm drain inlet locations should be
identified on the development site map.

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

»  Provide stenciling or labeling of all storm drain inlets and catch !
basins, constructed or modified, within the project area with @ AS @ A
prohibitive langunage. Examples include “NO DUMPING —

Stermwater
R, Quality
Association
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SD-13 Storm Drain Signage

DRAINS TO OCEAN” and/or other graphical icons to discourage illegal dumping.

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

Note - Some 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
requirements stated under “ designing new installations” above should be included in all project

design plans.

Additional Information

Maintenance Considerations

w 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 a maintenance agreement with the agency or record a deed restriction upon the
property title to maintain the legibility of placards or signs.

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

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

Supplemental Information

Examples
= 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 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.

20f2 California Stormwater BMP Handbook January 2003
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Pervious Pavements SD-20

Design Objectives

Meximize Infiltration
Provide Retention

Slow Runoff

Minimize Impervious Land
Caverage

Prohibit Dumping ¢f Improper
Materials

Contain Pollutants

Collect and Convey

“NANSNS

Description

Pervious paving is used for light vehicle loading in parking areas. The term describes a system
comprising a load-bearing, durable surface together with an underlying layered structure that
temporarily stores water prior to infiltration or drainage to a controlled outlet. The surface can
itself be porous such that water infiltrates across the entire surface of the material (e.g., grass
and gravel surfaces, porous concrete and porous asphait), or can be built up of impermeable
blocks separated by spaces and joints, through which the water can drain. This latter system is
termed ‘permeable’ paving. Advantages of pervious pavements is that they reduce runoff
volume while providing treatment, and are unobtrusive resulting in a high level of acceptability.

Approach

Attenunation of flow is provided by the storage within the underlying structure or sub base,
together with appropriate flow conirols. An underlying geotextile may permit groundwater
recharge, thus contributing to the restoration of the natural water cycle. Alternatively, where
infiltration is inappropriate (e.g., if the groundwater vulnerability is high, or the soil type is
unsuitable), the surface can be constructed above an impermeable membrane. The system offers
a valuable solution for drainage of spatially constrained urban areas.

Significant attenuation and improvement in water quality can be achieved by permeable
pavements, whichever method is used. The surface and subsurface infrastructure can remove
both the soluble and fine particulate pollutants that occur within urban runoff. Roof water can
be piped into the storage area directly, adding areas from which the flow can be attenuated.
Also, within lined systems, there is the opportunity for stored runoff to be piped out for reuse.

Suitable Applications _
Residential, commercial and industrial applications are possible. The use of permeable
pavement may be restricted in cold regions, arid regions or regions with high wind erosion.
There are some specific disadvantages associated with permeable pavement, which are as

follows:

®  Permeable pavement can become clogged if improperly installed or maintained. However,
this is countered by the ease with which small areas of paving can be cleaned or replaced

when blocked or damaged.

January 2003 California Stormwater BMP Handbaok 10of 10
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SD-20 Pervious Pavements

Design Considerations
Designing New Installations

If the grades, subsoils, drainage characteristics, and groundwater conditions are suitable,
permeable paving may be substituted for conventional bavement on parking areas, cul de sacs
and other areas with light traffic. Slopes should be flat or very gentle. Scottish experience has
shown that permeable paving systems can be instalied in a wide range of ground conditions, and
the flow attenuation performance is excellent even when the systems are lined.

Their application should be limited to highways with low traffic volumes, axle loads and
speeds (less than 30 mph limit), car parking areas and other lightly trafficked or non-
trafficked areas. Permeable surfaces are currently not considered suitable for adoptable
roads due to the risks associated with failure on high speed roads, the safety implications of
ponding, and disruption arising from reconstruction.

When using un-lined, infiltration systems, there is some risk of contaminating groundwater,
depending on soil conditions and aquifer susceptibility. However, this risk is likely to be
small because the areas drained tend to have inherently low pollutant loadings,

The use of permeable pavement is restricted to gentle slopes.

Porous block paving has a higher risk of abrasion and damage than solid blocks.

The suitability of a pervious system at a particular pavement site will, however, depend on the
loading criteria required of the pavement.

Where the system is to be used for infiltrating drainage waters into the ground, the vulnerability |
of local groundwater sources to pollution from the site should be low, and the seasonal high
water table should be at least 4 feet below the surface.

Ideally, the pervious surface should be horizontal in order to intercept local rainfall at source.
On sloping sites, pervious surfaces may be terraced to accommodate differences in levels.

Design Guidelines
The design of each layer of the pavement must be determined by the likely traffic loadings and i
their required operational life. To provide satisfactory performance, the following criteria

should be considered:

There is no current structural design method specifically for pervious pavements, Allowances
should be considered the following factors in the design and specification of materials:

The subgrade should be able to sustain traffic loading without excessive deformation.

The granular capping and sub-base layers should give sufficient load-bearing to provide an
adequate construction platform and base for the overlying pavement layers.

The pavement materials should not crack of suffer excessive rutting under the influence of
traffic. This is controlled by the horizontal tensile stress at the base of these layers.
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»  Pervious pavements use materials with high permeability and void space. All the current UK
pavement design methods are based on the use of conventional materials that are dense and
relatively impermeable. The stiffness of the materials must therefore be assessed.

m  Water is present within the construction and can soften and weaken materials, and this must
be allowed for.

a  Existing design methods assume full friction between layers. Any geotextiles or
geomembranes must be carefully specified to minimize loss of friction between layers.

m  Porous asphalt loses adhesion and becomes brittle as air passes through the voids. Its
" durability is therefore lower than conventional materials,

The single sized grading of materials used means that care should be taken to ensure that loss of
finer particles between unbound layers does not occur.

Positioning a geotextile near the surface of the pervious construction should enable pollutants to
be trapped and retained close to the surface of the construction. This has both advantages and
disadvantages. The main disadvantage is that the filtering of sediments and their associated
pollutants at this level may hamper percolation of waters and can eventually lead to surface
ponding. One advantage is that even if eventual maintenance is required to reinstate
infiltration, only a limited amount of the construction needs to be disturbed, since the sub-base
below the geotextile is protected. In addition, the pollutant concentration at a high level in the
structure allows for its release over time. It is slowly transported in the stormwater to lower
levels where chemical and biological processes may be operating to retain or degrade pollutants.

The design should ensure that sufficient void space exists for the storage of sediments to limit
the period between remedial works.

w Pervious pavements require a single size grading to give open voids. The choice of materials
is therefore a compromise between stiffness, permeability and storage capacity.

®  Because the sub-base and capping will be in contact with water for a large part of the time,
the strength and durability of the aggregate particles when saturated and subjected to
wetting and drying should be assessed.

n A uniformly graded single size material cannot be compacted and is liable to move when
construction traffic passes over it. This effect can be reduced by the use of angular crushed
rock material with a high surface friction.

In pollution control terms, these layers represent the site of long term chemical and biological
pollutant retention and degradation processes. The construction materials should be selected,
in addition to their structural strength properties, for their ability to sustain such processes. In
general, this means that materials should create neutral or slightly alkaline conditions and they
should provide favorable sites for colonization by microbial populations.

Construction/Inspection Considerations
= Permeable surfaces can be laid without cross-falls or longitudinal gradients.

a The blocks should be lain level
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®  They should not be used for storage of site materials, unless the surface is well protected
from deposition of silt and other spillages.

x  The pavement should be constructed in a single operation, as one of the last items to be
built, on a development site. Landscape development should be completed before pavement
construction to avoid contamination by silt or soil from this source.

m  Surfaces draining to the pavement should be stabilized before construction of the pavement.

= Inappropriate construction equipment should be kept away from the pavement to prevent
damage to the surface, sub-base or sub-grade.

Maintenance Requirements

The maintenance requirements of a pervious surface should be reviewed at the time of design
and should be clearly specified. Maintenance is required to prevent clogging of the pervious
surface. The factors to be considered when defining maintenance requirements must include:

m  Type of use

»  Ownership

s Level of trafficking

= Thelocal environment and any contributing catchments

Studies in the UK have shown satisfactory operation of porous pavement systems without
maintenance for over 10 years and recent work by Imbe et al. at 9th ICUD, Portland, 2002
describes systems operating for over 20 years without maintenance, However, performance
under such regimes could not be guaranteed, Table 1 shows typical recommended maintenance

regimes:
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Table 1 Typical Recommended Maintenance Regimes
Activity Schedule

m  Minimize use of salt or grit for de-icing
m  Keep landscaped areas well maintained Ongoing

m  Prevent soil being washed onto pavernent

m  Vacuum clean surface using commercially available sweeping
machines at the following times:

- End of winter (April) 2/3 X per year
- Mid-summer (July / August)
- After Autumn leaf-fall (November)

m  Inspect outlets Annual

m  If routine cleaning does not restore infiltration rates, then
reconstruction of part of the whole of a pervious surface may be
required.

m  The surface area affected by hydraulic failure should be lifted for
inspection of the internal materials to identify the location and As needed (infr B
extent of the blockage. Malﬁﬁufm ;;_2?;:; .

m  Surface materials should be lifted and replaced after brush
cleaning. Geotextiles may need complete replacement.

m  Sub-surface layers may need cleaning and replacing.

m  Removed siits may need to be disposed of as controlled waste.

Permeable pavements are up to 25 % cheaper (or at least no more expensive than the traditional
forms of pavement construction), when all construction and drainage costs are taken into
account. (Accepting that the porous asphalt itself is a more expensive surfacing, the extra cost of
which is offset by the savings in underground pipework etc.) (Niemezynowicz, et al., 1987)

Table 1 gives US cost estimates for capital and maintenance costs of porous pavements
(Landphair et al., 2000)

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. '
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Additional Information

Cost Considerations

Permeable pavements are up to 25 % cheaper (or at least no more expensive than the traditional
forms of pavement construction), when all construction and drainage costs are taken into
account. (Accepting that the porous asphalt itself is a more expensive surfacing, the exira cost of
which is offset by the savings in underground pipework etc.) (Niemezynowicz, et al., 1987)

Table 2 gives US cost estimates for capital and maintenance costs of porous pavements
(Landphair et al., 2000)
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Supplemental Information
n

Other Resources
Abbott C.L. and Comino-Mateos L. 2001. In situ performance monitoring of an infiltration
drainage system and field testing of current design procedures. Journal CTWEM, 15(3), pp.198-

202.

Construction Industry Research and Information Association (CIRIA). 2002. Source Control
using Constructed Pervious Surfaces C582, London, SWiP 3AU.

Construction Industry Research and Information Association (CIRJA). 2000. Sustainable urban
drainage systems - design manual for Scotland and Northern Ireland Report Cs21, London,

SWiP 3AU.

Construction Industry Research and Information Association (CIRIA). 2000 C522 Sustainable
urban drainage systems - design manual Jor England and Wales, London, SW1iP 3AU.

Construction Industry Research and Information Association (CIRIA). RP448 Manual of good
practice for the design, construction and maintenance of infiltration drainage systems for
stormwater runoff control and disposal, London, SW1P 3AT,

Dierkes C., Knhlmann L., Kandasamy J. & Angelis G. Pollution Retention Capability and
Maintenance of Permeable Pavements. Proc 9" International Conference on Urban Drainage,

Portland Oregon, September 2002,

Hart P (2002) Permeable Paving as a Stormwater Source Control System. Paper presented at
Scottish Hydraulics Study Group 14t Annual seminar, SUDS. 22 March 2002, Glasgow.

Kobayashi M., 1999. Stormwater runoff control in Nagoya City. Proc. 8 th Int. Conf. on

Urban Storm Drainage, Sydney, Australia, pp.825-833.

Landphair, H., McFalls, J., Thompson, D., 2000, Design Methods, Selection, and Cost
Effectiveness of Stormwater Quality Structures, Texas Transportation Institute Research Report

1837-1, College Station, Texas.

Legret M, Colandini V, Effects of a porous pavement with reservior strucutre on runoff
water:water quality and the fate of heavy metals. Laboratoire Central Des Ponts et Chaussesss

Macdonald K. & Jefferies C. Perfomiance Comparison of Porous Paved and Traditional Car
Parks. Proc. First National Conference on Sustainable Drainage Systems, Coventry June 2oo01.

Niemczynowicz J, Hogland W, 1987: Test of porous pavements performed in Lund, Sweden, in
Topics in Drainage Hydraulics and Hydrology. BC. Yen (Ed.), pub. Int. Assoc. For Hydraulic

Research, pp 19-80.

Pratt C.J. SUSTAINABLE URBAN DRAINAGE — A Review of published material on the
performance of various SUDS devices prepared for the UK Environment Agency. Coventry
University, UK December 2001.
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Pratt C.J., 1995. Infiltration drainage — case studies of UK practice. Project Report

22,Construction Industry Research and Information Association, London, SW1P 3AU: also
known as National Rivers Authority R & D Note 485

Pratt. C. J., 1990. Permeable Pavements for Stormwater Quality Enhancement. In: Urban
Stormwater Quality Enhancement - Source Control, retrofitting and combined sewer
technology, Ed. H.C. Torno, ASCE, ISBN 087262 7594, pp. 131-155

Raimbault G., 1997 French Developments in Reservoir Structures Sustainable water resources I
the 21t century. Malmo Sweden

Schliiter W. & Jefferies C. Monitoring the outflow from a Porous Car Park Proc. First National
Conference on Sustainable Drainage Systems, Coventry June 2001.

Wild, T.C., Jefferies, C., and D’Arcy, B.J. SUDS in Scotland — the Scottish SUDS database
Report No SR(02}09 Scotland and Northern Ireland Forum for Environmental Research,
Edinburgh. In preparation August 2002.
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Alternative Building Materials SD-21

Design Objectives

v' Maximize Infiltration
V' Provide Retention
v"  Source Gontrol

Minimize Impervious Land
Coverage

Prohibit Dumping of Improper
Materials

Contain Pollutant

Collect and Convey

Description

Alternative building materials are selected instead of conventional materials for new
construction and renovation. These materials reduce potential sources of pollutants in
stormwater runoff by eliminating compounds that can leach into runoff, reducing the need for
pesticide application, reducing the need for painting and other maintenance, or by reducing the

volume of runoff.

Approach
Alternative building materials are available for use as lumber for decking, roofing materials,
home siding, and paving for driveways, decks, and sidewalks.

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

Design Considerations
Designing New Installations

Decking
One of the most common materials for construction of decks and other outdoor construction has
traditionally been pressure treated wood, which is now being phased out. The standard
treatment is called CCA, for chromated copper arsenate. The key ingredients are arsenic (which
kills termites, carpenter ants and other insects), copper (which kills the fungi that cause wood to
rot) and chromium (which reacts with the other ingredients to bind them to the wood). The
amount of arsenic is far from trivial. A deck just 8 feet x 10 feet contains more than 1 1/3 pounds
of this highly potent poison. Replacement materials include a new type of pressure treated
wood, plastic and composite lumber.

There are currently over 20 products in the market consisting of Alifornia
plastic or plastic-wood composites. Plastic lumber is made from , Stormwater

100% recycled plastic, # 2 HDPE and polyethylene plastic milk jugs Quatity
Assaciation
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and soap bottles. Plastic-wood composites are a combination of plastic and wood fibers or
sawdust. These materials are a long lasting exterior weather, insect, and chemical resistant wood
lumber replacement for non structural applications. Use it for decks, docks, raised garden beds
and planter boxes, pallets, hand railings, outdoor furniture, animal pens, boat decks, ete.

New pressure treated wood uses a much safer recipe, ACQ, which stands for ammoniacal copper
quartenary. It contains no arsenic and no chromium, Yet the American Wood Preservers
Association has found it to be just as effective as the standard formula, ACQ is common in Japan

and Europe.

Roofing A

Several studies have indicated that metal used as roofing material, flashing, or gutters can leach
metals into the environment. The leaching occurs because rainfall is slightly acidic and slowly
dissolved the exposed metals. Common traditional applications include copper sheathing and
galvanized (zinc) gutters.

Coated metal products are.available for both roofing and gutter applications. These products
eliminate contact of bare metal with rainfall, eliminating one source of metals in runoff, There
are also roofing materials made of recycled rubber and plastic that resemble traditional

materials.

A less traditional approach is the use of green roofs. These roofs are not just green, they're alive.
Planted with grasses and succulents, low- profile green roofs reduce the urban heat island effect,
stormwater runoff, and cooling costs, while providing wildlife habitat and a connection to nature
for building occupants. These roofs are widely used on industrial facilities in Europe and have
been established as experimental installations in several locations in the US, including Portland,
Oregon. Their feasibility is questionable in areas of California with prolonged, dry, hot weather.

Paved Areas

Traditionally, concrete is used for construction of patios, sidewalks, and driveways. Although it
is non-toxic, these paved areas reduce stormwater infiltration and increase the volume and rate
of runoff. This increase in the amount of runoff is the leading cause of stream channel
degradation in urban areas.

There are a number of alternative materials that can be used in these applications, including
porous concrete and asphalt, modular blocks, and crushed granite. These materials, especially
modular paving blocks, are widely available and a well established method to reduce stormwater

runoff,

Building Siding

Wood siding is commonly used on the exterior of residential construction. This material
weathers fairly rapidly and requires repeated painting to prevent rotting. Alternative “new”
products for this application include cement-fiber and vinyl. Cement-fiber siding is a masonry
product made from Portland cement, sand, and cellulose and will not burn, cup, swell, or

shrink.

Pesticide Reduction
A common use of powerful pesticides is for the control of termites. Chlordane was used for many

years for this purpose and is now found in urban streams and lakes nationwide. There are a
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number of physical barriers that can be installed during construction to help reduce the use of
pesticides.

Sand barriers for subterranean termites are a physical deterrent because the termites cannot
tunnel through it. Sand barriers can be applied in crawl spaces under pier and beam
foundations, under slab foundations, and between the foundation and concrete porches,
terraces, patios and steps. Other possible locations include under fence posts, underground
electrical cables, water and gas lines, telephone and electrical poles, inside hollow tile cells and

against retaining walls.

Metal termnite shields are physical barriers to termites which prevent them from building
invisible tunnels. In reality, metal shields function as a helpful termite detection device, forcing
them to build tunnels on the outside of the shields which are easily seen. Metal termite shields
also help prevent dampness from wicking to adjoining wood members which can result in rot,
thus making the material more attractive to termites and other pests. Metal flashing and metal
plates can also be used as a barrier between piers and beams of structures such as decks, which
are particularly vulnerable to termite attack.

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.

3

Other Resources

There are no good, independent, comprehensive sources of information on alternative building
materials for use in minimizing the impacts of stormwater runoff. Most websites or other
references to “green” or “alternative” building materials focus on indoor applications, such as
formaldehyde free plywood and low VOC paints, carpets, and pads. Some supplemental
informaticon on alternative materials is available from the manufacturers.

Fires are a source of concern in many areas of California. Information on the flammability of
alternative decking materials is available from the University of California Forest Product

Laboratory (UCFPL) website at: http://www.ucfpl.ucop.edu/WDDeckIntro.htm
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Section 5
Treatment Control BMPs

5.1 Introduction

This section describes treatment control Best Management Practices (BMPs) to be considered
for incorporation into newly developed public and private infrastructure, as well as retrofit into
existing facilities to meet stormwater management objectives. BMP fact sheets are divided into
two groups: public domain BMPs and manufactured (proprietary) BMPs. In some cases, the
same BMP may exist in each group, for example, media filtration. However, treatment BMPs
are typically very different between the two groups.

Brand names of manufactured BMPs are not stated. Descriptions of manufactured BMPs in this
document should not be inferred as endorsement by the authors.

5.2 Treatment Control BMPs
Public domain and manufactured BMP controls are listed in Table 5-1.

Table 5-1 Treatment Control BMPs
Public Domain Manufzactured (Proprietary)

Infiltration Infiltration

TC-10  Infiltration Trench
TC11  Infiltration Basin
TC-12  Retention/Irrigation
Detention and Settling Detention and Settling
TC-20 WetPond MP-20  Wetland
TC-21  Constructed Wetland
TC-22  Extended Detention Basin
Biofiliration Biofiltration
TC30  Vegetated Swale
TC-g1  Vegetated Buffer Strip
TC-32  Bioretention

Filtration Filtration
TC-40  Media Filter MP-40  Media Filter
Flow Through Separation Flow Through Separation

TC-50  Water Quality Inlet

MP-50  Wet Vault
MP-51  Vortex Separator
MP-52  Drain Inserts

Other

Other

[ TC-60  Multiple Systems
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5.3 Fact Sheet Format

A BMP fact sheet is a shart document that gives
all the informaticn about a particular BMP.
Typically, each public domain and
manufactured BMP fact sheet contains the
information outlined in Figure 5-1. The fact
sheets also contain side bar presentations with
information on BMP design cansiderations,
targeted constituents, and removal
effectiveness (if known).

Treatment BMP perfaormance, design criteria,

TOot/ MPxx Example Fact Sheet
Deseription
California Experience
Advantages
Limitations
esign and Sizing Guidelines
Performance
Siting Criteria
Design Guidelines
Maintenance
Cost
References and Sourees of Additional Information

and other selection factors are discussed in 5.4
— 5.6 below. BMP Fact sheets are includedin 5.7.

Figure 5-1
Example Fact Sheet

5.4 Comparing Performance of Treatment BMPs

With a myriad of stormwater treatment BMPs from which to choose, a question commonly
asked is “which one is best”, Particularly when considering a manufactured treatment system,
the engineer wants to know if it provides performance that is reasonably comparable to the
typical public-domain BMPs like wet ponds or grass swales. With so many BMPs, itis not likely
that they perform equally for all pollutants. Thus, the question that each local jurisdiction faces
is which treatment BMPs will it allow, and under what circumstances. What level of treatment
is desired or reasonable, given the cost? Which BMPs are the most cost-effective? Cunrent
municipal stormwater permits specify the volume or rate of stormwater that must be treated,
but not the specific level or efficiency of treatment: These permits usually require performance
to the specific maximum extent practicable (MEP), but this does not translate to an easy to apply

specific design criteria.

Methodology for comparing BMP performance may need to be expanded to include more than
removal effectiveness. Many studies have been conducted on the performance of stormwater
treatment BMPs. Several publications have provided summaries of performance (ASCE, 1998;
ASCE, 2001; Brown and Schueler, 1997; Shoemaker et al., 2000; Winter, 2001). These
summaries indicate a wide variation in the performance of each type of BMP, making
effectiveness comparisons between BMPs problematic.

5.4.1 Variation in Performance
There are several reasons for the observed variation,

The Variability of Stormwater Quality

Stormwater quality is highly variable during a storm, from storm to storm at a site, and between
sites even of the same land use. For pollutants of interest, maximum observed concentrations
commonly exceed the average concentration by a factor of 100. The average concentration of a
storm, known as the event mean concentration (EMC) commonly varies at a site by a factor of 5.
One aspect of stormwater quality that is highly variable is the particle size distribution (PSD) of

January 2003
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the suspended sediments. This results in variation in the settle ability of these sediments and
the pollutants that are attached. For example, several performance studies of manufactured
BMPs have been conducted in the upper Midwest and Northeast where deicing sand is
commonly used. The sand, washed off during spring and summer storms, skews the PSD to
larger sizes not commonly found in stormwater from California sites except in mountainous
areas. Consequently, a lower level efficiency may be observed if the same treatment system is
used in California.

Most Field Studies Monitor Too Few Storms _

High variability of stormwater quality requires that a large number of storms be sampled to
discern if there is a significant difference in performance among BMPs. The smaller the actual
difference in performance between BMPs, the greater the number of storms that mustbe
sampled to statistically discern the difference between them. For example, a researcher
attempting to determine a difference in performance between two BMPs of 10% must monitor
many more storms than if the interest is to define the difference within 50%. Given the expense
and difficulty, few studies have monitored enough storms to determine the actual performance
with a high level of precision.

Different Design Criteria

Performance of different systems within the same group (e.g., wet ponds) differs significantly in
part because of differing design criteria for each system. This in furn can make it problematic to
compare different groups of treatment BMPs to each other (e.g., wet ponds to vortex
separators).

Differing Influent Concentrations and Analytical Variability

With most treatment BMPs, efficiency decreases with decreasing influent concentration. This is
illustrated in Figure 5-2. Thus, alow removal efficiency may be observed during a study not
because the device is inherently a poorer performer, but possibly because the influent
concentrations for the site were unusually low. In addition, as the concentration of a particular
constituent such as TSS approaches its analytical detection limit, the effect of the variability of
the laboratory technique becomes more significant. This factor also accounts for the wide
variability of observations on the left of Figure 5-2.

The variability of the laboratory results as the TS5 approaches its analytical detection limit may
also accomnt for negative efficiencies at very low influent concentrations (e.g., TSS less than 10
mg/L). However, some negative efficiencies observed at higher concentrations may not
necessarily be an artifact of laboratory analysis. The cause varies to some extent with the type of
treatment BMP. Negative efficiencies may be due to the re-suspension of previously deposited
pollutants, a change in pH that dissolves precipitated or sorbed pollutants, discharge of algae in
the case of BMPs with open wet pools, erosion of unprotected basin side or bottom, and the

degradation of leaves that entered the system the previous fall.
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Different Methods of
Calculating Efficiency
Researchers (1) have used 100%
different methods to 80%
caleulate efficiency, (2) do T 60%
not always indicate which T 40% + SWALE
method they have used, and 5 oo = STRIP
(3) often do not provide £ 0% EDB
sufficient information in 5 -20% x SF
their report to allow athers 8 0% ¥ WET BASIN
torecalculate the efficiency ¢ 60%
using a common method. -80%
-100%
One approach to quantifyil:l,g Influent Concentration
BMP efficiency is to
determine firstif the BMP is o Figure 5-2
providing treatment (that Removal Efficiency Versus Influent Concentration
the influent and effluent

mean event mean concentrations are statistically different from one another) and then examine
either a cumulative distribution function of influent and effluent quelity or a standard parallel
probability plot. This approach is called the Effluent Probability Method. While this approach
has been used in the past by EPA and ASCE, same researchers have experienced problems with
the general applicability of this method. A discussion of these issues is included in Appendix B.

4 uwmb
of del poinie

A second approach to comparing
performance among BMPs is to compare
effluent concentrations, using a box-whisker
plot, the basic form of which is illustrated in
Figure 5-3. The plot represents all of the

data points, of one study, several studies, or Thicd Querts ———> «—
of individual storms. The plots provide First Quartis ——1—p
insight into the variability of performance

within each BMP type, and possible

differences in performance among the types.

To explain the plot 50% of the data points as

well as the median value of all the data mwb
points is represented by the box. That is, the of dals poinka
median falls within the 75th and 25th A S0 g chown across the e of oo mockon. The botkom o e

percentile of data (top and bottom of the
box). The whisker extends to the highest

of the hox.

bow fe al the 20t percaiiie and ihe Ln s at the 75th percenile.
The whisiera are the lines thet axiend fom & fop and boltom
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Recognizing the possible effect of influent concentration on efficiency, an alternativeis to
compare effluent concentrations. The reasoning is that regardless of the influent concentration,
a particular BMP will generate a narrower range of effluent concentrations. Figure 5-4 shows
ohserved effluent concentrations for several different types of BMPs. These data were generated
in an extensive field program conducted by the California Department of Transportation
(Caltrans). As this program is the most extensive effort to date in the entire United States, the
observations about performance in this Handbaok rely heavily on these data. The Caltrans
study is unique in that many of the BMPs were tested under reasonably similar conditions
(climate, storms, freeway stormwater quality), with each type of BMP sized with the same design

criteria.

An additional factor to consider when comparing BMPs is the effect of infiltration. BMPs with
concrete or metal structures will have no infiltration, whereas the infiltration in earthen BMPs
will vary from none to substantial. For example, in the Caltrans study, infiltration in vegetated
swales averaged nearly 50%. This point is illustrated with Figure 5-4 where effluent quality of
several BMPsis compared. As seen in Figure 5-4, effluent concentration for grass swales is
higher than either filters or wet basins (30 vs. 1010 15 mg/L), suggesting that swales in
comparison are not particularly effective. However, surface water entering swales may infiltrate
into the ground, resulting in a loading reduction (flow times concentration) that is similar to
those BMPs with minimal or no infiltration.
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Figure 5-4
Observed Effluent Concentrations for Several Different Public bomain BMPs
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With equation shown below, it is possible using the data from Figure 5-4 to estimate different
levels of loading reduction as a function of the fraction of stormwater that is infiltrated.

EEC = (1-D(EC) + (I)(GO)
Where;
EEC = the effective effluent concentration
I = fraction of stormwater discharged by infiltration
EC = the median concentration observed in the effluent
GC = expected concentration of stormwater when it reaches the groundwater

To illustrate the use of the equation above, the effect of infiltration is considered on the effective
effluent concentration of TSS from swales. From Figure 5-4, the median effluent concentration
for swales is about 30 mg/I.. Infiltration of 50% is assumed with an expected concentration of 5
mg/L when the stormwater reaches the groundwater. This gives:

EEC = (1-0.5)(30) + (0.5)(5) = 17.5 mg/L.

The above value can be compared to other BMPs that may directly produce a lower effluent
concentration, but do not exhibit infiltration, such as concrete wet vaults.

5.4.2 Other Issues Related to Performance Comparisons

A further consideration related to performance comparisons is whether or not the treatment
BMP removes dissolved pollutants. Receiving water standards for most metals are based on the
dissolved fraction; the form of nitrogen or phosphorus of most concern as a mutrient is the

dissolved fraction.

The common practice of comparing the performance of BMPs using TSS may not he considered
sufficient by local governments and regulatory agencies, as there is not always a strong,
consistent relationship between TSS and the pollutants of interest, particularly those identified
in the 303d list for specific water bodies in California.  These pollutants frequently include
metals, nitrogen, nutrients (but often nutrients without specifying nitrogen or phosphorus),
indicator bacteria (i.e., fecal coliform), pesticides, and trash. Less commonly cited pollutants
include sediment, PAHs, PCBs, and dioxin. With respect to metals, typically, only the general
termis used. In some cases, a specific metal is identified. The most commonly listed metals are
mercury, copper, lead, selenium, zinc, and nickel. Less frequently listed metals are cadmium,
arsenic, silver, chromium, molybdenum, and thalliom. Commonly, anly the general term
“metals" is indicated for a water body without reference to a particular metal.

It is desirable to know how each of the treatment BMPs performs with respect to the removal of
the above pollutants. Unfortunately, the performance data are non-existent or very limited for
many of the cited pollutants, particularly trash, PAHs, PCBs, dioxin, mercury, selenium, and
pesticides. Furthermore, the concentrations of these constituents are very low, often below the

) ___J
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detection limit. This prevents the determination of which BMPs are most effective. However,
with the exception of trash and possibly dioxin, these pollutants readily sorb to sediments in
stormwater, and therefore absent data at this time can be considered to be removed in
proportion to the removal of TSS (i.e., sediment.) Therefore, in general, those treatment
systems that are most effective at removing TSS will be most effective at removing pollutants

noted above.

While there is little data on the removal of trash, those treatment BMPs that include a basin
such as a wet pond or vault, or extended detention basin should be similarly effective at
removing trash as long as the design incorporates a means of retaining the floating trash in the
BMP. Whether or not manufactured products that are configured as a basin (e.g., round vaults
or vartex separators) are as effective as public domain BMPs is unknown. However, their ability
to retain floating debris may be limited by the fact that many of these products are relatively
small and therefore may have limited storage capacity. Only one manufactured BMP is
specifically designed to remove floating debris.

There are considerable amounts of performance data for zne, copper, and lead, with a less
substantial database for mickel, cadmium, and chromium. An exception is high-use freeways
where metals in general are at higher concentrations than residential and commercial
properties. Lead sorbs easily to the sediments in stormwater, with typically only 10% in the
dissolved phase. Hence, its removal is generally in direct proportion to the removal of TSS. In
contrast, zinc, copper, and cadmium are highly soluble with 50% or more in the dissolved phase.
Hence, two treatment BMPs may remove TSS at the same level, butif one is capable of removing
dissolved metals, it provides better treatment overall for the more soluble metals.

5.4.3 Comparisons of Treatment BMPs for Nitrogen, Zinc,
Bacteria, and TSS
Presented in Figures 5-5 through 5-8 are comparisons of the effluent concentrations produced
by several types of treatment BMPs for nitrogen, zinc, and fecal coliform, respectively (TS5 is
represented in Figure 5-4). Graphs for other metals are provided in Appendix C. These data are
from the Caltrans study previously cited. Total and the dissolved effluent concentrations are
shown for zinc. (Note that while box-whisker plots are used here to compare BMPs, other
methodologies, such as effluent cumulative probability distribution plots, are used by others.)
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While a figure is provided for fecal coliform, it is important to stress that the performance
comparisons between BMPs is problematic. Some California BMP studies have shown excellent
removal of fecal coliform through constructed wetlands and other BMPs. However, BMP
comparisons are complicated by the fact that several BMPs attract wildlife and pets, thereby
elevating bacteria levels. As bacteria sorb to the suspended sediments, a significant fraction may
be removed by settling or filtration. A cautionary note regarding nitrogen: when comparing
nitrogen removal between treatment systems it is best to use the parameter total nitrogen, It
consists of Total Kjeldahl Nitrogen — TKN (organic nitrogen plus ammonia) plus nitrate.
Comparing TKN removal rates is misleading in that in some treatment systems the ammonia is
changed to nitrate but not removed. Examination of the performance data of many systems
shows that while TKN may decrease dramatically, the nitrate concentration increases
correspondingly. Hence, the overall removal of nitrogen is considerably lower than implied

from looking only at Kjeldahl Nitrogen.

5.4.4 General Performance of Manufactured BMPs

An important question is how the performance of manufactured treatment BMPs compares o
those in the public domain, fllustrated previously in Figures 5-4 through 5-8. Figure 5-9 (and
Figure 5-10 in log format) presents box-whisker plots of the removal of TSS for the
manufactured systems. Data are presented for five general types of manufactured BMPs: wet
vaults, drain inserts, constructed wetlands, media filters, and vortex separators. The figures
indicate wide ranges in effluent concentrations, reflecting in part the different products and
design criteria within each type. Comparing Figures 5-4 and 5-9 suggests that manufactured
products may perform as well as the less effective publicdomain BMPs such as swales and
extended detention basins (excluding the additional benefits of infiltration with the latter).
Manufactured wetlands may perform as well as the most effective publicdomain EMPs;
however, the plot presented in Figure 5-9 for the manufactured wetlands represents only five
data points. It should be noted that each type of BMP illustrated in Figure 5-9 contains data
from more than one product. Perfarmance of particular products within that grouping may not
perform as well as even the least effective publicdomain BMPs. This observation is implied by
the greater spread within some boxes in Figure 5-9, for example, manufactured wet vaults and

vortex separators.
Product performance within each grouping of manufactured BMPs vary as follows:
s Filters — TSS effluent concentrations range from 2 to 280 mg/L, with a median value of 29

mg/L

m  Inserts - TSS effluent concentrations range from 4 to 248 mg/L with a median value of 27
mg/L

= Wetlands - TSS effluent concentrations vary little, and have a median value of 1.2 mg/L

» Vaults — TSS effluent concentrations range from 1 to 467 mg/L, with a median value of 36
mg/L

= Vortex — TSS effluent concentrations range from 13 to 359 mg/L, with 2 median value of 32 mg/L
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As noted earlier, performance of particular products in a grouping may be due to different
design criteria within the group. For example, wet vault products differ with respect to the
volume of the permanent wet pool to the design event volume; filter products differ with

respect to the type of media.

5.4.5 Technology Certification

This Handbook does not endorse proprietary products, although many are described. Itisleftto
each community to determine which proprietary products may be used, and under what
circumstances. When considering a proprietary product, it is strongly advised that the
community consider performance data, but only performance data that have been collected
following a widely accepted protocol. Protocols have been developed by the American Society of
Civil Engineering (ASCE BMP Data Base Program), and by the U.S.Environmental Protection
Agency (Environmental Technology Certification Program). The local jurisdiction should ask
the manufacturer of the product to submit a report that describes the product and protocol that
was followed to produce the performance data.

It can be expected that subsequent to the publishing of this Handbook, new public-domain
technologies will be proposed (or design criteria for existing technologies will be altered) by
development engineers. As with proprietary produets, it is advised that new public-domain
technologies be considered only if performance data are available and have been collected

following a widely accepted protocol.
5.5 BMP Design Criteria for Flow and Volume

Many municipal stormwater discharge permits in California contain provisions such as
Standard Urban Stormwater Mitigation Plans, Stormwater Quality Urban Impact Mitigation
Plans, or Provision C.3 New and Redevelopment Performance Standards, commonly referred to
as SUSMPs, SQUIMPs, or C.3 Provisions, respectively. What these and similar provisions have
in common is that they require many new development and redevelopment projects to capture
and then infiltrate or treat runoff from the project site prior to being discharged to storm drains.
These provisions include minimum standards for sizing these treatment control BMPs. Sizing
standards are prescribed for both volume-based and flow-based BMPs.

A key point to consider when developing, reviewing, or complying with requirements for the
sizing of treatment control BMPs for stormwater quality enhancement is that BMPs are most
efficient and economical when they target small, frequent storm events that over time produce
more total runoff than the larger, infrequent storms targeted for design of flood control
facilities. The reason for this can be seen by examination of Figure 5-11 and Figure 5-12.

Figure 5-11 shows the distribution of storm events at San Jose, California where most storms
produce less than 0.501n. of total rainfall. Figure 5-12 shows the distribution of rainfall
intensities at San J ose, California, where most storms have intensities of less than 0.25 in/hr,
The patterns at San Jose, California are typical of other locations throughout the state, Figares
5-11 and 5-12 show that as storm sizes increase, the number of events decrease. Therefore, when

BMPs are designed for increasingly larger storms (for example, starms up to 1in. versus storms
of up to 0.5 in.), the BMP size and cost increase dramatically, while the number of additional

e
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treated storm events are small. Table 5-2 shows that doubling the design storm depth from o0.50
in. to 1.00 in. only increases the number of events captured by 23%. Similarly, doubling the
design rainfall intensity from 0.25 in/hr to 0.50 in/hr only increases the number of events
captured by 7%.

Number of Events

Rain Storms at San Jose, CA
1200 1 1067 1848-2000
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800
400 1 242
202 1 e w 5 9 2 1

Storm Depth, Inches

Figure 5-11
Rain Storms at San Jose, CA

Rain Intensity at San Jose, CA
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Figure 5-12
Rain Intensity at San Jose, CA
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Table 5-2  Incremental Design Criteria VS Storms Treated at San Jose, CA
Proposed Number of Incremental Incremental
i Historical Events Increase in Increase in
BMP Design Target in Range Design Criteria | Storms Treated
Storm Depth. 1,067
0.00to 0.50 in.
+100% +23%
Storm Depth
; 242
0.51t0 1.00 in.
RamfallInte_nmty 2,963
0.10 to 0.25 in/hr
+100% +7%
Rainfall Intensity 20
0.26 to 0.50 in/hr 7

Due to economties of scale, doubling the capture and treatment requirements for a BMP are not
likely to double the cost of many BMPs, but the incremental cost per event will increase, making
increases beyond a certain point generally unattractive. Typically, design criteria for water
quality control BMPs are set to coincide with the “knee of the curve,” that is, the point of
inflection where the magnitude of the event increases more rapidly than number of events
captured. Figure 5-13 shows that the “knee of the curve" or point of diminishing returns for San
Jose, California is in the range of 0.75to 1.00in. of rainfall. In other words, targeting design
storms larger than this will produce gains at considerable incremental cost. Similar curves can
be developed for rainfall intensity and runoff volume.
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It is important to note that arbitrarily targeting large, infrequent storm events can actually
reduce the pollutant removal capabilities of some BMPs. This occurs when outlet structures,
detention times, and drain down times are designed to accommodate unusually large volumes
and high flows. When BMPs are over-designed, the mare frequent, small storms that produce
the most annual runoff pass quickly through the over-sized BMPs and therefore receive
inadequate treatment. For example, a detention basin might normally be designed to capture
0.5in. of rmoff and to release that runoff over 48 hrs, providing a high level of sediment
removal. If the basin were to be oversized to capture 1.0 in. of runoff and to release that runoff
over 48 hrs, a more common 0.5 inch runoff event entering basin would drain in approximately
24 hrs, meaning the smaller, more frequent storm that is responsible for more total runoff
would receive less treatment than if the basin were designed for the smaller event. Therefore,
officient and economical BMP sizing criteria are usually based on design criteria that correspond

to the “knee of the curve” or point of diminishing returns.

5.5.1 Volume-Based BMP Design

Volume-based BMP design standards apply to BMPs whose primary mode of pollutant removal
depends on the volumetric capacity of the BMP. Examples of BMPs in this category include
detention basins, retention basins, and infiltration. Typically, a volume-based BMP design
criteria calls for the capture and infiltration or treatment of a certain percentage of the runoff
from the project site, usually in the range of the 75th to 85th percentile average annual runoff
volume. The 75th to 85th percentile capture range corresponds to the “knee of the curve" for
many sites in California for sites whose composite runoff coefficientis in the 0.50 to 0.95 range.

The following are examples of volume-based BMP design standards from current municipal
stormwater permits. The permits require that volume-based BMPs be designed to capture and
then to infiltrate or treat stormwater runoff equal to one of the following;

= EHighty (80) percent of the volume of annual runoff, determined in accordance with the
methodology set forth in Appendix D of the California Storm Water Best Management
Practices Handbook (Stormwater Quality Task Force, 1993), using local rainfall data.

a The maximized stormwater quality capture volume for the ares, based on historical rainfall
records, determined using the formula and volume capture coefficients set forth in Urban
Runoff Quality Management (WEF Manual of Practice No. 23/ASCE Manual of Practice No.

87, (1998), pages 175-178).

The reader is referred to the municipal stormwater program manager for the jurisdiction
processing the new development or redevelopment project application to determine the specific
requirements applicable to a proposed project.

California Stormwater BMP Handbook Approach
The volume-based BMP sizing methodology included in the first edition of the California Storm

Water Best Management Practice Handbook (Stormwater Quality Task Force, 1993) has been
included in this second edition of the handbook and is the method recommended for use.
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The California Stormwater BMP Handbook approach is based on results of a continuous
simulation model, the STORM model, developed by the Hydrologic Engineering Center of the
U.5. Army Corps of Engineers (COE-HEC, 1977). The Storage, Treatment, Overflow, Runoff
Madel (STORM) was applied to long-term hourly rainfall data at numerous sites throughout
California, with sites selected throughout the state representing a wide range of municipal
stormwater permit areas, climatic areas, geography, and topography. STORM translates rainfall
into runoff, then routes the runoff through detention storage. The volume-based BMP sizing
curves resulting from the STORM model provide a range of options for choosing a BMP sizing
curve appropriate to sites in most areas of the state. The volume-based BMP sizing curves are
included in Appendix D. Key model assumptions are also documented in Appendix D.
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Figure 5-14
Capture/Treatment Analysis at San Jose, CA

The California Stormwater BMP Handbook approach is simple to apply, and relies largely on
commonly available information about a project. The following steps describe the use of the

BMFP sizing curves contained in Appendix D.

1. Identify the “BMP Drainage Area" that drains to the proposed BMP. This includes all areas
that will contribute runoff to the proposed BMP, including pervious areas, impervious areas,
and off-site areas, whether or not they are directly or indirectly connected to the BMP.

2. Calculate the composite runoff coefficient “C" for the area identified in Step 1.

3- Select a capture curve representative of the site and the desired drain down time using
Appendix D. Curves are presented for 24-hour and 48-hour draw down times. The 48-hour
curve should be used in most areas of California. Use of the 24-hour curve should be limited

_
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to drainage areas with coarse soils that readily settle and to watersheds where Warming may
be detrimental to downstream fisheries. Draw down times in excess of 48 hours should be
used with caution, as vector breeding can be a problem after water has stood in excess of 72

hours.
4. Determine the applicable requirement for capture of runoff (Capture, % of Runoff).

5. Enter the capture curve selected in Step 3 on the vertical axis at the “Capture, % Runoff”
value identified in Step 4. Move horizontally to the right across capture curve until the curve
corresponding to the drainage area's compasite runoff coefficient "C* determined in Step 2 is
intercepted. Interpolation between curves may be necessary. Move vertically down from
this point until the horizontal axis is intercepted. Read the “Unit Basin Storage Valume”
along the horizontal axis. If alocal requirement for capture of runoff is not specified, enter
the vertical axis at the “knee of the curve" for the curve representing compesite runoff
coefficient “C.” The “knee of the curve” is typically in the range of 75 to 85% capture.

6. Calculate the required capture volume of the BMP by multiplying the “BMP Drainage Area”
from Step 1 by the “Unit Basin Storage Volume” from Step 5 to give the BMP volume. Due to
the mixed units that result (e.g, ac-in., ac-ft) itis recommended that the resulting volume be

converted to cubic feet for use during design.

Urban Runoff Quality Management Approach

The volume-based BMP sizing methodology described in Urban Runoff Quality Management
(WEF Manual of Practice No. 23/ASCE Manual of Practice No. 87, (1998), pages 175-178) has
been included in this edition of the handbook as an alternative to the California Stormwater
BMP Handbook approach described above. The Urban Runoff Quality Management Approach
is suitable for planning level estimates of the size of volume-based BMPs (WEF /ASCE, 1998,

page175)-

The Urban Runoff Quality Management approach is similar to the California Stormwater BMP
Handbook approach in that it is based on the translation of rainfall to runoff. The Urban Runoff
Quality Management approach is based on two regression equations. The first regression
equation relates rainfall to runoff. The rainfall to runoff regression equation was developed
using 2 years of data from more than 60 urban watersheds nationwide. The second regression
equation relates mean annual runoff-producing rainfall depths to the “Maximized Water Quality
Capture Volume" which corresponds to the “knee of the cumulative probability curve”. This
second regression was based on analysis of long-term rainfall data from seven rain gages
representing climatic zones across the country. The Maximized Water Quulity Capture Volume
corresponds to approximately the 85th percentile runoff event, and ranges from 82 to 88%.

The two regression equations that form the Urban Runoff Quality Management approach are as
follows:

C =0.858i3 — 0.78i* + 0.774i + 0.04

Poz(a.C).Pﬁ
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Where

C = runoff coefficient

i= watershed imperviousness ratio which is equal to the percent total imperviousness
divided by 100

P, = Maximized Detention Volume, in watershed inches

a= regression constant, a=1.582 and a=1.963 for 24 and 48 hour draw down,
respectively

P¢ = mean annual rumoff-producing rainfall depths, in watershed inches, Table #-1. See
Appendix D.

The Urban Runoff Quality Management Approach is simple to apply. ‘The following steps
describe the use of the approach.

1.

Identify the “BMP Drainage Area” that drains to the proposed BMP. This includes all areas
that will contribute runoff to the proposed BMP, including pervious areas, impervious areas,
and off-site areas, whether or not they are directly or indirectly connected to the BMP.

Calculate the “Watershed Imperviousness Ratio” (i), which is equal to the percent of total
impervious area in the “BMP Drainage Area" divided by 100.

Caleulate the “Runoff Coefficient” (C) using the following equation;
C=0.8583 — 0.78i2 + 0.7741 + 0.04

Determine the “Mean Annual Runoff’ (P6) for the “BMP Drainage Area” using Table #-1 in
Appendix D.

Determine the “Regression Constant” (a) for the desired BMP drain down time. Use a=1.582

for 24 hrs and a=1.963 for 48 hr draw down.

Calculate the “Maximized Detention Volume” (Po) using the following equation:
Po=(aeC)ePs

Calculate the required capture volume of the BMP by multiplying the “BMP Drainage Area"
from Step 1 by the “Maximized Detention Volume" from Step 6 to give the BMP volume.
Due to the mixed umits thatresult(e.g, ac-in., ac-ft) itis recommended that the resulting

volume be converted to fts for use during design.

5.5.2 Flow-Based BMP Design

Flow-based BMP design standards apply to BMPs whose primary mode of pollutant remaoval
depends on the rate of flow of runoff through the BMP. Examples of BMPs in this category
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include swales, sand filters, screening devices, and many proprietary praducts. Typically, a
flow-based BMP design criteria calls for the capture and infiltration or treatment of the flow

runoff produced by rain events of a specified magnitude.

The following are examples of flow-based BMP design standards from current municipal
stormwater permits. The permits require that flow-based BMPs be designed to capture and
then to infiltrate or treat stormwater runoff equal to one of the following;

»  10% of the 50-yr peak flow rate {Factored Flood Flow Approach)

» The flow of runoff produced by a rain event equal to at least two times the 85th percentile
hourly rainfall intensity for the applicable area, based an historical records of hourly rainfall
depths (California Stormwater BMP Handbook Approach)

u The flow of runoff resulting from a rain event equal to at least 0.2 in/hr intensity (Uniform
Intensity Approach)

The reader is referred to the municipal stormwater program manager for the jurisdiction
processing the new development or redevelopment project application to determine the specific
requirements applicable to a proposed project.

The three typical requirements shown above all have in common a rainfall intensity element.
That s, each criteria is based treating a flow of runoff produced by a rain event of specified
rainfall intensity.

In the first example, the Factored Flood Flow Approach, the design rainfall intensity is a
function of the location and time of concentration of the area discharging to the BMP. The
intensity in this case is determined using Intensity-Duration-Frequency curves published by the
flood control agency with jurisdiction over the project or available from climatic data centers.
‘This approach is simple to apply when the 50-yr peak flow has already been determined for
either drainage system design or flood confrol calculations.

In the second example, the California Stormwater BMP Handbook Approach (so called because
it is recommended in this handbook), the rainfall intensity is a function of the location of the
area discharging to the BMP. The intensity in this case can be determined using the rain
intensity cumulative frequency curves developed for this Handbook based on analysis of long-
term hourly rainfall data at numerous sites throughout California, with sites selected throughout
the state representing a wide range of municipal stormwater permit aress, climatic areas,
geography, and topography. These rain intensity cumulative frequency curves are included in
Appendix D. This approach is recommended as it reflects local conditions throughout the state.
The flow-based design criteria in some municipal permits require design based on two times the
85 percentile hourly rainfall intensity. The factor of two included in these permits appears to
be provided as a factor of safety: therefore, caution should be exercised when applying
additional factors of safety during the design process so that over design can be avoided.
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In the third example, the Uniform Intensity Approach, the rainfall intensity is specified directly,
and is not a function of the location ar time of concentration of the area draining to the BMP.

This approach is very simple to apply, but it is not reflective of local conditions.

The three example flow-based BMP design criteria are easy to apply and can be used in
conjunction with the Rational Formula, a simplified, easy to apply formula that predicts flow
rates based on rainfall intensity and drainage area characteristics. The Rational Formula is as

follows:
Q=CiA
where
Q= flowinfts/s
i=  rainintensity inin/hr

A= drainage area in acres

C=  runoff coefficient

The Rational Formula is widely used for hydrologic calculations, but it does have a number of
limitations. For stormwater BMP design, a key limitation is the ability of the Rational Formula
to predict runoff from undeveloped areas where runoff coefficients are highly variable with
storm intensity and antecedent moisture conditions. This limitation is accentuated when
predicting runoff from frequent, small storms used in stormwater quality BMP design because
many of the rumoff coefficients in common use were developed for predicting runoff for drainage
design where larger, infrequent storms are of interest. Table 5-3 provides some general
guidelines on use of the Rational Equation.

Table 5-3  Use of Rational Formula for Stormwater BMP Design
Composite Runoff Coefficient, “C»
BMP Drainage Area | o.c0to0.25 | 0.26t00.50 o0.51t0 0.75 0.76 to 1,00
(Acres)
otozs Caution Yes Yes Yes
26 to 50 High Caution Caution Yes Yes
Not . . .

s1to75 Recommended High Caution Caution Yeos

6 10100 Not High Caution Caution Yes
7 Recommended & .

In summary, the Rational Formula, when used with commonly tabulated rumoff coefficients in
undeveloped drainage areas, will likely resuit in predictions higher than will be experienced
under actual field conditions. However, given the simplicity of the equation, its use remains
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practical and is often the standard method specified by local agencies. In general, use of
alternative formulas for predicting BMP design flows based on the intensity criteria above is
acceptable if the formula is approved by the local flocd control agency or jurisdiction where the

project is being developed.
The following steps describe the approach for application of the flow-based BMP design criteria:

1. Identify the “BMP Drainage Area” that drains to the proposed BMP. Thisincludes all areas
that will contribute runoff to the proposed BMP, including pervious areas, impervious areas,
and off-site areas, whether or not they are directly or indirectly connected to the BMP.

2. Determine rainfall intensity criteria to apply and the corresponding design rainfall intensity.

a. Factored Flood Flow Approach: Determine the time of concentration for “BMP
Drainage Area” using procedures approved by the local flood control agency or using
standard hydrology methods. Identify an Intensity-Duration-Frequency Curve
representative of the drainage area (usually available from the local flood control agency
or climatic data center). Enter the Intensity-Duration-Frequency Curve with the time of
concentration and read the rainfall intensity corresponding to the 50-yr return peried
rainfall event. This intensity is the “Design Rainfall Intensity."

b. Cdlifornia Stormwater BMP Handbook Approach: Select a rain intensity cumulative
frequency curve representative of the “BMP Drainage Area." See Appendix D. Read the
rainfall intensity corresponding to the cumulative probability specified in the criteria,
usually 85%. Multiply the intensity by the safety factor specified in the criteria, usually
2, to get the “Design Rainfall Intensity.”

¢. Uniform Intensity Approach: The “Design Rainfall Intensity” is the intensity specified
in the criteria, usually 0.2 in/hr.

3. Calculate the composite runoff coefficient” “C" for the “BMP Drainage Area" identifiedin
Step 1.

4. Apply the Rational Formula to calculate the “BMP Design Flow"

a. Factored Flood Flow Approach: Using the “BMP Drainage Ares” from Step 1, the
“Design Rainfall Intensity” from Step 2a, and “C" from Step 3, apply the Rational
Formula and multiply the result by 0.1. The result is the “BMP Design Flow."

b. Cdlifornia Stormwater BMP Handbook Approach: Using the “BMP Drainage Area"
from Step 1, the “Design Rainfall Intensity” from Step 2b, and *C” from Step 3, apply the
Rational Formula. The result is the “BMP Design Flow.”

c. Uniform Intensity Approach: Using the “BMP Drainage Area” from Step 1, the “Design
Rainfall Intensity” from Step 2c, and “C" from Step 3, apply the Rational Formula. The

result is the “BMP Design Flow."
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5.5.3 Combined Volume-Based and Flow-Based BMP

Design
Volume-based BMPs and flow-based BMPs do not necessarily treat precisely the same
stormwater runoff. For example, an on-line volume-based BMP such as a detention basin will
treat the design runoff volume and is essentially unaffected by runoff entering the basin at an
extremely high rate, say from a very short, but intense storm that produces the design volume of
runoff. However, a flow-based BMP might be overwhelmed by the same short, but intense
storm if the storm intensity results in runoff rates that exceed the flow-based BMP design flow
rate. By contrast, a flow-based BMP such as a swale will treat the design flow rate of runoff and
is essentially unaffected by the duration of the design flow, say from a long, low intensity storm.
However, a volume-based detention basin subjected to this same rainfall and runoff event will
begin to provide less treatment or will go into bypass or overflow mode after the design runoff
volume is delivered.

Therefore, there may be some situations where designers need to consider both volume-based
and flow-based BMP design criteria. An example of where both types of eriteria might apply is
an off-line detention basin. For an off-line detention basin, the capacity of the diversion
structure could be designed to comply with the flow-based BMP design criteria while the
detention basin itself could be designed to comply with the volume-based criteria.

When both volume-based and flow based criteria apply, the designer should determine which of
the criteria apply to each element of the BMP system, and then size the elements accordingly.

5.6 Other BMP Selection Factors

Other factors that influence the selection of BMPs indude cost, vector control issues, and
endangered species issues. Each of these is discussed briefly below.

5.6.1 Costs
The relative costs for implementing various public domain and manufactured BMPs based on
flow and volume parameters are shown in Tables 5-4 and 5-5 below:

Table 5-4 Economic Table 5-5 Economic Comparison Matrix
Comparison Matrix - - Volume
Flow BMP Cost/acre-ft
BMP Cost/cfs Austin Sand Filter Basin 5344
Strip i Delaware Linoal Sand Filter $59%
Swale % Extended Detention Basin (EDB) $%
Wet Vault Not available Multi Chamber Treatment Train $88%
Media Filter $5%% (MCTT)
Vortex Not available Wet Basin 5558
Drain Insert Not available Manufactured Wetland Not available
Infiltration Basin $
Wet Pond and Constructed Wetland $55%
|
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5.6.2 Vector Breeding Considerations

The potential of a BMP to create vector breeding habitat and/or harborage should be considered
when selecting BMPs. Mosquito and other vector production is a nuisance and public health
threat. Mosquitoes can breed in standing water almost immediately following a BMP
installation and may persist at unnaturally high levels and for longer seasonal periods in created
habitats. BMP siting, design, construction, and maintenance must be considered in order to
select a BMP that is least conducive to providing habitat for vectors. Tips for minimizing
vector-breeding problems in the design and maintenance of BMPs are presented in the BMP fact
sheets. Certain BMPs, induding ponds and wetlands and those designed with permanent water
sumps, vaults, and/or catch basins (including below ground installations), may require routine
inspections and treatments by local mosquito and vector control agencies to suppress vector
production.

5.6.3 Threatened and Endangered Species Considerations

The presence or potential presence of threatened and endangered species should also be
considered when selecting BMPs. Although preservation of threatened endangered species is
crucial, treatment BMPs are notintended to supplement or replace species habitat except under
spedial circumstances. The presence of threatened or endangered species can hinder timely and
routine maintenance, which in turn can result in reduced BMP performance and an increase in
vector production. In extreme cases, jurisdictional rights to the treatment BMP and
surrounding land may be lost if threatened or endangered species utilize or become established

in the BMP.

When considering BMPs where there is a presence or potential presence of threatened or
endangered species, early coordination with the California Departmerit of Fish and Game and
the U S. Fish and Wildlife service is essential. During this coordination, the purpese and the
long-term operation and maintenance requirements of the BMPs need to be clearly established
through written agreements or memorandums of understanding. Absent firm agreements or
understandings, proceeding with BMPs under these circumstances is not recommended.

5.7 BMP Fact Sheets

BMP fact sheets for public domain and manufactured BMPs follow. The BMP fact sheets are
individually page numbered and are suitable for photocopying and inclusion in stormwater
quality management plans. Fresh copies of the fact sheets can be individually downloaded from
the Caltrans Stormwater BMP Handbook website at www.cabmphandhooks.com.
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Infiltration Basin

TC-11

Description

An infiltration basinis a shallow impoundment that is designed
to infiltrate stormwater. Infiltration basins use the natural
filtering ability of the soil to remove pollutants in stormwater
rumoff. Infiltration facilities store runoff until it gradually
exfiltrates through the soil and eventually into the water table.
This practice has high pollutant removal efficiency and can also
help recharge groundwater, thus helping to maintain low flows in
stream systems. Infiltration basins can be challenging to apply
on many sites, however, because of soils requirements. In
addition, some studies have shown relatively high failure rates
compared with other management practices.

California Experience

Infiltration basins have a long history of use in California,
especially in the Central Valley. Basins located in Fresno were
among those initially evaluated in the National Urban Runoff
Program and were found to be effective at reducing the volume of
runoff, while posing little long-term threat to groundwater
quality (EPA, 1983; Schroeder, 1995). Proper siting of these
devices is crucial as underscored by the experience of Caltrans in
siting two basins in Southem California. The basin with
marginal separation from groundwater and soil permeability
failed immediately and could never be rehabilitated.

Advantages

= Provides 100% reduction in the load discharged to surface
waters. .

» The principal benefit of infiltration basins is the
approximation of pre-development hydrology during which a

Design Considerations
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TC-11 Infiltration Basin

significant portion of the average annual rainfall runoff is infiltrated and evaporated rather
than flushed directly to creeks.

n If the water quality volume is adequately sized, infiltration basins can be useful for providing
control of channel forming (erosion) and high frequency (generally less than the 2-year)
flood events.

Limitations
a  May not be appropriate for industrial sites or locations where spills may occur.

n Infiltration basins require a minimum soil infiltration rate of 0.5 inches /hour, not
appropriate at sites with Hydrologic Soil Types C and D.

s [finfiltration rates exceed 2.4 inches /hour, then the runoff should be fully treated prior to
infiltration to protect groundwater quality.

m  Notsuitable on fill sites or steep slopes.

»  Risk of groundwater contamination in very coarse soils.

x  Upstream drainage area must be completely stabilized before construction.
n Difficult to restore functioning of infiltration basins once clogged.

Design and Sizing Guidelines
»  Water quality volume determined by local requirements or sized so that 85% of the annual
runoff volume is captured.

u Basin sized so that the entire water quality volume is infiltrated within 48 hours.
m  Vegetation establishment on the basin floor may help reduce the clogging rate.

Construction/Inspection Considerations

» Before construction begins, stabilize the entire area draining to the facility. If impossible,
place a diversiont berm around the perimeter of the infiltration site to prevent sediment
entrance during construction or remove the top 2 inches of soil after the site is stabililized.
Stabilize the entire contributing drainage area, including the side slopes, before allowing any
runoff to enter once construction is complete.

» Place excavated material such that it can not be washed back into the basin if a storm occurs
during construction of the facility.

n  Build the basin without driving heavy equipment over the infiltration surface. Any
equipment driven on the surface should have extra-wide (“low pressure”) tires. Prior to any
construction, rope off the infiltration area to stop entrance by unwanted equipment.

m  After final grading, till the infiltration surface deeply.

w Use appropriate erosion control seed mix for the specific project and location.
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Performance

As water migrates through porous soil and rock, pollutant attenuation mechanisms include
precipitation, sorption, physical filtration, and bacterial degradation. If functioning propetly,
this approach is presumed to have high removal efficiencies for particulate pollutants and
moderate removal of soluble pollutants. Actual pollutant removal in the subsurface would be
expected to vary depending upon site-specific soil types. This technology eliminates discharge to
surface waters except for the very largest storms; consequently, complete removal of all
stormwater constituents can be assumed.

There remain some concems about the potential for groundwater contamination despite the
findings of the NURP and Nightingale (1975; 1987a,b,c; 1989). For instance, a report by Pitt et
al. (1994) highlighted the potential for groundwater contamination from intentional and
unintentional stormwater infiltration. That report recommends that infiltration facilifies not be
sited in areas where high concentrations are present or where there is a potential for spills of
toxic material. Conversely, Schroeder (1995) reported that there was no evidence of
groundwater impacts from an infiltration basin serving a large industrial catchmentin Fresno,

CA.

Siting Criteria

The key element in siting infiltration basins is identifying sttes with appropriate soil and
hydrogeologic properties, which is eritical for long term performance. In one study conducted in
Prince George's County, Maryland (Galli, 1992}, all of the infiltration basins investigated clogged
within 2 years. It is believed that these failures were for the most part due to allowing infiltration
at sites with rates of less than o.5 in/hr, basing siting on soil type rather than field infiltration
tests, and poor construction practices that resulted in soil compaction of the basin invert.

Astudy of 23 infiltration basins in the Pacific Northwest showed better long-term performance
in an area with highly permeable soils (Hilding, 1996). In this study, few of the infiltration
basins had failed after 10 years. Consequently, the following guidelines for identifying
appropriate soil and subsurface conditions should be rigorously adhered to.

» Determine soil type (consider RCS sail type ‘A, B or C' only) from mapping and consult
USDA seil survey tables to review other parameters such as the amount of silt and clay,
presence of a restrictive layer or seasonal high water table, and estimated permeability. The
soil should not have more than 30% clay or more than 40% of day and silt combined.
Eliminate sites that are clearly unsuitable for infiltration.

s  Groundwater separation should be at least 3 m from the basin invert to the measured
ground water elevation. There is concern at the state and regional levels of the impact on
groundwater quality from infiltrated runoff, especially when the separation between
groundwater and the surface is small.

s Location away from buildings, slopes and highway pavement (greater than ¢ m) and wells
and bridge structures (greater than 30 m). Sites constructed of fill, having a base flow or
with a slope greater than 15% should not be considered. _

s Ensure that adequate head is available to operate flow splitter structures (to allow the basin
to be offline) without ponding in the splitter structure or creating backwater upstream of the
splitter.

January 2003 California Stormwater BMP Handbook 3of8
New Development and Redevelopment '
www.cabmphandbooks.com

H-117




TC-11 Infiltration Basin

Base flow should not be present in the tributary watershed.

Secondary Screening Based on Site Geotechnical Investigation

At least three in-hole conductivity tests shall be performed using USBR 7300-89 or Bouwer-
Rice procedures (the latter if groundwater is encountered within the boring), two tests at
different locations within the proposed basin and the third down gradient by no more than
approximately 10 m. The tests shall measure permeability in the side slopes and the bed
within a depth of 3 m of the invert.

The minimum acceptable hydraulic conductivity as measured in any of the three required
testholesis 13 mm/hr. If any test hole shows less than the minimum value, the site should

be disqualified from further consideration.

Exclude from consideration sites constructed in fill or partially in fiil unless no silts or clays
are presentin the soil boring. Fill tends to be compacted, with clays in a dispersed rather
than flocculated state, greatly reducing permeability.

The geotechnical investigation should be such that a good understanding is gained as to how
the stormwater runoff will move in the soil (horizontally or vertically) and if there are any
geological conditions that could inhibit the movement of water.

Additional Design Guidelines

(1) Basin Sizing - The required water quality volume is determined by local regulations
or sufficient to capture 85% of the annual runoff,

(2)  Provide pretreatinent if sediment loading is a maintenance concern for the basin.

(3) Include energy dissipation in the inlet design for the basins. Avoid designs that
include a permanent pool to reduce opportunity for standing water and associated
vector problems.

(4)  Basin invert area should be determined by the equation:

Loy
kt
where A= Basin invert area (ms)

WQV = water quality volume (ma)

k = 0.5 times the lowest field-measured hydraulic conductivity
(m/hr)

t = drawdown time ( 48 hr)

(5)  The use of vertical piping, either for distribution or infiltration enhancement shall
not be allowed to avoid device classification as a Class V injection well per 40

CFR146.5(e)(4).
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Maintenance
Regular maintenance is critical to the successful operation of infiltration basins. Recommended

operation and maintenance guidelines include:

» Inspections and maintenance to ensure that water infiltrates into the subsurface completely
(recommended infiltration rate of 72 hours or less) and that vegetation is carefully managed
to prevent creating mosquito and other vector habitats.

m  Observe drain time for the design storm after completion or modification of the facility to
confirm that the desired drain time has been obtained.

= Schedule semianmnual inspections for beginning and end of the wet season to identify
potential problems such as erosion of the basin side slopes and invert, standing water, trash

and debris, and sediment accumulation.

s Remove accumulated trash and debris in the basin at the start and end of the wet season.

» Inspect for standing water at the end of the wet season.

» Trim vegetation at the beginning and end of the wet season to prevent establishment of
woody vegetation and for aesthetic and vector reasons.

= Remove accumulated sediment and regrade when the accumulated sediment volume
exceeds 10% of the basin.

= [ erosion is oceurring within the basin, revegetate immediately and stabilize with an erosion
control mulch or matuntil vegetation cover is established.

» To avoid reversing soil development, scarification or other disturbance should only be
performed when there are actual signs of clogging, rather than on a routine basis. Always
remove deposited sediments before scarification, and use a hand-guided rotary tiller, if
possible, or a disc harrow pulled by a very light tractor.

Cost

Infiltration basins are relatively cost-effective practices because little infrastructure is needed
when constructing them. One study estimated the total construction cost at about $2 per ft
(adjusted for inflation) of storage for a 0.25-acre basin (SWRPC, 1991). As with other BMPs,
these published cost estimates may deviate greatly from what might be incurred at a specific
site. For instance, Caltrans spent about $18/fts for the two infiltration basins constructed in
southern California, each of which had a water quality volume of about 0.34 ac.-ft. Much of the
higher cost can be attributed to changes in the storm drain system necessary to route the runoff
to the basin locations.

Infiltration basins typically consume about 2 to 3% of the site draining to them, which s
relatively small. Additional space may be required for buffer, landscaping, access road, and
fencing. Maintenance costs are estimated at 5 to 10% of construction costs.

One cost concern associated with infiltration practices is the maintenance burden and longevity.
If improperly maintained, infiltration basins have a high failure rate. Thus, it may be necessary
to replace the basin with a different technology after a relatively short period of time.
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Vegetated Swale TC-30

Design Considerations

m Tributary Area R
= Area Required

m Slope

= Water Availability

Description ,

Vegetated swales are open, shallow channels with vegetation
covering the side slopes and bottom that collect and slowly

Targeted Constituents

convey runoff flow to downstream discharge points. They are v Sediment A
designed to treat runoff through filtering by the vegetationinthe v Nutrients .
channel, filtering through a subsoil matrix, and/or infiltration 7 Trash ®
into the underlying soils. Swales can be natural or manmade. -

: . v Metals A
They trap particulate pollutants (suspended solids and trace L

. . . v Bacteria - ®
metals), promote infiltration, and reduce the flow velocity of v OilandG
stormwater runoff, Vegetated swales can serve as part of a Olland Grease - A
stormwater drainage system and can replace curbs, gutters and v Organics . A
storm sewer systems. Legend (Removal Effectiveness)
. . . ® Low W High
California Experience g
A Medium

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
numbers of gophers at most of the sites. The gophers created
earthen mounds, destroyed vegetation, and generally reduced the
effectiveness of the controls for TSS reduction.

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

development or roadway drainage conveyance measure with - R
significant collateral water quality benefits,

Stormwater
Quatity
Association
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TC-30 Vejgetated Swale

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

Limitations

Can be difficult to avoid channelization.
May not be appropriate for industrial sites or loeations where spills may occur

Grassed swales cannot treat a very large drainage area. Large areas may be divided and
treated using multiple swales.

A thick vegetative cover is needed for these practices to function properly.
They are impractical in areas with steep topography.

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

In some places, their use is restricted by law: many local municipalities require curb and
gutter systems in residential areas.

Swales are mores susceptible to failure if not propetly maintained than other treatment
BMPs.

Design and Sizing Guidelines

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 designed so that the water level does not exceed 2 /3rds the height of the
grass or 4 inches, which ever is less, at the design treatment rate.

Longitudinal slopes should not exceed 2.5%

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

Swales constructed in cut are preferred, or in fill areas that are far enough from an adjacent
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 conditions 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 a regularly irrigated landscaped area.

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

Construction/Inspection Considerations

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

m Install swales at the time of the year when there is a reasonable chance of successful
establishment without irrigation; however, it is recognized that rainfall in a given year may
not be sufficient and temporary irrigation may be used.

» If 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 swale or strip.

= Use aroller on the sod to ensure that no air pockets form between the sod and the soil.

»  Where seeds are used, erosion controls will be necessary to 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
technique for controlling urban runoff quality. While limited quantitative performance data
exists for vegetated swales, it is known that check dams, slight slopes, permeable soils, dense.
grass cover, increased contact time, and small storm events all contribute to successful pollutant
removal by the swale system. Factors decreasing the effectiveness of swales include compacted
soils, short runoff contact time, large storm events, frozen ground, short grass heights, steep
slopes, and high runoff velocities and discharge rates.

Conventional vegetated swale designs have achieved mixed results in removing 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, sail compactlon steep slopes, and short grass

height.

Another project in Durham, NC, monitored the performance of a carefully designed artificial
swale that received runoff from a commercial parking lot. 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 ineffective for removing soluble

nutrients.

The effectiveness of vegetated swales can be enhanced by adding check dams at apprommately
17 meter (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
heIp to treat sheet ﬂows entering the swale.

Only 9 studies have been conducted on all grassed 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.

January 2003 California Stormwater BMP Handbook 30f13
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Table 1 Grassed swale poliutant removal efficiency data

Removal Efficiencies (% Removal)

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

Caltrans 2002 i SQ. 67 66 83-90 -33 dry swales
Goldberg 1993 67.8 | 4.5 - 314 42-62 -100  [lgrassed channel
%thrﬂ;ti%?nﬁo‘gghggm 60 | 45 - -25 2-16 -25 grassed channel
g&wéfzgloggﬁgfgn 83| 29| - | =25 46-73 -25  terassed channel
'Wang et al., 1981 80 - - - 70-80 - dry swale
Dorman et al,, 1989 98 | 18 - 45 37-81 - dry swale
Harper, 1988 87 | 83 84 80 88-90 - dry swale
Kercher et al., 1983 99 | 99 | 99 | 99 99 - dry swale
Harper, 1988. 231 17 40 52 37—69 - wet swale

Koomn, 1995 67 | 39 - 9 -35t06 - wet swale

While it is difficult to distinguish between different designs based on the small amount of
available data, grassed channels generally have poorer removal rates than wet and dry swales,
although some swales appear to export soluble phosphorus (Harper, 1988; Koon, 1995). 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 type,
slope, imperviousness of the contributing watershed, and dimensions and slope of the swale
system (Schueler et al,, 1992). In general, swales can be used to serve areas of less than 10 acres,
with slopes no greater than 5 %. Use of natura! topographic 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)
s Comparable performance to wet basins

= Limited to treating a few acres
»  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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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 slopes 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 to 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 a single study conducted in Seattle,
Washington (Seattle Metro and Washington Department of Ecology, 1992), and is not well
supported. Analysis 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 for conveyance
(Barrett et al, 1998); consequently, some flexibility in the design is warranted.

Many design guidelines recommend that grass be frequently mowed to maintain dense coverage
near the ground surface. Recent research (Colwell et 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 a 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%.

2) A design grass height of 6 inches is recommended.

3) Regardless of the recommended detention time, the swale should be not less than
104 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 and as a
conveyance system to pass the peak hydraulic flows of the 100-year storm if it is
located “on-line.” The side slopes should be no steeper than 3:1 (H:V),

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

7) Swales must be vegetated in order to provide adequate treatment of runoff. It is
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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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 system 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 removed
manually to avoid concentrated flows in the swale. The application of fertilizers and pesticides

should be minimal.

Another aspect of a good maintenance plan is repairing damaged areas within a channel. For
example, if the channel develops ruts or holes, it should be repaired utilizing a suitable soil that
is 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 local or State requirements. Maintenance of grassed swales mostly involves
maintenance of the grass or wetland plant cover. Typical maintenance activities are

summarized below:

= Inspect swales at least twice annually for erosion, damage to vegetation, and sediment and
debris accumulation 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 periods of heavy runoff is desirable. The swale should be checked
for debris and litter, and areas of sediment accummulation.

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

s Trash tends to accumulate in swale areas, particularly along highways. The need for litter
removal is determined through periodic inspection, but litter should always be removed

prior to mowing.

"

Sediment accumulating near culverts and in channels should be removed when it builds up
to 75 mm (3 in.) at any spot, or covers vegetation,

m  Regularly inspect swales for pools of standing water. Swales can become a nuisance due to
mosquito breeding in standing water if obstructions develop (e.g. debris accumulation,
invasive vegetation) and/or if proper drainage slopes are not implemented and maintained.
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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
$0.25 per fi2, 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 so low compared with other practices. A
more realistic estimate would be a total cost of approximately $0.50 per f2, which compares
favorably with other stormwater management practices,

—
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Maintenance 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
runoff and would require periodic mowing as well, so there may be little additional cost for the
water quality component, Since essentially all the activities are related to vegetation
management, no special training is required for maintenance personnel,
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Vortex Separator MP-51

Description Design Considerations

Vortex separators: (alternatively, swirl concentrators) are gravity = Service Area
separators, and in principle are essentially wet vaults. The m Setling Velocity
difference from wet vaults, however, is that the vortex separator
is round, rather than rectangular, and the water moves in a
centrifugal fashion before exiting. By having the water moveina = InletPipe Diameter
circular fashion, rather than a straight line as is the case with a

standard wet vault, it is possible to obtain significant removal of

suspended sediments and attached pollutants with less space.

Vortex separators were originally developed for combined sewer

overflows (CSOs), where it is used primarily to remove coarse

inorganic solids. Vortex separation has been adapted to

stormwater treatment by several manufacturers.

= Appropriate Sizing

California Experience
There are currently about 100 installations in California.

Advantages Targeted Constituents

m  May provide the desired performance in less space and

therefore less cost. f Sediment
¥ Nufrients
= May be more cost-effective pre-treatment devices than ¥ Trash
traditional wet or dry basins. & Metals
: . . - Bacteria
= Mosquito control may be less of an issue than with traditional .
. ¥ Oiland Grease
wet basins. .
¥ Organics
Limitations Legend {Removal Effectiveness)
= Assome of the systems have standing water that remains ® Low N High
between storms, there is concern about mosquito breeding. A Medium

m It is likely that vortex separators are not as effective as wet
vaults at removing fine sediments, on the order 50 to 100
microns in diameter and less.

m  The area served is limited by the capacity of the largest
models.

m  Asthe products come in standard sizes, the facilities will be
oversized in many cases relative to the design treatment
storm, increasing the cost.

m The non-steady flows of stormwater decreases the efficiency
of vortex separators from what may be estimated or

determined from testing under constant flow.

s Do not remove dissolved pollutants.
Stormwater

Quality

mn  Aloss of dissolved pollutants may occur as accumulated organic
Assaclatlon
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MP-51 Vortex Separator

matter (e.g., leaves) decomposes in the units.

Design and Sizing Guidelines
The stormwater enters, typically below the effluent line, tangentially into the basin, thereby
imparting a circular motion in the system. Dueto centrifugal forces created by the circular

motion, the suspended particles move to the center of the device where they settle to the bottom.

There are two general types of vortex separation: free vortex and dampened (or impeded)

vortex. Free vortex separation becomes dampened vortex separation by the placement of radial

baffles on the weir-plate that impede the free vortex-flow pattern

It has been stated with respect to CSOs that the practical lower limit of vortex separation is a
particle with a settling velocity of 12 to 16.5 feet per hour (0.10 to 0.14 em/s). As such, the focus
for vortex separation in CSOs has been with settleable solids generally 200 microns and larger,
given the presence of the lighter organic solids. For inorganic sediment, the above settling
velocity range represents a particle diameter of 50 to 100 microns. Head loss is a function of the
size of the target particle. At 200 microns it is normally minor but increases significantly if the

goal is to remove smaller particles.

The commercial separators applied to stormwater treatment vary considerably with respect to
geometry, and the inclusion of radial baffles and internal circular chambers. At one extreme is
the inclusion of a chamber within the round concentrator. Water flows initially around the
perimeter between the inner and outer chambers, and then into the inner chamber, giving rise
to a sudden change in velocity that purportedly enhances removal efficiency. The opposite
extreme is to introduce the water tangentially into a round manhole with no internal parts of
any kind except for an outlet hood. Whether the inclusion of chambers and baffles gives better
performance is unknown. Some contend that free vortex, also identified as swirl concentration,
creates less turbulence thereby increasing removal efficiency. One product is unique in that it

includes a static separator screen.

= Sized is based on the peak flow of the design treatment event as specified by local
government.

» "Ifan in-line facility, the design peak flow is four times the peak of the design treatment
event. A

w Ifan off-line facility, the design peak flow is equal to the peak of the design treatment event,

= Headloss differs with the product and the model but is generally on the order of one foot or
less in most cases.

Construction/Inspection Considerations
No special considerations.

Performance
Manufacturer’s differ with respect to performance claims, but a general statement is that the
manufacturer’s design and rated capacity (cfs) for each model is based on and believed to
achieve an aggregate reduction of 90% of all particles with a specific gravity of 2.65 (glacial

sand) down to 150 microns, and to capture the floatables, and oil and grease. Laboratory tests of
two products support this claim. The stated performance expectation therefore implies that a -

2of5 California Stormwater BMP Handbook January 2003
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Vortex Separator MP-51

lesser removal efficiency is obtained with particles less than 150 microns, and the lighter,
organic settleables. Laboratory tests of one of the products found about 66% removal of 50
micron sand at the expected average operating flow rate

Experience with the use of vortex separators for treating combined sewer overflows (CS0s), the
original application of this technology, suggests that the lower practical limit for particle
removal are particles with a settling velocity of 12 feet per hour (Sullivan, 1982), which
represents a particle diameter of 100 to 200 microns, depending on the specific gravity of the
particle. The CSO experience therefore seems consistent with the limited experience with
treating stormwater, summarized above

Traditional treatment technologies such as wet ponds and extended detention basins are
generally believed to be more effective at removing very small particles, down to the range of 10
to 20 microns. Hence, it is intuitively expected that vortex separators do not perform as well as
the traditional wet and dry basins, and filters. Whether this matters depends on the particle size
distribution of the sediments in stormwater. If the distribution leans towards small material,
there should be a marked difference between vortex separators and, say, traditional wet vaults.
There are little data to support this conjecture

In comparison to other treatment technologies, such as wet ponds and grass swales, there are
few studies of vortex separators. Only two of manufactured products currently available have
been field tested. Two field studies have been conducted. Both achieved in excess of 80%
removal of TSS. However, the test was conducted in the Northeast (New York state and Maine)
where it is possible the stormwater contained significant quantities of deicing sand.
Consequently, the influent TSS concentrations and particle size are both likely considerably
higher than is found in California stormwater. These data suggest that if the stormwater
particles are for the most part fine (i.e., less than 50 microns), vortex separators will not be as
efficient as traditional treatment BMPs such as wet ponds and swales, if the latter are sized
according to the recommendations of this handbook.

There are no equations that provide a straightforward determination of efficiency as a function

of unit configuration and size. Design specifications of commercial separators are derived from

empirical equations that are unigue and proprietary to each manufacturer. However, some
general relationships between performance and the geometry of a separator have been
developed. CSO studies have found that the primary determinants of performance of vortex
separators are the diameters of the inlet pipe and chamber with all other geometry proportional

to these two.

Sullivan et al. (1982) found that performance is related to the ratios of chamber to inlet
diameters, D2/D1, and height between the inlet and outlet and the inlet diameter, H1/D1, shown
in Figure 3. The relationships are: as D2/D1 approaches one, the efficiency decreases; and, as
the H1/D1 ratio decreases, the efficiency decreases. These relationships may allow qualitative
comparisons of the alternative designs of manufacturers. Engineers who wish to apply these
concepts should review relevant publications presented in the References.

Siting Criteria
There are no particularly unique siting criteria. The size of the drainage area that can be served
by vortex separators is directly related to the capacities of the largest models.

January 2003 California Stormwater BMP Handbook 30f5
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MP-51 Vortex Separator

Additional Design Guidelines )
Vortex separators have two capacities if positioned as in-line facilities, a treatment capacity and
a hydraulic capacity. Failure to recognize the difference between the two may lead to significant
under sizing; i.e., too small a model is selected. This observation is relevant to three of the five
products. These three technologies all are designed to experience a unit flow rate of about 24
gallons/square foot of separator footprint at the peak of the design treatment event. This is the
horizontal area of the separator zone within the container, not the total footprint of the unit. At
this unit flow rate, laboratory tests by these manufacturers have established that the
performance will meet the general claims previously described. However, the units are sized to
handle 100 gallons/square foot at the peak of the hydraulic event. Hence, in selecting a
particular model the design engineer must be certain to match the peak flow of the design event
to the stated treatment capacity, not the hydraulic capacity. The former is one-fourth the latter.
If the unit is positioned as an off-line facility, the model selected is based on the capacity equal
to the peak of the design treatment event,

Maintenance
Maintenance consists of the removal of accumulated material with an eductor truck. It may be
necessary to remove and dispose the floatables separately due to the presence of petroleum

product.

Maintenance Requirements
Remove all accumulated sediment, and litter and other floatables, annually, unless experience
indicates the need for more or less frequent maintenance.

Cost
Manufacturers provide costs for the units including delivery. Installation costs are generally on
the order of 50 to 100 % of the manufacturer’s cost. For most sites the units are cleaned

annually.

Cost Considerations
The different geometry of the several manufactured separators suggests that when comparing
the costs of these systems to each other, that local conditions (e.g., groundwater levels) may

affect the relative cost-effectiveness.

References and Sources of Additional Information .
Field, R, 1972, The swirl concentrator as a combined sewer overflow regulator facility, EPA/R2-
72-008, U.5, Environmental Protection Agency, Washington, D.C.

Field, R., D. Averill, T.P. O’Connor, and P. Steel, 1997, Vortex separation technology, Water
Qual. Res. J. Canada, 32, 1, 185

Manufacturers technical materials

Sullivan, R.H., et al., 1982, Design manual - swirl and helical bend pollution control devices,
EPA-600/8-82/013, U.S. Environmental Protection Agency, Washington, D.C.

Sullivan, R.H., M.M. Cohn, J.E. Ure, F.F. Parkinson, and G. Caliana, 1974, Relationship between
diameter and height for the design of a swirl concentrator as a combined sewer overflow
regulator, EPA 670/2-74-039, U.S. Environmental Protection Agency, Washington, D.C.
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Sullivan, R.H., M.M. Cohn, J.E. Ure, F.F. Parkinson, and G. Caliana, 1974, The swirl
concentrator as a grit separator device, EPA670/2-74-026, U.S. Environmental Protection

Agency, Washington, D.C.
Sullivan, R.H., M.M. Cohn, J.E. Ure, F.F. Parkinson, and G. Caliana, 1978, Swirl primary

separator device and pilot demonstration, EPA600/2-78-126, U.S. Environmental Protection

Agency, Washington, D.C.
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¢le Yard Waste

aves, grass clippings and other yard waste, Do nof blow, sweep,
se yard waste into the street. Trygrassnycllng -the naturat recycling
rass by leaving clippings on the lawn when mowing. Grass clippings will
y decompose, returning valuable nutriznts to the soil, Further information
obtained at www.ciwmb.ca.gov/Organics.

38 Fertilizers, Herhicides and Pesticides Safely

Fertilizers, herbicides and pesticides are aften carried into the storm drain

ystem by sprinkler runoff. Use of natural, non-toxic afternatives to the

“traditional fertilizers, herbicides and pesticides is highly recommended. If you
must use chemical fertilizers, herhicides, or pesticides:

H-145

Yard waste sedlments and toxic Iawnlgarden chemlcals used in.
 commercial landscape maintenance often make their way into the S
‘San Bernardine County storm drain system and do not get treated
before reaching the Santa Ana River. This pollutes our drinking water

and contaminates local waterways, making them unsafe fer people

- and wildlife. Following these best management practices wilf prevent -

~ pollution, comply with regulations and protect public health.

" Spot apply pesticides and herbicides, rather than blanksting entira areas.

@ Avoid applying near curbs and driveways, and never apply before a rain,
@ Apply fertilizers as needed, when plants can best use if, and when the
potential for i being carried away by runoff is faw

Reecycle Hazardous Waste

Pesticides, fertilizers, herhicides and motor ail contaminate landfilis and should
be disposed of through a Hazardous Waste Facility, which aceepts these types
of materials. For information on proper disposal call, [309) 386-8461,

Use Water Wisely

Conserve water and prevent nunoff y controlfing the amount of water and
direetion of sprinklers. Sprinklers should be an long encugh to allow water to
soak into the ground but not so long as to cause runoff, Periodically inspect,
fix leaks and realign sprinkler heads. Plant native vegetation ta reduce the
need of water, fertilizers, herhicides, and pesticides.

Prevent Erosion
Erosion washes sediments, debris and toxie runaff into the starm drain system,
poluting waterways.

@ Prevent erosion and sediment runoff by using ground cover, herms and
vegetation down-slope to capture runoff.
@ Avoid excavation or grading during wet weather,

Store Materials Safely
Keep landscaping materials and debris away from the street, gutter and storm
drains. On-site stackpiles of materials must be covered with plastic sheeting
to protect from rain, wind and runaff.

To report ilegal dumping ar for more information on 3
stormwater pollution prevention, call: ‘

1 (800) CLEANUP

or visit our wehsites:
www.co.san-bemardino.ca.us/flood/npdes
wwmsomleanup.org




FRESH CONCRETE &
MORTAR APPLICATION

pollution and pratect public heaith,

STORMWATER

Cement wash, sediment, vehicle fluids, dust and hazardeus debris from eonstruction sites often
make their way into the San Bernardine County storm drain system and do not get treated before
reaching the Santa Ana River. This pollutes our drinking water and contaminates watervays,
making thern unsafe for peaple and wildfife. Follow these best management practices to prevent

Storing Materials

Keep construction matesials and debris away from the
street, gutter and storm drains. Secure open hags of
cement and cover exposed stockpiles of seil, sand or
gravel and excavated material with plastic sheeting,
pratected from rain, wind and runoff.

Ordering Materials & Recycling Waste
Reduce waste by srdering only the amounts of
materials needed for the job. Use recycled or recyclahle
matetials whenever possible. When breaking up paving,
recycle the pieces at a crushing company. You can
also reeyele broken asphalt, concrete, wood, and
cleared vegetation. Non-recyelable materials should
be taken to a landfill or disposed of as hazardous
waste. Call (909) 386-8461 for recycling and disposal
infarmation,

Cleaning Up

Wash concrete dust onto designated dirt areas, not
down driveways or inta the street er storm drains.
Wash out conerete mixers and equipment in spacified
washout areas, where water can flow into 2
containment pend, Gement washwater ¢an bz recycled
by pumping it back into cement mixers for reuse.
Never dispose of cement washout into driveways,
streets, gutters, storm drains or drainage ditches.

H-146

During Constrection

Schedule excavation and grading during dry weather.
Prevent mortar and cement from entering the street
and storm drains by placing erosign controls, Setup
small mixers ontarps or drop clths, for easy cleanup
of debris. Never bury waste materfal. Recyzle or
dispose of it as hazardous waste.




HOME & GARDEN

Recycle Household Hazardous Waste
Household products like paint, pesticides, solvents
and cleaners are too dangerous to dump and too
toxic to trash. Take them ts be recycled at a
canvenient household hazardous waste
collection facHity. Call (800) CLEANUP
for the facility in yaur area.

STORMWATER

Yard waste and househald toxies like paints and pesticides often make their way into the San
Bernardine County storm drain system and do nat get treated before reaching the Santa Ana Rivar,
This pollutes our deinking water and contaminates waterways, making them unsafe for people and
wildlife. Follow these simple tips to prevent pallutien and protect your health.

Dispesing of Yard Waste

Recycle leaves, grass clippings and other yard waste,
instead of blowing, sweeping or hosing inte the
street. Try grasseycling, leaving grass clippings o
your lawn instead of using a grass catcher. The
clippings act as a natural fertilizer, and hecause
grass is mostly wates, it also irrigates your lawn,
conserving water.

Planting in the Yard
Produce less yard waste and save
water by planting fow maintenance,
drought-tolerant trees and shrubs.
Using drip irrigation, soaker hoses
or micre-spray systems for flower
beds and vegatation can alse help
reduce your water hill and prevent
runoff.

Use Fertilizers & Pesticides Safely
Fertilizers and pesticides are often carried into
the sterm drain system by sprinkler runoff. Try
using erganic ar nen-toxic alternatives. If you
use chemical fertilizers ar pesticides, avoid
applying near curbs and driveways and never
apply before a rain.

Use Water Wisely

Cut your water costs and prevent runoff by controlling
the amount of water and direction of sprinklers. The
average lawn needs about an inch of water a week,
ineluding rainfall, or 10 ta 20 minutes of wataring.
A half-inch per week is enough for fall and spring.
Sprinkers should be on long enough to allow water
to soak into the ground but net so long as to cause

[il - TOF-fore Iformatien -

ormwater pollutian prevention, calk

(800) CLEANUP

www.1800cleanup.org
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Pick Up After
~ Your Poochto
- Gurb Pollution.

Mayhe you weren't aware, but dog waste feft on
the ground gets into storm drains, polluting rivers,
lakes and beaches. The bacteria and risk of disease
- threatens the health of our kids and communities.
" Wherever you live in San Bernardino Couaty, this
- S pollution is a problem, The
answer? Pick up
after your dog, to
help prevent
pollutien and
protect our
health. It's
in your
hands.

Torepert flegal dumping ar for mare information
" on Stermwater pollertian preventian, call

1(800) CLEANUP

“"www.1800c¢cleanup.org

English side

Recoge los desperdicios

tetu mascota para

prevenit [a contaminacion
tle la calle.

Quizas usted no lo sepa, pero el excremento de perro
que se deja en el suelo va a las alcantariflas,
contaminando nuestros rios, lagos y playas. Las
bacterias y el riesgo de enfermedades amenazan la
salud de nuestros nifios y comunidades. No importa
donde usted resida, esta contaminacidn es un problema.
¢ Guél es la respuesta? Recoja ;
los desechos de su
- perro, para ayudar
~a prevenir la
contaminacion
y proteger
nuestra salud.

“To reportillegal dumping er for moreinformation
“- on Stomwater peflution prevention, call:

1(800) CLEANUP

www.l1800cleanup.org

Spanish side

Item: Dog waste hill insert Actual size: 3.625" x 8.5" Advertiser: San Bernardino County Storm Water Program
Agency: Industrial Strength Advertising Date: 9/10/03
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Pesticide Tips to
Prevent Pollution

Water that runs off your fawn and garden ean carry
pesticide into the San Bernardino County sterm drain
system, and it does not get treated before reaching the
Santa Ana River. This pollutes eur drinking water and
contaminates waterways, making them unsafe for people
and wildlife. Follow these simple tips to prevent pollution

and protect your health.

\ the product tahal and fofiow the
k. ¥ “tfirections carefully, using only as
ki . ) directed.

@ Spat apply rather than blanketing an
entire area,

® Don't apply pestiside before a rain.

® Usenor-oxic products far your garden
and fawn whetiever possible,

® Take unwanted lawn or garden

chemicals ta a household hazardous

waste collection facHity. Call

(800) 253-2687 for the location of your
y's Fagllity.

English side

Gonsejos de Prevencion
Parala Gontaminacion
e Pesticid
€ resticioas.

El desagiie del jardin puede llevar pesticidas que acaben
per llegar a [os drenajes del Condado de San Bernardino
y terminando en el Rio de Santa Ana. Esto contamina
el agua que tomamos, haciendola pefigorsa para fa gente
y la vida salvaje. Sigue estas practicas para prevenir
la contaminacion y protejer la salud publica.

® Leer las etiquatas def producto y seguir

|as instrucciones cuidadosaments,

B¥iisarias tal come se indica.

® Apliqua solo parte por parte, no en
areas grandes.

® o aplique los pesticidas antes de que
llueva.

® Trata de usar produetss no-toxicos
para tu jardin cada vez que sea osible.

® [Desechalos en unlugar de coleccion de

desechos peligrosos, Llama al

(800) 263-2687 para infarmaeidn de

. un centro cerca ati.

Spanish side

ltem: Pesticide bill insent Actual size: 3.625" x 8.5" Advertiser: San Bernardinoe County Storm Water Program
Agency: Industrial Strength Advertising Date: 8/29/03
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CARPET CLEANING ACTIVITIES

STORMW A.'l' ER
Pollution
Prevention
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Toxlc chemicals:and dlscharged waste wate_ from _ ,
furniture ‘and ‘window cleaning often make. their way into -the:

 Stormwater Management _
Practices for Carpet e 8 S e e o g o g et v

contaminates local waterways, making them unsafe for people and

CEe anin Adiviﬁ es - wildlife. Following these best management practices will prevent pollution, .~ -
g comply wath regulatmns and protect public heaith e g

These guidelines apply even if the cleaning products ars labeled rontoxic” E -llispnse of Wastewater Pmparly : '

ar “biodegradabie”. Aithough these products may be less harmful to the Wastewater from cleaning equipment must be discharged into a sink,

environment, they can still have harmful effects if they enter the storm toilet, or other drain connected to the sanitary sewer system within

drain untreated. sanitary sewer discharge fimits, hauled off and disposed of properly, or

may be discharged to a pervicus area, for example, 2 fawn area, as long
as it does not everflow into the street, gutter, parking fot or storm drain.
Vlastewater shoulg never be gischarged inte a street, gutter, parking lot
or storm drain.

Filter Wastewater

Garpet cleaning wastewater should be filtered before discharging it to
the sanitary sewer since fikers and other debris in the wastewater can
clog pipes. The filtered materiai can be dispased of in the garbage,
provided that the waste is rot contaminated with hazardous pollutants.

To report itlegal durmping or for more information on
stormwater poflution prevention, call:

1 (800) CLEANUP

or visit our websites:
www.co.san-bernardino.ca.us/ ﬂoodlnpdes
wwwi800cleanup.org
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Pollution Prevention

AUTO MAINTENANCE

0il, grease, anti-freeze and uther toxic automaotive fluids often make their way into the
San Bemardino Gounty sterm drain system, and do not get treated before reaching the Santa Ana

River. This pollutes our drinking water and centaminates waterways, maldng them unsafe for people
and willifz, Follow these hest management practices o prevent pollution and protect public heafth

Cleaning Auto Parts
Scrape parts with a wire brush or
use a hake oven rather than liquid
cleaners. Arrange drip pans, drying
racks and drain boards so that
fluids are directed hack into the
parts washer or the fluid halding
tank. Do not wash parts or
equipment in a shap sink, parking
lot, driveway or street.

A .

Storing Hazardous Waste
Keep your liguid waste segregated,
Many fluids can be recycled via
hazardous waste dispasal companies
if they are not mixed. Store all
materials under cover with spill
containment or inside to prevent
contaminalion of rainwater runoff.

Metal Brinding and
Polishing

Keep a bin under your lathe or grinder
to capture metal filings. Send
uncontaminated filings to a scrap mekal
recycler for reckamation. Store metal
fifings in a covered container or indoors.

€leaning Spills

Ise dry metheds for spill cleanup
[sweeping, absorbent materials). Follow
your hazardous materials responsea
plan, as filed with your focal fire
department or other hazardous
materials authority. Be sure that afl
employees are aware of the plan and
are capable of implementing each
phase, Ta report serious toxic spills,
call 91t

Preventing Leaks and
Spills

Place drip pans underneath to capture
fluids. Use ahsorhent cleaning agents
instead of water to clean work areas.

; 22

Proper Disposal of
Hazardous Waste

Recyele used motor oil and oil filters,
anti-freeze and other hazardaus
automative fluids, batteries, tires and
metal filings collected from grinding
or polishing auto parts. Gontact a
licensed hazardous waste hauler.
For mere recycling information, call
(969) 385-8401.

- Ta rephlt iiiegal dumnping or
for more information on stormwater
pollution prevention, caff

0C

 CLEANUP

00cieanup.org




HOME REPAIR
& REMODELING

Construction Projects

Keep construction debris away from the street,
gutier and storm drains. Sehedule grading and
excavation projects for dry weather. Cover
excavated material and stockpiles of seil, sand or
gravel, protected from rain, wind and runoff. Prevent
erosion hy planting fast-growing annual and
perennial grass, which can shield and bind soil.

Recycle Household Hazandous Waste
Hausehold cleaners, paint and other home improvement
products like wallpaper and tile achesives are too tode
to trash. Recycle them instead, at a convenient
household hazardous waste collection facility, Cali
(800) CLEANUP for the facility in your area.

STORMWATER

Paints, solvents, adhesives and other toxic substances used in home repait and remodeling often make their
way into the San Bernardino Gounty storm drain system and do not get treated hefore reaching the Santa
Ana River. This pollutes our drinking water and contaminates waterways, making ther unsafe for peaple
and wildlife. Follow these simple tips to prevent pollution and protect your health.

Landseaping & Gardening

Avoid applying feriilizers ar pesticide near curhs
and driveways, and store covered, protected from
rain, wind and runoff. Try using organic or nan-
toxic alternatives. Reduce runaff and lower your
water bill by using drip irrigation, soaker hoses
er micro-spray systems. Recycle leaves instead
ef blowing, sweeping or raking them inta the
street, gutter or storm drain.

Paint Removal
Paink stripping residue, chips and dust from marine
paints and paints containing fead or tributy] tin
are hazardous wastes. Sweep them up instead of
hosing inte the street and dispose of them safely
at a househofd hazardous waste
collection facility.

Painting Cleanup

Awoid cleaning brushes or rinsing paint containers
in the street, qutter or near a storm drain. Clean
water-hased paints in the sink. Clean oil-based
paints with thinner, which you can filter and reuse.
Recycle leftover paint at a household hazardous
waste eoliection facility, save it for toech ups or
give it fo someone who can use it, like a thealre
graup, schoal, city or community organization,

Concrete and Masenry

Store bags of cement and plaster away from gutters
and starm drains, and cover them to protect against
rain, wind and runaff, Sweep ar scaop up cement
washout or cancrele dust instead af hosing into
driveways, streets, gulters or storm drains.
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Attachment |

Educational material for Vortech
Units
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~ \ortechs System

The proven stormwater treatment leader

Get proven, reliable stormwater treatment

The Vortechs® System is the prove
contractors, regulators, developers an
quality challenges and to ensure that ur
The EPA award-winning design efficiently removes contami

stormwater. The Vortechs® System's swirl-concentrator and
to provide positive removal efficiencies throughout the full range of ©

every time.

CONTECH Company. © " .

n stormwater solution chosen by engineers,

d conservation organizations to meet water
ban runoff is as clean as possible.

nated sediment, floating hydrocarbons, and debris from
flow controls work together to eliminate turbulence and
With the most comprehensive lab, field

and third-party testing in the industry, the \ortechs® System delivers proven results and site-specific solutions for all

applications and rainfali conditions.

Vortechs® System Features and Benefits

Easy Maintenance

Unobstructed Manhole Access
Allows for easy arit chamber
clean-out

80% TSS Removal
Grit Chamber

Unique design effectively
removes solid polluants

Low Cost Installation
Shallow Design
Reduces installation costs and
maintenance pump-out volume

Best standalone treatment technology on the market.

The pollutants targeted by most stormwater regulations are sediment, hyd
are useful in removing some of these pollutants, the Vortechs® System is
of the target poliutants. Other technologies have inherent design li
diminish fiow rate capacity and/or obstruct maintenan
proven their versatility and adaptability on more than 4,

{vantages of the Vortechs® System

, . s Full Range of Flows » Shallow System Profile
w F ‘wtenance » Customizable Design
aent Needs » Optimizes Surface Use
Residential of Real Estate on High
sites Value Sites

,7.907.8676 ar visit us at www.vortechnics.com

H-160

ce access.
000 successful installa

Wide Range of Treatment Capacities
Low Flow Contcol

Prevents floatables re-entrainment
and optimizes swirling action dusing
low intensity storms

Resistant to Washout
High Flow Control
Provides surge protection
during peak flaws

Traps Qil, Grease and Trash
Floatables Baffle Wall
Traps hydrocarbons and debris

rocarbons and debris. While other technologies

the best standalone solution for addressing all
that can compromise treatment efficiency,
For more than 15 years, \Vortechs® Systems have
tions in North Ametica.

» Easy installation

» 20-Year Warranty

» Performance Verified
Through Lab, Field and
Third-Party Testing

Committed to Clean water™




Vortechs System

The proven stormwater treatment leader

Vortechs® System Operation

Visit www.vortechnics.com to see an animated Vortechs® System in action!

Low Intensity Storm

Medium Intensity Storm

Most storm events (85 percent) do not exceed the two-maonth
storm intensity. During this low intensity storm flow, the water
{evel within the Vortechs® System will rise above the top of the
intet pipe, reducing inflow velocily and turbulence. Oit and fine
sediments are usually washed off paved surfaces during these
events, and the Vortechs® System treatment efficiencies are in
the 80 to 90 percent range for typical urban runoff sediment.

High [ntensity Storm

High intensity storms are infrequent, and storm flows have
sufficient energy to wash off the largest sediment particles and
pieces of debris. When the high flow control approaches full
discharge within the Vortechs® System, storm drains are flowing
at peak capacity. The Vartechs® System can accommodate
flows up to the specified design storm (i.e. t0-year storm).
Treatment efficiencies remain constant during this phase.

{earn More! Call 877.907.8676 or visit us at www.vortechnics.con

During a medium intensity storm, which occurs with a frequency
of one to two years, remaining ofl washes off pavement, and
larger sediment particles and debris are now transported into
the Vortechs® System. As flow increases, the water level rises
above the low flow control and the tank begins to fill. With the
inlet submerged, the oily tayer is above the influent flow path,
preventing re-entrainment of floating pollutants. Swirling action
increases at this stage, which increases sediment removal rates.

Storm Subsidence

Treated runoff is decanted out of the Vorlechs® System at a
controlled rate, restoring the water tevel to a low, dry-weather
volume. This reveals a conical pile of accumulated sediment in
the center of the grit chamber. Besides facilitating inspection and
cleaning, the low water level significantly reduces maintenance
costs by reducing pump-out volume.

VALGNL,1.04.04 © Vortechnics, Inc, 7004

Committed to Clean Water™
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Learn More! Call 877.907.8676 or visit us at www.vortechnics.com

Vortechs® System: a System Sized for Every Application

When you specify a Vortechs® System, the Vortechnics team will customize the design to
fit your site’s unique parameters and provide you with an effective, cost-efficient solution.

Each Vortechs® System is custom designed based on:

» Removal Efficiency Goals » Design Flow
» Drainage Area » Site Runoff Coefficient and Time of Concentration

» Regional Rainfall Intensity Distribution ~ » Anticipated Pollutant Characteristics

Vortechs® System Sizing Methodology: the Rational Rainfall Method™

Differences in local climate and topegraphy make every site unique, so it is important to take these factors into consideration when
chaosing a stormwater treatment system. Therefore Vortechnics developed the Rational Rainfall Method™ to accurately design each
Vortechs® System. The sizing methodology combines site-specific information, including local historical precipitation records, with
laboratory-generated performance data corroborated by third-party field studies, ensuring accurate long-term performance.

Short duration rain gauge records from across the United States and Canada were analyzed by Vortechnics to determine the percent
of the total annual rainfall that fell at a range of intensities. One trend was consistent at all sites: the vast majority of precipitation fell
at low intensities and high intensity storms contributed relatively little to the total annual depth.

These intensities, along with the total drainage area and runoff coefficient for a specific site, are translated into flow rates using the
Raticnal Rainfall Method™. Based on the flow rates calculated for each intensity, an operating rate within a proposed Vortechs®
System is determinad. Finally, a removal efficiency is selected for each aperating rate based on anticipated poitutant characteristics
and on full-scale faboratery tests. The relative removal efficiencies at each operating rate are summed to produce a net annual
pollutant removal efficiency estimate.

Vortechnics typically selects a system size that will provide an 80 percent annual total suspended sclids (TSS) load reduction
based on faboratory-generated performance curves for 50-micron sediment particles, however the Rational Rainfall Method™ can
accommodate other removal efficiencies or particie sizes. It can also be used to estimate annual hydrocarbon load reductions.

Once a system size is established, the internal elements of the system are designed based on information provided by the site
engineer. Flow control sizes and shapes, sump depth, spill storage capacity, sediment storage volume and infet and outlet orientation
are determined for each systern. In addition, bypass weir calculations are made for offiine systerns.

Typical Vortechs® System Elevation View Typical Vortechs® System Plan View
CnhCéeie Rei]'l_-nfo?ed 'I__?i_m El%f%!iogs to Match Cld %HF ra[ge
forHS20-44 Loading “inished Grade- [~ / and Covers by . . ,
/ o M Voﬂg':chni;s : et 120G (L) e i e .
[ L' "-I' — =1 — 'R | .‘*,_ Gt Chamber
e A | R | Risers by XN ,Base Séalant
: i / - Othere r . jgoﬂ /Sealant / , r
! Tdp-and - O S o TR PUACr v A e —
I Sides Sealed : : e o i [ 1
70 - i to Vault 1o 3 weir] X B
{2534 mm) P Iveir L) L 3 | p
Typical ;‘ and—m-{ [ 2y | W
y Orfice | | ; 1/ i | _veir} :
R : e Ly M £ Tode 11 M
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Typical [F) S0l Lol q 8 = LS B
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i Wall Control
Wall
Vortechs® System Orientations
—I——L [ : te polish
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Lo outfal
Pretreatment
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NOTE:
VORTEGHS SYSTEMS INSTALLED :
IN A BYPASS CONFIGURATION 5o

REQUIRE AN UPSTREAM
DIVERSION STRUGTURE THAT
SHALL BE DETAILED BY THE
CONSULTING ENGINEER WITH SEALANT
ELEVATION AND WEIR WIDTH UOED BUNAN
DATA PROVIDED BY CONTECH EXTR SEAL .
STORMWATER SOLUTIONS. ra CONCRETE TYP
: o
- ALUMINUM SWIRL =
| CHAMBER "
A 1 wER .-
3 7 ] :
H . . ™
5 15 1] Fa il :
A "-‘ p o QUTLET MAY VARY,
A {90 :;- ~ i } : SEENGCTE® A
- P a1 e
L ,-;/ ORIFICE §.:~ ’I
— - — - —f e ] FA b —
= _— F N =
INLET VARIES, SEE NOTES 8 4 0.
INLET PIPE MUST BE A GORNER INLET SEALANT BAFFLE WALL FLOW CONTROL WALL
TO INFRODUCE FLOW TANGENTIALLY
TO THE SWIRL CHAMBER.
CONCRETE REINFORCED
RIM ELEVATIONS TO
FOR Hs20 LUAD]NG\ MATCH FINISHED GRADE
|
. T - i RISERS BY OTHERS
I 7 TOP AND SIDES _/ ¥ [ B
B B2 SEALEDTO— | . -
vauLT | - =
1 -] 1 wer |3
o BUFYL
e I ¥ RUBBER il / 2 : i
o SEALANT o orFe |- ]
PLATES | /] __{_
INLET INVERT} \_ . 8 | .| _oRFCE [ QUTLET INVERT
[ ¥ - o : & T 1
¥ i - o
T |
B S O S T s Ve o TTE ST NS S HIMUM 8° COMPACTED GRAVEL
res SECTION A - A
1. STORMWATER TREATMENT SYSTEM (SWTS) SHALL HAVE: 7. SWTS SHALL HAVE NO INTERNAL COMPONENTS THAT OBSTRUCT MAINTENANCE
PEAK TREATMENT CAPACITY; 8.5 GFS
SEDIMENT STORAGE: 3.25 CUYD B. INLET PIPE MUST 8E PERPENDICULAR TO THE STRUCTURE
SEDIMENT CHAMBER DIA: T MIN 9, PIPE ORIENTATIGN MAY VARY; SEE SITE PLAN FOR SIZE AND LOCATION
2. SWTS SHALL BE CONTAINED IN ONE RECTANGUIAR STRUGTURE 10. PURCHASER SHALL NOT BE RESPONSTRLE FOR ASSEMELY OF UNIT
3 SWTS REMOVAL EFFICIENCY SHALL BE DOCUMENTED BASED ON PARTICLESIZE 14, MARHOLE FRAMES AND PERFORATED GOVERS SUPPLIED WITH SYSTEM, NOT
4 SWTS SHALL RETAIN FLOATABLES AND TRAPPED SEDIMENT UF TO AND INSTALLED
INGLUDING PEAK TREATMENT CAPACITY 12. PURCHASER TO PREPARE EXCAVATICN AND PROVIDE CRANE FOR OFF-LOADING AND
5. SWTS INVERTS [N AND OUT ARE TYPICALLY AT THE SAME ELEVATION SETTING AT TIME OF DELIVERY

B. SWTS SHALL NOT BE COMPROMISED BY EFFECTS OF DOWNITREAM TAILWATER 13. VORTECHS SYSTEMS BY CONTECH STORMWATER SOLUTIONS; PORTLAND, OR
{BOCIS48-4567; SCARBORCOUGH, ME (877) 807-8676; ELKRIDGE, MD (858) 740-3318.

PROPRIETARY INFORMATION - NOT TO BE USED FOR CONSTRUCTION PURPOSES

This CADD Nla ls for the purposa of spacifying stomwatsr treatment equipment ko ba fumished by CONTECH Stormeater Saiuticna and may only be farred to cther axaclly a8 provided
by CONTECH Stormwater Solutions. Title block information, axcluding the CONTECH Stormwater Solutions logo and the Vortachs Stormater Treatment System designation and patent number, may
ba deleted if necessary. Revisions & any part of this CADD fils without prior coondination with CONTECH Stormwater Solutions shall be considered enauthorized uss of propriglacy information.

MIATTFENALL® STANDARD DETAIL
o V|
== VANl Emw=s ~ STORMWATER TREATMENT SYSTEM

STORMWATER VORTECHS® MODEL 5000
SOLUTIONS.. \US. PATENT No. 5,789,415
contachetormwater.cam DATE:4/508 | SCALE:NONE | FILE NamE: STDSK | DRAWR: GMC | CHECKED: NDG
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FOR INFORMATIONAL PURPOSES ONLY
NOT INTENDED AS A CONSTRUCTION DOCUMENT
-BYPASS AND JUNCTION STRUCTURES NOT SUPPLIED BY CONTECH STORMWATER SOLUTIONS-

BYPASS MANHOLE JUNCTION MANHOLE
BYPASS PIPE LENGTH
OUTSIDE TO OUTSIDE DISTANCE

_____________________________________ TC
BYPASS OUTFALL

___________________________ -~
——

BYPASS WEIR LENGTH AND
CREST ELEVATION TG BE
DETERMINED BY
STORMWATER380

CENTER LINE TO CENTER LINE DISTANCE

NOTE: BYPASS AND JUNCTION MANHOLE DIAMETERS ARE ASSUMED BASED ON THE TREATMENT CAPACITY OF
THE YORTECHS SYSTEM. THESE DIAMETERS MAY CHANGE DEPENDING ON SPECIFIC SITE CONDITIONS,
CONTACT YOUR CONTECH STORMWATER SOLUTIONS DESIGN ENGINEER.

Vortechs Variechs Dims Recommended Typical Typical Approximate Approximate
Medel Size Pipe Size Bypass Junetion Center Line to Bypass Pipe
Length | Width Manhale Manhole Center Line Length Cutside
Distance to Qutside

1000 o | 30 F10" 4.0"@ 403 78" 3-6"
2000 100" 4'-0" @12" 4'-0"c 4-0"a 85" 4'-5"
3000 110" 50" Zns" 5'-0"@ 4-0"@ S 49"
4000 12-0" 8-0" 215" 5-0"@ 4-0"g 103" 5-9"
5000 13-0" 70" a18" 8-0"d 5.0"@ 112 _ 5-g"
7000 14'-0" g-p" a1g" 6-0"ad 5-0@ 12'-2" 68"
9000 15-0" 9'-0" @214" g-0"e 6-0"e 11-10" 5-10"
11000 160" | 100" @24" §'-0"@ 60" 12'-8" g-g"
16000 18-¢" | 12-0" @2 6-0"@ 6'-0"d 147" 8-

This CADD file is for the purpase of specifying stormwater treatmenl equipment to be fumished by CONTECH Stormwater Solutions and may only be transferced lo other documenls exaclly as provided
by CONTECH Stormwaler Solutions. Title block information, excluding \he CONTECH Stermwater Solutions logo and the Vortechs Stormwater Treatment System deslgnation and patent number, may
be deleted H necessary. Revisions to any part of this CADD file without pricr coordination with CONTECH Slommwater Solutions shall be considered unaulhorized use of proprietary information.

AVCAITEMLLY | 1ypicAL BYPASS & JUNCTION MANHOLE LAYOUT

e
Z UV N = S WITH SPECIFICATIONS TABLE FOR
STORMWATER VORTECHS® STORMWATER TREATMENT SYSTEM
SOLUTIONS..
contechstormwater.com DATE: 4/7/06 | SCALE: NONE l FILE NAME: TYPTELVXBPR i DRAWN: GMC I CHECKED: NDG
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FOR INFORMATIONAL PURPOSES ONLY
NOT INTENDED AS A CONSTRUCTION DOCUMENT

-BYPASS AND JUNCTION STRUCTURES NOT SUPPLIED BY CONTECH STORMWATER SOLUTIONS -

BYPASS OR
STORMGATE JUNCTION MANHOLE
MANHOLE (OPTIONAL)

TO QUTFALL
N —

BYPASS WEIR LENGTH AND

T .t
i ,
i —i i CREST ELEVATION TO BE .
oo DETERMINED BY CONTECH oo
o STORMWATER SOLUTIONS o
5-0" MIN. Pl P
RECOMMENDED |{ Vi L

P P ‘

L L

‘: j 5 o : r = l; j' i

' ' PITITIITTIIT, ALT OUTLET !

) {1 TOOUTFALL
o

VORTECHS SYSTEM

ACTUAL ORIENTATION AND LAYOUT MAY VARY
DUE TO SITE SPECIFIC CONSIDERATIONS

This CADD file is for the purpose of spacitying slarmwaler lrealment equipment 1o be furnished by Conlech Stormwater Solutions and may orly be iransfemed io other dacumants exactly as provided
by Contech Stormwater Solutians. Tille block Information, excluding the Contech Stormwaler Solutians logo and the Vortechs Stormwater Trealment System designation and patent number, may be
deleted if necessary. Revisions ta any par of This CADD fle wilhaut prior eoordinatien with Contech Stormwater Solufions shall be considered unautherized use of proprietary infarmalion.

£ YAITEALY
CCYE S A s ¥ TYPICAL BYPASS LAYOUT

STORMWATER VORTECHS® STORMWATER TREATMENT SYSTEM
SOLUTIONS.. ‘

contechstomwater.com DATE: 6/15/08 l SCALE: NONE I FILE NAME: TYPVXBFLOR | DRAWN: GMC I CHECKED: NDG
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VARIABLE DIAMETER
(SEE NOTE 2)

PEAK FLOW
OUTLET PIPE
(SEE NOTE 4}

WATER QUALITY
FLOW QUTLET PIPE
(SEE NOTE 4

STEPS

INLET PIPE _/

(SEE NOTE 4}

STORMGATE MANHOLE - PLAN VIEW @
1

24" @ FRAME

GRADE RING AND COVER (STD)
(TYP} 4\
I.

]

TR A s

9 877277708
iy jammim

STORMGATE ADJUSTABLE e e
WEIR (SEE DETAIL 1/2)

STORMGATE MANHOLE - SECTION VIEW @
1

©2006 CONTECH Stormwater Solutions

ﬁ&“lé:“':ﬂum STORMGATE MANHOLE HIGH FLOW BYPASS
VAL"-‘ =B s
PLAN AND SECTION VIEWS

STORMWATER
SOLUTIONS.. STANDARD DETAIL

DRAWING

1

12

centgchstormwater.com DATE: 04/04/G6 | SCALE: NONE [ FILE NAME: 3G-MH-DTL | DRAWN: MJW

CHECKED; ARG
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GENERAL NOTES

LINTRICUM, MD (866} 740-3318,

ACTUAL DIMENSIONS AND CONFIGURATION OF STRUCTURE WILL BE SEOWN ON PRODUCTION SHOP DRAWING.
3) STRUCTURE AND ACCESS COVERS TO MEET AASHTO H-20 LOAD RATING.

EQUIPFED WITH EITHER CORED OPENINGS OR KNOCKOUTS AT INLET AND QUTLET LOCATIONS.

1) STORMGATE BY CONTECH STORMWATER SOLUTIONS; PORTLAND, OR {800} 548-4667; SCARBOROUGH, ME (877) 907-8676;

2) PRECAST MANROLE TO BE CONSTRUCTED IN ACCORDANCE WITH ASTM C478. DETAIL DRAWING REFLECTS DESIGN INTENT ONLY.

4) INLET AND QUTLET PIPING TO BE SPECIFIED BY ENGINEER AND PROVIDED BY CONTRACTOR. PRECAST STORMGATE MANHOLE

5} CONTRACTOR TO ADJUST WEIR TO DESIGN ELEVATION SPECIFIED IN DATA TABLE BELOW. DO NOT EXCEED 5.0 FT-LBS TORQUE
WHEN TIGHTENING SCREWS ON WEIR FRAME. SEAL WEIR TO FRAME WITH RTY SILICONE SEALANT AFTER FINAL ADJUSTMENT.

STORMGATE MANHOLE
DATA
STRUCTURE (D XA
WATER QUALITY FLOW RATE (cfs) XXX
PEAK. FLOW RATE, Qpeak (cfs) XXX
MANHOLE DIAMETER, (48", 60", 72%) XX
RIM ELEVATION OOLX
4% I
BIFE DATA: TE. |ORIENTAT!ON [MATERIALIDIAMETER
A_ A INLET PIPE X e XXX o
= - . . . [ WATER QUALITY l . “
qur T T FLOW OUTLET PIPE { %% X X X
SET SCREWS (TYP) PEAK FLOW , R -
(SEE NOTE 5) QUTLET PIPE XXX i XXX X
ORIFICE TYPE {FIPE, CAP, FLATE) OO
WEIR DETAIL - PLAN VIEW m ORIFICE DIAMETER (n) X
2 WEIR CREST ELEVATION XA K
WEIR WALL ELEVATION LXK
READ OVER WEIR, H (ft] XXX
WSE at Qpeak XXAXX
WEIR ORIENTATION e
FLOOR_ELEVATION KX
NOTES/SPECIAL REQUIREMENTS: | PIPE ORIENTATION KEY:
90°
WEIR FRAME 1 8O° _@wou
3 .
- , ADUUSTABLE ;
| WEIR PLATE 270°
//////% o (SEE NOTE 5)
2-2" . AT T T T T //-\
MIN /////// /// <) EMBEDMENT
o / 2l I\ ANCHORS
. .d" - 1‘ -7.-‘- “ :..._ "’ (TYP)
A t. T
4 MIN

WEIR DETAIL - SECTION VIEW (/B
\2/

24" @ FRAME
AND COVER {310

STORMGATE MANHOLE- TOP VIEW /27

\2/

©2006 CONTECH Stormwater Solufions

PSAITEMLYE STORMGATE MANHOLE HIGH FLOW BYPASS
BV K mm s L
TOP VIEW, WEIR DETAIL, DATA AND NOTES 2
STORMVWATER 3 0 o
<OLUTIONS.. TANDARD DETAIL —
contechstormwater.com DATE:04/04/05 | SCALE: NONE | FILE NAME: SG-MH-DTL | oRAWN: MW | CHECKED: ARG
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FOR INFORMATIONAL PURPOSES ONLY
NOT INTENDED AS A CONSTRUCTION DOCUMENT
- BYPASS AND JUNCTION STRUCTURES NOT SUPPLIED BY CONTECH STORMWATER SOLUTIONS -

BYPASS OR
STORMGATE JUNCTION MANHOLE
MANHOLE [OPTIONAL)

TO QUTFALL
——p——

BYPASS WEIR LENGTH AND
CREST ELEVATION TC BE

DETERMINED BY CONTECH
STORMWATER SCLUTIONS

RECOMMENDED

) — .

I
\
1
1
i
1
50" MiN. !
1
1
1
I
1
i
1
1

VORTECHS SYSTEM

ACTUAL ORIENTATION AND LAYOUT MAY VARY
DUE TO SITE SPECIFIC CONSIDERATIONS

This CADD #le is for the purgose of specifying slormwater Irealment equipment to be fumished by Contech Stormwaler Solutions and may only be transfered to other documents exactly as provided
by Contech Slormwater Solutions. Tile dlock information. excluding the Contech Stormwater Sokitions logo and the Vortechs Stormwater Trealment System designation and patent number, may be
deleted if necessary. Revisions to any part of this CADD fe wilhout prior coordination with Contech Stormwater Solutions shall be considered unauthorized use of propriglary information.

o e

BETAVE N N amw s ¥ TYPICAL BYPASS LAYOUT
W VORTECHS® STORMWATER TREATMENT SYSTEM
SOLUTIONS..

contechstormwater.com DATE: 6/1506 | SCALE: NONE [ FILE NAME: TYPVXBPLOR [orawn:Ghc [ cHECKED: NDG
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Hydrodynamic Separation Products

STORMWATER
SOLUTIONS inc.

Hydrodynamic Separation Products

High perfarmance hydrodynamic separation products are refiable, easy to install,
and offer proven stormwater poliutant removal. Discover the advantages of

farget Pollutants hydrodynamic separation whether you're looking for a stand-alone treatment
» Total suspended solids larger than device or a treatment train.

50 microns
* Free oil and grease Why Hydrodynamic Separation?
« Trash and debris . )

) » Removes sediment, floatables, free oif and grease
+ Sediment
- Widely accepted for effective solids removal

Applications « Small footprint for treated flow rate
« Commercial, municipai, residential « Delivers treatment with minimal headlcss

and industriat sites « Documented performance through lab and independent field testing

« High-density and single-family
residential sites
« Maintenance, transportation and

« Undergreund, traffic-rated BMPs maximize land use

port facilities About CONTECH Stormwater Solutions
' Parklhg lots When you select CONTECH Stormwater Solutions, you'll get much more than
+ Arterial roads stormwater management products. You'lt have dedicated, knowledgeable
+ Freeways engineers and technical experts to help you select the right technology to meet

your regulations. Our organization is committed to preserving water resources by
providing customized, site-specific stormwater treatment sclutions. And, every
product is backed by the most comprehensive lab, field and independent testing
in the industry. As one of the four divisions of CONTECH Construction Preducts
— Stormwater, Bridge, Earth Stabilization, and Drainage — we bring you the
most comprehensive portfolio of solutions in the industry. Every day. Every site.

Vortechs® VortSentry®
+ High performance hydrodynamic separation widely « Compact design is ideal for congested sites
accepted for salids removal makes permitting easier « Houses an internal bypass and treatment in
+ Removes a wide range of pollutants — including one structure
sediment, trash, free ail and grease — cost effectively + Lightweight design eases installation
« Treats peak flows without bypassing + Unobstructed maintenance access typically does
s Proven performance verified through third-party testing not require confined space entry

+ Shallow system profile and unique harizontal design
makes installation easier and less expensive

« Flaxible design fits multiple site constraints and
accommodates a wide range of treatment options

www.contechstormwater.com
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Vortechs®

High flow hydrodynamic separation

The Vortechs system is a high-performance
hydrodynamic separator that removes sedimert,
particles, free oil and grease. The design allows for
easy inspection and unobstructed maintenance access.

HIGH FLOW CONTROL
SWIAL CHAMBER

Each Vortechs system can be designed in accordance
with local requlations or by using the Rationat Rainfall
Method™ . This methad combines site-specific
information, inciuding local historical precipitation
records and lzhoratory-generated performance data
{corroborated by third-party field studies) to ensure
accurate long-term performance. It can also be used
to estimate annual hydrocarbon {oad reductions.

A typical system is sized to provide an 80% load
reduction based on laboratory-verified removal
efficiencies for varying particle size distributions such
as 50-micron sediment particles.

DUTLET CHAMBER
LOW FLOW CONTROL

FLDATABLES CHAMBER FLDATABLES BAFFLE WALL

How does it work?

Water enters the swirl chamber at & tangent, inducing

a gentle switling flow pattern and enhanding gravitational separation. Sinking pollutants stay in the swirl chamber while floating
pollutants are stopped at the baffle wal. Flow rates are controlled through the system by the low flow control, which reduces inflow
velocity. In most applications the Vortechs system is designed to operate at the fow flow rate, since this accounts for 80% of the annual

runoff volume at most sitas.

During larger storms, the water level rises above the low flow controt and begins to flow through the high flow control. The layer of
floating pollutants is elevated above the influent pipe, preventing re-entrainment. Switling action increases in intensity in relation to
the storm, which helps maintain high sediment removal rates. When the storm drain is flowing at peak capacity, the water surface in
the system approaches the top of the high flow control. The Vortechs system will be sized large enough so that previously ca ptured
pollutants are retained in the system even during these infrequent events.

As a storm subsides, treated runoff decants out of the Vortechs system at a controlled tate, restoring the water level to a dry-weather
level equal to the invert of the inlet and outlet pipe. Besides facilitating inspection and cleaning, the low water level significantly

reduces maintenance costs by reducing pump-out volume.

Vortechs®
« Proven petformance speeds approval process

» Rational Rainfall Method predicts optimal size

+ Flow contrels reduce inflow velocity and increase residence time
+ Unobstructed access simplifies maintenance

« Shallow system profile reduces site excavation

+ Very low headlass
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Hydrodynamic Separation

VortSentry®

Hydrodynamic separation with internal bypass

The VortSentry® is a hydrodynamic separator with a small
footprint that makes it an effective treatment option for projects
where space is at a premiur and efficiency is critical. The
internal bypass ensures treatment chamber velocities remain
low, which improves performance and eliminates the risk of
resuspension.

in addition to stand-alone applications, the VortSentry® is
an ideal pretreatment device. The system is housed inside a
flightweight concrete manhole structure for easy installation
(often without the use of a crane) and unobstructed

Flow Partition

maintenance access, Inlet Aperture Outlet Pipe

. Inlet Pipe
How does it work? N
Stormwater runoff enters the unit tangentially o promote a Head
gentle swirfing motion in the treatment chamber. As polluted Equalizing Baffle
water circles within the chamber, settleable solids fail into the Treatment
sump and are retained. Suoyant debris and oil and grease rise Chamber Baffle Outlet

Flow Control

to the surface and are separated from the water as it flows
under the baffle wall. Treated water exits the treatment chamber
through a flow control orifice focated behind the haffle wall.

During low-flow conditions all runoff is diverted into the
treatrnent chamber by the flow partition. At higher flow

. rates, a portion of the runoff spills over the flow partition and

is diverted around the treatment chamber, filling the head
equalization chamber. This collapses the head differential
between the traatment chamber and the outlet, resulting in a
relatively constant flow rate in the treatment chamber even with
a substantial increase in total flow through the system. This
further reduces the potential for resuspension or washout of
captured pollutants.

Treatment
Chamber

VortSentry®
» Internal bypass and treatment in cne structure

=« Compact manhoele design
« Unobstructed maintenance access

s Round, lightweight construction

H-171

VortSentry® High-Flow (HF) model

s Allows a greater bypass flow through the system
while maintaining the same level of treatment

« Accommodates pipe diameter up to 72 inches
(1800 mm}




Hydrodynamic Separation

Available models
Use this table to identify the appropriate model for your site. Engineers in cur Technical Sales department are available to assist with your project.

Vortechs Swirt Chamber Internal Peak Treatment Sediment
Model Diameter Length Flow Storage
ft - cfs yd? m?
1000 3 a9 9 27 1.6 45 0.7 0%
2000 4 12 10 EX 2.8 50 1.2 09
3000 5 05 11 34 45 156 1.8 IE|
4000 6 18 i2 37 6.0 170 2.4 18
5000 7 21 13 40 85 240 3.2 15
7000 8 a4 14 43 11 300 4.0 3.1
3000 9 27 15 15 14 400 4.8 37
11000 70 30 16 49 17.5 500 5.6 4.3
16000 12 37 18 55 25 70 7.1 5.4

Typical Depth 80% Water Wax. Size Sediment
V°35‘;“:ry Diameter {below invert) Quality Flow® fnletfOutlet Storage
ode
ft m ft m cfs Ufs in mm yd? m?

VS30 3 09 5.5 17 0.26 7.40 12 300 0.8 06
VS$40 4 12 6.7 20 0.58 16.4 18 460 1.4 1
VS50 5 15 7.6 13 1.07 303 18 480 22 17
VE60 6 1.8 8.5 6 1.77 50.1 24 500 3.4 2.4
VS70 7 21 9.4 79 2.70 76,5 30 750 43 33
V580 8 24 10.2 31 3.90 o 36 600 5.6 43
V540 HF 4 12 7.5 23 0.58 154 36 900 14 11
VS50 HF 5 15 8.5 26 1.07 103 42 1050 2.2 17
VS60 HF 6 13 9.3 2e 1,77 50.1 48 1200 3.1 34
VS70 HF 7 Z1 10.5 3.2 2.70 755 60 1500 4.3 33
VS$80 HF 8 24 11.0 34 3.90 1o &0 1500 5.6 43

1 Treatmant flows based on 80% removal of OK110 silica sand.  Note: Larger models may be available in your area.

« Drawings and specifications are available at contechstormwater.com.
S U p p 0O r‘t & M a 1 n t enance Design support is available from our Technical Sates Engineers, to
provide site-specific solutions.

Our goal: to remove stormwater pollutants . } . .
» Full maintenance services are available to maximize performance and
ensure long-term product viability.

AV ATTEALLR
S%STS i mn Y

SOLUTIONS inc.

Filtration Ll-lydrodynam:c Separat:or-n-J Screaning Qil/water Separation Flow Control

www.contechstorimwater.com

©2006 CONTECH Stormwater Solutions

The produciis) described may be protected by one o more of the following US patents: 5,322,629; 5.624,576; Vortechs and VortSentry are frademacks or registered trademarks of CONTECH MK-1002
5,707,527, 5,759,415; 5,985,157, 6,027,639, 6,406.218; 6,640,048; 6,991,114; related foreign patents; or other Stormwater Solutions. ©2006 CONTECH Stormwater Salutions all rights reserved.

patents perding.
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Vortechs®

Technical Bulletin 1

Vortechs® System Performance:
Removal Efficiencies for Selected Particle Gradations

These petformance curves are based on laboratory tests using a full scale Vortechs® model 2000. The testing protacol
used is summarized on the following page. The 150-micron curve demonstrates the results of tests using particles that
passed through a 100-mesh sieve and were retained on a 150-mesh sieve. The 50-micron curve is based on tests of
particles passing through a 200-mesh sieve and retained on a 400-mesh sieve. A gradation with an average particle
size (d,,) of 80 micrans, containing particles ranging from 38-500 microns in diameter was used to represent typical

stormwater solids.

Vortechs® System Removal Efficiencies for Selected Parficle Gradations

100%
B80% —
60% 1

40% —

Removal Efficiency

20% 1

0% T

I I I I I I | T 1
0 {0} 10(7)  20(14) 30(20) 40(27) S0(34) 60(41) 70{45 80(54) 80 (81) 100 (68)

Operating Rate gpm/ft? (Lim?)

50-micron = = e typical gradation weenrnannac 150-micron

* As the graph clearly shows, CONTECH Stormwater Solutions systems maintain positive total suspended solids (TSS)
removal efficiencies over the full range of operating rates. This allows the system to effectively treat alf runoff from farge,
infrequent design storms, as well as runoff from more frequent low-intensity storms. CONTECH Stormwater Solutions
systems are designed to treat peak flows from 1.6 cfs (45 Lis) up to 26 cfs (710 Lis) without bypassing. However,
external bypasses can be configured to convey peak flows around the system if treatment capacity is exceeded. The
CONTECH Stormwater Solutions system can be configured to direct low flows from the last chamber of the system
to polishing treatment when more stringent water quality standards are imposed. In all configurations, high removal
efficiencies are achieved during the lower intensity storms, which constitute the maijority of annual rainfalf volume.

CONTECH Stormwater Solutions systems are sized based on flow rate rather than volume, which allows effective
treatment of runoff from the entire storm, including high-intensity flows. This design basis addresses the deficiencies
of conventional volume-based BMPs, which capture the first half or whole inch of runoff but may bypass prematurely,
allow resuspension of previously captured pollutants, andfor wash out at higher flow rates. For more information about
the CONTECH Stormwater Solutions Inc. sizing methodotogy, please refer to Technical Bulletin No. 3.

TR 701069

H S1otemoles SN

CONTECH Stormwater Solutions Inc. ¢ wwwi.contechstormwater.com
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Vortechs®

Technical Bulletin 1

Laboratory Quality Control Brief

The following protocol contains standard operating procedures for Total Suspended Sofids (TSS) testing in the CONTECH
Stormwater Solutions laboratory. These guidelines were followed in the creation of the preceding performance curves.

Sediment Source

Sediment samples are sorted according to ASTM Special Technical Publication 477 B, which establishes sieve analysis
procedures. U.S. Standard Sieves in a Gilson $5-15 sieve shaker are used to separate particles to the various fractions
required for our tests. To ensure uniformity of those fractions, an unsorted sample is sieved until less than 1% of that
sample passes through the sieve in one minute. All sediment recovered after 2 test is dried and re-sieved according to
this procedure before reuse. Uniess otherwise specified, mineral sediments with a density of 2.65 g/em? are used.

Flow Calibration and Regulations

Flow calibration is accomplished by calculating the head at the baffle wall required to produce a given flow rate through
the orifice and the weir in the flow control wall. Flow is regulated by a 12-inch butterfy valve located upstream of the
CONTECH Stormwater Solutions system. In order to simulate field conditions, flow rates are changed gradually to avoid
flow surges through the system. The test flow rate is set by obsetving the head in the CONTECH Stormwater Solutions
system and adjusting the regulating valve accordingly. Before any samples are collected, the valve must remain fixed
for a period equat to half of the detention time so that flow equalizes throughout the system. Each test group is planned
so that flow rates increase incrementally in consecutive tests.

Sediment Metering

All sediment is injected into the infet pipe via a Ye-inch flexible hose using a Watson Marlow 5058 peristaltic metering
pump. For TSS tests, a known gradation of sediment and water are combined in approximately a ¥z pound/gallon ratio
in a holding tank and homogenized by a mixing propeller powered by a ¥4 horsepower motor. The mixer is activated at
least five minutes before testing commences and runs continuously throughout the test. The metering pump is activated
for a period of time equal to at least half of the detention time of the CONTECH Stormwater Solutions system at the
test flow rate, before the first influent sample is taken. The pump must run continuously until the last effluent sample is

taken.

Sample Collection

All infiuent samples are taken from a six-inch gate valve located upstream of the CONTECH Stormwater Solutions
system. A collection bin housing a 500 mL sample container is positioned beneath the vaive. Five seconds before each
sample is taken, the valve is quickly opened and closed to eliminate any interference from particles that have settled
in the low velocity region of the gate. This eliminates artificially high influent readings. The time that the influent sample
was taken is recorded and the corresponding effluent sample is collected after a period of time equal to the detention
time. Effiuent grab samples are collected at the discharge pipe, by sweeping the mouth of a 500 mL. bottle through the
exiting flow stream. Samples are annotated and refrigerated until they can be anaiyzed.

Sample Analysis

TSS samples are analyzed in the CONTECH Stermwater Solutions faboratory, following EPA method 160.2, a method
for the measurement of total non-filterable solids. Volume measurements are accurate to 0.6 mb using a 500 mL
graduated cylinder. An Acculab V-1 analytical balance with a readability of 0.001 g is used fo measure mass.

TE17.01 06 S COMTECH Sommmdes Solions 2006
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Vortechs®

Technical Bulletin 2

Particle Distribution of Sediments and the Effect on
Heavy Metal Removal

Sediments removed from Vortechs® stormwater treatment system installations in Portland and South Portland, Maine
were analyzed by a soil testing laboratory to determine size and distribution. These results were compared to similar
tests done on sediments carried in highway runoff' and on material removed from catch basins by a Vactor truck’. The
highway runoff sediment data is useful in characterizing typical total stormwater sediment loading. The catch basin data
is indicative of sediment removed by typical plug-flow tanks. The data is plotted below for graphical comparison:

Sediment Size and Distribution Comparison
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// Sediments in typicat highway runoff

Vortachs® System sediments: range and average of 3 observations

Typical catch basin sediments: average of 35 cbservations

The curves describing sediments extracted from CONTECH Stormwater Solutions systems show enhanced effectiveness
across the entire range of particle sizes. In the “mid-range” for example, over 80 percent of the sediment retained by a
CONTECH Stormwater Solutions system is approximately 250 microns ("medium sand”) and finer particles, compared
with less than 40 percent of the sediment in catch basin sumps. The difference between the curves may be interpreted
as sediment loss from the catch basins due to turbulence and the resuspension of previously deposited grit. These
problems are widely recognized to occur in catch basins and, for that matter, conventional oil/grit separators during brief

periods of high flow.

Tyousef, Y. A. et.al., 1521, Maintenance Guidelines in Accumulated Sediments in Retention/Detention Ponds Receiving Highway

Runoff, Florida Department of Transportation, Tallahassee, FL, p. 17. The study included samples from Highway 50, (Sacremanto), I-
81, (Harrisburg), 1-94, {Milwaukee) and |-85, (Effland). The curve shown is the average of the four sarmples.

2.Ana!ysis of sediments from 35 catch basins performed under the direction of Steven Lazoff, Lahoratory Director, Aguatic Research,
Inc., Sealtle, WA and reported to Bob Storer, King County Surface Water Management Division, Seatfle, WA, June 21, 1993

VXT82.10.1B.05 € CONTECH Slommeotor Soluiiana
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Technical Bulletin 2

The curve describing the particle size distribution of sediments found in highway runoff from the study by Dr. Yousef is
the result of averaged samples taken from highway sites across the U.S. and is therefore representative of sediment
loading. The curve describing sediments in highway runoff and the curves describing sediments in the Vortechs
Systems are very similar. This shows that the Vortechs System is highly effective in capturing sediment particles found
in highway runoff. The fact that the curves are of such simitar shape suggests further that Vortechs System removal
efficiency applies equally to the full spectrum of particle sizes and that the Vortechs System never washes oul.

A catch basin or virtually any tank with a sump where parficles can be stored can effactively sellle pariicles out of
stormwater runoff if the flow rate is low enough. In most wet weather the flow rate is low enough to achieve high
efficiency. But the converse is also widely recognized to be frue; that is, when the flow rate is high, the efficiency is law,
often dropping to negative efficiency with the result that the overall efficiency over time approaches zero, especially for

fine-grained particles.

Fine-grained sediments pose the greatest environmental threat. Heavy metals, nutrients, and hydrocarbons adhere
to the surface of suspended particles and are transported by stormwater runoff. Alarge number of small particles will
provide a larger total surface area for substances to adhere to than a smaller number of larger parlicles of the same lotal
volume. Trapping this material will significantly reduce the presence of these harmful contaminants in surface waters.

For example, a 1.0 mm cube has a surface area of 6 square millimeters. Dividing thatone cube into a thousand 0.1 mm
cubes increases the total surface area tenfold to 80 square millimeters. Seventy percent of sediments found in catch
basins are 1 mm or smaller, and seventy percent of the sediments removed by Vortechs Systems are 0.1 mm or smaller,

so the potential for poliutant capture is much greater.

Relative to more firaditional Best Management Practices (BMP's) for stormwater quality improvement, the Vortechs
System compares very favorably with respect to dry weight concentrations (mg/kg) of metals found in captured

sediments.’?
Sand
Detention Sand Filter w/ Wet Pond Grassed BMP Vortechs Variation
Basin Filter | Sediment Swale Average | Average !
Chamber ’

Cadmium 4 1.3 486 6.4 1.9 36 28 22%
Chromium 30 30 52 36 30 36 55 53%
Copper 59 43 71 24.5 27 45 85 89%
Lead 161 81 171 160 420 199 417 110%
Nicke! nla 30 49 38 13 33 37 12%
Zinc 448 182 418 299 202 310 470 52%
gof 1 1 1 ag 8 na 3 na
observations

Research now indicates that the greatest environmental risk appears to occur when metad and hydrocarbon-laden
sediments are deposited in downstream lakes and estuaries. This material has a long-term negative impact on the
health of surface waters. The data presented in this report shows the Vortechs System is approximately 50% more
effective in capturing these sediments than conventional BMP's.

*gehueler, Thomas R. and Yousef, Y. A. 1894, Pollutant Dynamics of Pond Muck. Watershed Protection Techniques. Vol. 1, No. 2, p. 44.

VKTBZ,10.18.08 NTECH Stommwalsr Soiubont
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Vortechs®

Technical Bulletin 3

Sizing for Net Annual Sediment Removal

One of the greatest threats to aquatic ecosystems is chronic poliution caused by stormwater runoff. Sediments and
other associated poliutants accurnulate over time seriously degrading surface water quality. For this reason, CONTECH
Stormwater Solutions Inc. recommends sizing stormwater best management practices (BMPs) to provide a specific
net reduction of pollutants on an annual basis. A typical net annual removal efficiency target is 80%, but depending on
sensitivity of the receiving water body or the presence of other best management practices {BMPs), greater or lesser

load reduction may be required.

This Technical Bulletin provides a simple two-step sizing methodology that will produce the most appropriate, and most
cost effective CONTECH Stormwater Solutions system for your site.

Step #1 — Sizing for a Specific Net Annual Load Reduction

CONTECH Stormwater Solutions system performance is dependent on the local rainfall intensity distribution and other
site-specific factors. In order fo account for reglonal rainfall differences, CONTECH Stormwater Solutions developed
the Rational Rainfall Method™ of sizing. Central to the method is the design ratio, which changes according to regional
differences in precipitation patterns, as well as site and mode! characteristics. Maximum design ratios for different
geographic regions across North America have been determined through analysis of historical precipitation records

archived by the National Climatic Data Center.

To determine the minimum CONTECH Stormwater Solutions system model that will meet your treatment objective,

perform the following steps:
A Determine the net annual removal efficiency target and time of concentration that best match your site.

B. Determine the design ratio for your site location that corresponds to your treatment goal and time of
concentration. The design ratio for the chosen model should not exceed the target design ratio {see below
equation). Please contact your local CONTECH Stormwater Solutions representative for the appropriate

design ratio number,

Imperial: ~448
Target Deslgn Ratio 2 CdA "448.83 gpmicfs
Grit Ghamber Area
Metric: CdA*2.78
Target Design Ratio 2 dA " 27
Grit Chamber Area

Where:
A = Dralnage Area (acres/hectares)
C,= Runoff Coefficlent:

C. Calculate the necessary swirl chamber area and cotresponding CONTECH Stormwater Solutions system

model using the following equation;
Imperial: Minimum Swirl ~, CoA *448.83 gpmcts
Chamber Area Design Ratlo
Metric: Minimum Swirl - CA*277
Chamber Area Daslgn Ratlo

TE3 7.01 06 B CONTECH Stoamat & Soduicns 2006
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Vortechs®

Technical Bulletin 3

D. Based on the re.quired swirl chamber area calculated in Step C, Vortechs® Grit Chamber Area
choose the appropriate Vortechs® model number from Table 3.1.
Model e m2
This is the smallest model that can be expected to achieve your 1000 0-7 0-068
treatment goal. To decide if this CONTECH Stormwater Solutions 2000 7-13 0.86-1.7
system will be “on-line”, without a bypass, or “off-line”, with a 3000 13-90 17-18
bypass, proceed to Step #2. 4000 2028 18-26
5000 28-38 26-36
7000 38-50 3.6-47
9000 50 -64 47-59
11000 64 -79 59-7.3
16000 79-113 7.3-105
Table 3.1

Step #2 - On-Line vs. Off-Line Configuration

The CONTECH Stormwater Solutions system has been tested at operating rates up to 100 gpm/ft2 (70 L/m?% of swirl
chamber surface area, which corresponds to the peak treatment capacity for each model, and has been found to provide
positive removal efficiencies of suspended solids throughout this range. Flow rates exceeding the treatment capacity of
the system may cause resuspension of previously captured materials, therefore, it is recommended that fiows in excess

of the peak treatment capacity for each respective model be bypassed.
The appropriate configuration of the model selected in Step #1 is determined as follows:
A. Calculate the flow rate resulting from an infrequent {10 to 25-year recuirence interval) storm on your site.

B. Compare this flow rate to the peak treatment capacity (Table 3.2) of the model selected in Step #1.
1. If it is less, the modet selected in Step #1 is appropriate on-line.

2. If it is more, either:

a. The model selected in Step #1 should be configured Vortechs® Peak Treatment Flow
" with a bypass (provided by CONTECH Stormwater Model ofs Lis
Solutions) in an off-line orientation, or 1000 1.6 45
b. Asystem should be selected from Table 3.2 with a 2000 28 80
treatment capacity equal to or greater than the flow 3000 45 130
from above. This system should be configured on-line 4000 6.0 170
without a bypass. 5000 85 240
7000 11 310
9000 14 400
11000 17.5 500
16000 25 710

Table 3.2

The choice between an ofi-line mode! and an on-line model is usually determined by economics. For example the cost
savings gained by using the smaller off-line unit must be weighed against the cost of additional manholes typically
required to split and rejoin bypassed flows. For pricing information please contact your CONTECH Stormwater Solutions

representative.

TEY 70106 SOTECH Spommwater Soluteons A6
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Vortechs®

Technical Bulletin 3a

Determining Bypass Weir Elevation for Off-Line Vortechs® Systems

Proper bypass configuration maximizes the amount of flow treated by a CONTECH Stormwater Solutions system white
ensuring that the system'’s treatment capacity is not exceeded. Since the crest elevation ofthe bypass weiris dependanton
the design of the CONTECH Stormwater Solutions system, CONTECH Stormwater Solutions Inc. prefers to recommend
the bypass design. To optimize the bypass function, the following design methodology is typically followed.
Calculating the Bypass Weir Crest Elevation

1. Determine peak conveyance capacity of the stormwater coliection system {minimum 10-year event).

2 Subtract the treatment capacity of the CONTECH Stormwater Solutions system from the peak flow rate
determined in Step 1. The result (Qmss) is the flow rate that must be bypassed to avoid surcharging the
CONTECH Stormwater Solutions system.

3 Use the bypass welr length, as dictated by the diversion structure, to calculate the depth required to pass the
flow calculated in Step 2 with the following arrangement of the Francis formula (which assumes a rectangular
broad crested weir).

%

Q
. bypass
H= (e

Where:
C, = 3.3 = Discharge Coefficient for Broad Crested \Weir

L = Length of Bypass Weir Crest
4. Subtract the depth calculated in Step 3 from the elevation at the top of the weir opening in the Vortechs®
system flow control wall (supplied by CONTECH Stormwater Solutions). The result is the crest elevation of the

bypass weir.
In cases where tailwater elevations exceed the crown of the outlet pipe, or where other site conditions require special
consideration, some variation of this method may be used. ifa specific water quality flow must be treated before bypass,
the length of the bypass weir and the flow controls within the CONTECH Stormwater Solutions system can be modified
accordingly. For all designs, CONTECH Stormwater Solutions engineers complete a stage discharge worksheet, which
is available on request.

Bypass Weir Calculations

Qpypass = Flow over bypass weir (cfs)

Qesign = CONTECH Stormwater Solutions system treatment capacity (cfs}

Qeanvey = Estimated peak conveyance capacity of collection system (cfs)

L = Length of bypass weir crest (ft)

C, = Discharge Coefficient = 3.3 for rectangular weir

Epypase = Elevation of bypass weir crest (ft}

WSE . = Water surface elevation for Qmey(general!y equal to the elevation at the top of the Cippoletti welr, ft)
H = Depth of flow over bypass weir crest (ft)

Qyypass = Quwey ™ Qyesign ‘Calcuiate the flow over the bypass weir during peak conveyance gvent)
Qp pass = G, LH¥?{Francis formula for rectangular weir)

H = (waﬁI:B.SL)m (Use this arrangement of the Francis formula to solve for H}

Eppass = WSE, - H {Solve for bypass weir crest levation - E, )

VHTERAT 01 06 D ECMTECH Stommater Solutsons 206
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Vortechs®

Technical Bulletin 4

Modeling Long Term Load Reduction:
The Rational Rainfall Method™

Differences in local climate, topography and scale make every site hydrologically unique. It is important to take these
factors into consideration when estimating the long-term performance of any stormwater treatment system. To estimate
efficiencies as accurately as possible, CONTECH Stormwater Solutions Inc. has developed the Rational Rainfall
Method™ which combines site-specific information with laboratory generated performance data (see Technical Buifetin
1 for more information), and local historical precipitation records.
How the Vortechs® System Removal Efficiencies and

Short duration rain gauge records from Operating Rates Relate to Rainfall intensity Distribution

across the United States and Canada
were analyzed by CONTECH Stormwater

94.6

Solutions to determine the percent of the 756 Removal
total annual rainfall that fell at a range of 87.9 Efficiency (%)
intensities. At U.S. stations, depths were a2 1

totaled every 15 minutes or hourly and
recorded in 0.01-inch increments. Depths
were recorded hourly with 1 mm resofution
at Canadian stations. One frend was 642
consistent at all sites; the vast majority )
of precipitation fell at low intensities and

intense storms contributed relatively little 549
to the total depth. llﬁ)ﬂ

45.0
These intensities along with the total )‘lj]jﬂa
drainage area and runoff coefficient for 356
each specific site are transiated into ]71

flow rates using the Rational Method.
The fiow rates are then used to calculate
operating rates fora proposed CONTECH
Stormwater Solutions system. Finally,
operating rates are paired with their
corresponding  removal efficiencies.

See figure 4 for a graphic illustration L || L
this relationship between operating == e
rate, removal efficiency and intensity T o
distribution. 10 20 s%  20% !
" 30 o

Operating Rate 40 50 40% Percent of
The net annual TSS removal efficiency is (% of Treatment Capacily) Total Rainfall
then' calgulated by §umm!ng the relative Figure 4
efficiencies at each intensity (see Table 4.1
and 4.2).

The same process was used to develop the CONTECH Stormwater Solutions sizing methodology described in
Technical Bulletin 3. The design ratio was created as a tool to help calculate an operating rate from an intensity.
Maximum design ratios for different geographic regions across North America have been determined through analysls
of historical precipitation records archived by the National Climatic Data Center, Depending on climatic regime, design
ratio thresholds vary, with higher design ratio thresholds in areas like the Gulf Coast where high intensity precipitation
is common and lower thresholds in areas like the Pacific Northwest where the vast majority of rain falls at very low
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Vortechs®

Technical Bulletin 4

Table 4.1: Vortechs® Model 5000 Net Annual TSS Removal Efficiency in Portland, ME

(4.5 acres) * (0.95) * 449 gpmitt?) _ 50

Design Ratio' = 58 5 {2
_
Rainfall intensity oP;;i:z"g % Total Rainfall Removal Relative
m —— " Volume?® Efficiency* Efficiency
0.02 0.08 4 36.9% 94% 34.7%
0.04 0.16 8 21.9% 88% 19.3%
0.06 0.24 12 11.9% 82% 9.8%
0.08 0.32 16 7.6% 76% 5.8%
0.10 0.40 20 5.0% T70% 3.5%
0.12 0.48 24 2.9% 64% 1.9%
0.14 0.56 28 3.0% 60% 1.8%
0.16 0.64 32 2.0% 55% 1.1%
0.18 0.72 6 1.8% 51% 0.9%
0.20 0.80 40 1.4% 46% 0.7%
0.22 0.88 44 1.2% A41% 0.5%
0.24 L__()fs L“QB 0.8% 36% 0.3%
sutbtotal: 80.2%
9%, rain falling at 0.96 infhr: 3.5%
assumed removal efficiency of remaining %: 0.0%
net annual TSS removal efficiency: 80%
I |

1 - Design Ratlo = (Total Drainage Area) * (Runoff Goefficient) * (cfs to gpm conversion ) / Grit Chamber Area
- Total Drainage Area and Runoff Coefficient are specified by the site engineer.
- The conversion factor from cfs to gpm is 449.

2 - Operating Rate (gpmVfi?) = Intensity (infhr) * Design Ratio

3 - Based on 5 years of rainfall data recorded at 15 minute intervals in Portland, ME.

4 - Based on CONTECH Stormwater Solutions laboratory verified removal of 50 micron particles.
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Table 4.2: Vortechs®Model 5000 Net Annual TSS Removal Efficiency in Toronto, ON, Canada

esign Rafor = 22 ectare) - (100%) 1 (278~ 479
— |
:::;23:; Opéaéng % Total Rainfall Ren)oval Relative |
—m—‘ (Us) Volume?® Efficiency* Efficiency
1 1.8 19.7% 97% 19%
2 36 18.4% 93% 17%
3 5.4 10.8% 90% 9.7%
4 7.2 9.3% 86% 8.0%
5 89 7.3% 80% 5.9%
6 11 6.0% 77% 4.7%
7 13 5.8% 72% 4.2%
8 14 3.2% 68% 2.2%
9 16 1.9% 65% 1.3%
10 18 4.2% 62% 2.6%
1 20 2.5% 60% 1.5%
12 21 1.9% 56% 0% |
15 27 3.5% A7% 1.6%
20 36 2.1% 3% 0.7%
- 26 45 2.4% 16% 1.4%
subtotal: 81%
%, rain falling at > 256 mm/ht: 1.0%
assumed removal efficiency of remaining %: 0.0%
Lf net annual TSS removai efficiency: 81%

1 - Design Ratio = (Total Drainage Area) * (Runoff Coefficient) * (2.77) / Grit Chamber Area
- Total Drainage Area and Runoff Coefficient are specified by the site engineer.
2 - Operating Rate {Us) = Intensity (mm/hr) * Design Ratio
3 - Based on 10 years of rainfall data from Canadian Station 6158350, Teronto, Ontario, Canada.
4 - Based on CONTECH Stormwater Solutions faboratory verified removal of 50 micron particles.
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Vortechs® System Performance: Oil Removal Efficiency

Petroleum based hydrocarbons are transported in stormwater at event mean concentrations typically ranging from two to
five mg/L in residential areas to greater than 40 mg/L in concentrated traffic areas. Primary sources include ieakage from
improperly maintained vehicles; direct dumping of used oil and accidental spillage during maintenance and refueling of
vehicles. The following CONTECH Stormwater Solutions system performarnce curve was generated from tests performed
in the CONTECH Stormwater Solutions Inc. laboratory, with a full scale Vortechs® model 2000, using 10w40 motor oil.
Oil was metered into the system using a variable speed peristaltic pump, producing influent concentrations between 15
mg/L and 90 mg/L. Influent concentrations decreased with operating rates, to simulate field conditions where the majority
of oll is transported in the first flush and diluted at high flow rates. All samples were taken in one liter tinted giass bottles,
fixed with H_SO,, and analyzed according to EPA Method 1664 by an independent taboratory.

Many localities recognize the potentially lethal effects of oil and grease in aquatic systems and require treatment of
stormwater from high-fisk areas. The CONTECH Stormwater Solutions system can help protect sensitive watersheds
by removing very high percentages of incoming free ofl. Al Models provide emergency spill containment and c¢an be
designed to detain specific volumes. The graph below shows the removal efficiencies of the System over the range of
operating rates. Routine storm events {about 80 to 90 percent of annual runoff volume) typically produce operating rates
of less than 25 gpm/ft2. At these jower operating rates, removal efficiencies are very high. Peak design storm flow rates
{e.g., 10-year storms) may cause CONTECH Stormwater Solutions systems to operate at up to 100 gpm/ft2.

Vortechs® System Removal Efficiency of 10W40 Motor Ol

100%7
80% —
60% —

40% |

Removal Efficiency

20%

0% 'W
go(s4) 90(61) 100(68)

0(0) 10@) 2004 30@) 0@) 0 @34) €0(41) 70(48)

Operating Rate gpm/ft? {L/m’)
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Design and Operation

Basic Operation

The Vortechs® System is a hydrodynamic separator designed to enhance gravitational separation of
floating and settling materials from stormwater flows. Stormwater flows enter the unit tangentially to the
grit chamber, which promotes a gentle swirling motion. As poiluted water circles within the grit
chamber, pollutants migrate toward the center of the unit where velocities are the lowest. The majority
of settleable solids are left behind as stormwater exits the grit chamber through two apertures on the
perimeter of the chamber. Next, buoyant debris and cil and grease are separated from water flowing
under the baffle wall due to their relatively low specific gravity. As stormwater exits the System through
the flow control wall and ultimately through the outlet pipe, it is relatively free of floating and settling
poliutants.

Over time a conical pile tends to accumulate in the center of the unit containing sediment and
associated metals, nutrients, hydrocarbons and other pollutants, Floating debris and oil and grease
form a floating layer trapped in front of the baffle wall. Accumulation of these pollutants can easily be
accessed through manholes over each chamber. Maintenance is typically performed through the

manhole over the grit chamber.

DPesign Process
Each Vortechs System is custom designed hased on:

+ Site size

« Site runoff coefficient

« Regional precipitation intensity distribution
« Anticipated pollutant characteristics

These factors are incorporated into the Rational Rainfall Method ™ to estimate net annual pollutant
removal efficiency.

The Rational Rainfall Method™

Differences in local climate, topography and scale make every site hydraulically unique. Itis important
to take these factors into consideration when estimating the long-term performance of any stormwater
treatment system. The Rational Rainfall Method™ combines site-specific information with laboratory
generated performance data, and local historical precipitation records to estimate efficiencies as

accurately as possible.

Short duration rain gauge records from across the United States and Canada were analyzed to
determine the percent of the total annual rainfall that fell at a range of intensities. US stations’ depths
were totaled every 15 minutes or hourly and recorded in 0.01-inch increments. Depths were recorded
hourly with 1 mm resolution at Canadian stations. One trend was consistent at all sites; the vast
majority of precipitation fell at low intensities and high intensity storms contributed relatively little to the

total annual depth.

These intensities, along with the total drainage area and runoff coefficient for each specific site, are
translated into flow rates using the Rational Rainfall Method. Since most sites are relatively small and
highly impervious, the Rational Rainfall Method is appropriate. Based on the flow rates calculated for
each intensity, an operating rate within a proposed Vortechs System is determined. Finally, a removal
efficiency is selected for each pperating rate based on anticipated pollutant characteristics and on full
scale laboratory tests. The relative removal efficiency at each operating rate is added to produce a net
annual pollutant removal efficiency estimate.

CONTECH Stormwater Solutions typicaliy selects the system that will 'provide an 80% annual T3S
load reduction based on laboratory generated performance curves for 50-micron sediment particles,
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however the Rational Rainfall Method can accommodate other removal efficiency or particle size
targets. It can also be used to estimate annual hydrocarbon load reductions.

Once a System size is estabiished, the internal elements of the System will be designed based on
information provided by the site engineer. Flow control sizes and shapes, sump depth, spill storage
capacity, sediment storage volume and inlet and outlet orientation are determined for each System. In
addition, bypass weir calculations are made for off-line Systems.

Flow Control Calculations

The Orifice

The lower flow control or “orifice” is typically sized to submerge the inlet pipe when the Vortechs
System is operating at 20% of its' treatment capacity. The orifice is typically a Cippoletti shaped
aperture defined by its flat crest and sides which incline outwardly at a slope of 1 horizontal to 4

vertical.

w Flow through ofifice = Q= Cyje A g™’

Where C,=  Orifice contraction coefficient = 0.56 (based on CONTECH Stormwater Solutions faboratory
testing)
A= Orifice flow area, ft2 (caleulated by CONTECH Stormwater Solutions technical staff)
h= Design head, ft (equal to the inlet pipe diameter)

The minimum orifice crest length is 3-inches and the minimum orifice height is 4-inches. If flow must be
restricted beyond what can be provided by this size aperture, a Fluidic-Amp™ hydro-brake flow control
will be used. The hydro-brake allows the minimum flow constriction to remain at 3-inches or greater
while further reducing flow due to its unique throttling action.

The Weir
The high flow control or “weir” is sized to pass the peak System capacity minus the peak orifice fiow
when the water surface elevation is at the top of the weir. This flow control is also a Cippoletti type

weir.
The weir flow control is sized by solving for the crest length and head in the following equation:

» Flow through weir = Qi = Cge Lo

Where Cy = Cippoletti Weir coefficient = 3.37 (based on CONTECH Stormwater Solutions laboratory testing)
h= Available head, ft (height of weir)
L= Design weir crest length, ft (calculated by CONTEGH Stormwater Solutions technical staff)

Bypass Calculations

In some cases, pollutant removal goals can be met without treating peak flow rates and it is most
feasible to use a smaller Vortechs System configured with an external bypass. In such cases, a bypass
design is recommended by CONTECH Stormwater Solutions for each off-iine System. To calculate the
bypass capacity, first subtract the System's treatment capacity from the peak conveyance capacity of
the coliection system {minimum of 10 year recurrence interval). The result is the flow rate that must be
bypassed to avoid surcharging the Vortechs System. Then use the following arrangement of the
Francis formula to calculate the depth of flow over the bypass weir.

» Flow over bypass welr = H = (Quypaes/(Ca® Ly*?

Where
Cq= Discharge Coefficient = 3.3 for rectangular weir -
H= Depth of flow over bypass weir crest, ft
L= Length of bypass weir crest, ft

The bypass weir crest elevation is then calculated to be the elevation at the top of the Cippoletti weir
minus the depth of flow.

©2006 CONTECH Stormwater Solutions 115
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Hydraulic Capacity

In the event that the peak design flow from the site is exceeded, it is important that the Vortechs
System is not a constriction to runoff leaving the site. Therefore, each System is designed with enough
hydraulic capacity to pass the 100-year flow rate. it Is important to note that at operating rates above

100 gpm/ft? of the grit chamber area (peak freatment capacity), captured pollutants may be lost.

When the System is operating at peak hydraulic capacity, water will be flowing through the gap over
the top of the flow control wall as well as the orifice and the weir.
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Maintenance

The Vortechs System should be inspected at regufar intervals and maintained when necessary to
ensure optimum performance. The rate at which the system collects poilutants will depend more
heavily on site activities than the size of the unit, e.g., unstable soils or heavy winter sanding will cause
the grit chamber to fill more quickly but regutar sweeping will slow accumulation.

Inspection

Inspection is the key to effective maintenance and is easily performed. CONTECH Stormwater
Solutions recommends ongoing quarterly inspections of the accumulated sediment. Pollutant
deposition and transport may vary from year to year and quarterly inspections will help insure that
systems are cleaned out at the appropriate time. Inspections should be performed more often inthe
winter months in climates where sanding operations may lead to rapid accumulations, or in equipment
washdown areas. It is very useful to keep a record of each inspection. A simple form for doing so is

provided.

The Vortechs System should be cleaned when inspection reveals that the sediment depth has
accumuiated to within six inches of the dry-weather water surface elevation. This determination can be
made by taking 2 measurements with a stadia rod or similar measuring device; one measurement from
the manhole opening to the top of the sediment pile and the other from the manhole opening to the
water surface. The System should be cleaned out if the difference between the two measurements is
six inches or less, Note: to avoid underestimating the volume of sediment in the chamber, the
measuring device must be lowered to the top of the sediment pile carefully. Finer, silty particles at the
top of the pile typically offer less resistance to the end of the rod than larger particles toward the bottom

of the pile.

Cleaning

Maintaining the Vortechs system is easiest when there is no flow entering the system. For this reason,
it is a good idea to schedute the cleanout during dry weather. Cleanout of the Vortechs system with a
vacuum truck is generally the most effective and convenient method of excavating pollutants from the
system. If such a truck is not available, a “clamshell” grab may be used, but it is difficult to remove all
accumuiated pollutants with such devices, -

in installations where the risk of large petroleum spills is small, liquid contaminants may not
accumulate as quickly as sediment. However, an oil or gasoline spiit should be cleaned out
immediately. Motor oil and other hydrocarbons that accumulate on a more routine basis shouid be
removed when an appreciable layer has been captured. To remove these pollutants, it may be
preferable to use adsorbent pads since they are usually cheaper to dispose of than the oil water
emulsion that may be created by vacuuming the oily layer. Trash can be netted out if you wish fo
separate it from the other pollutants.

Accumutated sediment is typically evacuated through the manhole over the grit chamber. Simply
remove the cover and insert the vacuum hose into the grit chamber. As water is evacuated, the water
level outside of the grit chamber will drop to the same level as the crest of the lower aperture of the grit
chamber. It will not drop below this level due to the fact that the bottom and sides of the grit chamber
are sealed to the tank floor and walls. This “Water Lock” feature prevents water from migrating into the
grit chamber, exposing the bottom of the baffle wall. Floating pollutants will decant into the grit
chamber as the water level there is drawn down. This allows most floating material to be withdrawn

from the same access point above the grit chamber.

if maintenance is not performed as recommended, sediment may accumulate outside the grit
chamber. If this is the case, it may be necessary to pump out all chambers. It is a good idea to check
for accumulation in all chambers during each maintenance event to prevent sediment build up there.

Manhole covers should be securely seated following cleaning activities, to ensure that surface runoff
does nct leak into the unit from above,
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Vortechs System Inspection & Maintenance Log — Sample

1. The water depth to sedlment is determlned by takang two measurements Wlth a stad[a rod: one
measurement from the manhole opening to the top of the sediment pile and the other from the
manhole opening to the water surface. When the difference between the two measurements is
six inches or less, the system should be cleaned cut.

2. For optimum performance, the system should be cleaned out when the floating hydrocarbon
layer accumulates to an appreciable thickness. In the event of a spill, the system should be
cleaned immediately.
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Vortechs System Inspection & Maintenance Log

Model: Location:

1. The water depth to sediment is determined by taking two measurements with a stadia rod: one
measurement from the manhale opening to the top of the sediment pile and the other from the
manhole opening to the water surface. When the difference between the two measurements is
six inches or less, the systemn should be cleaned out.

2. For optimum performance, the system should be cleaned out when the floating hydrocarbon
layer accumulates to an appreciable thickness. In the event of a spill, the system should be
cleaned immediately. :
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Laboratory and Field Testing

Introduction

CONTECH Stormwater Solutions is an established leader in the stormwater treatment industry,
marketing the Vortechs Stormwater Treatment System as a technology capable of removing a high
percentage of floating and seftling pollutants from stormwater flows. Extensive testing in both the
laboratory and in the field has produced a comprehensive set of data describing the relationship
hetween flow rate, particle size, and removal efficiency.

Sections 1 and 2 contain the resuits of laboratory and field-testing. Section 1 shows the results of full-
scale testing with a Vortechs Model 2000 at a CONTECH Starmwater Solutions laboratory in Portland,
Maine. Section 2 includes long term monitoring results from several Vortechs Systems installed on

typical projects.
Figure 1. Labhoratory Testing - Vortechs Stormwater Treatment System Performance

vortechs® System Removal Efficiancies
for Selected Particle Gradations
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86.00%
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These performance curves are based on laboratory tests using a full scale Vortechs Model 2000. The
testing protocol used is described on the following pages. The 150-micron curve demonstrates the
resufts of tests using particles that passed through a 100-mesh sieve and were retained on a 150-
mesh sieve. The 50-micron curve is based on tests of particles passing through a 200-mesh sieve and
retained on a 400-mesh sieve. A slurry representing an average stormwater sediment gradation, with
the particle size gradation shown in Table 1 on page 121, was also tested in our laboratory.

As the graph clearly shows, Vortechs Systems maintain positive total suspended solids (TSS) removal
efficiencies over the full range of operating rates, allowing the system to effectively treat all runoff from
large infrequent design storms as well as runoff from the more frequent tow intensity storms. Precast
Vortechs Systems are designed to treat peak flows from 1.6 cfs up to 25 cfs without bypassing. Peak
flows that exceed rated treatment capacities can be conveyed around the system with an external
bypass. Internal bypasses can be configured to direct low flows from the last chamber of the Vortechs
system to polishing treatment when more stringent water quality standards are imposed. In all
configurations, high removal efficiencies are achieved during the lower intensity storms, which
cohstitute the majority of annual rainfall volume.
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Laboratory Quality Control Brief

The following protocol summarizes standard operating procedures for Total Suspended Solids (TSS)
testing in the CONTECH Stormwater Solutions Laboratory. These guidelines were followed in the
creation of the preceding performance curves.

Sediment Source

Sediment samples are sorted according to ASTM Special Technical Publication 477 B, which
establishes sieve analysis procedures. U.S. Standard Sieves in a Gilson 85-15 sieve shaker are used
to separate particles to the various fractions required for our tests. Te ensure uniformity of those
fractions, an unsorted sample is sieved until less than 1% of that sample passes through the sieve in
one minute. All sediment recovered after a test is dried and sent back through a sieve before reuse.

Unless otherwise specified, mineral sediments with a density of 2.65 glcm3 are used.

The following table describes the particle size distribution of samples tested by CONTECH Stormwater
Solutions to represent TSS Loading in typical urban runoff.

Table 1.

Particle Size Percentage of
Distribution Sample Make-up
<63 mm 42%

63 - 75 mm 4%

75— 100 mm 9%

100 — 150 mm 7%

150 — 250 mm 11%

> 250 mm 27%

Flow Calibration and Regulation-

Flow calibration is accomplished by caiculating the head at the baffle wall required to produce a given
flow rate through the orifice and the weir in the fiow control wall. Flow is regulated by a 12-inch butterfly
valve located upstream of the Vortechs system. In order to simulate field conditions, flow rates are
changed gradually to avoid flow surges through the system. The test flow rate is set by observing the
head in the Vortechs system and adjusting the regulating valve accordingly. Before any samples are
collected, the valve must remain fixed for a peried equal to half of the detention time so that flow
equalizes throughout the system. Each test group is planned so that flow rates increase incrementally
in consecutive tests.

Sediment Metering

All sediment is injected into the inlet pipe via a Y-inch flexible hose using a Watson Marlow 5058
peristattic metering pump. For TSS tests, a known gradation of sediment and water are combined in
approximately a 1/2 pound/gallon ratio in a holding tank and homogenized by a mixing propeller
powered by a 1/3 horsepower motor. The mixer is activated at least 5 minutes before testing
commences and runs continuously throughout the test. The metering pump is activated for a period of
time equal to at least half of the detention time of the Vortechs system at the test flow rate, before the
first influent sample is taken. The pump must run continuously until the last effluent sample is taken.

Sampie Collection

All influent samples are taken from a 6-inch gate valve located upstream of the Vortechs system. A
collection bin housing a 500 ml. sample container is positioned beneath the valve. Five seconds before
each sample is taken the valve is quickly opened and closed fo eliminate any interference from
particles that have settied in the low velocity region of the gate. This eliminates artificially high influsnt
readings. The time that the influent sample was taken is recorded and the corresponding effluent
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sample is collected after a period of time equal to the detention time. Effluent grab samples are
collected at the discharge pipe, by sweeping the mouth of a 500 mL bottle through the exiting flow
stream. Samples are annotated and refrigerated until they can be analyzed.

Sample Analysis

TSS samples are analyzed in the CONTECH Stormwater Solutions laboratory, following EPA method
160.2, a method for the measurement of total non-filterable sofids. Volume measurements are
accurate to 0.6 mL using a 500 mL graduated cylinder and an Acculab V-1 analytical balance with a
readability of 0.001 g is used to measure mass.

Field Testing - Vortechs System Field Monitoring Summary

CONTECH Stormwater Solutions has become a leader in the stormwater industry in large part
because of the company’s unwavering long-term commitment to research and development. In
addition to performing their own field tests, CONTECH Stormwater Solutions has ditigently pursued
opportunities to work with third party organizations to test their products. In fact, the Vortechs system
has been subjected to the most comprehensive third party testing in the industry. These independent
studies have allowed CONTECH Stormwater Solutions to corroborate their lab and field data to ensure
that actual performance of the Vortechs system matches their claims.

Following are brief summaries of the field tests completed to date. Please contact CONTECH
Stormwater Solutions for the full reports. In addition, all reports are available for download on
CONTECH Stormwater Solutions web site at www.contechstormwater.com.

DelLorme Mapping Company - Yarmouth, ME
CONTECH Stormwater Solutions

Prior to this premier field test of the Vortechs system, CONTECH Stormwater Solutions developed an
extensive body of [aboratory data to document total suspended solids (TSS) removal efficiency.
CONTECH Stormwater Solutions performed this field study in order to compare the performance
predicted using laboratory data to the performance of a correctly sized system in the field.

The study site was the headquarters of DeLorme Mapping in Yarmouth, Maine. The building, driveway,
parking lot and ancillary facilities were constructed in 1996. A Vortechs Model 11000 was installed to

treat runoff from the 300-space, 4-acre parking lot.

Testing Period May 1999 to Dec. 1999
# of Storms Sampled 20

Mean Influent Concentration 328 mgiL

Mean Effluent Concentration 60 mg/L

Removal Efficiency 82%

The main purpose of the DeLorme study was to verify that the sizing methodology developed from our
full-scale laboratory testing was valid and an accurate means of predicting field performance. The
results of the study confirmed our sizing methodology.

Village Marine Drainage - Lake George, NY

New York State Department of Environmental Conservation, Division of Water

The New York State DEC used funds obtained in a Section 319 grant to initiate a study of the
effectiveness of the Vortechs system to remove sediment and other pollutants transported by
stormwater to Lake George, Lake George Village, New York. “Since the 1870s, when there was a
rapid increase in the rate and concentration of development along the southwestern shores of Lake
George, we have been concerned about the impact of stormwater discharges into the lake,” said Tracy
West, co-author of the study.

[ Testing Period } Feb. 2000 to Dec. 2000 J
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[ # of Storms Sampled 13
Mean Infiuent Concentration 801 mg/L
Mean Effluent Concentration 105 mg/L
Removal Efficiency 88%

The study concluded that the Village and Town of Lake George should consider installing additional
Vortechs Systems in areas where sedimentation and erosion have been identified as non-point source

pollution problems.

Harding Township Rest Area - Harding Township, NJ

RTP Environmental Associates

This third party evaluation was performed under a U.S. Environmental Protection Agency grant,
administered by the New Jersey Department of Environmental Protection. A. Roger Greenway,
principal of RTP Environmental Assaciates, Inc., conducted the study in conjunction with Thonet
Associates, which assisted with data analysis and helped develop best management practices (BMP)
recommendations.

The Vortechs Model 4000 was sized to handie a 100-year storm from the three-acre paved parking
area at the Harding Rest Stop, located off the northbound lane of 1-287 in Harding Township, New

Jersey.

Testing Period May 1999 to Nov. 2000
# of Storms Sampled 5

Nean Infiuent Concentration (TSS) 493 mg/L

Mean Effluent Concentration (TSS) 35 mglL

Removal Efficiency (TSS) 93%

Mean Influent Concentration (TPH} 16 mg/L

Mean Effluent Concentration (TPH) 5 mgiL

Removal Efficiency (TPH) 67%

The study concluded that truck rest stops and similar parking areas would benefit from installing
stormwater treatment systems to mitigate the water quality impacts associated with stormwater runoff
from these sites.

Timothy Edwards Middle School - South Windsor, CT
UCONN Department of Civil & Environmental Engineering

Susan Mary Board published this study of the Vortechs system as a thesis as part of the requirements
for a Master of Science degree from the University of Connecticut. Her objective was to determine how
well the Vortechs system retained pollutants from parking lot runoff, including total suspended solids
(TSS), nutrients, metals, and petroleum hydrocarbons.

A Vortechs Mode! 5000 was installed in 1998 to treat runoff from the 82-space parking iot of Timothy
Edwards Middle School. The entire watershed was approximately 2 acres, and was 80% impervious.
Testing Period July 2000 to April 2001 T
# of Storms Sampled Weekly composite samples taken
Mean Influent Concentration | 324 mg/L

Meoan Effiuent Goncentration | 73 mgiL

Removal Efficiency 77%

Additionally, the Vortechs system was particularly effective in removing zinc (85%), lead {46%}, copper
(56%), phosphorus (67%) and nitrate {54%). -

The study concluded that the Vortechs Stormwater Treatment system significantly reduced effluent
concentrations of many poliutants in stormwater runoff.
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'SECTION 02721

STORMWATER TREATMENT SYSTEM

PART 1.00 GENERAL

1.1 DESCRIPTION

A Work included:
The Contractor, andfor a manufacturer selected by the Contractor and

approved by the Engineer, shall furnish all labor, materials, equipment and
incidentals required and install all precast concrete stormwater treatment
systems and appurtenances in accordance with the Drawings and these

specifications.

1.2 QUALITY CONTROL INSPECTION

A. The quality of materials, the process of manufacture, and the finished
sections shall be subject to inspection by the Engineer. Such inspection may
be made at the place of manufacture, or an the work site after delivery, or at
both places, and the sections shall be subject to rejection at any time if
material conditions fail to meet any of the specification requirements, even
though sample sections may have been accepted as satisfactory at the place
of manufacture. Sections rejected after defivery to the site shafl be marked for
identification and shall be removed from the site at once. All sections which
have been damaged beyond repair during delivery will be rejected and, if
already installed, shall be repaired to the Engineer's acceptance level, if
permitted, or removed and replaced, entirely at the Contractor's expense.

B. Al sections shall be inspected for general appearance, dimensions,
soundness, etc. The surface shall be dense, close textured and free of
blisters, cracks, roughness and exposure of reinforcement.

C. Imperfections may be repaired, subject to the acceptance of the Engineer,
after demonstration by the manufacturer that strong and permanent repairs
result. Repairs shall be carefully inspected before final acceptance. Cement
mortar used for repairs shall have a minimum compressive strength of 4,000
psi (28 MPa) at the end of 7 days and 5,000 psi (34 MPa) at the end of 28
days when tested in 3 inch (76 mm) diameter by 6 inch (152 mm) long
oylinders stored in the standard manner. Epoxy mortar may be utilized for
repairs.

1.3 SUBMITTALS

Shop Drawings

The Contractor shall be provided with dimensional drawings and, when
specified, utilize these drawings as the basis for preparation of shop drawings
showing details for construction, reinforcing, joints and any cast-in-place
appurtenances. Shop drawings shall be annotated to indicate all materials to
be used and all applicable standards for materials, required tests of materials
and design assumptions for structural analysis. Shop drawings shall be
prepared at a scale of not less than 3/16-inches per foot (1:75). Six (6) hard
copies of said shop drawings shail be submitted fo the Engineer for review
and approval.

PART 2.00 PRODUCTS

2.1 MATERIALS AND DESIGN
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A. Concrete for precast stormwater treatment systems shall conform to ASTM
C 857 and C 858 and meet the following additional requirements:

1. The wall thickness shall not be less than 6 inches (152 mm) or as shown
on the dimensional drawings. In all cases the wall thickness shall be no
less than the minimum thickness necessary to sustain H520-44 (M518)
loading requirements as determined by a Licensed Professional Engineer.

2 Sections shall have tongue and groove or ship-lap joints with a butyt
mastic sealant conforming to ASTM C 990.

3. Cement shall be Type li Portland cement conforming to ASTM C 150.

4. All sections shall be cured by an approved method. Sections shall not be
shipped until the concrete has attained a compressive strength of 4,000
psi (28 MPa) or until 5 days after fabrication andfor repair, whichever is
the fonger.

5. Pipe openings shall be sized to accept pipes of the specified size(s) and
material(s), and shall be sealed by the Contractor with a hydraulic cement
canforming to ASTM C 585M

B. Internal aluminum ptate components shall be aluminum alloy 5062-H32 in
accordance with ASTM B 209,

C. Sealant to be utilized at the base of the swirl chamber shall be 80 durometer
extruded nitrile butadiene rubber (Buna N) and shall be provided to the
concrete precaster for installation.

D. Brick or masonry used to build the manhole frame to grade shall conform to
ASTM C 32 or ASTM C 139 and shall be installed in conformance with all
local requirements.

E. Casting for manhole frames and covers shall be in accordance with ASTM
A48, CL.30B and AASHTO M105. The manhole frame and cover shall be
equivalent to Campbell Foundry Pattern #1 009A or #1012D custom cast with
the CONTECH Stormwater Solutions Jogo and (optionaliy) tagline.

F. A bitumen sealant in conformance with ASTM C 990 shall be utilized in the
sealing of the joint between the swirl chamber and the vault at the long wall
tangent points. The butyl material shall be 3/4-inch thick by 3/4-inch wide.

2.2 PERFORMANCE

Each stormwater treatment system shall adhere to the following performance
specifications at the design treatment capacities, as listed below:

Table 2.

o e
7000 | 0-16(0-45) 0.7(0.54)
2000 16-2.8(45-80) 12(0.91)
3000 38-4.5(80-125) 18 (1.38)
2000 45-6.0(125175) 2.4 (1.84)
5000 8.0-8.5 (175-240) 32 (2.45)
7000 8.5-11.0 (240-315) 4.0(3.08)
5000 11.0- 14.0 (315-400) | 4.8(3.67)
17000 74.0- 17.6 (400-495) | 5.6 (4.28)
16000 17.5-25.0(495-710) | 7.1(5.43)

Each stormwater treatment system shall include a circular aluminum “swirl
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chamber” (or “grit chamber”) with a tangential inlet to induce a swirling flow
pattern that will accumulate and store settleable solids in a manner and a
location that will prevent re-suspension of previously captured particulates.

Each stormwater treatment system shall be of a hydraulic design that inciudes
flow controls designed and cedified by a professional engineer using
accepted principles of fluid mechanics that raise the water surface inside the
tank to a pre-determined level in order to prevent the re-entrainment of
trapped floating contaminants.

Each stormwater treatment system shall be capable of removing 80% of the
net annual Total Suspended Solids {TSS) load based on a 50-micron
particle size. Annual TSS removal efficiency models shall be based on
documented removal efficiency performance from full scate laboratory tests.
Annual TSS removal efficiency models shall only be considered valid i they
are corroborated by independent third party field testing. Said field testing
shall include influent and effiuent composite samples from a minimum of ten
storms at one location. individual stormwater treatment systems shall have
the Design Treatment Capacity listed in Table 2 on page 125, and shall not re-
suspend trapped sediments or re-entrain fioating contaminants at flow rates
up to and including the specified Design Treatment Capacity.

individual stormwater treatment systems shall have usable sediment storage
capacity of not less than the corresponding volume listed in Table 2. The
systems shall be designed such that the pump-out volume is less than ¥ of
the total system volume. The systems shall be designed to not allow
surcharge of the upstream piping network during dry weather conditions.

A water-lock feature shall be incorporated into the design of the stormwater
treatment system to prevent the introduction of trapped oil and floatable
contaminants to the downstream piping during routine maintenance and to
ensure that no oil escapes the system during the ensuing rain event. Direct
access shall be provided to the sediment and floatable contaminant storage
chambers to facilitate maintenance. There shall be no appurtenances or
restrictions within these chambers.

Stormwater treatment systems shall be completely housed within one
rectangular structure.

23 MANUFACTURER

Each stormwater treatmerit system shall be of a type that has been installed
and used successfully for a minimum of 5 years. The manufacturer of said
system shall have been regularly engaged in the engineering design and
production of systems for the physical treatment of stormwater runoff during

the aforementioned period.
Each stormwater treatment system shall be a Vortechs system as

manufactured by CONTECH Stormwater Solutions, a division of CONTECH
Construction Products, Inc. and as protected under U.S. Patent #5,759,415.

PART 3,00 EXECUTION

3.1 INSTALLATION

A Each Stormwater Treatment system shall be constructed according to the
sizes shown on the Drawings and as specified herein. Install at elevations and
locations shiown on the Drawings of as otherwise directed by the Engineer.

B. Place the precast base unit on a granular subbase of minimum thickness of
six inches (152 mm) after compaction or of greater thickness and compaction
if specified elsewhere. The granular subbase shall be checked for leve! prior
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to setting and the precast base section of the trap shall be checked for level at
all four corners after it is set. If the slope from any corner to any other corner
exceeds 0.5% the base section shall be removed and the granutar subbase
material re-leveled.

~ Prior to setting subsequent sections place bitumen sealant in conformance
with ASTM C 990 along the construction joint in the section that is already in

place.

_ After setting the base and wall or riser sections, prepare to install the swirl
chamber. Place the 3/4-inch (19 mm) thick by 3/4-inch {19 mm) wide butyl
mastic seal vertically on the outside of the swirl chamber starting one inch
above the battom of the swirf chamber and continuing to a height equal to the
elevation of the bottam of the upper aperture of the swirl chamber. The butyl
mastic seal should abut the downstream side of the pre-drilled mounting holes
that attach the swirl chamber to the tong walls of the concrete vault. Next,
install the extruded Buna N seal on the bottom edge of the 180 degree
downstream section of the swirl chamber by first applying a bead of Sikaflex-
1a polyurathane elastomeric sealant into the extruded slat then slide the seal
onto the swirl chamber. The extruded seal should extend 3-inches (76 mm)
upstream of the mounting holes, toward the infet end of the vault. Set the swirl
chamber into position and keep the seal approximately ¥z-inch {13 mm} above
the floor of the concrete vault. Apply a continuous bead of Sikaflex-1a sealant
under the cupped bottom of the seal. Set the circular swirl chamber on the
fioor of the vault and anchor it by bolting the swirl chamber to the side walls of
the concrete vault at the three (3) tangent points and at the inlet tab using
HILT! brand stainless steel drop-in wedge anchors ar equivalent 3/8-inch (10
mm) diameter by 5.3/4 inch (70 mm) minimum iength at heights of
approximately three inches {3°) (76 mm) off the floor and at fitteen inch (15"}
(381 mm) intervals to approximately the same height of the butyl mastic
sealant (at locations of pre-drilled holes in aluminum components). Apply a
continuous bead of Sikaflex-1a sealant to the intersection of the inside bottom
edge of the extruded seal and the vault floor.

_ ifthe oll baffle wall (Baffle A) and flow control wall {Baffle B) are not integrally
cast-in to riserivall sections then the Baffle wall panels shall be placed in the
formed keyways or between bolted-in-place angle flanges as provided by the
manufacturer. Apply non-shrink grout or Sikaflex-1a sealant to each end of
Baffle A and Baffle B at the upstream intersection with the side walls of the
concrete vault.

_ Prior to setting the precast roof section, bitumen sealant equal to ASTM C 980
shall be placed along the top of the oil baffle wali (Baffle A), using more than
one layer of mastic if necessary, to a thickness at least 1-inch (25 mm}) greater
than the nominal gap between the top of the baffle and the roof section. The
nominal gap shall be determined either by field measurement or the shop
drawings. Do not seal the top of Baffle B unless specified on the shop
drawings to do so. After placement of the roof section has compressed the
butyi mastic sealant in the gap over Baifle A, finish sealing the gap with an
approved non-shrink grout on both sides of the gap using the butyl mastic as
a backing material to which to apply the grout. If roof section is “clamshell" or
spathtub” halves, then finish sealing the ends of the Baffle walls by applying
non-shrink grout or Sikaflex-1a sealant to each end of Baffle A at the
upstream intersection with the side wails of the concrete vauit-and to each end
of Baffle B at the downstream intersection with the side walls of the concrete

vault.

. After sefting the precast roof section of the stormwater treatment system, set
precast concrete manhole riser sections, to the height required to bring the
cast iron manhole covers to grade, sO that the sections are vertical and in true
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alignment with a Y-inch (6 mm) maximum tolerance allowed. Backfill in a
careful manner, bringing the fill up in 6-inch (152 mm) lifts on all sides. If leaks
appear, clean the inside joints and caulk with lead wool to the satisfaction of
the Engineer. Precast sections shall be set in a manner that will result in a
watertight joint. In all instances, installation of Stormwater Treatment Systems
shall conform to ASTM specification C 891 “Standard Practice for Installation
of Underground Precast Utility Structures’.

H. Holes made in the concrete sections for handling or other purposes shall be
plugged with a non-shrink grout or by using grout in combination with concrete
plugs.

I Where holes must be cut in the precast sections to accommeodaie pipes, do all

cutting before setting the sections in place to prevent any subsequent jarring
which may loosen the mortar joints. The Cantractor shall make all pipe

connections.
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SECTION 02721

STORMWATER TREATMENT SYSTEM

PART 1.00 GENERAL

1.1 DESCRIPTION

A Work included:

The Contractor, and/or a manufacturer selected by the Contractor and approved by the
Engineer, shall furnish all labor, materials, equipment and incidentals required and install
all precast concrete stormwater treatment systems and appurtenances in accordance
with the Drawings and these specifications.

1.2 QUALITY CONTROL INSPECTION

A The quality of materials, the process of manufacture, and the finished sections shall be
subject to inspection by the Engineer. Such inspection may be made at the place of
manufacture, or on the work site after delivery, or at both places, and the sections shall
be subject to rejection at any time if material conditions fail to meet any of the
specification requirements, even though sample sections may have been accepted as
satisfactory at the place of manufacture. Sections rejected after delivery to the site shall
be marked for identification and shall be removed from the site at once. All sections
which have been damaged beyond repair during delivery will be rejected and, if already
installed, shall be repaired to the Engineer's acceptance level, if permitted, or removed
and replaced, entirely at the Contractor's expense.

B All sections shall be inspected for general appearance, dimensions, soundness, etc. The
surface shall be dense, close textured and free of blisters, cracks, roughness and
exposure of reinforcement.

C. imperfections may be repaired, subject to the acceptance of the Engineer, after
demonstration by the manufacturer that strong and permanent repairs result. Repairs
shall be carefully inspected before final acceptance. Cement mortar used for repairs shall
have a minimum compressive strength of 4,000 psi (28 MPa) at the end of 7 days and
5,000 psi {34 MPa) at the end of 28 days when tested in 3 inch (76 mm) diameter by 6
inch (152 mm) long cylinders stored in the standard manner. Epoxy mortar may be
utilized for repairs.
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1.3 SUBMITTALS

A

Shop Drawings

The Contractor shall be provided with dimensional drawings and, when specified, utilize
these drawings as the basis for preparation of shop drawings showing details for
construction, reinforcing, joints and any cast-in-place appurtenances. Shop drawings
shall be annotated to indicate all materials to be used and all applicabie standards for
materials, required tests of materiats and design assumptions for structural analysis.
Shop drawings shall be prepared at a scale of not less than 3/16-inches per foot (1:75).

Six (6) hard copies of said shop drawings shall be submitted to the Engineer for review
and approval.

PART 2.00 PRODUCTS

21 MATERIALS AND DESIGN

A

Concrete for precast stormwater treatment systems shall conform to ASTM C 857
and G 858 and meet the following additional requirements:

1. The wall thickness shall not be less than 6 inches (152 mm) of as shown on the
dimensional drawings. [n all cases the wall thickness shall be no less than the
minimum thickness necessary to sustain HS20-44 (MS18} loading requirements as
determined by a Licensed Professional Engineer.

2 Sections shall have tongue and groove of ship-lap joints with a butyl mastic sealant
conforming to ASTM C 990.

3 Cement shall be Type Il Portland cement conforming to ASTM C 150.

4 Al sections shall be cured by an approved method. Sections shali not be shipped
until the concrete has attained a compressive strength of 4,000 psi (28 MPa} or upntil 5
days after fabrication and/or repair, whichever is the longer.

5. Pipe openings shall be sized to accept pipes of the specified size(s} and material(s),
and shall be sealed by the Contractor with a hydraulic cement conforming to ASTM C

595M

internal aluminum plate components shall be aluminum alloy 5052-H32 in accordance
with ASTM B 209.

sealant to be utilized at the base of the swirl chamber shall be 60 durometer extruded
nitrile butadiene rubber (Buna N) and shall be provided to the concrete precaster for
installation.

Brick or masonry used to puild the manhole frame to grade shall conform to ASTM C 32
or ASTM C 139 and shall be instatled in conformance with all local requirements.

Casting for manhole frames and covers shall be in accordance with ASTM A48, CL.30B
and AASHTO M105. The manhole frame and cover shall be equivalent to Campbell
Foundry Pattern #1 009A or #1012D custom cast with the CONTECH Stormwater
Solutions logo and the words “ortechs® Stormwater Treatment System”.

A bitumen sealant in conformance with ASTM C 990 shall be util-ized in the sealing of the
joint between the swirl chamber and the vault at the long wall tangent points. The butyl
material shall be 3/4-inch thick by 3/4-inch wide.
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PERFORMANCE

Each stormwater treatment system shall adhere to the following performance specifications at the
design treatment capacities, as listed below:

Table 2.2

Vortechs® Design Sediment
Model Treatment Sforage

Capacity {yd®y(m?)
(cfs)/{I/s)
1000 0-1.6 (0-45) 0.7 {0.54)
2000 1.6 - 2.8 (45-80) 1.2(0.91)
3000 2.8 - 4.5 (80-125) 1.8 {1.38)
4000 4.5 -6.0 (125-175) 2.4 (1.84)
5000 6.0 - 8.5 (175-240) 3.2 (2.49)
7000 8.5 - 11.0 (240-315) 4.0 (3.06)
9000 11.0 - 14.0 (315-400) 4.8 (3.67)
11000 14.0 - 17.5 (400-495) 5.6 (4.28)
16000 17.5 - 25.0 (495-710) 7.1(5.43)

Each stormwater treatment system shall inciude a circular aluminum “swirl chamber” (or “grit
chamber") with a tangential inlet to induce a swirling flow pattern that will accumulate and store
settleable solids in a manner and a location that will prevent re-suspension of previously captured

particulates.

Each stormwater treatment system shall be of a hydraulic design that includes flow controls
designed and certified by a professional engineer using accepted principles of fluid mechanics
that raise the water surface inside the tank to a pre-determined level in order to prevent the re-

entrainment of trapped floating contaminants.

Each stormwater treatment system shall be capable of removing 80% of the net annual Total
Suspended Solids (TSS) load based on a 50-micron particle size. Annual TSS removal
efficiency models shall be based on documented removal efficiency performance from full scale
laboratory tests, Annual TSS removal efficiency models shall only be considered valid if they are
corroborated by independent third party field testing. Said field testing shall include infiuent and
effluent composite samples from a minimum of ten storms at one location. {ndividual stormwater
treatment systems shalt have the Design Treatment Capacity listed in Table 2.2, and shall not re-
suspend trapped sediments of re-entrain floating contaminants at flow rates up to and including
the specified Design Treatment Capacity.

Individual stormwater treatment systems shall have usable sediment storage capacity of not less
than the corresponding volume listed in Table 2.2. The systems shall be designed such that the
pump-out volume is less than % of the total system volume. The systems shall be designed to
not allow surcharge of the upstream piping network during dry weather conditions.

A water-lock feature shall be incorporated into the design of the stormwater treatment system to
prevent the introduction of trapped oil and floatable contaminants to the downstream piping
during routine maintenance and to ensure that no oil escapes the system during the ensuing rain
event. Direct access shall be provided fo the sediment and floatable contaminant storage
chambers to facilitate maintenance. There shall be no appurtenances or restrictions within these

chambers.
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Stormwater treatment systems shall be completely housed within one rectangular structure.

23 MANUFACTURER

Each stormwater treatment system shall be of a type that has been installed and used
successfully for a minimum of 5 years. The manufacturer of said system shail have been
regularly engaged in the engineering design and production of systems for the physical treatment
of stormwater runoff during the aforementioned period.

@
Each stormwater treatment system shall be a Vortechs System as manufactured by CONTECH

Stormwater Solutions Inc., 200 Enterprise Drive, Scarborough, Maine 04074, phone: 207-885-
9830, fax: 207-885-9825; and as protected under U.S. Patent #5,759,415.

PART 3.00 EXECUTION

31 INSTALLATION

A Each Stormwater Treatment System shall be constructed according to the sizes shown
on the Drawings and as specified herein. Install at elevations and locations shown on the
Drawings or as otherwise directed by the Engineer.

B. Place the precast base unit on a granular subbase of minimum thickness of six inches
(152 mm) after compaction or of greater thickness and compaction if specified elsewhere.
The granular subbase shall be checked for level prior to setting and the precast base
section of the trap shall be checked for level at all four corners after it is set. If the slope
from any corner to any other corner exceeds 0.5% the base section shall be removed and
the granular subbase material re-leveled.

C. Prior to setting subsequent sections place bitumen sealant in sonformance with ASTM C
990 atong the construction joint in the section that is already in place. i

D. After setting the base and wall or riser sections, prepare to install the swir! chamber.
Place the 3/4-inch (19 mm) thick by 3/4-inch (19 mm) wide butyl mastic seal vertically on
the outside of the swirl chamber starting one inch above the bottom of the swirl chamber
and continuing to a height equal to the elevation of the bottom of the upper aperture of
the swirl chamber. The butyl mastic seal should abut the downstream side of the pre-
drilled mounting holes that attach the swirl chamber to the long walls of the concrete
vault. Next, install the extruded Buna N seal on the bottom edge of the 180 degree
downstream section of the swirl chamber by first applying a bead of Sikaflex-1a
polyurethane efastomeric sealant into the extruded slot then slide the seal onto the swirl
chamber. The extruded seal should extend 3-inches (76 mm) upstream of the mounting
holes, toward the inlet end of the vault. Set the swirl chamber into position and keep the
seal approximately %-inch (13 mm) above the floor of the concrete vault. Apply a
continuous bead of Sikaflex-1a sealant under the cupped bottom of the seal. Set the
circutar swirl chamber on the floor of the vauif and anchor it by bolting the swirl chamber
to the side walls of the concrete vault at the three (3) tangent points and at the inlet tab
using HILTI brand stainless steel drop-in wedge anchors or equivalent 3/8-inch (10 mm)
diameter by 2-3/4 inch (70 mm) minimum length at heights of approximately three inches
(3") (76 mm) off the floor and at fifteen inch {15") (381 mm) intervals to approximately the
same height of the butyl mastic sealant {at locations of pre-drilled holes in aluminum
components). Apply a continuous bead of Sikaflex-1a sealant to the intersection of the
inside bottom edge of the extruded seal and the vauit fioor.

E. If the oil baffle wall (Baffle A) and flow control wall (Baffle B) are not integrally cast-in to
riserfwall sections then the Baffle wall panels shall be placed in the formed keyways or between
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bolted-in-place angle flanges as provided by the manufacturer. Apply non-shrink grout or
Sikaflex-1a sealant to each end of Baffle A and Baffle B at the upstream intersection with the

side walls of the concrete vault.

F. Prior to setting the precast roof section, bitumen sealant equal to ASTM C 990 shall be placed
along the top of the oil baffie wall (Baffle A), using more than one tayer of mastic if necessary, to
a thickness at least 1-inch (25 mm} greater than the nominal gap between the top of the baffle
and the roof section. The nominal gap shall be determined either by field measurement or the
shop drawings. Do not seal the top of Baffle B uniess specified on the shop drawings to do so.
After placement of the roof section has compressed the butyl mastic sealant in the gap over
Baffle A, finish sealing the gap with an approved non-shrink grout on both sides of the gap
using the butyl mastic as a backing material to which to apply the grout. If roof section is
“clamshell” or “bathtub” halves, then finish sealing the ends of the Baffle walls by applying non-
shrink grout or Sikaflex-1a sealant to each end of Baffle A at the upstream intersection with the
side walls of the concrete vault and to each end of Baffle B at the downstream intersection with

the side walls of the concrete vault.

G. After setting the precast roof section of the stormwater treatment system, set precast
concrete manhole riser sections, to the height required to bring the cast iron manhole
covers to grade, so that the sections are vertical and in true afignment with a ¥%-inch (6
mm) maximum tolerance allowed. Backfill in a careful manner, bringing the fill up in 6-
inch (152 mm) lifts on all sides. if leaks appear, clean the inside joints and caulk with
lead wool to the satisfaction of the Engineer. Precast sections shall be set in a manner
that will result in a watertight joint. in all instances, instaliation of Stormwater Treatment
Systems shall conform o ASTM specification C 891 “Standard Practice for Installation of
Underground Precast Utility Structures”.

H. Holes made in the concrete sections for handling or other purposes shall be plugged with
a nonshrink grout or by using grout in combination with concrete plugs.

L. Where holes must be cut in the precast sections to accommeodate pipes, do all cutting
before setting the sections in place to prevent any subsequent jarring which may loosen
the mortar joints. The Contractor shall make all pipe connections.
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Introduction

A preliminary hydrologic and hydraulic analysis has been prepared for the Edgewater Project in
the City of Chino, California. The project site is bounded by Cucamonga Avenue to the west,
Corona Road to the north, Hellman Avenue to the East and McCarty Road to the south. The site
encompasses approximately 270 acres, of which approximately 210 acres drain through the site
or directly to one of the four proposed lakes. The remaining 60 acres are below the inundated
water surface elevation of 566 behind Prado Dam and do not require drainage improvements.
An additional approximate 40 acres near the intersection of Cucamonga Avenue and Corona
Road is County property that has been studied and summarized separately in this report.

Purpose

The purpose of this report is to estimate the preliminary storm drain improvements and sizes
required for the development of this project. This study has been prepared in accordance with
the City of Chino design criteria. The hydrologic and hydraulic analyses contained in this report
are preliminary, based on various assumptions that are subject to change.

Discussion

The project will include the construction of onr-site lakes that will help mitigate the runoff
generated by the developed site to levels acceptable by the City and State agencies. The site will
include 5 storm drain systems that will intercept the generated runoff and ultimately outlet the
runoff onto the proposed recreational open space areas surrounding the site.

The post developed condition ultimately will not increase the runoff generated by the site due to

the construction of lakes and detention basins throughout the site. Each line (Lines A, B, C, and
D) will drain to a detention basin located within the recreational open space areas and then outlet
onto the proposed recreational open space before it sheet flows into the Mill Creek.

The property to the north will be required to mitigate flows such that the post-developed runoff
from that site will be reduced prior to release to the 144” storm drain through the Edgewater
Project. The Edgewater project will not be required to mitigate the runoff generated by the
property to the north. The mitigated runoff from the properties to the north will not adversely
affect the proposed development. The mitigated runoff generated by the property to the north
will be picked up by a 144” storm drain and routed through the proposed development and
ultimately outlet into the Mill Creek. The 144” size is required to insure that there will not be
any hydraulic back up into the northerly development.

The County property to the northwest has an existing detention basin / retention basin and will be
required to utilize a post development detention basin / retention basin which will be collected by
Line E. The northwest property will require a detention basin to mitigate the runoff volume to
levels comparable to the pre-developed condition. This runoff will be routed westerly into

Cucamonga Avenue and then southerly and ultimately outlet into the Prado Southerly Regional
Park.
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Hydrologic Analysis

The preliminary hydrologic analyses were completed using the methodology outlined in the San

Bemardino County Flood Control District (SBCFCD) Hydrology Manual. Both rational method
and flood hydrograph analyses were completed for the 100-, 10-, 5-, and 2- year return events for
both the existing and proposed site conditions.

The rainfall depths were either taken directly from the isohyetal maps, or developed through the
procedures, in the Hydrology Manual. The slope of intensity duration is 0.60. The hydrologic
soil type for the site is “B” and was taken from the soil map in the Hydrology Manual. A natural
average cover “Grass” land use was assumed for the existing site conditions. The proposed land
use plan includes “Commercial”, “Condominium”, “Low Density Residential”, and “Medium
Density Residential” land uses.

Due to software limitations, hydrographs cannot be developed for areas less than 10 acres.
Therefore, subareas with less than 10 acres were modeled with 10 times the area and the results
were then divided by 10.

The hydrologic analyses are contained in Technical Appendices A through H.

Hydraulic Analysis

A preliminary hydraulic analysis was completed for the mainline storm drain facilities. The
hydraulic analyses were completed using the 100-year rational method peak flow rates developed
in the hydrologic analysis. The controlling water surface elevations for the hydraulic analyses
were assumed 566, which is the maximum design water surface behind Prado Dam. Preliminary
mainline storm drain sizes are shown on the Hydrology Map for the proposed condition.

The hydraulic analyses are contained in Technical Appendix I.

Preliminary Results

Conditions on the project require that the development mitigate the increased runoff created due
to the developed project. The following table summarizes the full conveyance hydrologic results
of the existing versus the proposed condition. Note that since the proposed lakes are self-
contained and will not contribute to flows leaving the site, the runoff for the lakes has not been
included in the listed totals.

H-214




SOYB PAULBIUO.)-J[OS SPN[OUL JOU S30P JJOUNy ‘SUOIBIOT [[B SSPN[OUL BIIY [pIWWING dI. S[RI0], - 4

88 9°¢9 1'¢8 Let £101 9Tl (A4 78el SPSl Cs 0°¢€9¢ 09S¢ LE60T % [BIOL

1’0 €T 0¢ 1’0 0y 0's 90 £9 £9 14 ¥l 801 66'S L11 (pautejuo)-J19s) ¢ 9¥e]

00 (A 91 10 07 9T €0 £e 4 'l 9 Y L8T Sl (pauteuo)-Jjos) € 23]

€0 89 9 90 611 8Tl LT 0T 691 86 LTy g'le 119 gLl (paureuo)-3[oS) T 23e]

£0 L'L 9 L0 gel 8¢l £e 1'¢C 981 1Tl 88 433 ¢£1ee [Tt (pauresuo-3os) | oe]

91 €Tl TTl ST 981 1’61 e VA7 9¢T 8L Sy 7'6¢ 000T L8 geury

0¢C 1'S1 6'61 1'e 1'ed A 74 £y go¢ 8'6C 6'6 9'¢s l'6v 0g°se 19 D_ury

T 01T 8'v¢ 8¢ 9¢e yes 89 L0S LS9 0¢T 9011 At £e'69 81 gour]

8T TLL (4474 1554 09t §'6C Ls 9T¢e 143 Sl £9¢ £9¢ ¥9°LT oy Y aury
@oe)  (539)  (s39) | -08)  (s39)  (s§9) | (Woe)  (spp)  (8P) | o'y (530) (s30) (0B} | 9poN uoned07]
awinjop MO MO[ | owmnjop  MO[] Mo[4 | swmjop  mold MO[] | swnop  mo[q Mol Boly

yderSoipAH [euoney ydeidorpAY [euoney ydes3orpAy reuonyey | ydeidoipAY [euoney

Tea A-T T A-C FeIA-01 Te3 A-001
uonipuo)) pasodoid

T 8'ch 8'st 6t 98L 1201 81T 1'6gl SLel €08 1'20¢ L79T 06CIT * [€I0L

0 9 09 80 11 8vl 9¢ 9'1¢ 0T gel Ly 1'ov 0g'se 09 10dg moTIse

S0 76 S0l 01 691 T % §'6C 667 L91 €79 oS 0Tty 08 puod isemyinog

70 £'s 99 S0 I'6 €Tl 0¢ [49! 8¢l SL 71e £'8¢C 0861 10¥ puod iseayinog

0 §'e 8¢ 0 09 '8 L'l 801 L0l 19 1'€C 10T 091 0¢ j0dg Mo 1sBOYINOS

] 76 £01 01 91 €T 9Y 8'6C 6'6C 891 1'S9 L9S OLvy 0T jodg Mo iseg

90 L6 98 [ 081 (44 14 e 80¢ 661 01L 1'19 0L'Ts €01 10dg Mo IsBOYLION
(y-oe)  (sp) (spo) | (o) (spo) (s10) [ (groe)  (sp0) ) | (yoe)  (s19) (s30) (oe) [ epoN ECEERED
SWmMOA  MOl] MO[J | owmop  molg MO[] | oumpop  mo[j Mmo[j | oumjop  mo[] ;O[] BoIy

ydeiSoIpAH [euoiey] ydeifoipAH Jeuoney ydeiSoipAy feuoney ydeigoipAy [euoney

e A-T Tea -G 1eOA-01 Je3 A-001

UOLIPU0)) Junsixyg

Baxy 1o0loag

Arewrwng J30[0IpAH
STITH ouIy)) - J19)8MISPH

H-215



powwing 218 S[BJO L - 4

Se el 961 14 8'8¢ 6'ST gL vLE §Te 891 L99 a3 09Ty % [BI0L
e 1'61 961 145 88T 6'SC SL YLE §Ce 891 L99 1435 09°Ty SOt dourg
(o} (s9) (s530) - | (@om)  (sp0) () | (o)  (sp9) sp) | (g-o8)  (s0) (s30) (oe) 9pON UoHEO0]
swnjop  Mo[4 MO[] |owmop  mo[] MO[g | swmjop  moOlq MO[] | swmjop  MO[] 0[] BOIY
ydeiSoipAH [euoney ydeidoipAY [euon®y ydei8oipAH [euoney ydei8oipAH reuoney
1B A -7 IO X -G B X-0] B9 X-001
uonIpuo)) pasodoid
€0 79 6t 60 £l STl [4 4 0'1¢C 4! 49! 6Ly 6'LE 05°0r % [EI0L
€0 1744 91 L0 1'8 £8 £e £sl STl 611 9'6e TLT 0L'1e 206 puod iseayinog
00 €l 0T 1'0 (4 e S0 6'¢c 1% L'l 6L 9L 0st 108 puod isomiyinog
00 S0 £0 10 60 L0 0 81 £l 9l ¥y ['e 0ty £0L J2ul0]) ISeMYInog
(gor)  (s30) () | (or)  (s9) (s) | (-oe)  (s39) (sp) | (oe)  (s39) (s19) {o®) 3pON U01e30]
awinjop  Mo[g MO | swmjop MO mo[g | oumjop  mofd Mol | swmpop  mo[q MO R
ydeiSoipAH [euoney ydeidoipAH Jeuoney ydeiZoipAH [euoney ydeiSoipAY [euoney
83X -7 182 X -G B3 -] 183 X-001

uonIpuO)) FUNSIXE

BIXY AJUNo))

Arewrung J130[0

IpAH

STITH ouTy)) - 19)BMISPH

H-216



Edgewater - Chino Hills
Rainfall Summary

Depth
100-Year| 10-Year | 5-Year | 2-Year

Duration (in) (in) (in) (in)
5-Minute 045 | 030 | 025 | 013
30-Minute 0.90 0.60 0.52 038
1-Hour 1.20 0.80 0.68 0.50
3-Hour 2.10 1.36 1.16 0.85
6-Hour 3.00 1.94 1.64 1.20
24-Hour 6.00 3.66 3.00 2.00
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RETURN PERIOD IN YEARS
NOTE:

t. FOR INTERMEDIATE RETURN PERIODS PLOT I0-YEAR AND 100-YEAR ONE HOUR VALUES FROM MAPS,
THEN CONNECT POINTS AND READ VALUE FOR DESIRED RETURN PERIOD. FOR EXAMPLE GIVEN 10-YEAR

ONE HOUR= 0.95" AND 100-YEAR CNE HOUR =1.60", 25-YEAR ONE HOUR =118,

REFERENCE:NOAA ATLAS 2, VOLUME XX -CAL.I973 RAINFALL DEPTH VERSUS

SAN BERNARDINO COUNTY
HYDROLOGY MANUAL

RETURN PERIOD FOR
PARTIAL DURATION SERIES
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