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City of Davis Draft Stormwater Phase Il General Permit Design Standard Guidance Document - July 2015

Introduction

This informational handout is intended to provide guidance for developers and City staff for
complying with the new development standards of the Phase Il Small MS4 General Permit
NPDES General Permit No. S000004 Order No. 2013-0001-DWQ (Permit). This document is
divided into sections that provide standards for differing thresholds for development as
established in the Permit. The sections follow the order established within the Permit and
increase in order of significance in what is required based upon the water quality impact
anticipated. The following is a brief summary of each of the sections.

e Section 1 provides the development guiding flow chart with references to the applicable
standards for each project type. The flow chart provides the key thresholds to guides
the developer to the applicable development standards for their project.

e Section 2 provides the design standards for projects creating or replacing 2,500 to 4,999
square feet of impervious surface.

e Section 3 provides the design standards for projects that create or replace 5,000 square
feet to less than 1 acre of impervious surface.

e Section 4 provides the maintenance requirements for all regulated projects.

e Section 5 provides the hydromodification requirement for projects that create or replace
one acre or more of impervious surface.

e The Appendix A provides optional site forms.

e Appendix B provides the text of applicable sections of the Permit and Development Best
Management Practices (BMP) fact sheets.

See the Table of Contents below to navigate to the development standards for your project.
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Section 1 Phase Il Small MS4 SW General Permit Development
Standards Flow Chart

Non-Regulated

Project, treatment No

A

Control Measures

[ U |

Does the development
(including detached single
family home projects that are
not part of a larger
development) create/replace
more than 2,500 s,f, of
imnervious surface?

End [«

Requirement 2)

Site Design Measures are
required (See Section E.12.b
of the permit (Performance

Yes

A 4

The Project is exempt from all
requirements of Section
E.12.c.d.e.f and h of the Permit,
but must comply with Section
E.12.b (Performance
Requirement 2)

P

Does the development project (including roadways

< No (LUPS)) create/replace 5,000 s,f, or more of
impervious surface?
Yes
Y
Is the project any of the following exempted
development types?
o Detached single family home projects that are not
part of a larger plan of development;
e Interior remodels;
e Routine maintenance or repair such as: exterior
wall surface replacement, pavement resurfacing
Yes within the existing footprint.

Yes

Section E.12.c.

e LUPs - Unless the LUP has a discrete location
that has 5,000 square feet or more of newly
constructed contiguous impervious surface. When
the LUP has a discrete location that has 5,000 sg-
ft or more of new contiguous impervious surface,
only that specific discrete location is subject to

e A project that has discretionary permits and has
been deemed comnblete orior to 7/01/14.

A

y

No

A 4

impervious surface?

Does the project create or replace 1-acre or more of

The project is Regulated Project and the following are

required:

Performance Requirements 1 — 6 (pages 5 - 11)
The Operation and Maintenance requirements on
pages 13—14.
Starting on July 1, 2016 these projects must employ
the Hydromodification Requirement on page 15.

No

required:

pages 13 - 14.

The project is Regulated Project and the following are

e Performance Requirements 1 — 6 (pages 5 - 11)
e The Operation and Maintenance requirements on

REV. 09/2024
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Section 2 Site Desigh Measures
For projects that create or replace 2,500 but less than 5,000 s.f. of impervious
surfaces.

For projects that create or replace 2,500 but less than 5,000 square feet of impervious surface,
the Developer shall submit a stamped and signed Performance Requirement No.2 Certification
by the Project Engineer prior to the issuance of a building permit. Performance Requirement
No. 1 is optional for Developers more than 2,500 but less than 5,000 square feet of impervious
surface. Developers may find it helpful to perform a Site Assessment Checklist below. See
Section E.12.b Site Design Measures of the Permit in Appendix A.

(a) Site Assessment

At the earliest planning stages, all projects shall assess and evaluate how site conditions, such
as soils, vegetation, and flow paths, will influence the placement of buildings and paved
surfaces. The evaluation will be used to meet the goals of capturing and treating runoff and
assuring these goals are incorporated into the project design. The Site Assessment Checklist
below, may be helpful in achieving compliance with the Permit.

Performance Requirement No.1 - Site Assessment Checklist
(Optional for Projects less than 5,000 sf of impervious surface)

Project Name: Date:

Project Address:

Included

1. Site topography

2. Hydrologic features including contiguous natural areas,
wetlands, watercourses, seeps, or springs

. Depth to seasonal high groundwater

. Locations of groundwater wells used for drinking water

. Depth to an impervious layer such as bedrock

. Presence of unique geology (e.g., karst)

. Geotechnical hazards

. Documented soil and/or groundwater contamination

OO NOO|O|A~ W

. Soil types and hydrologic soil groups

10. Vegetative cover/irees

11. Run-on characteristics (source and estimated runoff from
offsite which discharges to the project area)

12. Existing drainage infrastructure for the site and nearby areas
including the location of municipal storm drains

13. Structures including retaining walls

14. Utilities

15. Easements

16. Covenants

17. Zoning/Land Use

18. Setbacks

19. Open space requirements

20. Other pertinent overlay(s)
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PERFORMANCE REQUIREMENT NO. 2 CERTIFICATION
Incorporate into the project at least one of the following design strategies and
erform the runoff reduction calculation in #6.

PERFORMANCE REQUIREMENT NO. 2 - CERTIFICATION

SITE DESIGN MEASURES INCORPORATED

1. Limit disturbance of creeks and natural drainage features by providing
setbacks or buffers from the vegetated area including trees, shrubs, and
herbaceous vegetation, that exists or is established adjacent to a stream
system or drainage feature.

2. Soil Quality Improvement and Maintenance - improvement and
maintenance soil through soil amendments and creation of microbial
community by minimizing compaction of highly permeable soils and using
mulch for weed control.

3. Tree Planting and Preservation - plant and preserve healthy, established
trees that include both evergreens and deciduous, as applicable. Limit
clearing and grading of native vegetation at the site to the minimum
area needed to build the project, allow access, and provide fire protection.

4. Concentrate improvements on the least sensitive areas of the site,
while leaving the remaining land in a natural undisturbed state.

5. Minimize stormwater runoff by implementing one or more of the following
design measures:

a) Direct roof runoff into cisterns or rain barrels for reuse.

b) Direct roof runoff onto vegetated areas safely away from building
foundations and footings.

c) Direct runoff from sidewalks, walkways, and/or patios onto vegetated
areas safely away from building foundations and footings.

d) Direct runoff from driveways and/or uncovered parking lots onto
vegetated areas safely away from building foundations and footings.

e) Porous Pavement - pavement that allows runoff to pass through it,
thereby reducing the runoff from a site and surrounding areas and
filtering pollutants by constructing bike lanes, driveways, uncovered
parking lots, sidewalks, walkways, and patios with permeable surfaces.

f) Green Roofs - a vegetative layer grown on a roof (rooftop garden).

g) Vegetated Swales - a vegetated, open-channel management practice
designed specifically to treat and attenuate storm water runoff;

6. Developers shall quantify post construction runoff reduction using the State
Water Board SMARTS Post-Construction Calculator, or equivalent resulting
from implementation of site design measures. The SMARTS Post-
Construction Calculator can be found at:

Post-Construction Water Balance Calculator

I, , acting as the Project Engineer for project,
located at , hereby state that the Site
Design and Runoff Reductions design strategies initialed have been incorporated into the design

of the project.
Signature Date



https://www.waterboards.ca.gov/water_issues/programs/stormwater/docs/constpermits/wqo_2009_0009_app_21.xls
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Section 3 Standards for Regulated Projects
For projects that create or replace 5,000 s.f. or more, but less than 1-acre of
impervious surface.

For projects that create or replace 5,000 or more square feet, but less than 1 acre of impervious
surface (Regulated Project), to achieve compliance with the Permit, the Developer follow the
steps outlined below including providing the performance Requirement.

Step — Description — Location in Document

1. Site Assessment (Performance Requirement No.1 in Section 2 — page 3)

Site Design Measures (Performance Requirement No. 2 in Section 2 - page 4),

Source Control (Performance Requirement No. 3, page 6),

Site Design Measures for Regulated Projects (Performance Requirement No. 4, page 7),

a > w DN

Baseline Hydromodification Management & Stormwater Treatment Design (Performance
Requirement No. 5, page 8),

6. Drainage Management Areas (page 10)
7. Stormwater Control Plan Checklist (Performance Requirement No. 6, page 10)

All Regulated Projects shall implement low impact development (LID) standards designed to
reduce runoff, treat storm water, and provide baseline hydromodification management to the
extent feasible, to meet the Numeric Sizing Criteria for Storm Water Retention and Treatment
under Section E.12.e(ii)(c) of the Permit. For related language from the Permit, see Section
E.12.e. Low Impact Development (LID) Design Standards in Appendix B. All regulated projects
shall be designed with the objective of achieving infiltration, evapotranspiration and/or
harvesting/reuse of the 85" percentile 24 hour storm event.

The developer shall submit stamped and signed Performance Requirement Certifications No. 1,
2, 3, 4, and.5 by the Project Engineer prior to the issuance of a building permit. For further
clarification on what constitutes a regulated project, see the Definition for Regulated Projects in
Appendix A and Section E.12.c Regulated Projects of the Permit in Appendix B.
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Step 3. Source Control Measures
All Regulated Projects with pollutant-generating activities and sources are required to implement
standard permanent and/or operation source control measures consistent with
recommendations from the CASQA Stormwater BMP Handbook for Development (See the
referenced BMP Fact Sheets in Appendix C) and Redevelopment and Municipal BMP
Handbook or equivalent for the following activities (See Section E.12.d Source Control
Measures of the Permit in Appendix B):

PERFORMANCE REQUIREMENT NO. 3 - CERTIFICATION OF SOURCE CONTROL

MEASURES
POLLUTANT SOURCE CASQA BMP BMP
FACTSHEET INCORPORATED
NUMBER
1. | (a) Accidental spills or leaks SC-11**
2. | (b) Interior floor drains SC-10**
3. | (c) Parking/storage areas and maintenance SC-43**
4. | (d) Indoor and structural pest control SC-10**
5. | (e) Landscape/outdoor pesticide use SC-41**
6. (f) Pools, spas, ponds, decorative fountains, SC-7o%
and other water features i
7. ]Eg) Resta_urants, grocery stores, and other SC-10 & SC-11**
ood service operations
(h) Refuse areas SD-32*
() Industrial processes SC-10 & SC-11*
(j) Outdoor storage of equipment or materials SD-34*
(k) Vehicle and equipment cleaning SD-33*
)] \/ehlcle and equipment repair and SD-31*
maintenance
(m) Fuel dispensing areas SD-30*
(n) Loading docks SD-31*
(o) Fire sprinkler test water SC-10**
(p) Drain or wash water from boiler drain lines,
condensate drain lines, rooftop equipment, SC-10**
drainage sumps, and other sources
(q) Unauthorized non-storm water discharges SC-10**
(r) Building and grounds maintenance SC-41**

* ¥

l,

Source CASQA Development and Redevelopment BMP Handbook
Source: CASQA Municipal, and Industrial and Commercial BMP Handbooks.

, acting as the Project Engineer for

project, located at , hereby state that LID Site Design Measures initialed have been
incorporated into the design of the project.

Signature

Date
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Step 4. Site Design Measures for Regulated Projects

All Regulated Projects must be designed to achieve infiltration, evapotranspiration and/or
harvesting/reuse of the 85th percentile 24-hour storm runoff event (0.65 inches). Site design
measures shall be used to reduce the amount of runoff, to the extent technically feasible, for
which retention and runoff is required. Any remaining runoff from impervious DMAs may then
be directed to one or more bioretention facilities as specified in Section E.12.e.(ii)(f)

PERFORMANCE REQUIREMENT NO. 4 - CERTIFICATION OF SITE DESIGN
MEASURES to the 85" Percentile 24 Hour Storm Event (0.65 inches)

DESIGN MEASURE INCORPORATED/OPTIMIZED

1. Defining the development envelope, identifying the
protected areas, and identifying areas that are most
suitable for development and areas to be left undisturbed

2. Concentrate development on portions of the site with less
permeable soils and preserve areas that can promote
infiltration.

3. Identifying conserved natural areas, including existing
trees, other vegetation, and soils (shown on the plans)

4, Limit the overall impervious footprint of the project with
paving and roofs

5. Set back development from creeks, wetlands, and riparian
habitats

6. Design conforms the site layout along natural landforms

7. Design avoids excessive grading and disturbance of
vegetation and soils

8. Replicate the site's natural drainage patterns.

9. Detain and retain runoff throughout the site.

l, , acting as the Project Engineer for

project, located at , hereby state that the Site Design
Measures above have been incorporated into the design of the project to achieve infiltration,
evapotranspiration and/or harvesting/reuse of the 85th percentile 24-hour storm runoff event.

Signature Date




City of Davis Draft Stormwater Phase 1l General Permit Design Standard Guidance Document — July
2015

Step 5. Baseline Hydromodification Management & Stormwater

Treatment Design

The Project Engineer shall certify the Project design optimizes the use of the following design
measures. Initial each runoff retention measure that has been incorporated and optimized into
the design or mark N/A if not applicable. See Appendix D for BMP Fact Sheets for various
permanent treatment control measures. See Appendix E for rainfall charts for Sacramento.
Assume 85" percentile one hour rain event for Davis is 0.1 inch/hour and the 85" percentile 24
hour rain event is 0.65. Assume annual 80" percentile rainfall for Davis is 19.1 inches.

PERFORMANCE REQUIREMENT NO. 5 CERTIFICATION

On-Site Water Quality Treatment Measures INCORPORATED

1 | Low Impact Development (LID) Treatment Systems designed to retain
stormwater runoff generated by the 85w percentile 24-hour storm.
Stormwater Control Measures Implement (circle all that apply, design
documentation is required)

e Harvesting and Use,

e Infiltration,

e Evapotranspiration

2 | Biofiltration Treatment Systems — with the following design parameters:

1. Maximum surface loading rate appropriate to prevent erosion, scour and
channeling within the biofiltration treatment system itself and equal to 5
inches per hour, based on the flow of runoff produced from a rain event
equal to or at least:

a) 0.2 inches per hour intensity; or
b) Two times the 85th percentile hourly rainfall intensity for the
applicable area, based on historical records of hourly rainfall depth

2. Minimum surface reservoir volume equal to the biofiltration treatment
system surface area times a depth of 6 inches

3. Minimum planting medium depth of 18 inches. The planting medium
must sustain a minimum infiltration rate of 5 inches per hour throughout
the life of the project and must maximize runoff retention and pollutant
removal. A mixture of sand (60%-70%) meeting the specifications of
American Society for Testing and Materials (ASTM) C33 and compost
(30%-40%) may be used. A Regulated Project may utilize an alternative
planting medium if it demonstrates its planting medium is equal to or
more effective at attenuating pollutants than the specified planting
medium mixture.

4. Proper plant selection

5. Subsurface drainage/storage (gravel) layer with an area equal to the
biofiltration treatment system surface area and having a minimum depth
of 12 inches

6. Underdrain with discharge elevation at top of gravel layer

7. No compaction of soils beneath the biofiltration facility (ripping/loosening
of soils required if compacted)

8. No liners or other barriers interfering with infiltration, except for
situations where lateral infiltration is not technically feasible
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3 | Non-Retention Based Treatment Systems — designed to meet at least one of
the
following hydraulic sizing criteria:

a) Volume Hydraulic Design Basis — Treatment systems whose primary
mode of action depends on volume capacity shall be designed to treat
stormwater runoff equal to the volume of runoff generated by the
85th percentile 24-hour storm event, based on local rainfall data.

b) Flow Hydraulic Design Basis — Treatment systems whose primary
mode of action depends on flow capacity shall be sized to treat:

i.  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 on historical records of hourly rainfall
depths; or

ii.  The flow of runoff resulting from a rain event equal to at least 0.2
inches per hour intensity.

l, , acting as the Project Engineer for

project, located at , hereby state that the
On-Site Water Quality Treatment Measures initialed have been incorporated into the design of
the project.

Signature Date
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Step 6. Drainage Management Areas
The site shall be designed to provide for decentralized storm water management with discrete

DMAs.

1. The developer shall provide a map of the entire project site showing the discrete DMAs and

detailing the drainage for the rainfall event specified along with the other project

development plans.

Drainage from each DMA shall be accounted for using the following measures:

a) Undisturbed or areas planted with native vegetation that do not receive runoff from other

b)

Step 7. STORM WATER CONTROL PLAN CHECKLIST

A Storm Water Control Plan is required. At a minimum, the Storm Water Control Plan shall
include the following on the building plan submittal:

areas are self-treating and no additional stormwater management is required.

Runoff from impervious surfaces, generated by the rainfall events identified for
Performance Requirement No. 5, may be directed to undisturbed or natural landscaped
areas. Where the design demonstrates that this runoff will be infiltrated and will not
produce runoff to the storm drain system, or a surface receiving waterbody, or create
nuisance ponding, then no additional stormwater management is required for these
impervious surfaces.

Storm Water Control Plan Check List - Performance Requirement No. 6

COMPLETED

1. Project Information

a. Project name

b. Application number

c. Address and assessor’s parcel number

d. Name of Applicant

e. Project Phase number (if project is being constructed in phases)

f. Project Type (e.g., commercial, industrial, multi-unit residential, mixed-
use, public), and description

N

. Project Areas

a. Total project site area

b. Total new impervious surface area

c. Total replaced impervious surface area

d. Total new pervious area

e. Calculation of Net Impervious Area

3

. Site Assessment Summary PR 1.

4. Summary of Site Design PR 2

5

. Summary of Source Control measures PR 3

7

. Drainage Manage Area Map

8

. Summary of Baseline Hydromodification Management & Stormwater
Treatment Design PR 4,

9. LID Measures Used

a. List all site design measure incorporated into the design of the project

b. Location and detail for all runoff reduction measures used

10
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c. Location and detail for all post-construction structural water quality
treatment measures

10. Calculations used to comply with the applicable on-site water quality
treatment

11. Calculations used to comply with the applicable runoff retention
requirements

12. Calculations used to comply with the applicable hydromodification
management requirements for projects with 1 acre or more of new impervious
surface

13. Documentation demonstrating infeasibility where Site Design and Runoff
Reduction measures cannot retain required runoff volume

14. Documentation demonstrating infeasibility where retention-based
Stormwater Control Measures cannot retain and/or treat the required runoff
volume

15. Documentation demonstrating infeasibility where on-site compliance cannot
be achieved

16. Documentation certifying that the selection, sizing, and design of the on-site
water guality treatment measures meet the E.12 requirements.

16. Water quality treatment calculations used to comply with E.12 requirement
and any analysis to support infeasibility determination

17. Statement of Compliance: Statement that Water Quality Treatment
Performance Requirement has been met on-site, or, if not achievable:

a. Documentation of the volume of runoff for which compliance cannot
be achieved on-site and the associated off-site compliance
requirements.

b. Statement of intent to comply with Water Quality Treatment
Performance Requirement through Alternative Compliance

11
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Section 4 Operation and Maintenance Requirements (Applicable to All
Regulated Projects)

Regulated projects shall provide a maintenance plan using at least one of the following sample
maintenance agreement of the permanent treatment control measures developed on site required for
water quality. All of the project proponents and their successors in control of the project or successors
in fee title shall be named on any statements, agreements, or sales documents. The agreement shall
be subject to the review and approval of the Public Works Director or designee. The agreement shall
be executed and then recorded with the County Clerk Recorder and copy of the executed and recorded
agreement provided to the Public Works Director prior to the issuance of occupancy, or granting a final
of the permit whichever comes first.

12



City of Davis Draft Stormwater Phase 1l General Permit Design Standard Guidance Document — July 2015

Recording Requested by
and when Recorded Mail to:

Public Works Department
23 Russell Boulevard

]
]
]
City of Davis ]
]
]
Davis, CA 95616-3896 ]

Space above this Line
for Recorder's Use

City of Davis
Yolo County, California

STORMWATER VOLUME RETENTION CONTROL MEASURE AND
TREATMENT CONTROL MEASURE
ACCESS AND MAINTENANCE

AGREEMENT
OWNER:
PROPERTY ADDRESS:
APN:
THIS AGREEMENT is made and entered into in Davis , California, this__dayof
, by and between , hereinafter referred to as “Owner” and the CITY OF DAVIS, a

municipal corporation, located in the County of Yolo, State of California hereinafter referred to as “CITY”;

WHEREAS, the Owner owns real property (“Property”) in the City of Davis, County of Yolo, State of
California, more specifically described in Exhibit “A” and depicted in Exhibit “B”, each of which exhibits is attached
hereto and incorporated herein by this reference;

WHEREAS, at the time of initial approval of development project known as

within the Property described herein, the City required the project to employ on-

site stormwater volume retention control measures and/or treatment control measures to minimize pollutants in
urban runoff;

WHEREAS, the Owner has chosen to install the following improvements and/or devices on the Property

’

hereinafter referred to as “Control Measure(s)”, to minimize pollutants in urban runoff;

Rev. 09/2024

13



City of Davis Draft Stormwater Phase 1l General Permit Design Standard Guidance Document — July 2015

WHEREAS, said Control Measure(s) has been installed in accordance with plans and specifications
accepted by the City;

WHEREAS, said Control Measure(s), with installation on private property and draining only the Property,
is a private facility with all maintenance or replacement, therefore, the sole responsibility of the Owner in
accordance with the terms of this Agreement;

WHEREAS, the Owner is aware that periodic and continuous maintenance, including, but not necessarily
limited to, filter material replacement and sediment removal, is required to assure peak performance of Control
Measure(s) and that, furthermore, such maintenance activity will require compliance with all Local, State, or
Federal laws and regulations, including those pertaining to confined space and waste disposal methods, in effect
at the time such maintenance occurs as well as any specifications required by the manufacturer if the control
measure was purchased from a third party vendor;

NOW THEREFORE, it is mutually stipulated and agreed as follows:

1. Owner hereby provides the City or City’s designee complete access, of any duration, to the Control Measure(s)
and its immediate vicinity at any time, upon reasonable notice. In the event of emergency, as determined by
City’s Director of Public Works, no advance notice will be provided for the purpose of inspection, sampling,
testing of the Control Measure(s) or to undertake all necessary repairs or other preventative measures at
owner’s expense as provided in paragraph 3 below. City shall minimize or avoid interference with Owner’s use
of the Property to the extent feasible.

2. Owner shall use its best efforts diligently to maintain the Control Measure(s) in a manner assuring peak
performance at all times. All reasonable precautions shall be exercised by Owner and Owner’s representative
or contractor in the removal and extraction of material(s) from the Control Measure(s) and the ultimate
disposal of the material(s) in a manner consistent with all relevant laws and regulations in effect at the time.
As may be requested from time to time by the City, the Owner shall provide the City with documentation
identifying the material(s) removed, the quantity, and disposal destination.

3. Owner shall maintain the Control Measure(s) so that it functions at peak performance or the intended
performance level outlined in the manufacturer’s specifications, as applicable. Owner shall also maintain the
Control Measure(s) in accordance with the schedule set forth in Exhibit “C,” attached hereto. By June 30th of
each year, Owner shall provide to the City verification that all required maintenance was performed on all
Control Measure(s). The verification will identify when the maintenance was conducted, who conducted the
maintenance, and if any repairs or follow up actions were necessary. This report shall be provided in a format
acceptable to the City.

4. In the event Owner, or its successors or assigns, fails to accomplish the necessary maintenance or required
documentation contemplated by this Agreement, within five (5) days of being given written notice by the City,
the City is hereby authorized to cause any maintenance necessary to be done and charge the entire cost and
expense to the Owner or Owner’s successors or assigns, including administrative costs, attorneys fees and
interest thereon at the maximum rate authorized by the Civil Code from the date of the notice of expense until
paid in full. The City, at its sole election, may make these costs to be a lien upon the property that may be
collected at the same time and in the same manner as ordinary municipal taxes as provided in Government

Rev. 09/2024
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Code section 38773.5. Nothing in this section or this Agreement creates an obligation by the City to maintain
or repair the Control Measure(s), nor does this section prohibit the City from pursuing other legal recourse
against Owner.

The City may, as an additional remedy, withdraw any previous stormwater related approval with respect to
the property on which a Control Measure(s) has been installed until such time as Owner repays to City its
reasonable costs incurred in accordance with paragraph 3 above.

This agreement shall be recorded in the Office of the Recorder of Yolo County, California, at the

10.

11.

expense of the Owner and shall constitute notice to all successors and assigns of the title to said
Property of the obligation herein set forth, and also a lien in such amount as will fully reimburse the
City, including interest as herein above set forth, subject to foreclosure in event of default in payment.

In event of legal action occasioned by any default or action of the Owner, or its successors or assigns, then the
Owner and its successors or assigns agree(s) to pay all costs incurred by the City in enforcing the terms of this
Agreement, including reasonable attorney’s fees and costs, and that the same shall become a part of the lien
against said Property.

It is the intent of the parties hereto that burdens and benefits herein undertaken shall constitute covenants
that run with said Property and constitute a lien there against.

The obligations herein undertaken shall be binding upon the heirs, successors, executors, administrators and
assigns of the parties hereto. The term “Owner” shall include not only the present Owner, but also its heirs,
successors, executors, administrators, and assigns. Owner shall notify any successor to title of all or part of the
Property about the existence of this Agreement. Owner shall provide such notice prior to such successor
obtaining an interest in all or part of the Property. Owner shall provide a copy of such notice to the City at the
same time such notice is provided to the successor.

The Owner, its heirs, successors, executors, administrators and assigns agree to defend, indemnify and holds
harmless the City, its officials, employees and its authorized agents from any and all damages, accidents,
casualties, occurrences or claims (collectively, “Claims”) which might arise or be asserted against the City and
which are in any way connected with the construction, operation, presence, existence or maintenance of the
Control Measure(s) by the Owner, or from any bodily injury or property damage that may result from the City
or other public entities entering the Property under Sections 1, 2, 3, or 4 of this Agreement; provided, however,
that in no event shall Owner, its heirs, successors, executors, administrators and assigns be obligated to
defend, indemnify or hold harmless the City, its officials, employees, and its authorized agents from any Claims
arising from the City’s or its officials, employees, and its authorized agents active negligence or willful
misconduct while the City enters the Property under Section 1, 2, 3, or 4 of this Agreement. The Owner shall
maintain liability insurance in commercially reasonable amounts, but not less than $1,000,000.00, covering the
Control Measure(s) and City. The City shall require proof of insurance to be provided to City on a regular basis
as determined by the City.

Time is of the essence in the performance of this Agreement.

Rev. 09/2024
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12. Any notice to a party required or called for in this Agreement shall be served in person, or by deposit in the
U.S. Mail, first class postage prepaid, to the address set forth below. Notice(s) shall be deemed effective upon
receipt, or seventy-two (72) hours after deposit in the U.S. Mail, whichever is earlier. A party may change a
notice address only by providing written notice thereof to the other party.

IFTO CITY: IF TO OWNER:

City of Davis

Attn: Stormwater Quality

23 Russell Blvd

Davis, CA 95616

Rev. 09/2024
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IN WITNESS THEREOF, the parties hereto have affixed their signatures as of the date first written above.

APPROVED AS TO FORM: OWNER:
City Attorney Name:
Title:
CITY OF DAVIS: OWNER:
Name: Name:
Title: Title:
ATTEST:
City Clerk Date

NOTARIES ON FOLLOWING PAGE

Rev. 09/2024
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A notary public or other officer completing this certificate
verifies only the identity of the individual who signed the
document to which this certificate is attached, and not the
truthfulness, accuracy, or validity of that document.

STATE OF CALIFORNIA

COUNTY OF
On , 202_ before me, , Notary Public, personally
appeared , who proved to me on the basis of satisfactory evidence

to be the person(s) whose name(s) is/are subscribed to the within instrument and acknowledged to me that
he/she/they executed the same in his/her/their authorized capacity(ies), and that by his/her/their signature(s)
on the instrument the person(s), or the entity upon behalf of which the person(s) acted, executed the
instrument.

| certify under PENALTY OF PERJURY under the laws of the State of California that the foregoing paragraph is true
and correct.

WITNESS my hand and official seal.

Signature: (Seal)

Rev. 09/2024
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EXHIBIT A

(Legal Description)

Rev. 09/2024
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EXHIBIT B

(Map/lllustration of the Property showing all locations of the Control Measure(s))

Rev. 09/2024
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EXHIBIT C

(Maintenance Schedule)

Rev. 09/2024
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Section 5 Hydromodification Requirement

E.12.f. Hydromodification Management

Commencing with July 1, 2016, all Regulated Projects that create and/or replace one acre or more of
impervious surface, the post-project runoff shall not exceed estimated pre-project flow rate for the 2-
year, 24-hour storm.

A project that does not increase impervious surface area over the pre-project condition is not a
hydromodification management project.

For all applicable projects, a calculation shall be provided on the Stormwater Control Plan
demonstrating compliance with the above requirement. The calculation shall be subject to the review
and approval of the Public Works Director or designee prior to the issuance of the first building permit.
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At the Point of Discharge(s) — Means in the surf zone immediately where runoff from an outfall meets
the ocean water (a.k.a., at point zero).

Beneficial Uses - The Uses of water of the state protected against degradation, such as domestic,
municipal, agricultural and industrial supply; power generation; recreation; aesthetic enjoyment;
navigation and preservation of fish and wildlife, and other aquatic resources or preserves.

Catch Basin - A catch basin (a.k.a., storm drain inlet) is an inlet to the storm drain system that typically
includes a grate or curb inlet where storm water enters the catch basin and a sump to capture sediment,
debris and associated pollutants. Catch basins act as pretreatment for other treatment practices by
capturing large sediments. The performance of catch basins at removing sediment and other pollutants
depends on the design of the catch basin (e.g., the size of the sump), and routine maintenance to retain
the storage available in the sump to capture sediment.

Common Plan or Development or Sale — U.S. EPA regulations include the term “common plan of
development or sale” to ensure that acreage within a common project does not artificially escape the
permit requirements because construction activities are phased, split among smaller parcels, or
completed by different owners/developers. In the absence of an exact definition of “common plan of
development or sale,” the State Water Board is required to exercise its regulatory discretion in providing
a common sense interpretation of the term as it applies to construction projects and permit coverage.
The common plan of development is generally a contiguous area where multiple, distinct construction
activities may be taking place at different times under one plan. A plan is generally defined as any piece
of documentation or physical demarcation that indicates that construction activities may occur on a
common plot. Such documentation could consist of a tract map, parcel map, demolition plans, grading
plans, or contract documents. Any of these documents could delineate the boundaries of a common
plan area. However, broad planning documents, such as land use master plans, conceptual master
plans, or broad-based CEQA or NEPA documents that identify potential projects for an agency or facility
are not considered common plans of development. An overbroad interpretation of the term would render
meaningless the clear “one acre” federal permitting threshold and would potentially trigger permitting of
almost any construction activity that occurs within an area that had previously received area-wide utility
or road improvements.

Construction Site - Any project, including projects requiring coverage under the General Construction
Permit, that involves soil disturbing activities including, but not limited to, clearing, grading, paving,
disturbances to ground such as stockpiling, and excavation.

Design Storm — For purposes of these Special Protections, a design storm is defined as the volume of
runoff produced from one inch of precipitation per day or, if this definition is inconsistent with the
discharger’s applicable storm water permit, then the design storm shall be the definition included in the
discharger’s applicable storm water permit.

Direct Discharge - A discharge that is routed directly to waters of the United States by means of a pipe,
channel, or ditch (including a municipal storm sewer system), or through surface runoft.

Discharge of a Pollutant - The addition of any pollutant or combination of pollutants to waters of the
United States from any point source, or any addition of any pollutant or combination of pollutants to the
waters of the contiguous zone or the ocean from any point source other than a vessel or other floating
craft which is being used as a means of transportation. The term includes additions of pollutants to
waters of the United States from: surface runoff which is collected or channeled by man; discharges
through pipes, sewers, or other conveyances owned by a State, municipality, or other person which do
not lead to a treatment works; and discharges through pipes, sewers, or other conveyances, leading
into privately owned treatment works.
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Discharger - Any responsible party or site owner or operator within the Permittees' jurisdiction whose
site discharges storm water runoff, or a non-storm water discharge.

Detached Single-family Home Project - The building of one single new house or the addition and/or
replacement of impervious surface associated with one single existing house, which is not part of a
larger plan of development.

Dry Weather — Refers to season where prolonged dry periods occur; in California’s Mediterranean
climate, it usually corresponds to the period between May and September.

Erosion - The physical detachment of soil due to wind or water. Often the detached fine soil fraction
becomes a pollutant transported storm water runoff. Erosion occurs naturally, but can be accelerated by
land disturbance and grading activities such as farming, development, road building, and timber
harvesting.

Erosion Control Measures — Measures used to minimize soil detachment. These may include:

Vegetation, either undisturbed or planted (e.g., grasses, wildflowers), and
other materials, such as

straw (applied over bare soil, crimped into soil);

protective erosion control blankets;

fiber (applied as mulch or hydromulch); and

mulch (avoid plastics if possible).

Sediment Control Measures — Measures used to trap and/or retain detached soil before discharging to
receiving waters. These may include:

fiber rolls (e.g., keyed-in straw wattles, compost rolls);
silt fence;

retention basins; and

active treatment systems.

Flood Management Facilities — Facilities or structures designed for the explicit purpose of controlling
flood waters safely in or around populated areas. (e.g., dams, levees, bypass areas). Facilities or
structures designed for the explicit purpose of controlling flood waters safely in or around populated
areas (e.g., dams, levees, bypass areas). Flood management facilities do not include traditional
stormwater conveyance structures (e.g. stormwater sewerage, pump stations, catch basins, etc.)

Grading - The cutting and/or filling of the land surface to a desired slope or elevation.

Healthy Watershed - Healthy watersheds are watersheds that function well ecologically and are
sustainable. They support healthy, diverse aquatic habitat, have healthy riparian areas and corridors
with sufficient vegetative buffer area to minimize land pollutant runoff into surfaces waters, sufficient
cover and canopy to maintain healthy habitat, and have near natural levels of sediment transport.
Surface waters meet water quality objectives, and sediments are sufficiently low in pollutants to provide
for healthy habitat. Groundwaters are near natural levels in quantity and quality, for water supply
purposes and for base flow for sustaining creek habitat and migratory fish routes. A Healthy Watershed
sustains these characteristics through measures that ensure the dynamics that provide these healthy
factors and functions are protected. For example, watersheds must be protected, through low impact
development or other forms of protection, from hydromodification that adversely affects recharge areas
function or creeks' bed or bank stability. Creek buffer/riparian areas must be protected from land
disturbance activities. Healthy sustainable watersheds use less energy for imported water, have fewer
greenhouse gas emissions, and a lesser carbon footprint than unhealthy watersheds.

1

Hotspot - Hotspots are specific operations and areas in a sub watershed that may generate high storm
water pollution. Hotspots are high priority sites.
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Hydromodification - Modification of hydrologic pathways (precipitation, surface runoff, infiltration,
groundwater flow, return flow, surface-water storage, groundwater storage, evaporation and
transpiration) that results in negative impacts to watershed health and functions.

HUC 12 Watershed - The hydrologic unit code (HUC) is the “address” of the watershed. The HUC is the
numerical code of the USGS watershed classification system used to identify the watersheds, or
drainage basins, at various scales. The HUC organizes watersheds by a nested size hierarchy, so large
scale watershed boundaries for an entire region may be assigned a two-digit HUC, while small scale,
local watershed boundaries (within the larger regional watershed) may be assigned a 12-digit HUC. A
HUC-12 watershed averages 22 square miles in size.

lllicit Discharge - Any discharge to a municipal separate storm sewer (storm drain) system (MS4) that
is prohibited under local, state, or federal statutes, ordinances, codes, or regulations. The term illicit
discharge includes all non-storm water discharges not composed entirely of storm water and discharges
that are identified under the Discharge Prohibitions section of this General Permit. The term illicit
discharge does not include discharges that are regulated by an NPDES permit (other than the NPDES
permit for discharges from the MS4).

Impaired Waterbody - A waterbody (i.e., stream reaches, lakes, waterbody segments) with chronic or
recurring monitored violations of the applicable numeric and/or narrative water quality criteria. An
impaired water is a water that has been listed on the California 303(d) list or has not yet been listed but
otherwise meets the criteria for listing. A water is a portion of a surface water of the state, including
ocean, estuary, lake, river, creek, or wetland. The water currently may not be meeting state water
guality standards or may be determined to be threatened and have the potential to not meet standards
in the future. The State of California’s 303(d) list can be found at http://www.swrcb.ca.gov/quality.html.

Impervious Surface - A surface covering or pavement of a developed parcel of land that prevents the
land's natural ability to absorb and infiltrate rainfall/storm water. Impervious surfaces include, but are not
limited to; roof tops, walkways, patios, driveways, parking lots, storage areas, impervious concrete and
asphalt, and any other continuous watertight pavement or covering. Landscaped soil and pervious
pavement, including pavers with pervious openings and seams, underlain with pervious soil or pervious
storage material, such as a gravel layer sufficient to hold the specified volume of rainfall runoff are not
impervious surfaces.

Industrial Development - Development or redevelopment of property to be used for industrial
purposes, such as factories, manufacturing buildings, and research and development parks.

Infill Site - A site in an urbanized area where the immediately adjacent parcels are developed with one
or more qualified urban uses or at least 75% of the perimeter of the site adjoins parcels that are
developed with qualified urban uses and the remaining 25% of the site adjoins parcels that have
previously been developed for qualified urban uses and no parcel within the site has been created
within the past 10 years.

Joint Storm Water Treatment Facility - A storm water treatment facility built to treat the combined
runoff from two or more Regulated Projects.

Linear Underground/Overhead Projects (LUPs) - Include, but are not limited to, any conveyance,
pipe, or pipeline for the transportation of any gaseous, liquid (including water and wastewater for
domestic municipal services), liquiescent, or slurry substance; any cable line or wire for the transmission
of electrical energy; any cable line or wire for communications (e.g., telephone, telegraph, radio, or
television messages); and associated ancillary facilities. Construction activities associated with LUPs
include, but are not limited to, (a) those activities necessary for the installation of underground and
overhead linear facilities (e.g., conduits, substructures, pipelines, towers, poles, cables, wires,
connectors, switching, regulating and transforming equipment, and associated ancillary facilities); and
include, but are not limited to, (b) underground utility mark-out, potholing, concrete and asphalt cutting
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and removal, trenching, excavation, boring and drilling, access road and pole/tower pad and cable/wire
pull station, substation construction, substructure installation, construction of tower footings and/or
foundations, pole and tower installations, pipeline installations, welding, concrete and/ or pavement
repair or replacement, and stockpile/borrow locations.

Low Impact Development — A sustainable practice that benefits water supply and contributes to water
quality protection. Unlike traditional storm water management, which collects and conveys storm water
runoff through storm drains, pipes, or other conveyances to a centralized storm water facility, Low
Impact Development (LID) takes a different approach by using site design and storm water
management to maintain the site’s pre-development runoff rates and volumes. The goal of LID is to
mimic a site’s predevelopment hydrology by using design techniques that infiltrate, filter, store,
evaporate, and detain runoff close to the source of rainfall. LID has been a proven approach in other
parts of the country and is seen in California as an alternative to conventional storm water management.

Maximum Extent Practicable (MEP) - The minimum required performance standard for
implementation of municipal storm water management programs to reduce pollutants in storm water.
Clean Water Act § 402(p)(3)(B)(iii) requires that municipal permits "shall require controls to reduce the
discharge of pollutants to the maximum extent practicable, including management practices, control
techniques and system, design and engineering methods, and such other provisions as the
Administrator or the State determines appropriate for the control of such pollutants.” MEP is the
cumulative effect of implementing, evaluating, and making corresponding changes to a variety of
technically appropriate and economically feasible BMPs, ensuring that the most appropriate controls are
implemented in the most effective manner. This process of implementing, evaluating, revising, or adding
new BMPs is commonly referred to as the iterative process.

Mixed-use Development or Redevelopment - Development or redevelopment of property to be used
for two or more different uses, all intended to be harmonious and complementary. An example is a high-
rise building with retail shops on the first 2 floors, office space on floors 3 through 10, apartments on the
next 10 floors, and a restaurant on the top floor.

Municipal Separate Storm Sewer System (MS4) - The regulatory definition of an MS4 (40 CFR
122.26(b)(8)) is "a conveyance or system of conveyances (including roads with drainage systems,
municipal streets, catch basins, curbs, gutters, ditches, man-made channels, or storm drains): (i) Owned
or operated by a state, city, town, borough, county, parish, district, association, or other public body
(created to or pursuant to state law) including special districts under state law such as a sewer district,
flood control district or drainage district, or similar entity, or an Indian tribe or an authorized Indian tribal
organization, or a designated and approved management agency under section 208 of the Clean Water
Act that discharges into waters of the United States. (ii) Designed or used for collecting or conveying
storm water;

(iii) Which is not a combined sewer; and (iv) Which is not part of a Publicly Owned Treatment Works
(POTW) as defined at 40 CFR 122.2."

In practical terms, operators of MS4s can include municipalities and local sewer districts, state and
federal departments of transportation, public universities, public hospitals, military bases, and
correctional facilities. The Storm water Phase Il Rule added federal systems, such as military bases and
correctional facilities by including them in the definition of small MS4s.

National Pollutant Discharge Elimination System (NPDES) - A national program for issuing,
modifying, revoking and reissuing, terminating, monitoring and enforcing permits, and imposing and
enforcing pretreatment requirements, under sections 307, 402, 318, and 405 of the CWA.

New Development - New Development means land disturbing activities; structural development,
including construction or installation of a building or structure, creation of impervious surfaces; and land
subdivision on an area that has not been previously developed.
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Non-Traditional Small MS4 - Federal and State operated facilities that can include universities,
prisons, hospitals, military bases (e.g. State Army National Guard barracks, parks and office building
complexes.)

Notice of Intent (NOI) - The application form by which dischargers seek coverage under General
Permits, unless the General Permit requires otherwise.

Nuisance - Anything that meets all of the following requirements: (1) is injurious to health, or is indecent
or offensive to the senses, or an obstruction to the free use of property, so as to interfere with the
comfortable enjoyment of life or property; (2) affects at the same time an entire community or
neighborhood, or any considerable number of persons, although the extent of the annoyance or
damage inflicted upon individuals may be unequal; (3) occurs during, or as a result of, the treatment or
disposal of wastes.

Open Channel - Flow within a distinct natural or modified channel, calculated as flow velocity times
channel cross-sectional area.

Outfall - A point source as defined by 40 CFR 122.2 at the point where a municipal separate storm
sewer discharges to waters of the United States and does not include open conveyances connecting
two municipal separate storm sewers, or pipes, tunnels or other conveyances which connect segments
of the same stream or other waters of the United States and are used to convey waters of the United
States. Specific to Ocean Plan monitoring, outfalls include those measuring 18 inches or more in
diameter.

Parking Lot - Land area or facility for the parking or storage of motor vehicles used for business,
commerce, industry, or personal use.

Permit Effective Date — July 1, 2013. The date at least 100 days after General Permit adoption,
provided the Regional Administrator of U.S. EPA Region 5S has no objection.

Pervious Pavement - Pavement that stores and infiltrates rainfall at a rate that exceeds conventional
pavement.

Point Source - Any discernible, confined, and discrete conveyance including, but not limited to, any
pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, concentrated animal
feeding operations, landfill leachate collection systems, vessel, or other floating craft, from which
pollutants are or may be discharged. This term does not include return flows from irrigated agriculture or
agricultural storm water runoff.

Pollutant - Dredged spoil, solid waste, incinerator residue, filter backwash, sewage, garbage, sewage
sludge, munitions, chemical wastes, biological materials, radioactive materials (except those regulated
under the Atomic Energy Act of 1954, as amended (42 U.S.C. 2011 et seq.)), heat, wrecked or
discarded equipment, rock, sand, cellar dirt and industrial, municipal, and agricultural waste discharged
into water.

Pollutants of Concern - Pollutants of concern found in urban runoff include sediments, non-sediment
solids, nutrients, pathogens, oxygen-demanding substances, petroleum hydrocarbons, heavy metals,
floatables, polycyclic aromatic hydrocarbons (PAHS), trash, and pesticides and herbicides.

Pollution - An alteration of the quality of the waters of the state by waste to a degree which
unreasonably affects the beneficial uses of the water or facilities which serve those beneficial uses.

Potable Water - Water that is safe for domestic use, drinking, and cooking.

Prioritized BMPs — BMPs installed and/or implemented to address pollutants of concern. Where
pollutant(s) of concern are undocumented or unidentified, prioritized BMPs are defined as BMPs
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installed and/or implemented to address common pollutants of concern (see pollutants of concern
definition).

Priority Storm Drain Inlets - Storm drain inlets that drain to sensitive receiving water bodies or water
bodies with history of illegal dumping. Storm drain inlets that are located in areas where the maximum
number of citizens are exposed (this may include areas of high foot traffic).

QAPTrP - Quality Assurance Project Plan

Receiving Water — Surface water that receives regulated and unregulated discharges from activities on
land.

Redevelopment - Land-disturbing activity that results in the creation, addition, or replacement of
exterior impervious surface area on a site on which some past development has occurred.
Redevelopment does not include trenching, excavation and resurfacing associated with LUPs;
pavement grinding and resurfacing of existing roadways; construction of new sidewalks, pedestrian
ramps, or bike lanes on existing roadways; or routine replacement of damaged pavement such as
pothole repair or replacement of short, non-contiguous sections of roadway.

Regulated Project — Refers to new and redevelopment projects that create or replace 5,000 square
feet or more of impervious surface.

Regulated Projects do not include:
¢ Detached single family home projects that are not part of a larger plan of development;

e Interior remodels;

¢ Routine maintenance or repair such as: exterior wall surface replacement, pavement resurfacing
within the existing footprint.

e Linear Underground/Overhead Projects (LUPS) - Unless the LUP has a discrete location that has
5,000 square feet or more of newly constructed contiguous impervious surface. When the LUP has
a discrete location that has 5,000 sg-ft or more of new contiguous impervious surface, only that
specific discrete location is subject to Section E.12.c.

o Discretionary projects that have been deemed complete prior to July 1, 2014, are not subject to the
Post-Construction Standards.

Regulated Projects do include:
¢ New and redevelopment projects.

o For redevelopment, the following applies:

(a) Where a redevelopment project results in an increase of more than 50 % of the impervious
surface of a previously existing development, runoff from the entire project, consisting of all
existing, new, and/or replaced impervious surfaces, must be included to the extent feasible.

(b) Where a redevelopment project results in an increase of less than 50 % of the impervious
surface of a previously existing development, only runoff from the new and/or replaced
impervious surface of the project must be included.

¢ Road and LUPs on public or private land
o Forroad projects and LUPs the following applies;

(a) Road Projects and LUPs - Any of the following types of road projects and LUPs that create
5,000 square feet or more of newly constructed contiguous impervious surface and that are
public road projects shall comply with Section E.12.e. Low Impact Development Standards
except that treatment of runoff of the 85t percentile that cannot be infiltrated onsite shall
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follow U.S. EPA guidance regarding green infrastructure to the extent feasible. Types of
projects include:

1) Construction of new streets or roads, including sidewalks and bicycle lanes built as part of
the new streets or roads.

2) Widening of existing streets or roads with additional traffic lanes.

a) Where the addition of traffic lanes results in an alteration of more than 50 % of the
impervious surface of an existing street or road, runoff from the entire project,
consisting of all existing, new, and/or replaced impervious surfaces, must be included
in the treatment system design.

b) Where the addition of traffic lanes results in an alteration of less than 50 % (but 5,000
square feet or more) of the impervious surface of an existing street or road, only the
runoff from new and/or replaced impervious surface of the project must be included in
the treatment system design.

3) Construction of linear underground/overhead projects (LUPS)
4) Specific exclusions are:

a) Sidewalks built as part of new streets or roads and built to direct storm water runoff to
adjacent vegetated areas.

b) Bicycle lanes that are built as part of new streets or roads that direct storm water
runoff to adjacent vegetated areas.

c) Impervious trails built to direct storm water runoff to adjacent vegetated areas, or
other non-erodible permeable areas, preferably away from creeks or towards the
outboard side of levees.

d) Sidewalks, bicycle lanes, or trails constructed with permeable surfaces.

e) Trenching, excavation and resurfacing associated with LUPs; pavement grinding and
resurfacing of existing roadways and parking lots; construction of new sidewalks,
pedestrian ramps, or bike lanes on existing roadways; or routine replacement of
damaged pavement such as pothole repair or replacement of short, non-contiguous
sections of roadway.

Regulated Small MS4 - A Small MS4 that discharges to a water of the United States (U.S.) or to
another MS4 regulated by an NPDES permit and has been designated as regulated by the State Water
Board or Regional Water Board under criteria provided in this Order.

Residential Housing Subdivision - Any property development of multiple single-family homes or of
dwelling units intended for multiple families/households (e.g., apartments, condominiums, and town
homes).

Retrofitting - Improving pollution and/or flow control at existing developments and facilities to protect or
restore beneficial uses and watershed functions.

Riparian Areas — Plant communities contiguous to and affected by surface and subsurface hydrologic
features of perennial or intermittent waterbodies. Riparian areas have one or both of the following
characteristics: 1) distinctively different vegetative species than adjacent areas, and 2) species similar to
adjacent areas but exhibiting more vigorous or robust growth forms. Riparian areas are usually
transitional between wetland and upland.

Rural Area - Encompasses all population, housing, and territory not included within an urban area.
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Sediments - Solid particulate matter, both mineral and organic, that is in suspension, is being
transported, or has been moved from its site of origin by air, water, gravity, or ice and has come to rest
on the earth's surface either above or below sea level.

Sensitive Waterbody - Receiving waters which are a priority to protect. They include: 1) Areas of
Special Biological Significance (ASBS), 2) areas providing or known to provide habitat for chinook and
coho salmon and steelhead, and 3) beaches that serve more than 50,000 people between April 1 and
October 31 and are adjacent to flowing storm drains or creeks.

Separate Implementing Entity (SIE) — An entitiy that a permittee may utilize to satisfy one or more of
the permit obligations. SIE may include a flood control agency, a Phase | permittee, a storm water
consulting firm, etc.

Small MS4 — An MS4 that is not permitted under the municipal Phase | regulations, and which is
“‘owned or operated by the United States, a State, city, town, borough, county, parish, district,
association, or other public body (created by or pursuant to State law) having jurisdiction over disposal
of sewage, industrial wastes, storm water, or other wastes, including special districts under State law
such as a sewer district, flood control district or drainage district, or similar entity....” (40 CFR
§122.26(b)(16)).

Smart Growth Projects — Projects that produce multiple-benefits such as economic, social and
environmental benefits. Smart growth projects commonly include high density development projects that
result in a reduction of runoff volume per capita as a result of reduced impervious surface.

Solid Waste - All putrecible and nonputrecible solid, semisolid, and liquid wastes as defined by
California Government Code Section 68055.1(h).

Source Control - Land use or site planning practices, or structural or nonstructural measures, that aim
to prevent runoff pollution by reducing the potential for contact with rainfall runoff at the source of
pollution. Source control BMPs minimize the contact between pollutants and urban runoff.

Surface Drainage - Any above-ground runoff (sheet, shallow concentrated, and open channel) that
flows into the storm drain system.

Standard Industrial Classification (SIC) - A federal system for classifying establishments by the type
of activity, in which they are engaged, using a four-digit code.

Storm Drain System - The basic infrastructure in a municipal separate storm sewer system that
collects and conveys storm water runoff to a treatment facility or receiving water body.

Storm Water — Storm water is generated when precipitation from rain and snowmelt events flows over
land or impervious surfaces and does not percolate into the ground. As storm water flows over the land
or impervious surfaces, it accumulates debris, chemicals, sediment or other pollutants that could
adversely affect water quality if the storm water is discharged untreated.

Storm Water Treatment System - Any engineered system designed to remove pollutants from storm
water runoff by settling, filtration, biological degradation, plant uptake, media absorption/adsorption or
other physical, biological, or chemical process. This includes landscape-based systems such as grassy
swales and bioretention units as well as proprietary systems.

Structural Controls - Any structural facility designed and constructed to mitigate the adverse impacts
of storm water and urban runoff pollution.

Subwatershed — An area approximately 10,000 to 40,000 acres in area identified by Hydrologic Unit
Code 12 in the federal Watershed Boundary Dataset.
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Surface Water Ambient Monitoring Program (SWAMP) - The State Water Board's program to
monitor surface water quality; coordinate consistent scientific methods; and design strategies for
improving water quality monitoring, assessment, and reporting.

Time of Concentration — The time it takes the most hydraulically-remote drop of water to travel through
the watershed to a specific point of interest.

Total Maximum Daily Loads (TMDLSs) - The maximum amount of a pollutant that can be discharged
into a waterbody from all sources (point and nonpoint) and still maintain water quality standards. Under
CWA section 303(d), TMDLs must be developed for all waterbodies that do not meet water quality
standards even after application of technology-based controls, more stringent effluent limitations
required by a state or local authority, and other pollution control requirements such as BMPs.

Targeted Audience: Group(s) of people the Permittee has targeted to receive educational message.

Trash and Debris - Trash consists of litter and particles of litter. California Government Code Section
68055.1 (g) defines litter as all improperly discarded waste material, including, but not limited to,
convenience food, beverage, and other product packages or containers constructed of steel, aluminum,
glass, paper, plastic and other natural and synthetic materials, thrown or deposited on the lands and
waters of the state, but not including the properly discarded waste of the primary processing of
agriculture, mining, logging, sawmilling, or manufacturing.

Treatment - Any method, technique, or process designed to remove pollutants and/or solids from
polluted storm water runoff, wastewater, or effluent.

Urban Rural Interface - The urban/rural interface is identified as the geographical location at which
urban land use and rural land use interact.

Urbanized Area - A densely settled core of census tracts and/or census blocks that have population of
at least 50,000, along with adjacent territory containing non-residential urban land uses as well as
territory with low population density included to link outlying densely settled territory with the densely
settled core. It is a calculation used by the Bureau of the Census to determine the geographic
boundaries of the most heavily developed and dense urban areas. From the Phase Il final rule (Revised
June 2012) http://www.epa.gov/npdes/pubs/fact2-2.pdf Data utilized in this Order was derived from
2010 U.S. Census Data.

Waste - Includes sewage and any and all other waste substances, liquid, solid, gaseous, or radioactive,
associated with human habitation, or of human or animal origin, or from any producing, manufacturing,
or processing operation, including waste placed within containers of whatever nature prior to, and for
purposes of, disposal.

Waste Load Allocation -The portion of a receiving water's total maximum daily load that is allocated to
one of its existing or future point sources of pollution. Waste load allocations constitute a type of water
quality-based effluent limitation.

Water Efficient Landscape Ordinance - The Model Water Efficient Landscape Ordinance (Title 23,
Division 2, Chapter 2.7 of the California Code of Regulations) took effect.

January 1 2010 and is designed to: (1) promote the values and benefits of landscapes while recognizing
the need to invest water and other resources as efficiently as possible; (2) establish a structure for
planning, designing, installing, maintaining and managing water efficient landscapes in new construction
and rehabilitated projects; (3) establish provisions for water management practices and water waste
prevention for existing landscapes; (4) use water efficiently without waste by setting a Maximum Applied
Water Allowance as an upper limit for water use and reduce water use to the lowest practical amount;
(5) promote the benefits of consistent landscape ordinances with neighboring local and regional
agencies; (6) encourage local agencies and water purveyors to use economic incentives that promote
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the efficient use of water, such as implementing a tiered-rate structure; and (7) encourage local
agencies to designate the necessary authority that implements and enforces the provisions of the Model
Water Efficient Landscape Ordinance or its local landscape ordinance.

Water Quality Control Plan (Basin Plan) —The Regional Water Board’s master water quality control
planning document. It designates beneficial uses and water quality objectives for waters of the State
within each Region, including surface waters and groundwater. It also includes programs of
implementation to achieve water quality objectives and discharge prohibitions. Basin Plans are adopted
and approved by the State Water Board, U.S. EPA, and the Office of Administrative Law where
required.

Water Quality Objectives - The limits or levels of water quality elements or biological characteristics
established to reasonably protect the beneficial uses of water or to prevent pollution problems within a
specific area. Water quality objectives may be numeric or narrative.

Water Quality Standards - State-adopted and U.S. EPA-approved water quality standards for
waterbodies. The standards prescribe the use of the waterbody and establish the water quality criteria
that must be met to protect designated uses. Water quality standards also include the federal and state
anti-degradation policy.

Watershed Management Zone — Post-construction management zones based on common key
watershed processes and receiving water type (creek, marine nearshore waters, lake, etc).

Watershed Processes — Functions that are provided by watersheds, including but not limited to,
groundwater recharge, sediment supply and delivery, streamflow, and aquatic habitat.
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Section 2:

E.12.b. Site Design Measures

(i) Task Description — By July 1, 2014, the City shall require implementation of site design
measures for all projects that create and/or replace (including projects with no net increase in
impervious footprint) between 2,500 square feet and 5,000 square feet of impervious surface,
including detached single family homes that create and/or replace 2,500 square feet or more of
impervious surface and are not part of a larger plan of development. Site design measures as
specified in this section are not applicable to linear underground/overhead projects (LUPS).

(i) Implementation Level - Projects shall implement one or more of the following site design
measures to reduce project site runoff:

(a) Stream Setbacks and Buffers - a vegetated area including trees, shrubs, and
herbaceous vegetation, that exists or is established to protect a stream system, lake
reservoir, or coastal estuarine area;

(b) Soil Quality Improvement and Maintenance - improvement and maintenance soil
through soil amendments and creation of microbial community;

(c) Tree Planting and Preservation - planting and preservation of healthy, established
trees that include both evergreens and deciduous, as applicable;

(d) Rooftop and Impervious Area Disconnection - rerouting of rooftop drainage pipes to
drain rainwater to rain barrels, cisterns, or permeable areas instead of the storm sewer;

(e) Porous Pavement - pavement that allows runoff to pass through it, thereby reducing
the runoff from a site and surrounding areas and filtering pollutants;

(f) Green Roofs - a vegetative layer grown on a roof (rooftop garden);

(g) Vegetated Swales - a vegetated, open-channel management practice designed
specifically to treat and attenuate storm water runoff;

(h) Rain Barrels and Cisterns - system that collects and stores storm water runoff from a
roof or other impervious surface.

Project proponents shall use the State Water Board SMARTS Post-Construction Calculator, or
equivalent to quantify the runoff reduction resulting from implementation of site design
measures. The State Water Board SMARTS Post-Construction Calculator can be found at:
https://smarts.waterboards.ca.gov/smarts/faces/SwSmartsLogin.jsp

Section 3

E.12.c. Regulated Projects

(i) Task Description — Within the second year of the effective date of the permit, the Permittee
shall implement standards to effectively reduce runoff and pollutants associated with runoff
from Regulated Projects as defined below.

(i) Implementation Level - The Permittee shall regulate all projects that create and/or replace
5,000 square feet or more of impervious surface (Regulated Projects). The Permittee shall
require these Regulated Projects to implement measures for site design, source control,
runoff reduction, storm water treatment and baseline hydromodification management as
defined in this Order.
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Regulated Projects do not include:

Detached single family home projects that are not part of a larger plan of development;
Interior remodels;

Routine maintenance or repair such as: exterior wall surface replacement, pavement
resurfacing within the existing footprint.

LUPs - Unless the LUP has a discrete location that has 5,000 square feet or more of newly
constructed contiguous impervious surface. When the LUP has a discrete location that has
5,000 sg-ft or more of new contiguous impervious surface, only that specific discrete
location is subject to Section E.12.c.

Regulated Projects include development projects. Development includes new and
redevelopment projects on public or private land that fall under the planning and permitting
authority of a Permittee. Redevelopment is any land-disturbing activity that results in the
creation, addition, or replacement of exterior impervious surface area on a site on which
some past development has occurred. Redevelopment does not include trenching,
excavation and resurfacing associated with LUPs; pavement grinding and resurfacing of
existing roadways; construction of new sidewalks, pedestrian ramps, or bike lanes on
existing roadways; or routine replacement of damaged pavement such as pothole repair or
replacement of short, non-contiguous sections of roadway. The following (a-c) describe
specific Regulated Project requirements for redevelopment, road projects and LUPs:

(a) Where a redevelopment project results in an increase of more than 50 percent of the
impervious surface of a previously existing development, runoff from the entire project,
consisting of all existing, new, and/or replaced impervious surfaces, must be included to
the extent feasible.

(b) Where a redevelopment project results in an increase of less than 50 percent of the
impervious surface of a previously existing development, only runoff from the new and/or
replaced impervious surface of the project must be included.

(c) Road Projects and LUPs - Any of the following types of road projects and LUPs that
create 5,000 square feet or more of newly constructed contiguous impervious surface
and that are public road projects and/or fall under the building and planning authority of a
Permittee shall comply with Section E.12.e. Low Impact Development Standards except
that treatment of runoff of the 85w percentile that cannot be infiltrated onsite shall follow
U.S. EPA guidance regarding green infrastructure to the extent feasible. Types of
projects include:

1) Construction of new streets or roads, including sidewalks and bicycle lanes built
as part of the new streets or roads.

2) Widening of existing streets or roads with additional traffic lanes.

a) Where the addition of traffic lanes results in an alteration of more than 50
percent of the impervious surface of an existing street or road, runoff from the
entire project, consisting of all existing, new, and/or replaced impervious
surfaces, must be included in the treatment system design.

b) Where the addition of traffic lanes results in an alteration of less than 50
percent (but 5,000 square feet or more) of the impervious surface of an
existing street or road, only the runoff from new and/or replaced impervious
surface of the project must be included in the treatment system design.
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3) Construction of linear underground/overhead projects (LUPS)
4) Specific exclusions are:

a) Sidewalks built as part of new streets or roads and built to direct storm water
runoff to adjacent vegetated areas.

b) Bicycle lanes that are built as part of new streets or roads that direct storm
water runoff to adjacent vegetated areas.

c) Impervious trails built to direct storm water runoff to adjacent vegetated areas,
or other non-erodible permeable areas, preferably away from creeks or
towards the outboard side of levees.

d) Sidewalks, bicycle lanes, or trails constructed with permeable surfaces.

e) Trenching, excavation and resurfacing associated with LUPs; pavement
grinding and resurfacing of existing roadways and parking lots; construction
of new sidewalks, pedestrian ramps, or bike lanes on existing roadways; or
routine replacement of damaged pavement such as pothole repair or
replacement of short, non-contiguous sections of roadway.

Effective Date for Applicability of Low Impact Development Runoff Standards to Regulated
Projects: By the second year of the effective date of the permit, the Permittee shall require these
Post-Construction Standards be applied on applicable new and redevelopment Regulated
Projects, both private development requiring municipal permits and public projects, to the extent
allowable by applicable law. These include discretionary permit projects that have not been
deemed complete for processing and discretionary permit projects without vesting tentative
maps that have not requested and received an extension of previously granted approvals.
Discretionary projects that have been deemed complete prior to the second year of the effective
date of this Order are not subject to the Post-Construction Standards herein. For the Permittee's
Regulated Projects, the effective date shall be the date their governing body or designee
approves initiation of the project design.

Permittee’s Development Projects - The Permittee shall develop and implement an equivalent
approach, to the approach used for private development projects, to apply the most current
version of the low impact development runoff standards to applicable public development
projects, to the extent allowable by applicable law.

E.12.d. Source Control Measures

(i) Task Description — Regulated Projects with pollutant-generating activities and sources shall
be required to implement standard permanent and/or operation source control measures as
applicable.

(i) Implementation Level - Measures for the following pollutant generating activities and
sources shall be designed consistent with recommendations from the CASQA Stormwater BMP
Handbook for New Development and Redevelopment or equivalent manual, and include:

(a) Accidental spills or leaks

(b) Interior floor drains

(c) Parking/storage areas and maintenance

(d) Indoor and structural pest control

(e) Landscape/outdoor pesticide use
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(f) Pools, spas, ponds, decorative fountains, and other water features
(g9) Restaurants, grocery stores, and other food service operations
(h) Refuse areas
() Industrial processes
(j) Outdoor storage of equipment or materials
(k) Vehicle and equipment cleaning
() Vehicle and equipment repair and maintenance
(m) Fuel dispensing areas
(n) Loading docks
(o) Fire sprinkler test water

(p) Drain or wash water from boiler drain lines, condensate drain lines, rooftop equipment,
drainage sumps, and other sources

(q) Unauthorized non-storm water discharges
(r) Building and grounds maintenance

E.12.e. Low Impact Development (LID) Design Standards

(i) Task Description — The City shall require all Regulated Projects to implement low impact
development (LID) standards designed to reduce runoff, treat storm water, and provide baseline
hydromodification management to the extent feasible, to meet the Numeric Sizing Criteria for
Storm Water Retention and Treatment under Section E.12.e(ii)(c).

(i) Implementation Level — The Permittee shall adopt and implement requirements and
standards to ensure design and construction of development projects achieve the following LID
Design Standards.

(a) Site Assessment

At the earliest planning stages, the City shall require Regulated Projects to assess and
evaluate how site conditions, such as soils, vegetation, and flow paths, will influence the
placement of buildings and paved surfaces. The evaluation will be used to meet the goals
of capturing and treating runoff and assuring these goals are incorporated into the project
design. The City may adopt or reference an existing LID site assessment methodology.
Low Impact Development Manual for Southern California (Low Impact Development Center
— See CASQA’s LID website at: http://www.casga.org/LID/tabid/240/Default.aspx. The City
shall require Regulated Projects to consider optimizing the site layout through the following
methods:

1) Define the development envelope and protected areas, identifying areas that are most
suitable for development and areas to be left undisturbed.

2) Concentrate development on portions of the site with less permeable soils and
preserve areas that can promote infiltration.

3) Limit overall impervious coverage of the site with paving and roofs.
4) Set back development from creeks, wetlands, and riparian habitats.
5) Preserve significant trees.

6) Conform the site layout along natural landforms.
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7) Avoid excessive grading and disturbance of vegetation and soils.

8) Replicate the site's natural drainage patterns.

9) Detain and retain runoff throughout the site.

(b) Drainage Management Areas

The Permittee shall require each Regulated Project to provide a map or diagram dividing the
developed portions of the project site into discrete Drainage Management Areas (DMAS),
and to manage runoff from each DMA using Site Design Measures, Source Controls and/or
Storm Water Treatment and Baseline Hydromodification Measures.

(c) Numeric Sizing Criteria for Storm Water Retention and Treatment
The Permittees shall require facilities designed to evapotranspire, infiltrate, harvest/use, and
biotreat storm water to meet at least one of the following hydraulic sizing design criteria:

1) Volumetric Criteria:
a) The maximized capture storm water volume for the tributary area, on the basis of
historical rainfall records, determined using the formula and volume capture
coefficients in Urban Runoff Quality Management, WEF Manual of Practice No.
23/ASCE Manual of Practice No. 87 (1998) pages 175-178 (that is, approximately
the 85th percentile 24-hour storm runoff event); or

b) The volume of annual runoff required to achieve 80 percent or more capture,
determined in accordance with the methodology in Section 5 of the CASQA’s
Stormwater Best Management Practice Handbook, New Development and
Redevelopment (2003), using local rainfall data.

2) Flow-based Criteria:
a) The flow of runoff produced from a rain event equal to at least 0.2 inches per hour
intensity; or

b) The flow of runoff produced from a rain event equal to at least 2 times the 85th
percentile hourly rainfall intensity as determined from local rainfall records.

(d) Site Design Measures

The Permittee shall implement Site Design Measures (as defined in Section E.12.b. Site
Design Measures and Section E.12.e(ii)(a) Site Assessment), site layout and design
measures, based on the objective of achieving infiltration, evapotranspiration and/or
harvesting/reuse of the 85th percentile 24-hour storm runoff event. Site design measures
shall be used to reduce the amount of runoff, to the extent technically feasible, for which
retention and runoff is required. Any remaining runoff from impervious DMAs may then be
directed to one or more bioretention facilities as specified in Section E.12.e.(ii)(f), below.

(e) Source Controls
The Permittee shall implement Source Controls as defined in Section E.12.d. Source
Control Measures.

() Storm Water Treatment Measures and Baseline Hydromodification Management
Measures

After implementation of Site Design Measures, remaining runoff from impervious DMAs
must be directed to one or more facilities designed to infiltrate, evapotranspire, and/or
bioretain the amount of runoff specified in Section E.12.e(ii)(c) Numeric Sizing Criteria for
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Storm Water Retention and Treatment. The facilities must be demonstrated to be at least as
effective as a bioretention system with the following design parameters:

1) Maximum surface loading rate of 5 inches per hour, based on the flow rates
calculated. A sizing factor of 4% of tributary impervious area may be used.

2) Minimum surface reservoir volume equal to surface area times a depth of 6 inches.

3) Minimum planting medium depth of 18 inches. The planting medium must sustain a
minimum infiltration rate of 5 inches per hour throughout the life of the project and must
maximize runoff retention and pollutant removal. A mixture of sand (60%-70%) meeting
the specifications of American Society for Testing and Materials (ASTM) C33 and
compost (30%-40%) may be used.

4) Subsurface drainage/storage (gravel) layer with an area equal to the surface area and
having a minimum depth of 12 inches.

5) Underdrain with discharge elevation at top of gravel layer.

6) No compaction of soils beneath the facility, or ripping/loosening of soils if compacted.
7) No liners or other barriers interfering with infiltration.

8) Appropriate plant palette for the specified soil mix and maximum available water use.

(g) Alternative Designs — Facilities, or a combination of facilities, of a different design than
in Section E.12.e.(ii)(f) may be permitted if all of the following measures of equivalent
effectiveness are demonstrated:

1) Equal or greater amount of runoff infiltrated or evapotranspired;

2) Equal or lower pollutant concentrations in runoff that is discharged after biotreatment;
3) Equal or greater protection against shock loadings and spills;

4) Equal or greater accessibility and ease of inspection and maintenance.

(h) Allowed Variations for Special Site Conditions - The bioretention system design

parameters in Section E.12.e.(ii)(f) may be adjusted for the following special site conditions:
1) Facilities located within 10 feet of structures or other potential geotechnical hazards
established by the geotechnical expert for the project may incorporate an impervious
cutoff wall between the bioretention facility and the structure or other geotechnical
hazard.

2) Facilities with documented high concentrations of pollutants in underlying soil or
groundwater, facilities located where infiltration could contribute to a geotechnical
hazard, and facilities located on elevated plazas or other structures may incorporate an
impervious liner and may locate the underdrain discharge at the bottom of the
subsurface drainage/storage layer (this configuration is commonly known as a “flow-
through planter”).

3) Facilities located in areas of high groundwater, highly infiltrative soils or where
connection of underdrain to a surface drain or to a subsurface storm drain are infeasible,
may omit the underdrain.

4) Facilities serving high-risk areas such as fueling stations, truck stops, auto repairs,
and heavy industrial sites may be required to provide additional treatment to address

38



Appendix B - Applicable sections from the Stormwater Phase Il
General Permit

pollutants of concern unless these high-risk areas are isolated from storm water runoff or
bioretention areas with little chance of spill migration.

(i) Exceptions to Requirements for Bioretention Facilities - Contingent on a
demonstration that use of bioretention or a facility of equivalent effectiveness is infeasible,
other types of biotreatment or media filters (such as tree-box-type biofilters or in-vault media
filters) may be used for the following categories of Regulated Projects:

1) Projects creating or replacing an acre or less of impervious area, and located in a
designated pedestrian-oriented commercial district (i.e., smart growth projects), and
having at least 85% of the entire project site covered by permanent structures;

2) Facilities receiving runoff solely from existing (pre-project) impervious areas;and

3) Historic sites, structures or landscapes that cannot alter their original configuration in
order to maintain their historic integrity.

By the second year of the effective date of the permit, the City shall adopt or reference
appropriate performance criteria for such biotreatment and media filters.

Section 4

E.12.h. Operation and Maintenance of Post-Construction Storm Water Management
Measures

(i) Task Description —Within the second year of the effective date of the permit, the City shall
implement an O&M Verification Program for storm water treatment and baseline
hydromodification management structural control measures defined in Section E.12.e(ii)(f).
Storm Water Treatment Measures and Baseline Hydromodification Management Measures on
all Regulated Projects.

(ii) Implementation Level — At a minimum, the O&M Verification Program shall include the
following elements:

(a) All Regulated Projects shall at a minimum, require at least one of the following from all
project proponents and their successors in control of the Project or successors in fee title:

1) The project proponent’s signed statement accepting responsibility for the O&M of
structural control measure(s) until such responsibility is legally transferred to another
entity;

2) Written conditions in the sales or lease agreements or deed for the project that
requires the buyer or lessee to assume responsibility for the O&M of the installed
treatment system(s) and hydromodification control(s) (if any) until such responsibility is
legally transferred to another entity;

3) Written text in project deeds, or conditions, covenants and restrictions for multi-unit
residential projects that require the homeowners association or, if there is no
association, each individual owner to assume responsibility for the O&M of the installed
treatment system(s) and hydromodification control(s) (if any) until such responsibility is
legally transferred to another entity; or

4) Any other legally enforceable agreement or mechanism, such as recordation in the
property deed, that assigns the O&M responsibility for the installed treatment system(s)
and hydromodification control(s) (if any) to the project owner(s) or the Permittee.
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(b) Coordination with the appropriate mosquitozs and vector control agency with jurisdiction
to establish a protocol for notification of installed treatment systems and hydromodification
management controls. On an annual basis, before the wet season, prepare a list of newly
installed (installed within the reporting period) storm water treatment systems and

hydromodification management controls to the local mosquito and vector control agency and

the appropriate Regional Water Board. The City may submit the list of Regulated Projects
as described in Section E.12.h.(ii)(e). This list shall include the facility locations and a
description of the storm water treatment measures and hydromodification management
controls installed.

(c) Conditions of approval or other legally enforceable agreements or mechanisms for all

Regulated Projects that require the granting of site access to all representatives of the City
for the sole purpose of performing O&M inspections of the installed treatment system(s) and
hydromodification control(s) (if any).

(d) A written implementation plan that describes O&M (including inspection) of all Regional
Projects and regional controls that are City-owned and/or operated.

(e) A database or equivalent tabular format of all Regulated Projects (public and private) that

have installed treatment systems. This database or equivalent tabular format shall include
the following information for each Regulated Project:

1) Name and address of the Regulated Project;

2) Specific description of the location (or a map showing the location) of the installed
treatment system(s) and hydromodification control(s) (if any);

3) Date(s) that the treatment system(s) and hydromaodification controls (if any) is/are
installed;

4) Description of the type and size of the treatment system(s) and hydromodification
control(s) (if any) installed;

5) Responsible operator(s) of each treatment system and hydromodification control (if
any);

6) Dates and findings of inspections (routine and follow-up) of the treatment system(s)
and hydromaodification control(s) (if any) by the City; and

7) Any problems and corrective or enforcement actions taken.

8) Maintenance Approvals: The City shall ensure that systems and hydromodification
controls installed at Regulated Projects are properly operated and maintained for the life
of the projects. In cases where the responsible party for a treatment system or
hydromodification control has worked diligently and in good faith with the appropriate
state and federal agencies and the City to obtain approvals necessary to complete
maintenance activities for the treatment system or hydromodification management
control, but these approvals are not granted, the City shall be deemed to be in
compliance with this Provision.

Section 5

E.12.f. Hydromodification Management
(i) Task Description — Within the third year (July 1, 2016) of the effective date of the permit, the
City shall develop and implement Hydromodification Management procedures.
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Hydromodification management projects are Regulated Projects that create and/or replace one
acre or more of impervious surface. A project that does not increase impervious surface area
over the pre-project condition is not a hydromodification management project.

(i) Implementation Level - The City shall implement the following Hydromodification Standard:

(a) Post-project runoff shall not exceed estimated pre-project flow rate for the 2-year, 24-
hour storm.
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Spill Prevention, Control & Cleanup SC-11
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Description

Spills and leaks, if not properly controlled, can adversely impact
the storm drain system and receiving waters. Due to the type of
work or the materials involved, many activities that occur either
at a municipal facility or as a part of municipal field programs
have the potential for accidental spills and leaks. Proper spill
response planning and preparation can enable municipal
employees to effectively respond to problems when they occur
and minimize the discharge of pollutants to the environment.

Approach
= An effective spill response and control plan should include:

- Spill/leak prevention measures;
- Spill response procedures;
- Spill cleanup procedures;
- Reporting; and
- Training
= Awell thought out and implemented plan can prevent
pollutants from entering the storm drainage system and can

be used as a tool for training personnel to prevent and
control future spills as well.

Pollution Prevention

= Develop and implement a Spill Prevention Control and
Response Plan. The plan should include:

Objectives

u Cover

= Contain

= Educate

= Reduce/Minimize
= Product Substitution

Targeted Constituents

Sediment

Nutrients

Trash

Metals

Bacteria

Oil and Grease
Organics

Oxygen Demanding

Q|

Q]

B A&

January 2003 California Stormwater BMP Handbook
Erratz 4-06 Municpal
wwiw.cabmphandbooks.com
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SC-11 Spill Prevention, Control & Cleanup

- Adescription of the facility, the address, activities and materials involved

- Identification of key spill response personnel

- Identification of the potential spill areas or operations prone to spills/leaks
- Identification of which areas should be or are bermed to contain spills/leaks

- Facility map identifying the key locations of areas, activities, materials, structural BMPs,
etc.

- Material handling procedures
- 5pill response procedures including:
- Assessment of the site and potential impacts
- Containment of the material
- Notification of the proper personnel and evacuation procedures
- Clean up of the site
- [Msposal of the waste material and
- Proper record keeping

Product substitution — use less toxic materials (i.e. use water based paints instead of oil
based paints)

Recycle, reclaim, or rense materials whenever possible. This will reduce the amount of
materials that are brought into the facility or into the field.

Suggested Protocols
Spill/Leak Prevention Measures

If possible, move material handling indoors, under cover, or away from storm drains or
sensitive water bodies.

Properly label all containers so that the contents are easily identifiable.
Berm storage areas so that if a spill or leak occurs, the material is contained.

Cover outside storage areas either with a permanent structure or with a seasonal one such as
a tarp so that rain can not come into contact with the materials.

Check containers (and any containment sumps) often for leaks and spills. Replace
containers that are leaking, corroded, or otherwise deteriorating with containers in good
condition. Collect all spilled liquids and properly dispose of them.

2af7 California Stormwater BMP Handbook January 2003

Municipal Errata 4-06
www.cabmphandbooks.com
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SC-11 Spill Prevention, Control & Cleanup

- Adescription of the facility, the address, activities and materials involved

- Identification of key spill response personnel

- Identification of the potential spill areas or operations prone to spills/leaks
- Identification of which areas should be or are bermed to contain spills/leaks

- Facility map identifying the key locations of areas, activities, materials, structural BMPs,
etc.

- Material handling procedures
- 5pill response procedures including:
- Assessment of the site and potential impacts
- Containment of the material
- Notification of the proper personnel and evacuation procedures
- Clean up of the site
- [Msposal of the waste material and
- Proper record keeping

Product substitution — use less toxic materials (i.e. use water based paints instead of oil
based paints)

Recycle, reclaim, or rense materials whenever possible. This will reduce the amount of
materials that are brought into the facility or into the field.

Suggested Protocols
Spill/Leak Prevention Measures

If possible, move material handling indoors, under cover, or away from storm drains or
sensitive water bodies.

Properly label all containers so that the contents are easily identifiable.
Berm storage areas so that if a spill or leak occurs, the material is contained.

Cover outside storage areas either with a permanent structure or with a seasonal one such as
a tarp so that rain can not come into contact with the materials.

Check confainers (and any containment sumps) often for leaks and spills. Replace
containers that are leaking, corroded, or otherwise deteriorating with containers in good
condition. Collect all spilled liquids and properly dispose of them.

2af7 Califarnia Stormwater BMP Handbook January 2003

Municipal Errata 4-0&
wwiw.cabmphandbooks.com

35



Appendix C — CASQA BMP Fact Sheets

Spill Prevention, Control & Cleanup SC-11

= Store, contain and transfer liquid materials in such a manner that if the container is
ruptured or the contents spilled, they will not discharge, flow or be washed into the storm
drainage system, surface waters, or groundwater.

m  FPlace drip pans or absorbent materials beneath all mounted taps and at all potential drip
and spill locations during the filling and unloading of containers. Any collected liquids or
soiled absorbent materials should be reused/recycled or properly disposad of.

= For field programs, only transport the minimum amount of material needed for the daily
activities and transfer materials between containers at a municipal yvard where leaks and
spill are easier to control.

m If paved, sweep and clean storage areas monthly, do not use water to hose down the area
unless all of the water will be collected and disposed of properly.

m Install a spill control device (such as a tee section) in any catch basins that collect ranoff
from any storage areas if the materials stored are odl, gas, or other materials that separate
from and float on water, This will allow for easier cleanup if a spill occurs.

m  If necessary, protect catch basins while conducting field activities so that if a spill occurs, the
material will be confained.

Training
= Educate employees about spill prevention, spill response and cleanup on a routine basis.

»  Well-trained employees can reduce human errors that lead to accidental releases or spills:

- The employees should have the tools and knowledge to immediately begin cleaning up a
spill if one should occur.

- Emplovees should be familiar with the Spill Prevention Control and Countermeasure
Plan if one is available.

m  Training of staff from all municipal depariments should focus on recognizing and reporting
potential or current spills/leaks and who they should contact.

= Employees responsible for aboveground storage tanks and liquid transfers for large bulk
containers should be thoroughly familiar with the Spill Prevention Control and
Countermeasure Plan and the plan should be readily available.

Spill Response and Prevention
m  Identify key spill response personnel and train employees on who they are.

= Store and maintain appropriate spill cleanup materials in a clearly marked location near
storage areas; and train employees to ensure familiarity with the site’s spill control plan
and/or proper spill cleanup procedures.

= Locate spill cleanup materials, such as absorbents, where they will be readily accessible (e.g.
near storage and maintenance areas, on field trucks).
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»  Follow the Spill Prevention Control and Countermeasure Plan if one is available.

m If a spill occurs, notify the key spill response personnel immediately, If the material is
unknown or hazardous, the local fire department may also need to be contacted.

m [Ifsafe to do so, attempt to contain the material and block the nearby storm drains so that the
area impacted is minimized. If the material is unkmown or hazardous wait for properly
trained personnel to contain the materials,

m  Perform an assessment of the area where the spill occurred and the downstream area that it
could impact. Relay this information to the key spill response and clean up personnel.

Spill Cleanup Procedures
»  Small non-hazardons spills

Use a rag, damp cloth or absorbent materials for general clean up of liquids
Use brooms or shovels for the general clean up of dry materials

If water is used, it must be collected and properly disposed of. The wash water can not
be allowed to enter the storm drain.

Dispose of any waste materials properly
Clean or dispose of any equipment used to clean up the spill properly
» Large non-hazardous spills
Use absorbent materials for general clean up of liquids
Use brooms, shovels or street sweepers for the general clean up of dry materials

If water is used, it must be collected and properly disposed of. The wash water can not
be allowed to enter the storm drain.

Dispose of any waste materials properly
Clean or dispose of any equipment used to clean up the spill properly

» For hazardous or very large spills, a private cleanup company or Hazmat team may need to
be contacted to assess the situation and conduct the cleanup and disposal of the materials.

» Chemical cleanups of material can be achieved with the use of absorbents, gels, and foams.
Remove the adsorbent materials promptly and dispose of according to regulations.

m  Ifthe spilled material is hazardous, then the used cleanup materials are also hazardous and
must be sent to a certified laundry (rags) or disposed of as hazardous waste.

Reporting
m Report any spills immediately to the identified key municipal spill response personnel.
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= Report spills in accordance with applicable reporting laws. Spills that pose an immediate
threat to human health or the environment must be reported immediately to the Office of
Emergency Service (OES)

m  Spills that pose an immediate threat to human health or the environment may also need to
be reported within 24 hours to the Regional Water Quality Control Board.

m  Federal regulations require that any oil spill into a water body or onto an adjoining shoreline
be reported to the National Response Center (NRC) at Boo-424-8802 (24 hour)

m  After the spill has been contained and cleaned up, a detailed report about the incident
should be generated and kept on file (see the section on Reporting below). The incident may
also be used in briefing staff about proper procedures

Other Considerations

= A Spill Prevention Control and Countermeasure Plan (SPCC) is required for facilities that are
subject to the oil pollution regulations specified in Part 112 of Title 40 of the Code of Federal
Regulations or if they have a storage capacity of 10,000 gallons or more of petroleum.
(Health and Safety Code 6.67)

m  State regulations also exist for storage of hazardous materials (Health & Safety Code Chapfer
6.95), including the preparation of area and business plans for emergency response to the
releases or threatened releases.

= Consider requiring smaller secondary containment areas (less than 2o0 sq. ft.) tobe
connected to the sanitary sewer, if permitted to do so, prohibiting any hard connections to
the storm drain.

Requirements
Costs
m»  Will vary depending on the size of the facility and the necessary controls.

m  Prevention of leaks and spills is inexpensive. Treatment and/or disposal of wastes,
contaminated soil and water is very expensive

Muaintfenance

w  This BMP has no major adminisirative or staffing requirements. However, extra time is
needed to properly handle and dispose of spills, which results in increased labor costs

Supplemental Information

Further Detail of the BMP

Reporting

Record keeping and internal reporting represent good operating practices because they can
increase the efficiency of the response and containment of a spill. A good record keeping system
helps the municipality minimize incident recurrence, correctly respond with appropriate
containment and cleanup activities, and comply with legal requirements.
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A record keeping and reporting system should be set up for documenting spills, leaks, and other
discharges, including discharges of hazardous substances in reportable quantities. Incident
records describe the quality and quantity of non-stormwater discharges to the storm drain.

These records should contain the following information:

»  Date and time of the incident

»  Weather conditions

» Duration of the spill/leak/discharge

m  Cause of the spill/leak/discharge

m Response procedures implemented

» Persons notified

» Environmental problems associated with the spill leak/discharge

Separate record keeping systems should be established to document housekeeping and
preventive maintenance inspections, and training activities. All housekeeping and preventive
maintenance inspections should be documented. Inspection documentation should contain the
following information:

» The date and time the inspection was performed

s  Name of the inspector

m Items inspected

s Problems noted

» Corrective action required

= Date corrective action was taken

Other means to document and record inspection results are field notes, timed and dated
photographs, videotapes, and drawings and maps.

Examples
The City of Palo Alto includes spill prevention and control as a major element of its highly
effective program for municipal vehicle maintenance shops.

References and Resources
King County Stormwater Pollution Control Manual - http: //dnr.metroke.gov/wir/dss/spcm. him

Orange County Stormwater Program
hittp:/ fewww.ocwatersheds.com /stormwater /swp _introduction.asp
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San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program

(UFMPF)
http:/ foww.projectcleanwater.org/pdf /Model % coProgram % oo Municipal % o Facilities. pdf
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Objactives
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B Reduce/Minimize
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Graphic by Margie Winter
Description Targated Constituents

Non-stormwater discharges are those flows that do not consist Sediment
entirely of stormwater. For municipalities non-stormwater Mutricnis
discharges present thems=elves in two situations. One is from Trass
fixed facilities owned and/or operated by the municipality. The
other situation is non-stormwater discharges that are discovered
during the normal operation of a field program. Some non- )
stormwater discharzes do not include pollutants and may be ':'"a"'_] Grease
discharged to the storm drain. These incluode unecontaminated Qnganics
groundwater and natural springs. There are alzo some non- Oxygen Demanding
stormwater discharges that typically do not contain pollotants

and may be discharged to the storm drain with conditions, These

include car washing, and surface cleaning. However, there are

cartain non-stormwater discharges that pose environmental

concern, These discharges may originate from illegal dumping

or from internal floor drains, appliances, industrial processes,

sinks, and toilets that are connected to the nearby storm

drainage system. These discharges (which may include: process

waste waters, cooling waters, wash waters, and sanitary

wastewater) can carry substances (such as paint, oil, fuel and

other autometive fluids, chemicals and other pollutants) into

storm drains. The ultimate goal is to effectively eliminate non-

stormwater discharges to the stormwater drainage system

through implementation of measures to detect, correct, and

enforce azainst illicit connections and illegal discharges,

Mztals
Baciena

E E E & EE EE

Approach

The municipality must address non-stormwater discharges from
itz fixed facilities by aszeszing the types of non-stormwater
discharges and implementing BMPs for the discharzes
determined to pose environmental concern, For field programs
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the field staff must be trained to now what to look for regarding non-stormwater discharges and
the procedures to follow in investizating the detected discharges,

Suggested Protocols
Fixed Facility

General

®  Post “No Dumping” signs with a phone number for reporting dumping and disposal, Signs
should also indicate fines and penalties for illegal dumping.

B Stencil storm drains, where applicable, to prevent illegal dizsposal of pollutants. Storm drain
inlets should have messages such as “Dump Mo Waste Drains to Stream” stenciled next to
them to warn against ignorant or intentional dumping of pellutants into the storm drainage
system.

®  Landscaping and beautification efforts of hot spots might also discourage future dumping,
as well as provide open space and increase property values.

®m  Lighting or barriers may also be needed to discouraze future dumping.
Illicit Connections

B Locate discharges from the fived facility drainage system to the municipal storm drain
system through review of “as-built” piping schematics.

B TUzetechniques such as smoke testing, dve testing and televizion camera inspection (as noted
below) to verify physical connections.

B Isolate problem areas and plug illicit dizcharge points.
Visual Inspection and Inventory
® Inventorv and inspect each discharze point during dry weather,

®  Eeep in mind that drainase from a storm event can continue for several days following the
end of a storm and groundwater may infilirate the underground stormwater collection
system. Also, non-stormwater discharges are often intermittent and mav require periodic
inspections,
EReview Infield Piping

B Eeview the “as-built” piping schematic as a way to determine if there are any connections to
the stormwater collection system.

B Inspect the path of floor drains in clder buildings.
Smoke Testing

B Smoke testing of wastewater and stormwater collection systems is used to detect
connections between the two systems,
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® Dwuri ; weather the stormwater collection system is filled with smoke and then traced to
ring dry s¥

sources. The appearance of smoke at the baze of a toilet indicates that there maybea
connection between the sanitary and the stormwater system.

Dye Testing

A dye test can be performed by simply releasing a dye into either your sanitary or process
wastewater system and examining the discharge points from the stormwater collection
system for discoloration.

TV Inspection of Storm Sewer

® TV Cameras can be employed to visually identify illicit connections to the fixed facility storm
drain system.,

Illegal Dumping

®  Eegularly inzpect and clean up hot spots and other storm drainage areas where illegal
dumping and dizpozal ocours.

B Clean up spills on paved surfaces with as little water as possible. Use a rag for small spills, a
damp mop for general cleanup, and absorbent material for larzer =pills. If the spilled
material iz harardouns, then the nsed cleanup materials are also harardous and must ba sant
to a certified laundry (rags) or disposzed of as hazardouns waste,

®  Never hose down or bury dry material spills. Sweep up the material and dispose of properly.

B Tze adscrbent materials on small spills rather than hosing down the spill. Femove the
adsorbent materials promptly and dispose of properly.

®  For larger spills, a private =pill cleanup company or Hazmat team may be neceszary.

B See fact sheet SC-11 Spill Prevention, Contral, and Clean Up.

Field Program

Feneral

®  Develop clear protocols and lines of communication for effectively prohibiting mon-
stormwater discharges, especially ones that involre more than one jurizdiction and thoze
that are not classified as harardous, which are often not responded to as effectively as they
need to be,

®  Stencil storm drains, where applicable, to prevent illegal disposal of pollutants, Storm drain
inlets shonld have messages such as “Dump No Waste Drains to Stream” stenciled next to
them to warn against ignorant or intentional dumping of pollutants into the storm drainaze
system.

B See SC-v4 Stormwater Drainage System Maintenancs for additional information.,
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Field Inspection

m  Regularly inzpect and clean up hot spots and other storm drainage areas where illegal
dumping and disposal cceurs.

®  During routine field program maintenance field staff should look for evidence of illegal
dischargzes or illicit connection:

- Isthere evidence of spills such as paints, discoloring, ete.
- Are there any odors associated with the drainage system

- Record locations of apparent illegal discharges /illicit connections and notify appropriate
investigating agency.

B Iftrained, conduct field investization of non-stormwater discharges to determine whether
they poze a threat to water quality,

Eecommended Complaint Investigation Equipment
®  Field Screening Analysis
- pH paper or meter

- Commercial stormwater pollutant screening kit that can detect for reactive phozphors,
nitrate nitrozen, ammonium nitrogen, specific conductance, and turbidity

- Sample jars

- Sample collection pole

- Atool to remove access hole covers
® Laboratory Analysis

- Sample cocler

- Ies

-  Sample jars and label=

- Chain of custody forms.
B Docuomentation

- Camera

- Motebook

- Pens

- MNotice of Vielation forms
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Educational materials

Repaorting

A databasze is useful for defining and tracking the magnitede and location of the problem.

Feport prohibited non-stormwater discharges observed during the course of normal daily
activities so they can be investigated. contained and cleaned up or eliminated.

Document that non-stormwater discharzes have been eliminated by recording tests
performed, methods used, dates of testing, and anv onsite drainage points observed.

Maintain documentation of illicit connection and illegal dumping incidents, including
significant conditionally exempt discharges that are not properly managed.

Enforcement

Educate the responsible party if identified on the impacts of their actions, explain the
stormwater requirements, and provide information regarding Eest Management Practices
(EMF), as appropriate. Initiate follow-up and/or enforcement procedures.

If an illegal discharge is traced to a commercial, residential or industrial source, conduct the
following activities or coordinate the following activities with the appropriate agency:

- Contact the responsible party to discuss methods of eliminating the non-stormwater
dizcharpe, including disposal options, recyeling, and possible discharze to the sanitary
sewer [if within POTW limits).

- Provide information regarding BMPs to the responsible party, where appropriate.

- Begin enforcement procedures, if appropriate.

- Continue inspection and follow-ap activities until the illicit discharge activity has ceased.

If am illezal discharge is traced to a commercial or industrial activity, coordinate information

on the discharge with the jurizdiction's commercial and industrial facility inspection

program.

Training

Train technical staff to identify and docoment illezal dumping incidents.

Well-trained emplovees can reduce human errors that lead to accidental releases or spills,
The employee should have the tools and knowledge to immediately begin cleaning up a spill
if one should occur. Emplovees should be familiar with the Spill Prevention Control and
Countermeasure Flan.,

Train emplovees to identify non-stormwater discharges and report them to the appropriate
depariments,

Train staff who have the anthority to conduct surveillance and inspections, and write
citations for those canght illegally dumping,.
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®  Train municipal staff responsible for surveillance and inspection in the following:

- OSHA-required Health and Safety Training (25 CFE 1940.120) plos annual refresher
training (as needed).

- O5HA Confined Space Entry training (Cal-05SHA Confined Space, Title & and federal
0SHA 2g CFR 1910.146].

- Procedural training (field screening, sampling, smoke (dye testing, TV inspection].
®m  Educate the identified responsible party on the impacts of hiz or her actions.

Spill Response and Prevention
B Sza SC-i1 Spill Prevention Control and Clean Up

Other Considerations

B The elimination of illegal dumping i= dependent on the availability, convenience, and cost of
alternative means of disposal. The cost of fees for dumping at a proper waste disposal
facility are often more than the fine for an illegal dumping offense, thereby dizconraging
people from complying with the law. The absence of routine or affordable pickup service for
trash and recvelables in some communities also encourages illegal domping. A lack of
understanding resarding applicable laws or the inadequacy of existing laws may also
contribute to the problem.

®  IMunicipal codes should include sections prohibiting the discharse of soil, debris, refuse,
harardous wastes, and other pollutants into the storm drain system.

®  DMany facilities do not have aceurate, up-to-date schematic drawings.
B Can be diffieult to locate illicit connections especially if there is groundwater infiltration.

Requirements
Costs

®  Eliminating illicit connections can be expensive especially if structural modifications are
required such re-plambing cross connections under an existing slab.

B  DMinor cost to train field crews regarding the identification of non-stormwater discharges.
The primary cost is for a fully integrated prosram to identify and eliminate illicit connections
and illezal dumping, However, by combining with other municipal prozrams (i.e.
pretreatment prosram) cost may be lowerad.

B Municipal cost for containment and disposal may be borne by the discharger.

Mammfenance
Mot applicable
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Supplemental Information
Further Detail of the BMP
What constitutes a “non-stormwater” discharge?

®»  Non-stormwater discharges are discharges not made up entirely of stormwater and include
water used directly in the manufactoring process (process wastewater), air conditioning
condensate and eoolant, non-contact cooling water, cooling equipment condensate, outdoor
secondary containment water, vehicle and equipment wash water, landscape irrigation, sink
and drinking fountain wastewater, sanitary wastes, or other wastewaters.

Fermit Reguirements

®  Current municipal KPDES permits require municipalities to effectively prohibit non-
stormwater discharges unless authorized by a separate NPDES permit or allowed in
accordance with the current 2PDES permit conditions, Typically the current permits allow

certain non-stormwater discharges in the storm drain system as long as the discharges are

not significant sources of pollutants, In this context the following non-stormwater
discharges are typically allowed:

- Diverted stream flows;

- Rising found waters;

-  Uncontaminated sround water infiltration (as defined at 40 CFR 35.2005(20]);
-  Uncontaminated pumped ground water;

- Foundation drains;

- Springs;

- Water from crawl space pumps:

- Fooling drains;

- Air conditioning condenzation:

- Flows from riparian habitats and wetlands;

-  Water line and hydrant flushing ;

- Landscape irrigation;

- Planned and unplanned discharses from potable water sources:
- Immigation water;

- Individual residential car washing; and

- Lawn watering.
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Municipal facilities subject to industrial Feneral permit requirements must inclode a
certification that the stormwater collection system has been tested or evaluated for the prezence
of non-stormwater discharges. The state’s General Industrial Stormwater Permit requires that
non-stormwater discharzes be eliminated prior to implementation of the facility’s SWEPPP,

Illegal Dumping

m  Esztablizh a system for tracking incidents, The system should be designed to identify the
following:

- IHlegal dumping hot spots
- Types and quantities (in some cases) of wastes
- Patterns in time of oconrrence (time of day/night, menth, or year)

-  Mode of dumping (abandoned containers, “midnight dumping” from moving vehiclez,
direct dumping of materials, accidents/spillz)

- Eesponsible parties
Outreach

One of the keys to suceess of reducing or eliminating illegal dumping is increasing the number of
people on the strest who are aware of the problem and who have the tools to at least identify the
incident. if not correct it. There we a number of ways of accomplishing this:

® Train municipal staff from all departments (public works, utilities, street cleaning, parks and
recreation, industrial waste inspection, hazardous waste inspection, sewer maintenance) to
recognize and report the incidents,

B Deputize municipal staff who may come into contact with illegal dumping with the authority
to write illegal dumping tickets for offenders canght in the act (sse below).

®  Educate the public. As many as 3 out of 4 people do not understand that in mest
communities the storm drain does not go to the wastewater treatment plant. Unfortunately,
with the heavy emphasis in recent years on public education about solid waste management,
including recveling and household hazardouns waste, the sewer system (both storm and
sanitary) has been the likely recipient of cross-media transfers of waste,

®  Frovide the public with a mechanism for reporting incidents such as a hot line and/or door
hanger see below],

®  Help areas where incidents ocour more frequently set up environmental watch programs
(like crime watch programs).

B Train volunteers to notice and report the presence and suspected source of an observed
pollatant to the appropriate public agency.
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Whar constitutes a “non-stormwater” discharge?

B Non-stormwater discharges are discharges not made up entirely of stormwater and include
water nsed directly in the manufactoring process (process wastewater], air conditioning
condensate and eoolant, non-contact cooling water, cooling equipment condensate, outdoor
secondary containment water, vehicle and equipment wash water, landscape irrigation, sink
and drinking fountain wastewater, sanitary wastes, or other wastewaters.

FPermit Reguirements

® Current municipal WPDES permits require municipalities to effectively prohibit non-
stormwater discharges unless authorized by a separate NPDES permit or allowed in
accordance with the current IPDES permit conditions, Typically the current permits allow
certain non-stormwater discharges in the storm drain system as long as the discharges are

not significant sources of pollutants, In this context the following non-stormwater
discharges are typically allowed:

- Diverted stream flows;

- FRising found waters;

- Uncontaminated sround water infiltration (as defined at 40 CFR 335.2005(=20]);
-  Uncontaminated pumped ground water;

- Foundation drains;

- Sprngs;

- Water from crawl space pumps:

- Fooling drains;

- Air conditioning condenzation:

-  Flows from riparian habitats and wetlands;

-  Water line and hydrant flushing ;

- Landscape irrigation;

- Planned and nnplanned discharges from potable water sources:
- Irrigation water;

- Individual residential car washing: and

- Lawn watering.

Municipal facilities subject to industrial general permit requirements must inclode a
certification that the stormwater collection system has been tested or evaluated for the presence
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of non-stormwater discharges. The state’s General Industrial Stormwater Permit requires that
non-stormwater discharges be eliminated prior to implementation of the facility’s SWPPF.

Srorm Drain Stenciling

B Stencil storm drain inlets with a message to prohibit illegal dumpings, especially in areas
with waste handling facilities.

®  Encourage public reporting of improper waste disposal by a HOTLINE number stenciled
onto the storm drain inlet.

B See Supplemental Information section of this fact sheet for further detail on stenciling
program approach.

il Recyeling
m  Contract collection and hauling of nsed ol to a private licensed used odl hauler/recyeler.

B Comply with all applicable state and federal regulations regarding storage, handling, and
transport of petrolenm products.

®  (Create procedurss for eollection such as; enllection locations and schedule, acceptable
containers, and maximum amounts accepted.

® The California Integrated Waste Management Board haz a Becyeling Hotline, (So0) 553-
zgbz, that provides information and recyeling locations for used oil,

Household Hazardous Waste

B Provide housshold hazardous waste (HHW) collection facilities. Several types of collection
approaches are available including permanent, periodic, or mobile centers, curbzide
collection, or a combination of these systems,

Training
®  Train municipal emplovees and contractors in proper and consistent methods for waste
disposal,

®  Train mupicipal emplovees to recognize and report illegal domping,
®  Train emplovees and subeontractors in proper hazardous waste managpement.

Spill Response and Prevention
m  Refer to 5C-11, Spill Prevention, Control & Cleanup

®  Have spill cleanup materials readily available and in a known location.
B  Cleanup spills immediately and use dry methods if possible.
®m  Properly dispose of spill cleanup material.
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Other Considerations
®m  Federal Regulations (R.CRA, SAFA CERCLA) and state regulations exist regarding the
dispozal of hazardous waste,

®  DMunicipalities are required to have a nsed oil recycling element and a HEW element within
their interrated waste management plan.

B Siznificant liability issues are involred with the collection, handling, and disposal of HHW.

Examples

The City of Palo Alto has developed a public participation program for reporting dumping
violations. When a concerned citizen or public employves encounters evidence of illegal
dumping. a door hanger (similar in format to hotel “Do Mot Disturb™ sizns) is placed on the
front doors in the neighborhood. The door hanser notes that a violation has oceurred in the
neighborhood, informs the reader why illezal domping is a problem, and notes that illegal
dumping carries a significant financial penalty. Information is also provided on what citizens
can do as well as contact numbers for more information or to report a violation.

The Port of Long Beach has a state of the art database incorporating storm drain infrastroctura,
potential pollutant sources, facility management practices, and a pollutant tracking system.

The State Department of Fich and Game has a hotline for reporting violations called CalTIP (2-
Boo-g52-5400). The phone nomber may be used to report any viclation of a Fish and Game
code (illegal dumping, poaching, ete.).

The California Department of Toxic Substances Control's Waste Alert Hotline, 1-800-69TOXIC,
can be used to report hazardouns waste violations.

References and Resources

http/  www . stormwatercenter, net
California’s Nonpoint Source Program Plan btp: | fweweeo.clark waons ‘pubworks ‘bmpman.pdf

King County Stormwater Pollution Control Manual - hitp: (/dor.metroke gov/wir'dss /spem.hitm

Orange Connty Stormwater Program,
http:/ fwww.ocwatersheds.com | stormwater /swp_introduction.asp

San Diego Stormwater Co-permittees Jurisdictional Urban Funoff Management Program
[hittp:/ fwww.projecteleanwater.org)

Santa Clara Valley Urban Eunoff Pollution Prevention Program
http: / www. sovurppp-wzk.com [pdf%codocuments [PS ICIDL.PDE
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Objectives

= Cover

= Contain

= Educale

= Reduce/Minimize
= Product Substitution

Targeted Constituents

Description

Parking lots and storage areas can contribute a number of
substances, such as trash, suspended solids, hydrocarbons, oil Trach
and grease, and heavy metals that can enter receiving waters

through stormwater runoff or non-stormwater discharges. The ot

following protocols are intended to prevent or reduce the B?ma
discharge of pollutants from parking/storage areas and include Oil and Grease

using good housekeeping practices, following appropriate Organics
cleaning BMPs, and fraining employees. Oxygen Demanding

Sediment
Nutrients

BEEEEEEEAE

Approach
Pollution Prevention

= Encourage alternative designs and maintenance strategies for
impervious parking lots. (See New Development and
Redevelopment BMP Handbook).

= Keep accurate maintenance logs to evaluate BMP
implementation.

Suggested Protocols
General

= Keep the parking and storage areas clean and orderly.
Remove debris in a timely fashion.

= Allow sheet runoff to flow into biofilters (vegetated strip and
swale) and/or infiltration devices.

= Utilize sand filters or oleophilic collectors for oily waste in low
concentrations. :
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Appendix C — CASQA BMP Fact Sheets

SC-43 Parking/Storage Area Maintenance

m Arrange rooftop drains to prevent drainage directly onto paved surfaces.
»  Design lot to include semi-permeable hardscape.

Controlling Litter

m Post “No Littering” signs and enforce anti-litter laws.

m  Provide an adequate number of litter receptacles.

» Clean out and cover litter receptacles frequently to prevent spillage.

Provide trash receptacles in parking lots to discourage litter.
= Routinely sweep, shovel and dispose of litter in the trash.
Surface cleaning

m  Use dry cleaning methods (e.g. sweeping or vacuuming) to prevent the discharge of
pollutants into the stormwater conveyance system.

» Establish frequency of public parking lot sweeping based on usage and field observations of
waste accumulation.

m  Sweep all parking lots at least once before the onset of the wet season.
»  Ifwater is used follow the procedures below:
Block the storm drain or contain runoff.

Wash water should be collected and pumped to the sanitary sewer or discharged to a
pervious surface, do not allow wash water to enter storm drains.

Dispose of parking lot sweeping debris and dirt at a landfill.
s  When cleaning heavy oily deposits:
Use absorbent materials on oily spots prior to sweeping or washing.
Dispose of used absorbents appropriately.
Surface Repair
» Pre-heat, iransfer or load hot bituminous material away from storm drain inlets.

»  Apply concrete, asphalt, and seal coat during dry weather to prevent contamination form
contacting stormwater ranoff.

»  Cover and seal nearby storm drain inlets (with waterproof material or mesh) and manholes
before applyving seal coat, slurry seal, etc., where applicable. Leave covers in place until job
is complete and until all water from emulsified oil sealants has drained or evaporated. Clean
any debris from these covered manholes and drains for proper disposal.

2of 4 California Stormwater BMP Handbook January 2003
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Appendix C — CASQA BMP Fact Sheets

Parking/Storage Area Maintenance SC-43

m  Use only as much water as necessary for dust control, to avoid runoff,

m  Catch drips from paving equipment that is not in use with pans or absorbent material placed
under the machines. Dispose of collected material and absorbents properly.

Inspection

= Have designated personnel conduct inspections of the parking facilities and stormwater
conveyance systems associated with them on a regular basis.

= Inspect cleaning equipment/sweepers for leaks on a regular basis.

Training
= Provide regular training to field employees and/or contractors regarding cleaning of paved
areas and proper operation of equipment.

m  Train employees and contractors in proper technigues for spill containment and cleanup.

Spill Response and Prevention
m  Refer to 5C-11, Spill Prevention, Control & Cleanup.

m  Keep your Spill Prevention Control and countermeasure (SPCC) plan up-to-date, nad
implement accordingly.

= Have spill cleanup materials readily available and in a known location.
m  Cleanup spills immediately and use dry methods if possible.
m  Properly dispose of spill cleanup material.

Other Considerations

m  Limitations related to sweeping activities at large parking facilities may include high
equipment costs, the need for sweeper operator training, and the inability of current sweeper
technology to remove oil and grease.

Requirements

Costs

Cleaning/sweeping costs can be quite large, construction and maintenance of stormwater
structural controls can be quite expensive as well.

Muaintenance
= Sweep parking lot to minimize cleaning with water.

m  Clean out oil /water/sand separators regularly, especially after heavy storms.

m  Clean parking facilities on a regular basis to prevent accumulated wastes and pollutants
from being discharged into conveyance systems during rainy conditions.
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SC-43 Parking/Storage Area Maintenance

Supplemental Information
Further Detail of the BMP
Surface Repair

Apply concrete, asphalt, and seal coat during dry weather o prevent contamination form
contacting stormwater runoff. Where applicable, cover and seal nearby storm drain inlets (with
waterproof material or mesh) and manholes before applying seal coat, sharry seal, etc. Leave
covers in place until job is complete and until all water from emulsified oil sealants has drained
or evaporated. Clean any debris from these covered manholes and drains for proper disposal.
Use only as much water as necessary for dust control, to avoid runoff.

References and Resources
hitp:/ /www.stormwatercenter.net/

California’s Nonpoint Source Program Plan htip://www.swrcb.ca.gov/nps/indesx. htm]

Model Urban Runoff Program: A How-To Guide for Developing Urban Funoff Programs for
Small Municipalities. Prepared by City of Monterey, City of Santa Cruz, California Coastal
Commission, Monterey Bay National Marine Sanctuary, Association of Monterey Bay Area
Governments, Woodward-Clyde, Cenfral Coast Regional Water Quality control Board. July
1908 (Revised February 2002 by the California Coastal Commission).

Orange County Stormwater Program
hitp:/ fwww.ocwatersheds.com/StormWater/swp_introduction.asp

Oregon Association of Clean Water Agencies. Oregon Municipal Stormwater Toolbox for
Maintenance Practices, June 1908,

Pollution from Surface Cleaning Folder. 1906. Bay Area Stormwater Management Agencies
Association (BASMAA) http: / /www.basma.org

San [Mego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program
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Building & Grounds Maintenance SC-41

Objectives
-7 = Cover
5 = Contain
= Educate

= Reduce/Minimize
= Product Substitution

Targeted Constituents

Description

2
Stormwater runoff from building and grounds maintenance zxr;:t ;
activities can be contaminated with toxic hydrocarbons in Trash
solvents, fertilizers and pesticides, suspended solids, heavy o 5
metals, and abnormal pH. Utilizing the following protocols will i
prevent or reduce the discharge of pollutants to stormwater from  Bactenia 5
building and grounds maintenance activities by washing and Oil and Grease
cleaning up with as little water as possible, following good Organics
landscape management practices, preventing and cleaning up Oxygen Demanding

spills immediately, keeping debris from entering the storm
drains, and maintaining the stormwater collection system.

Approach
Pollution Prevention

= Switch to non-toxic chemicals for maintenance when
possible.

= Choose cleaning agents that can be recycled.

= Encourage proper lawn management and landscaping,
including use of native vegetation.

= Encourage use of Integrated Pest Management techniques for
pest control.

= Encourage proper onsite recycling of yard trimmings.

= Recycle residual paints, solvents, lumber, and other material
as much as possible.
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Appendix C — CASQA BMP Fact Sheets

SC-41 Building & Grounds Maintenance

Suggested Protocols
Pressure Washing of Buildings, Rooftops, and Other Large Objects

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

properly.

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

If you are pressure washing on a grassed area (with or without soap), runoff must be
dispersed as sheet flow as much as possible, rather than as a concentrated stream. The wash
runcff must remain on the grass and not drain to pavement. Ensure that this practice does
not kill grass.

Landscaping Activities

Do not apply any chemicals (insecticide, herbicide, or fertilizer) directly to surface waters,
unless the application is approved and permitted by the state.

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

Use mulch or other erosion control measures on exposed soils.

Check irrigation schedules so pesticides will not be washed away and to minimize non-
stormwater discharge.

Building Repair, Remodeling, and Construction

Do not dump any toxic substance or liquid waste on the pavement, the ground, or toward a
storm drain.

Use ground or drop cloths underneath outdoor painting, scraping, and sandblasting work,
and properly dispose of collected material dadly.

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

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

2of5 California Stormewater BMP Handbook January 2003

Municipal
www.cabmphandbooks.com

5/



Appendix C — CASQA BMP Fact Sheets

Building & Grounds Maintenance SC-41

Use a storm drain cover, filter fabric, or similarly effective runoff control mechanism if dust,
grit, wash water, or other pollutants may escape the work area and enter a catch basin. The
containment device(s) must be in place at the beginning of the work day, and accumulated
dirty runoff and solids must be collected and disposed of before removing the containment
device(s) at the end of the work day.

If you need to de-water an excavation site, you may need to filter the water before
discharging to a catch basin or off-site. Inm which case you should direct the water through
hay bales and filter fabric or use other sediment filters or traps.

Store toxic material under cover with secondary containment during precipitation events
and when not in use. A cover would include tarps or other temporary cover material.

Mowing, Trimming, and Planfing

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

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

Place temporarily stockpiled material away from watercourses and drain inlets, and berm or
cover stockpiles to prevent material releases to the storm drain system.

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

Use hand or mechanical weeding where practical.

Fertilizer and Pesticide Management

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

Follow manufacturers’ recommendations and label directions. Pesticides must never be
applied if precipitation is occuring or predicted. Do not apply insecticides within 100 feet of
surface waters such as lakes, ponds, wetlands, and streams.

Use less toxic pesticides that will do the job, whenever possible. Avoid use of copper-based
pesticides if possible.

Do not use pesticides if rain is expected.

Do not mix or prepare pesticides for application near storm drains.
Use the minimum amount needed for the job.

Calibrate fertilizer distributors to avoid excessive application.

Employ techniques to minimize off-target application (e.g. spray drift) of pesticides,
including consideration of alternative application techniques.
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Appendix C — CASQA BMP Fact Sheets

SC-41 Building & Grounds Maintenance

Apply pesticides only when wind speeds are low.
»  Work fertilizers into the soil rather than dumping or broadcasting them onto the surface.
» Irrigate slowly to prevent runoff and then only as much as is needed.

m Clean pavement and sidewalk if fertilizer is spilled on these surfaces before applying
irrigation water.

» Dispose of empty pesticide containers according to the instructions on the container label.

m  Useup the pesticides. Rinse containers, and use rinse water as product. Dispose of unused
pesticide as hazardous waste.

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

Inspection

s Inspect irrigation system periodically to ensure that the right amount of water is being
applied and that excessive runoff is not occurring. Minimize excess watering, and repair
leaks in the irrigation system as soon as they are observed.

Training

»  Educate and train employees on use of pesticides and in pesticide application techniques to
prevent pollution.

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

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

Spill Response and Prevention
» Refer to 5C-11, Spill Prevention, Control & Cleanup

»  Keep vour 5pill Prevention Confrol and countermeasure (SPCC) plan up-to-date, and
implement accordingly.

» Have spill cleanup materials readily available and in a known location.
»  Cleanup spills immediately and use dry methods if possible.
»  Properly dispose of spill cleanup material.

Other Considerations
m  Alternative pest/weed controls may not be available, suitable, or effective in many cases.
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Appendix C — CASQA BMP Fact Sheets

Building & Grounds Maintenance SC-41

Requirements
Costs
m  Overall costs should be low in comparison to other BMPs.

Muainfenance
= Sweep paved areas regularly to collect loose particles, and wipe up spills with rags and other
absorbent material immediately, do not hose down the area to a storm drain.

supplemental Information
Further Detail of the BMP
Fire Sprinkler Line Flushing

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

References and Resources
California’s Nonpoint Source Program Plan hitp:/ fwww.swrcb.ca.gov/nps /index.html

King County - fip://dnr.metroke.gov/wlr/dss/spem/Chapter®%203.PDF

Orange County Stormwater Program
hitp:/ /www.ocwatersheds.com/StormWater /swp_introduction.asp

Mobile Cleaners Pilot Program: Final Report. 1997. Bay Area Stormwater Management
Agencies Association (BASSMA) htip: / /www.basmaa.org/

Pollution from Surface Cleaning Folder. 19g6. Bay Area Stormwater Management Agencies
Association (BASMAA) hitp:/ /www.basmaa.org/

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program
(URMP]) -
hitp:/ /www.projectcleanwater.org/pdf/ Model %20Program®%2oMunicipal %2oFacilities.pdf
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Appendix C — CASQA Source Control BMP Fact Sheets

Fountain & Pool Maintenance SC-72

- Objectives
Description

The primary pollutant of concern in municipal swimming pool W Conin

water is chlorine or chloramine used as a disinfectant, This B Educate
water, if discharged to the storm drain system, can be toxic to
aguatic life. In lakes, lagoons, and fountains, the pollutants of
concern are chemical algaecides that are added to control algas
mainly for aesthetic reasons (visual and odor). Following the
procedures noted in this fact sheet will reduce the pollutants in
thiz discharge.

B Reduce/Minimize
W Product Subsiiution

Approach

Pollution Prevention

®  Prevent algae problems with regular cleaning. consistent
adequate chlorine levels, and well-maintained water filtration
and circulation systems.

® Manage pH and water hardness to minimize corrosion of
Ccopper pipes. Targeted Constituents

Sediment

Rutnents

Trash

B Do not use copper-based alzascides. Control algae with heztals
chlorine or other altermatives, such as sedium bromide. Bactera

0il ana Grease

® Do oot discharge water to a street or storm drain when Organics
draining pools or fountains; discharge to the sanitary sewer if
permitted to do 0. If water is dechlorinated with a
neutralizing chemical or by allowing chlorine to dissipate for
a few days (do not use the facility during this time], the water
may be recycled /rensed by draining it gradually onto a
landscaped area. Water must be tested prior to discharge to

ensure that chlorine is not pressnt.

Suggested Protocols
Fools and Fountains

BE B EHEEAE

Oxygen Demanding

®  Prevent backflow if draining a pool to the sanitary sewer by
maintaining an “air gap” between the discharge line and the
sewer line [do not seal the conmection between the hose and
sewer line]. Be sure to call the local wastewater treatment
plant for further punidance on flow rate restrictions, backflow
prevention, and handling special cleaning waste (such as acid
wash), Discharge flows should be kept to the low levels
typically possible through a zarden hoze, Higher flow rates
may be prohibited by local ordinance.

®  Provide drip pans or buckets beneath drain pipe connections
to cateh leaks. This will be especially pertinent if pool or spa
water that has not been dechlorinated is pumped through
piping to a discharge location.
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SC-72 Fountains & Pools Maintenance

B Mever clean a filter in the street or near a storm draimn.
® FRinse cariridge filters onto a dirt area, and spade filter residue into =oil.

®  Eackwash diatomaceous earth filters onto dirt, Dispose of spent diatomaceons earth in the
rarbage, Spent diatomaceons earth cannot be discharped to surface waters, storm drainage
systems, septic systems, or on the ground.

m Ifthers is not a suitable dirt area discharze filter backwash or rinsewater to the sanitary
sewer if permitted to do so by the local sewsring agency.

Lakes and Lagoons

®  FReduce fertilizer use in areas around the water body. High nitrogen fertilizers can produce
excess growth requiring more frequent mowing or trimming, and may confribute to
excessive algae growth,

® To control bacteria, discourage the public from feeding birds and fish (i.e. place signs that
prohibit feeding of waterfowl).

®  Consider introducing fish species that consume alzae, Contact the California Department of
Fish and Game for more information on this issue,

B Mechanically remove pond seum (blue-green alzae) using a 6o micron net.,

® FEducate the public on algas and that no controls are necezsary for certain tvpes of algase that
are beneficial to the water body.

® Control erosion by doing the following:

- Maintain vegetative cover on banks to prevent soil erosion. Apply mulch or leave
clippings to serve as additional cover for soil stabilization and to reduce the velocity of
stormwater manoff,

- Areas should be designed (sloped) to prevent mnoff and erosion and to promote better
irrigation practices.

- Provide epergy dissipaters (e.z. riprap) along banks to minimize potential for erosion.

- Confine excavated materials to surfaces away from lakes. Material must be covered if
rain is expected.

& Conduoct inspections to detect illegal dumping of clippings /cuttings in or near a lake,
Materials found should be picked up and properly disposed of.

®  Avpid landscape wastes in and around lakes should be avoided by either using bagsing
equipment or by manually picking up the material. Collect trash and debris from within
water bodies where feasible

®  Provide and maintain trazh receptacles near recreational water bodies to hold refuse
renerated by the public.
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Fountain & Pool Maintenance SC-72

B Increase trash collection during peak visitation months (generally June, July and Angnst).

Traiming
®  Train maintenancs personne] to test chlorine levels and to apply neutralizing chemicals,

B  Train personnel regarding proper maintenance of pools, ponds and lakes.

Spill Response and Prevention
m  Refer to SC-11, Spill Prevention, Control & Cleannp

B Have spill cleanup materials readily available and in a known location.
B Cleanup spills immediately and use dry methods if possible.
®m  Properly dispose of spill cleanup material.

Other Considerations
® IManagers of pools located in sensitive areas or adjacent to shorelines should check with the
appropriate auwthorities to determine if code requirements apply.

®  Cleanup activities at lakes and lazoons may ereate a slizht disturbance for local aquatic
species. If the lake iz recognized as a wetland, many activities, including maintenance, may
be subject to regulation and permitting,

Requirements
Costs

B The maintenance of pools and lakes iz already a consideration of most municipal public
works departments, Therefore the cost associated with thiz BMP is minimal and only
reflects an increase in employes training and public cutreach,

Mammfenance
Mot applicable

Supplemental Information
Further Detail of the BMP
When dredging is conducted, adhere to the following:

B Dredge with shovels when laying /maintaining pipes.

B To determine amount to dredge, determine rate of volume loss due to sediments.
m  For large lakes, dredge every 10 years.

®  When dredsing small lakes, drain lake.

®  When dredsing large lakes, uze vacunm equipment,

m  After dredsing test sediment piles for proper disposal. Dredged sediment can be used as fill,
or may have to be land filled.
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SC-72 Fountains & Pools Maintenance

References and Resources
King County Stormwater Pollution Control Manual, Best Management Practices for Busineszes.

1555. King County Surface Water Manazement, July, On-line:
http: //dormetroke. zovwir/dss /spem.him

Los Angeles Connty Stormwater Quality, Public Apency Activities Model Program. On-line:
http:/ ladpw.org fwmd /npdes /pablic TC.cfm

Model Urban Funoff Program: A How-To Guide for Developing Urban Funoff Programs for
Small Municipalities. Prepared by City of Monterey, City of Santa Cruz, California Coastal
Commission, Monterey Bay National Marine Sanctuary, Aszociation of Monterey Bay Area
Governments, Woodward-Clyde, Central Coast Begional Water Quality Control Board. July,

1598,

Orange Connty Stormwater Program

http: [ www.ocwatersheds.com /StormWater /swp _introduction.asp

Santa Clara Valley Urban Eunoff Pollution Prevention Program. Maintenance Best
Management Practices for the Construction Industry. Erochures: Landscaping, Gardening, and
Pool; Roadwork and Paving; and Fresh Concrete and Mortar Application. June soo4.
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Trash Sturage Areas SD-32

o Design Objectives
Description

Trash storage areas are areas where a trash receptacle (=] are Maxmze infitration
located for use as a repository for solid wastes, Stormwater Provige Retentian
runoff from areas where trash is stored or disposzed of can be
polluted. In addition, loose trash and debris can be easily

transported by water or wind into nearby storm drain inlets,

Show Runoff

Minimize impesvious Land

channels, and /or creeks, Waste handling operations that may be m"?ré_'ge )
sources of stormwater pollution include dumpsters, litter control, Fromit Dumang of Improper
and waste piles. Manais

1 Conitain Pobutants
Approach
This fact sheet contains details on the specific measures required
to prevent or reduce pollotants in stormwater mnoff associated
with trazh storage and handling, Preventative measures
including enclosures, containment struchures, and impervious
pavements to mitigate spills, should be used to reduce the

Collect and Comvey

likelihood of contamination.

Suitable Applications

Appropriate applications include residential. commercial and industrial areas planned for
development or redevelopment. [Detached residential sinzgle-family homes are typically
excluded from thiz requirement.)

Design Considerations

Design requirements for waste handling areas are governed by Building and Fire Codes, and by
current local agency ordinances and roning requirements, The design criteria described in this
fact sheet are meant to enhance and be consistent with theze code and ordinance requirements.
Hazardons waste should be handled in accordance with lezal requirements established in Title
=2, California Code of Regulation.

Wastes from commercial and induastrial sites are typically hanled by sither public or commercial
carriers that may have design or access requirements for waste storage areas. The design
criteria in this fact shest are recommendations and are not intended to be in conflict with
requirements established by the waste hauler. The waste hauler should be contacted prior to the
dezign of vour site trazh collection areas. Conflicts or issues should be discussed with the local
AZEDCY.

Destgning New Installations
Trash storage areas should be desizned to consider the following stroctural or treatment control
EMP=:

®  Deszipn trash container areas so that drainage from adjoining
roofs and pavement is diverted around the area(s) to aveid
mn-on. This might inclode berming or grading the waste
handling area to prevent mun-on of stormwater.

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

]
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SD-32 Trash Stnrage Areas

B Use lined bins or dumpsters to reduce leaking of liguid waste,

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

B  Pave trash storage areas with an impervious surface to mitizate spills,
B Do not locate storm drains in immediate vicinity of the trash storaze area,

B Post signs on all dumpsters informing users that hazardons materials are not to be dizspozed
of therein,

Redeveloping Extsting Installations

Various jurisdictional stormwater management and mitization plans (SUSMP, WQMFE, ete.)
define “redevelopment” in terms of amounts of additional impervious area, increases in gross
floor area and/or exterior construction, and land disturbing activities with stractural 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. Ifthe definition applies, the steps outlined under “designing mew installations"
above should be followed,

Additional Information
Maintenance Considerations

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

Other Resources

A Marmmal for the Standard Urban Stormwater Mitigation Plan {SUSMP), Los Angeles County
Department of Public Works, May zooz2,

Model Standard Urban Storm Water Mitization Flan (SUSMP) for San Diego County, Port of
San Diego, and Cities in San Diego County, Febmary 14, zoo=2.

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

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measzures,
July zoo02,
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Outdoor Material Storage Areas SD-34

Design Objectives

Maximize infiRration
Provigs Retenton
Slow Runoff

Minimize impervious Lang
Coverage

Prohibit Dumging of Improper
Mainais

Contain Pollutant

[

Collect ang Convey

Description

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

Approach

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

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

Design Considerations

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

significant impact on the rivers or streams that receive the runoff.

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

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

Designing New Installations
Where proposed project plans include cutdoor areas for storage of materials that may contribute

pollotants to the stormwater convevance svstem, the following structaral or treatment BMPS
should be considered:

®  DMaterials with the potential to contaminate stormwater should be: (1) placed in an enclosure
such as, but not limited to, a cabinet, shed, or similar structure that prevents contact with
mnoff or spillage to the stormwater conveyance svstem, or (2) protected by secondary
containment structures such as berms, dikes, or curbs,

® The storage area should be paved and sufficiently impervious to contain leaks and spills.

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

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

Mote that the location(s) of installations of where these preventative measures will be emploved
mnst be included on the map or plans identifring EMFP=,

Redeveloping Extsting Installations

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

Additional Information
Stormwater and pon-stormwater will accumulate in containment areas and sumps with

impervions surfaces. Contaminated accummlated water must be disposed of in accordance with
applicable laws and cannot be discharzed directly to the storm drain or sanitary sewer system
without the appropriate permits.

Other Resources

A Manual for the Standard Urban Stormwater Mitigation Plan (STUSMP], Los Angeles County
Department of Public Works, May zoo2,

Model Standard Urban Storm Water Mitization Plan (SUSMP) for San Diego County, Port of
San Diego, and Cities in San Diego County, February 14, zoo2,
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Qutdoor Material Stnrage Areas SD-34

Model Water Quality Manazement Flan (WQMF] for County of Orange, Orange County Flood
Control District, and the Incorporated Cities of Orange County, Draft February zoo3.

Ventura Countywide Technical Guidance Mannal for Stormwater Quality Control Measures,
July 2002,
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Vehicle Washing Areas SD-33

o Design Objectives
Maximize infilragon
Provige Retemtion
Show Runoff
Minimize Impervious Land
Coverage
Prohibit Dumping of Improper
Mainals
Contain Polutants
Coilect ang Comvay

Description

Vehicle washing, equipment washing, and steam cleaning may contribute high concentrations of
metals, oil and grease, solvents, phosphates, and suspended solids to wash waters that drain to
stormwater conveyance systems.

Approach

Project plans should include appropriately designed area(s) for washing-steam cleaning of
vehicles and equipment. Depending on the size and other parameters of the wastewater facility.
wash water may be conveved to a sewer, an infiltration system, recycling system or other
alternative. Pretreatment may be required for conveyance to a sanitary sewer.

Suitable Applications

Appropriate applications include commercial developments, restaurants, retail gasoline outlets,
automotive repair shops and others.

Design Considerations

Design requirements for vehicle maintenance are governed by Building and Fire Codes, and by
current local agency ordinances, and zoning requirements. Design criteria described in this fact
sheet are meant to enhance and be consistent with these code requirements.

Designing New Installations

Areas for washing/steam cleaning should incorporate one of the
following features:

= Be self-contained and/or covered with a roof or overhang
®  Be equipped with a clarifier or other pretreatment facility

®  Have a proper connection to a sanitary sewer

e —
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SD-33 Vehicle Washing Areas

® Include other features which are comparable and squally effective

CAF WASH ARFAS - Some jurisdictions’ stormwater management plans includs vehicle-
cleaning area source control desizn requirements for community car wash racks in complexes
with a large number of dwelling units. In these cases, wash water from the areas mav be
directed to the sanitary sewer, to an engineered infiliration system, or to an equally effeckive
alternative, Pre-treatment may also be required.

Depending on the jurisdiction, developers may be directed to divert surface water mnoff away
from the exposed area around the wash pad [ parking lot, storage areas), and wash pad itself to
alternatives other tham the sanitary sewer. Foofing may be required for exposed wash pads.

It is generally advizable to cover areas used for regular waszhing of vehicles, trucks, or
equipment, surround them with a perimeter berm, and clearly mark them as a desiznated
washing area. Sumps or drain lines can be installed to collect wash water, which may be treated
for rense or recycling, or for discharge to the sanitary sewer, Jurisdictions may require some
form of pretreatment, such as a trap, for these areas.

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitization plans (SUSMP, WQMFE, ete.)
define “redevelopment” in terms of amounts of additional impervious area, increases in gross
floor area and/or exterior construction, and land disturbing activities with stooctural er
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.

Additional Information
Mamtenance Considerations

Stormwater and non-stormwater will accumulate in containment areas and sumps with
impervious surfaces. Contaminated acenmulated water must be disposed of in accordance with
applicable laws and cannot be discharsed directly to the storm drain or sanitary sewer system

without the appropriate permit.

Other Resources
A Manmal for the Standard Urban Stormwater Mitigation Plan (SUSHMP), Los Angeles County
Department of Public Works, May zoo2,

Model Standard Urban Storm Water Mitization Flan (SUSHMP) for San Diego County, Port of
San Diego, and Cities in San Diego County, Febmary 14, zoo=2,

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

Ventura Countywide Technical Guidance *anual for Stormwater (ality Control Measures,

July 2002,
]
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Maintenance Baxs & Docks SD-31

Design Objectives

Maximize Infitration
Providz Retention

Slow Runoff

Minimize impervious Land
Cowerage

Pronip&t Dumping of Improper
Ma%nais

& Contain Polutants
Collect and Convey

Description

Several measures can be taken to prevent operations at
maintenance bays and loading docks from contributing a variety of toxic compounds, oil and
grease, heavy metals, nutrients, suspended solids, and other pollutants to the stormwater
conveyance system,

Approach

In designs for maintenance bays and loading docks, containment is encouraged. Preventative
measures include overflow containment structures and dead-end sumps. However, in the case
of loading docks from grocery stores and warehouse/distribution centers, engineered infiltration
systems may be considered.

Suitable Applications

Appropriate applications include commercial and industrial areas planned for development or
redevelopment.

Design Considerations

Design requirements for vehicle maintenance and repair are governed by Building and Fire
Codes, and by current local agency ordinances, and zoning requirements. The design criteria
described in this fact sheet are meant to enhance and be consistent with these code
requirements.

Designing New Installations
Designs of maintenance bays should consider the following:

®  Repair/maintenance bays and vehicle parts with fluids should
be indoors; or designed to preclude urban run-on and runoff.

®  Repair/maintenance floor areas should be paved with

Portland cement concrete (or equivalent smooth impervious
surface).

[ e )
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SD-31 Maintenance Bays & Docks

B Fepair/maintenance bayz should be designed to capture all wash water leaks and spills.
Provide impermeable berms, drop inlets, trench catch baszins, or overflow containment
structures around repair bayvs to prevent spilled materials and wash-down waters form
entering the storm drain system. Connect drains to a sump for collection and disposal,
Direct connection of the repair/maintenance bays to the storm drain system is prohibited, If
required by local jurisdiction, obtain an Industrial Waste Discharge Permit.

®  Other features may be comparable and equally effective.
The following designs of loading /anloading dock areas should be considered:
® Loading dock areas should be covered. or drainage should be designed to preclude urban

mn-on and mooff,

®m  Direct connections into storm drains from depressed loading docks (track wells) are
prohibited.

n  Eelow-grade loading decks from grocery stores and warehouse \distribution centers of fresh
food items should drain through water quality inlets, or to an engineered infiliration system,
or an equally effective alternative. Pre-treatment may also be required.

m  (Other features may be comparable and equally effective.

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitization plans (SUSMP, WQMFE, ete.)
define “redevelopment” in terms of amounts of additional impervious area, increases in Zross
floor area and/or exterior construction, and land disturbing activities with stoactural 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. Ifthe definition applies, the steps outlined under “designing mew installations"
above should be followed.

Additional Information

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

Other Resources
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County
Department of Public Works, May zooz2,

Model Standard Urban Storm Water Mitization Flan (SUSHMP) for San Diego County, Port of
San Diego, and Cities in San Diego County, Febmary 14, 2002,

Model Water (mality Management Flan (WQMP] for County of Orange, Orange County Flood
Control District, and the Incorporated Cities of Orange County, Draft Febmary 2003,

Ventura Countywide Technical Guidanece *annal for Stormwater Quality Control Measures,

July 2002,
]
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Fueling Areas SD-30

Design Objectives

Maximize Infikration
Provids Retention
Slow Runoff

Minimize impervious Land
Coverage

Prohibit Dumping of Improper
Maenais

& Contain Polutants

B] Collect ang Convey

Proto Credt: Geof Brosseau

Description

Fueling areas have the potential to contribute oil and grease, solvents, car battery acid, coolant
and gasoline to the stormwater convevance system. Spills at vehicle and equipment fueling
areas can be a significant source of pollution because fuels contain toxic materials and heavy
metals that are not easily removed by stormwater treatment devices.

Approach

Project plans must be developed for cleaning near fuel dispensers, emergency spill cleanup,
containment, and leak prevention.

Suitable Applications

Appropriate applications include commercial, industrial, and any other areas planned to have
fuel dispensing equipment, including retail gasoline outlets, automotive repair shops, and major
non-retail dispensing areas.

Design Considerations

Design requirements for fueling areas are governed by Building
and Fire Codes and by current local agency ordinances and zoning
requirements. Design requirements described in this fact sheet
are meant to enhance and be consistent with these code and
ordinance requirements.

Designing New Installations
Covering

Januasy 2003 Calfornia Stormwater BMP Handbook 103
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SD-30 Fueling Areas

Fuel dispensing areas should provide an overhanging roof structure or canopy. The cover's
minimum dimensions must be equal to or greater than the area within the grade break, The
cover must not drain onto the fusl dispenszing area and the downspouts must be routed to
prevent drainage across the fueling area. The fueling area should drain to the project's
treatment control BIMP(s) prior to discharging to the stormwater convevance system. Note - If
fueling larze equipment or vehicles that would prohibit the use of covers or roofs, the fusling
island should be designed to sufficiently accommodate the larger vehicles and equipment and to
prevent stormwater rmn-on and runoff. Grade to direct stormwater to a dead-end sump.

Surfacing

Fuel dizpensing areas should be paved with Portland cement concrete (or equivalent smooth
impervious surface]. The use of asphalt concrete should be prohibited. Use asphalt sealant to
protect asphalt paved areas surrounding the fueling area, This provision may be made to sites
that have pre-existing asphalt surfaces.

The concrete fuel dispensing arsa should be extended a minimum of 6.5 ft from the cornmer of
each fuel dispenszer, or the length at which the hose and nozzle assembly may be operated plus 1
ft, whichever iz less,

Grading/Contouring

Dispensing areas should have an appropriate slope to prevent ponding, and be separated from
the rest of the site by a grade break that prevents man-on of urban runoff. [Slope is required to
be 2 to 4% in some jurisdictions’ stormwater management and mitigation plans.)

Fueling areas should be graded to drain toward a dead-end sump. Runoff from
downspouts Toofs should be directed away from fueling areas. Do not locate storm drains in the
immediate vicinity of the fueling area,

Redeveloping Existing Installations

Various jurisdictional stormwater management and mitization plans (SUSMP, WQMFE, ete.)
define “redevelopment” in terms of amounts of additional impervious area, increases in sross
floor area and/or exterior construction, and land disturbing activities with stoactural 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. Ifthe definition applies, the steps outlined under “designing mew installations"
above should be followed,

Additional Information
® In the case of an emergency, provide storm drain seals, such as isolation valves, drain plugs,

or drain covers, to prevent spills or contaminated stormwater from entering the stormwater
conveyance system.,

Other Resources

A Marmual for the Standard Urban Stormwater Mitigation Plan (SUSMFP), Los Angeles County
Department of Public Works, May 2002,

Model Standard Urban Storm Water Mitization Flan (SUSHMP) for San Diego County, Port of
San Diego, and Cities in San Diego County, Febmary 14, zoo=2,

]
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Fueling Areas SD-30

Model Water Cality anagement Flan (WQMP] for County of Orange, Orange County Flood
Control District, and the Incorporated Cities of Orange County, Draft February 2003,

Ventura Countywide Technical Guidanee Manual for Stormwater Quality Control Measures,
July 2002,
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The following are some selected Treatment control measures BMP fact sheets. These
are the most common measures utilized in Davis. To see more of measures from
CASQA, see their New Development & Redevelopment BMP handbook at the following
webpage : https://www.casqga.org/resources/bmp-handbooks/new-development-
redevelopment-bmp-handbook

The following are the selected BMP fact sheets provided in this Appendix.
TC-11 Infiltration Basin

TC-12 Retention/Irrigation

TC-20 Wet Ponds

TC-21 Constructed Wetlands

TC-22 Extended Detention Basin

TC-30 Vegetated Swale

TC-31 Vegetated Buffer Strip

TC-32 Bioretention

© © N o g &> w dh P

TC-40 Media Filter
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Infiltration Basin

TC-11

Design Considerations

= Soi for Infitration

Description

An infiltration basin is a shallow impoundment that is designed
to infiltrate stormwater. Infiltration basins use the natural
filtering ability of the soil to remove pollutants in stormwater
runoff. 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, 1683; Schroeder, 1995). Proper siting of these
devices is crucial as underscored by the experience of Caltrans in
siting two basins in Southern California. The basin with
marginal separation from groundwater and soil permeabikity
failed immediately and could never be rehabilitated.

= Siope

= AssheEtcs

Targeted Constituents
Sediment =
Nuisnts =
Trash =
Metais =
Bacteria L
0Oil ang Geease L
Organics a
Legend Remova Efeaheness

® Low H  High

A Medum

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
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TC-11 Infiltration Basin

significant portion of the average anoual rainfall manoff is infiltrated and evaporated rather
than flushed directly to cresks.

If the water quality volume i= adequately sized, infiliration basms can be useful for providing
control of channel forming (erosion) and hish frequency (generally less than the z-vear)
flood events,

Limitations

May not be appropriate for industrial sites or locations where spills may oceur.

Infiltration basins require a minimum soil infiltration rate of 0.5 inches hour, not
appropriate at sites with Hydrolegic Seil Types C and I

If infiltration rates exceed 2.4 inches hour, then the mnoff shonld be fully treated prior to
infiliration to protect groundwater quality.

Mot suitable on fill sites or steep slopes.

Fisk of groundwater contamination in very coarse sodls.

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

Design and Sizing Guidelines

Water quality volome determined by local requirements or sized so that 55% of the annual
mnoff volume is captared.

Basin sized so that the entire water guality volume is infilirated within 45 hours,
Vegetation establishment on the basin floor may help reduce the clogsing rate.

Construction/Inspection Considerations

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

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

Build the basin without driving heavy equipment over the infitration 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.

After final srading, till the infiltration surface deeply.

Use appropriate erosion control seed mix for the specific project and location.
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Infiltration Basin TC-11

Performance

Az water migrates through porous soil and rock, pollutant attenuation mechanizms include
precipitation, sorption, physical filtration, and bacterial degradation. If functioning properly,
this approach is presumed to have high removal efficiencies for particulate pollatants and
moderate removal of soluble pollutants, Actual pellutant removal in the sabsurface 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 concerns about the potential for groundwater contamination despite the
findings of the NURP and Nightingale (1975: 1987a,b,c; 1985). For instance, a report by Pitt et
al. (1994) highlishted the potential for sroundwater contamination from mtentional and
unintentional stormwater infiltration. That report recommends that infilbration facilities not be
sited in areas where high concentrations are presant 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 catchment in Fresno,
CA,

Siting Criteria

The key slement in siting infiltration basins is identifring sites with appropriate soil and
hvdrogeclogic properties, which is eritical for long term performance. In one study conducted in
Prince George's County, Marvland (Galli, 1992), all of the mfiltration basins investizated clogged
within = vears, It is believed that these failures were for the most part due to allowing infikration
at sites with rates of less than 0.5 in /hr, basing siting on soil type rather than field infiltration
tests, and poor construction practices that resulted m soil compaction of the basin invert.

A study of 23 infilbration basins in the Pacific Northwest showed better long-term performance
in an area with hishly permeable seils (Hilding, 1g96), In this stody, few of the infiltration
basinz had failed after 10 vears, Conzequently, the following guidelines for identifying
appropriate soil and subsurface conditions should be fzorously adhered to.

s  Determine soil type (consider B.CS soil type ‘A, B or C' only) from mapping and consalt
USDrA soil 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 390% clay or more than 40% of clay and =il 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 iz conecern at the state and regional levels of the impact on
groundwater quality from infilirated ronoff, especially when the separation between
groundwater and the surface is small,

s Location away from buildings, slopes and kighway pavement (greater than 6 m) and wells
and bridze 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.
- |
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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 nsing USER 7300-Bg 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 5 m of the imvert.

The minimum acceptable hydraulic conductivity as measured in any of the three required
test holes is 13 mum hr. If any test hole shows less than the minimum value, the site should
be disqualified from further consideration.

Exclude from consideration sites constrocted in fill or partially in fill unless no =ilts or clays
are present in the soil boring, Fill tends to be compacted, with clays in a dispersed rather
than flocculated state, greatly reducing permealbility,

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

Additional Design Guidalines

(1) Basin Sizing - The required water quality volume is determined by local regulations
or sufficient to capture 55% of the annual momoff,

(=) Provide pretreatment if sediment loading is a maintenance concern for the basm.,

(3] Include energy dissipation in the inlet desizn for the basins, Asoid designs that
include a permanent pool to reduce opportunity for standing water and associated
vector problems.

Y| Basin invert area should be determined by the equation:

_wgr
Er

4

where A= Basin invert area (m*)
WOV = water quality velume (m*)
k = 0.5 times the lowest field-measured hydranlic conductivity
(k)
t = drawdown time { 458 hr)

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

CFR146.5(e)(4)-
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Infiltration Basin TC-11

Maintenance
Eesular maintenance is critical to the suecessful operation of infiltration basins, Recommended
operation and maintenance guidelines include:

s Inspections and maintenance to ensure that water infilirates 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.

»  Observe drain time for the design storm after completion or modification of the facilidy to
confirm that the desired drain time has been obtained,

s Schedule semiannual 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  Eemove accumulated trash and debris in the basin at the start and end of the wet season.
s 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
wioody vegetation and for aesthetic and vector reasons.

s EBemove accumulated sediment and restade when the accumulated sediment volume
exceeds 10% of the basin,

s If erosion is ocourring within the basin, revegetate immediately and stabilize with an erosicn
control mulch or mat until vegetation cover is established.

»  To avoid reversing sodl 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 hband-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 32 per f
(adjusted for inflation) of storage for a o.25-acre basin (SWEPC, 1991). As with other EMPs,
these pablished cost estimates may deviate greatly from what might be incurred at a specific
site, For instance, Caltrans spent about 518 /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 atiributed to changes in the storm drain system necessary to route the runcff
to the basin locations.

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

One cost concern associated with infiltration practices is the maintenance burden and longewity.
If improperly mamtained, infiltration basins have a high failure rate. Thus, # may be necessary
to replace the basin with a different technolosy after a relatively short pertod of time.
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Design Considerations

Description
Eetention firrigation refers to the capture of stormwater mnoff in W Sail for infifraton

a bolding pond and subsequent use of the captured volume for W prea Required
irrigation of landscape of natural pervious areas. This m sipe

technology is very effective as a stormwater quality practice in i ]

that, for the captured water guality volume, it provides virtoally W Enwvronmenial Side-effecis
no discharge to receiving waters and high stormwater

constituent removal efficiencies, This technology mimics natural

undeveloped watershed conditions wherein the vast majority of

the rainfall volome during smaller rainfall events is infiltrated

through the soil profile. Their main advantage over other

infiltration technologies is the use of an irrigation system to

spread the runoff over a larger area for infiltration. This allows

them to be used in areas with low permeability soils,

Capture of stormwater can be accomplished in almost any kind

of runoff storage facility, ranging from dry, concrete-lined ponds
to those with vesetated basins and permanent pools. The pump Targeted Constituents
and wet well should be automated with a rainfall sensor to

provide irrigation only during periods when required infiltration s ::?;WE:ZI :
rates can be realized. Generally, a spray irrigation system is
required to provide an adequate flow rate for distributing the & Trash .
water quality volume (LCRA, 1958). Collection of roof mnoff for B Meuk "
snbsequent uze (rainwater harvesting) also goalifies as a B Bacteria u
retention firrigation practice. B oiand Grease u
B Omanics u

This technology is still in itz infaney and there are no published
reports on it:?ﬁedh'eness, cost, n?npemtinna] IEqujITmEl]lS. Legend (Remoial Efectivensss)
The gnidelines presented below should be considersd tentative * Low = High
until additional data are available, & Medium
California Experience
Thiz BMP has never been implemented in California, only in the
Ausztin, Texas area. The usze there is limited to watersheds where
no increase in pollutant load is allowed because of the sensitive
nature of the waterzsheds.
Advantages
®  Pollutant removal effectiveness iz high, accomplizshed

primarily by: (1) sedimentation in the primary storage

facility; (=) phy=sical filtration of particulates through the sodl

profile: (3] dizzolved constinents uptake in the vegetative

root zone by the soil-resident microbial commumnity.
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total of 60 hours allowed for disposal of the water quality volume. Irrigation also should not

oceur during subsequent rainfall events,

® Irrigation System - Generally a spray irrigation system is required to provide an adeguate
flow rate for timely distribution of the water gquality volome.

®  Designs that utilize covered water storage should be accessible to vector control personnel
via access doors to facilitate vector surveillance and control if needed.

® Irrigation Site Criteria — The area selected for irrigation must be pervious, on slopes of less
than 10%. A geological assessment is required for proposed irrigation areas to assure that
there is a minimum of 12 inches of soil cover. Rocky soils are acceptable for irrigation;
however, the coarse material {diameter greater than o.5 inches) should not account for more
than 30% of the soil volume, Optimum sites for irrigation include recreational and sreenbelt
areas as well as landscaping in commercial developments, The stormwater irrigation area
should be distinct and different from anyv areas used for wastewater effluent irrigation.
Finally, the area designated for irrization should have at least a 100-foot buffer from wells,
septic systems, and nataral wetlands,

®m Irigation Area — The irrigation rate must be low enough so that the irrization does not
produce any surface ranoff; consequently, the irmigation rate may not exceed the
permeability of the soil. The minimum required irrigation area should be calenlated using

the following formula:

_12x=F

Txr

A

where:

A = area required for irrigation (ft=)
WV = water quality volume (fi3)

T = period of active irrigation (3o hr)

r = Permeability (in /hr)

B The permeability of the scils in the area proposed for irrigation should be determined using
a double ring infiltrometer (ASTM [ 3385-94) or from county soil surveys prepared by the
Matural Fesource Conservation Service. If a range of permeabilities is reported, the average
value should be used in the calenlation. If no permeability data is available, a value of 0.1
inches (hour should be assumed.

® It should be noted that the minimum area requires intermittent irrigation over a period of
6o hours at low rates to use the entire water quality volume, This intensive frrigation mav be
harmful to vegetation that is not adapted to long perieds of wet conditions. In practice, a
much larger irrigation area will provide better use of the retained water and promote a

healthy land=cape.
]
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Parformance
This technology is still in its infancy and there are no published reports on its effectiveness, cost,
or operational requirements,

Siting Criteria
Capture of stormwater can be accomplished in almost any kind of manoff storage facility, ranzing

from dry, concrete-lined ponds to those with vegetated basins and permanent pools. Siting is
contingent upon the type of facility used.

Additional Design Guidelines

This technology is still in its infancy and there are no published reports on its effectiveness, cost,
or operational requirements,

Maintenance

Eelatively frequent inspection and maintenance is necessary to verify proper operation of these
facilities. Some maintenance concerns are specific to the tvpe or irrigation system practice used.

EMPs that store water can become a nuisance due to mosquito and other vector breeding,
Preventing mosquito access to standing water sources in EMPs (particularly below-ground) is
the best prevention plan, but can prove challenging due to multiple entrances and the need to
maintain the hydraulic intesrity of the system. Feliance on electrical pumps is prone to failare
and in some desizns (e.g., sumps, vaults) may not provide complete dewatering, both which
increase the chances of water standing for over 72 hours and becoming a breeding place for
vectors. BIMPs that hold water for over 72 hours and for rely on electrical or mechanical devices
to dewater may require routine inspections and treatments by local mosquite and vector control
agencies to suppress mosquito production. Open storage desizns such as ponds and basins (see
appropriate fact sheets) will require routine preventative maintenance plans and may also
require routine inspections and treatments by local mosquito and vector control agencies.

Cost

This technology is still in its infancy and there are no published reports on its effectiveness, cost,
or operational requirements, However, 0&M costs for retention-irrigation systems are high
compared to virtually all other stormwater qualkty control practices because of the need for: (1)
frequent inspections; (2] the reliance on mechanical equipment; and (3] power costs.

References and Sources of Additional Information
Barrett, IM.. 1999, Complying with the Edwards Aquifer Fules: Technical Guidance on Best
Management Practices, Texas Natural Fesource Conservation Commission Feport RiG-348.
http: [ fwww tnrec. state.bros fadmin topdoc 't/ 2460 /index.hitm]

Lower-Colorade River Aunthority (LCEA), 1558, Nonpoint Source Pollution Control Technical
Manual, Austin, THE.

Metzzer, M. E., I, F. Messer, C. L. Beitia, C. M. Myers, and V. L. Eramer, 200z, The dark side of
stormwater mnoff management: diseasze vectors associated with structural EMPs. Stormwater
3(2): 24-35.
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Description

Wet ponds (a.ka. stormwater ponds, retention ponds, wet extended Tusgetind Cosistiuents
detention ponds) are constructed basins that have a permanent pool Sedgiment L
of water throughout the year (or at least throughout the wet season) Nutrients A
and differ from constructed wetlands primarily in having a greater Trazn B
average depth. Ponds treat incoming stormwater runoff by settling [y -
and biological uptake. The primary removal mechanism is settling Bacteria =
as stormwater runoff resides in this pool, but pollutant uptake, B Oil and Grease =
particularly of nutrients, also occurs to some degree through ) i

biological ackvity in the pond. Wet ponds are among the most
widely used stormwater practices. While there are several different ~ L20end [Removal Efeawones)
versions of the wet pond design, the most common modification is ®  High
the extended detention wet pond, where storage is provided above
the permanent pool in order to detain stormwater runoff and
promote settling. The schematic diagram is of an on-line pond that
includes detention for larger events, but this is not required in all
areas of the state,

Low
Megium

> ®

California Experience

Caltrans constructed a wet pond in northern San Diego County (I-5
and La Costa Blvd.). Largest issues at this site were related to vector
control, vegetation management, and concem that endangered
species would become resident and hinder maintenance activities,

Advantages

s If properly designed. constructed and maintained, wet basins
can provide substantial aesthetic/recreational value and wildlife
and wetlands habitat.

= Ponds are often viewed as a public amenity when integrated into
a park setting.

_———---—————r e
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e to the presence of the permanent wet pool, properly designed and maintained wet basins
can provide significant water quakity tmprovement across a relatively broad spectrum of
constituents incloding dissolved nutrients,

Widespread application with sufficient capture volume can provide significant control of channel
erosion and enlargement cansed by changes to flow frequency relationships resulting from the
increase of fmpervious cover i a watershed.

Limitations

Some concern about safety when constructed where there is public access.
Mosquito and midze breeding is likely to occur in ponds.
Cannot be placed on steep unstable slopes.

Weed for base flow or supplemental water if water level is to be maintained.
Fequire a relatively large footprint

Depending on volume and depth, pond designs may require approval from the State Division of
Safety of Dams

Dresign and Sizing Guidelines

Capture volume determined by local requirements or sized to treat 55% of the anomal manoff
volome,

Use a draw down time of 45 bours in most areas of California. Diraww dowm times in excess of 45
hoars may result in vector breeding, and should be used only after cocrdmation with local vector
control amthorities, Diraw down times of less than 48 hours should be kmited to EMP drainage
areas with coarse soils that readily settle and to watersheds where warming may be detrimental
to downstream fisheries,

Permanent pool vohime equal to twice the water quality vohome,
Water depth mot to exceed about & fest.
Wetland vegetation occupving no more than =5% of surface area,

Include enersy dissipation i the inlet design and a sediment forebay to reduce resuspension of
acoumilated sediment and faciditate maintenance.

A maintenance amp should be meluded m the desizn to facilitate access to the forebay for
maintenance activities and for vector surveillance and contral,

To facilitate vector surveillance and control activities, road access should be provided along
at least one side of BMPs that are seven meters or less in width, Those BMPs that have
shoreline-to-shoreline distances in excess of seven meters should have perimeter road access
on both sides or be designed such that no parcel of water is greater than seven meters from
the road.
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Construction,/Inspection Considerations
s Inareas with porous soils an impermeable liner may be required to maintain an adequate
permanent pool level,

»  Cutlet strochures and piping should be installed with collars to prevent water from seeping
through the £1] and cansing sthrucharal filure,

»  Inspect facility after first large storm to determdine whether the desired residence time has been
achiesed.

Performance

The observed pollutant removal of a wet pond is kighly dependent on two factors: the volume of the
permanent pool relative to the amount of manoff from the typical event in the area and the quality of
the base flow that sustains the permanent pool. A recent study (Calirans, 2002 has doramented
that if the permanent pool is moach larger than the vohlome of runoff from an average event, then
displacement of the permanent pool by the wet weather flow is the primary process. A statistical
comparison of the wet pond discharge quality during dry and wet weather shows that they are not
significantly different. Consequently, there is a relatively constant discharge quality during storms
that is the same as the concentrations observed in the pond during ambient (dry weather)
conditions. Conssquently, for most constituents the performance of the pond is better characterized
by the average effluent concentration, rather than the “percent reduction,” which has been the
conventional measure of performance. Since the effluent quality is essentially constant, the percent
reduction observed is mainly a function of the mfluent concentrations observed at a particular site.

The dry and wet weather discharge quality is, therefore, related to the quality of the base flow that
sustains the permanent pool and of the transformations that cccar to those constituents during thedr
residence in the basin. Cme could potentially expect a wide range of effluent concentrations at
different locations even if the wet ponds were desipned according to the same guidelines, if the
quality of the base flow differed significantly, This may explain the wide range of concentration
reductions reported in various studies,

Concentrations of putrients in base flow may be substantially higher than in orhan stormweater
mnoff. Even though these concentrations may be substantially reduced during the residence time of
the base flow m the pond, when this water is displaced by wet weather flows, concentrations may still
be quite elevated compared to the levels that promoete entrophication in surface water systems,
Consequently comparing influent and effluent nutrient concentrations during wet weather can make
the performance seem highly variable,

Felatively small perenmdal flows may often substandially exceed the wet weather flow treated.
Consequently. one should also consider the load reduction observed under ambient conditions when

assessing the potential benefit to the receiving water,

Siting Criteria

Wet ponds are a widely applicable stormwater management practice and can be used over a broad
range of storm frequencies and sizes, drainage areas and land use types. Although they have limited
applicability in highly whanized settings and in arid climates, they have few other restrictions, Wet
basins may be constructed on- or off-kne and can be sited at feasible locations along established
drainage ways with consistent base flow. An off-line design is preferred, Wet basins are often
utilized in smaller sub-watersheds and are particularly appropriate in areas with residential land
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uses or other areas where hich outrient loads are considered to be potential problems (e.2., golf

COUTSES ).

Ponds do not consume a large area (fypically 2—3 percent of the contributing drainage area);
however, these facilities are generally large. Other practices, such as filters or swales, may be
"squeezed” into relatively unusable land, but ponds need a relatively large continnons area, Wet
basins are typically used in drainage basins of more than ten acres and less than one square mile
{Schueler et al., 2992). Emphasis can be placed in siting wet basins in areas where the pond can also
function as an aesthetic amenity or in conjunction with other stormwater management funchions,

Wet basin application is appropriate in the following settings: (1) where there is a need to achieve a
reasomably hizh level of dissobved contaminant remoral andfor sediment captare; (2] in small to
medinm-sized regional tributary areas with available open space and drainage areas sreater than
about 10 ha (=5 ac.); (3) where base flow rates or other channel flow sources are relatively consistent
vear-round; (4] in residential settings where aesthetic and wildlife habitat benefits can be
appreciated and maintenance activities are likely to be consistently undertaken,

Traditional wet extended detention ponds can be applied i most regions of the Undted States, with
the exception of arid climates. In arid regions, it is difficalt to justify the supplemental water neaded
to maintain a permanent pool because of the scarcity of water, Even in semié-arid Anstin, Texas, one
study found that 2.6 acre-feet per year of supplemental water was needed to maintain a permanent
pool of cnly o.29 acre-feet (Saunders and Gilrov, 1997 Seasonal wet ponds (ie., ponds that
maintain a permanent pool only during the wet season) may prove effective in areas with distinect wet
and dry seasons; however, this configuration has not been extensively evaluated,

Wet ponds may pose a risk to cold water systems because of their potential for stream warming,
When water remains in the permanent pool, it &5 heated by the sun. A study in Prince Georze's
County, Maryland, found that stormwater wet ponds heat stormwater by about o°F from the inlet to
the outlet {Zalli, 1990).

Additional Design Guidelines

Specific designs may vary considerably, depending on site constraints or preferences of the designer
or commundty, There are several variations of the wet pond design, including constructed wetlands,
and wet extended detention ponds. Some of these design alternatives are intended to make the
practice adaptable to various sites and to account for regional constraints and opportundties, In
conventional wet ponds, the open water area comprises 50% or more of the total surdface area of the
pond, The permanent pool should be no deeper than 2.5 m (2 feet] and should average 1.2 — 2m(4-6
feet) deep. The greater depth of this confisuration helps lindt the extent of the vesetation to an
aquatic bench around the perimeter of the pond with a nominal depth of about 2 foot and variable
width, Thiz shallow bench also protects the bank= from erosion. enhanees habitat and aesthetic
values, and reduces the drowning hazard,

The wet extended detention pond combines the treatment concepts of the dry extended detention
pond and the wet pond, Inthis design, the water quality volume is detained above the permanent
pool and released over 24 hours. In addition to increasing the residence time, which improves
polhatant remosal, this desizn also attenuates peak mnoff rates. Consequently, this design
alternative is recommended.
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Pretreatment incorporates design features that help to settle out coarse sediment particles, By
removing these particles from mnoff before they reach the large permanent pool, the mamtenance
burden of the pond is reduced. In ponds, pretreatment is achieved with a sediment forebay, A
sediment forebay is a small pool (typically about 10 percent of the volume of the permanent pocl).
Coarse particles remain trapped m the forebay, and maintenance is performed on this smaller poal,
eliminating the need to dredge the entire pond.

There are a variety of sizing criteria for determining the volume of the permanent pool, mosthy
related to the water quality volume (i.e., the volume of water treated for polhatant removal) or the

average storm size in a particalar area, In addition, several theoretical approaches to determdnation
of permanent pool volume have been developed. However, there is lttle empirical evidencs to
support thess desizns, Consequently, a simplifed method (1.2, permanent pool volume equal to
twice the water quality volume) is recommended.

(Other desisn features do not merease the volume of a pond, bat can increass the amount of time
stormwater remains in the device and eliminate short-cireniting, Ponds should always be designed
with a length-to-width ratio of at least 1.5:1, where feasible, In addition, the desizn should
incorporate features to lengthen the flow path through the pond, such as underwater berms designed
to create a longer route through the pond. Combinding these two measures helps ensure that the
entire pond volume is used to treat stormwater, Wet ponds with preater amounts of vesetation often
have chanmels through the vegetated areas and contain dead areas where stormwater is restricted
from meiwing with the entire permanent pool, widch can lead to less pollotant removal,

Consequently. a pond with open water comprising about 75% of the surface area is preferred.

Design features are also incorporated to ease maintenance of both the forebay and the main pool of
ponds. Ponds should be designed with a maintenance acoess to the forebay to ease this relatively
routine (every 5—7 vear] maintenance activity. In addition, ponds should generally have a drain to
draw down the pond for vegetation harvesting or the more infrequent dredging of the maim cell of the
pond.

Cold climates present many challenges to designers of wet ponds. The spring spowmelt may have a
high pollatant load and a large volume to be treated. In addition, cold winters may canse freezing of
the permanent pool or freezing at inlets and cutlets. Finally, high salt concentrations n mnoff
resulting from road salting, and sediment loads from road sanding, may impact pond vegetation as
well as reduce the storage and treatment capacity of the pond.

Ume option to deal with high pollatant loads and rnoff volumes during the spring snowmelt is the
use of a seasonally operated pond to captare snovwmelt during the winter and retain the permanent
pool during warmer seasons, In this option, proposed by Oberts (1994), the pond has two water
quakity outlets, both equipped with gate valves, In the summer, the lower outlet is closed. During
the fall and throughowut the winter, the lower outlet is opened to draw down the permanent pool. As
the spring melt begins, the lower outlet is closed to provide detention for the melt event. The
mardpulation of this system requires some labor and vigilance; a careful maintenance agreement
should be confirmed.

Several other modifications may help to improve the performance of ponds in cold climates,
Desigmers should consider planting the pond with salt-tolerant vesetation if the facility receives road
mnoff. Imorder to counteract the effects of freering on inlet and owtlet strochures, the use of inlet
and outlet stroctures that are resistant to frost, including weirs and larger diameter pipes, may be
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useful. Desigming structures on-line, with a contimuous flow of water through the pond, will also help
prevent freezing of these structures. Finally, since freezing of the permanent poc] can reduce the
effectiveness of pond systems, it is important to incorporate extended detention into the design to
retain usable treatment area above the permanent pool when it is frozen.

Summary of Design Becommendations

(1)

(@)

(4)

(s)

Facility Sizing — The basin should be sized to hold the permanent pool as well as the
required water quality volume. The volume of the permanent pocl should equal twice the
water guality vwolame,

Pond Confisuration - The wet basin should be confisured as a two stage facilty with a
sediment forebay and a maim pocl. The basins should be wedge-shaped, narrowest at the
mlet and widest at the cutlet. The mindimnm length to width ratio should be 1.5 where
feasible. The perimeter of all permanent pocl areas with depths of 4.0 feet or greater
should be swrounded by an aquatic bench, This bench should extend ivvard 5-10 fest
from the perimeter of the permanent pocl and should be no more than 18 inches below
normal depth. The area of the bench should not exceed abowut 25% of pond surface. The
depth in the center of the basin should be 4 — & feet deep to prevent vegetation from
encroaching on the pond open water surface,

Pond Side Slopes - Side slopes of the basin should be 301 (H:V) or flatter for grass

stabilized slopes. Slopes steeper than 5:1 should be stabilized with an appropriate slope
tabilization practice.

Sediment Forebay - A sediment forebay should be used to isolate gross sediments as they
enter the facility and to simplify sediment removal. The sediment forebay should consist
of a separate cell formed by an sarthen berm, gabion, or locse riprap wall. The forebay
should be sized to contain 15 to 25% of the permanent pool volume and should be at least
3 feet deep. Exit velocities from the forebay should not be erosive. Direct maintenance
access should be provided to the forebay. The bottom of the forebay may be hardened
(concrete) to make sediment removal easier. A foved vertical sediment depth marker
should be installed in the forebay to measure sediment accummlation,

Cratflow: Stractare - Figure 2 presents a schematic representation of suggested cutflow
structures, The cutlet strachure should be designed to drain the water quality volume
ower =4 hours with the orifice sized according to the equation presented in the Fxfended
Detention Basin fact sheet. The facility should have a separate drain pipe with a manual
valve that can completely or partially drain the pond for maintenanece purposes. To allow
for possible sediment accommlation, the submerzed end of the pipe should be protected,
and the drain pipe should be sized to drain the pond within 24 hoars, The valve should
be located at a point where it can be operated in a safe and convendent manner,

For on-line facilities, the principal and emerzency spillways mmst be sized to provide .o
foot of freeboard during the 25-vear event and to safely pass the 1oo-vear flood. The
embankment should be designed in accordance with all relevant specifications for small
dams,
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(6)  Spltter Box - When the pond is desisned as an off-line facility. a splitter strochure i= used
to isolate the water quality volume. The splitter box, or other flow diverting approach,
should be designed to convey the 25-vear event while providing at least 1.0 foot of
freeboard alons pond side slopes.

(%) Vegetation - & plan should be prepared that indicates how aguatic and terrestrial areas
will be vegetatively stabilized. Wetland vegetation elements should be placed along the
aquatic bench or in the shallow portions of the permanent pool, The optimal elevation for
planting of wetland vegetation is within & inches vertically of the normal pool elevation.
A list of some wetland vesetation native to Californda is presented in Table 1.
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Table 1 California Wetland Vegetation

Botanical Mame Common Name
BACCHARTS SALICTFOLLA MULE FAT
FREANEENLA GRANTIFOLLA HEATH

SALIK GOODINGTT BLACK WILLOW
SALIK LASTOLEPTS ARROYD WILLOW

SAMUCTS MEXTCANUS

MEXICAN ELDEREERRY

HAFLOPAPPUS VENETLS

COAST GOLDENBRIISH

DISTICHIS SFICATA

SALT GRASS

LIOBTI CALTFORRNICITM

COASTAL STATICE

ATRIFLEX LENTIFORMIS

COASTAL UIATL BUISH

BACCHARLS PILULARIS

CHAPARERAL BROCHM

MIMIUTLUS LONGIFLORDS

MONFEEY FLOWER

SCTEPUS CALTFORNICTS BULRIISH

SCIRPLS ROBUSTUS BULRISH

TYPEHA LATIFOLLIA BROADLEAF CATTAIL
JUHCLS ACUTUS RIUSH

Maintenance

The amount of maintenance required for a wet pond is highly dependent on local regulatory
agencies, particular health and vector control azencies. These agencies are often exdremely
concerned about the potential for mosqguito breeding that may ocour in the permanent pool. Even
though mosquito fish (Gambusia affinis) were introduced into a wet pond constrocted by Caltrans
the San DHego area, mosquito breeding was routinely observed during inspections. In addition, the
vegetation at this site became sufficiently dense on the bench around the edge of the pool that
mosquito fsh were wnable to enter this area to feed upon the mosquite lam=e. The vegetation at this
site was particalarly vigorous because of the kigh motrient concendrations in the perennial base flow
(15.5 mg/L }503-I¥) and the mild climate, which permdtted growth year round. Consequently, the
vector control agency required an annual harvest of vegetation to address this situation. This harvest
can be very expensive,

Om the other hand. rowtine harvesting may increase mrtrient removal and prevent the export of thess
constituents from dead and dyving plants falling in the water. A previous study (Faullner and
Richardsom, 199:) documented dramatic reductions in outrient removal after the first several vears
of operation and related it to the vegetation achieving a marimmm density, That content then
decreases through the growth season, as the total biomass increases. In effect. the total amount of
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mutrients/mz of wetland remains essentially the same from June through September, when the
plants start to put the P back mto the rhizomes. Therefore harvesting should ooour betvween June
and September. Besearch also suggests that harvesting only the foliage is less effective, smee a very
smiall percentaze of the removed nuttients i taken out with harvesting,

Simce wet ponds are often selected for their aesthetic considerations as well as pollotant remosal,
they are often sited in areas of high visibility, Consequently, floating litter and debris are removed
more frequently than would be required simply to support proper functioning of the pond and outlet,
This is one of the primary maintenance activities performed at the Central Market Pond located im
Anstin, Texas., In this type of setting, vegetation management in the area surrounding the pond can
also confribute substantially to the overall maintenance requirements,

Cme normally thinks of sediment remoncal as one of the typical ackivities pedformed at stormwater
EMPs, This activity does not normally constitute one of the major activities on an anoal basis, At
the concentrations of TSS observed in urban runoff from stable watersheds, sediment removal may
only be required every 2o vears or so. Because this activity is performed so infrequently, accurate
costs for this activity are lacking,

In addition to regular maintenance activities needed to maintain the function of wet ponds, some
desien features can be incorporated to ease the maintenance burden, In wet ponds, maintenance
reduction features include techniques to reduce the amount of maintenance needed, as well as
techndques to make regular maintenance activities easier.

Cme potential maintenance concern in wet ponds is clogzing of the outlet. Ponds should be desizned
with a non-clogging outlet such as a reverse-slope pipe, or a weir cutlet with a trash rack, A reverse-
slope pipe draws from belowr the permanent pool extending in a reverse angle up to the riser and
establishes the water elevation of the permanent pocl. Becanse these outlets drase water from below
the level of the permanent pool, they are less likely to be clogged by floating debris,

Typical maintenance ackivities and frequencies include:

s Schedule semdannual mspections for burmows, sediment accumulation, structural mtegrity of the
oatlet, and litter acenmmlation.

s Femove accnmmlated trash and debris in the basin at the middle and end of the wet season, The

frequency of this activity may be altered to meet specific site conditions and aesthetic
considerations,

»  Where permditted by the Department of Fish and Game or other agency regulations, stock wet
ponds,‘constracted wetlands regularly with mosquito fish (Gambusia spp.) to enhanee natural
mosquito and mddge control,

» Introduce mosquito fish and maintain vesetation to assist their movements to control
mrsquitoes, as well as to provide access for vector inspectors, An annual vegetation harvest in
summer appears to be optimmm, in that it is after the bird breeding season, mosquito fish can
provide the needed comdrol until vesetation reaches late summer density, and there is Eme for re-
erowih for mnoff treatment purposes before the wet season. In certain cases, more frequent
plant barvesting may be requited by local vector control agencies.
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s Maintain emergent and perimeter shoreline vegetation as well as site and road access to facilitate
vector surveillance and contral activities,

s Bemeve accummlated sediment in the forebay and regrade about every 5-7 vears or when the
acoumulated sediment volume exceeds 10 percent of the basin volume. Sediment removal may
not be required in the main pool area for as long as oo vears,

Cost

Construction Cost

Wet ponds can be relatively inexpensive stormwater practices; however, the constraction costs
associated with these facilities vary considerably. 2 uch of this variability can be atiributed to the
degres to which the existing topography will support a wet pond, the complexity and amoumnt of
concrete required for the outlet strocture, and whether it is mstalled as part of new construction or
implemented as a retrofit of existing storm drain system.

A recent study (Brown and Schuaeler, 1997) estimated the cost of a variety of stormmwrater
management practices, The shudy resulted in the following cost equation, adusting for inflation:

C = 2. 5v0004
where:

C = Construction, desizn and permdtting cost;
V = Volume in the pond to include the 1o-vear storm (#3).
Using this equation, typical construction costs are:
$45.700 for a 1 acre-foot facility
S232,000 for a 10 acre-foot facility
S4,a70.000 for a 100 acre-foot faciliy

In contrast, Caltrans (2o002) reported spending over 5445,000 for a pond with a total permanent
pool phis water quality volome of enby 1036 md (0.8 ac.-ft.), while the City of Anstin spent $584.000
(incloding design) for a pond with a permanent pool volume of 3,100 m? (2.5 ac-t). The larze
discrepancies between the costs of these actual facilities and the model developed by Emwnau-d
Scheler indicate that construction costs are highly site specific, depending on topography, soils,
subsurface conditions, the local labor, rate and other considerations,

Muointenance Cost

For ponds, the annual cost of routine maintenanee has typically been estimated at about 5 to 5
percent of the construction cost; however, the published literature is almost totally devoid of actaal
maintenance costs, Since ponds are long-lived facilities (hypically longer than o vears), major
maintenance activities are unlikely to comr during a relatively short study.

Caltrans (zo02) estimated annual maimtenance costs of 317,000 based on three vears of mondtoring
of a pond freating ronoff from 1.7 ha, Almost all the activities are associated with the annual
vegetation harvest for vector comirol. Total cost at this site falls within the 3-5% range reported
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above; however, the construction costs were much higher than those estimated by Brown and
Schmeler (1597). The City of Anstin has been reimbursing a developer about $235,00031 for wet pond
maintenance at a site located at a very visible location. Mamtenance costs are mamly the result of
vegetation manasement and litter removal. Cn the other hand, Fing County estimates annual
maintenance costs at about $2.000 per pond; howewer, this cost likely does not include annual
extensive vegetation removal. Consequently, maintenance costs may vary considerably at sites in
California depending on the apsressiveness of the vegetation manazement in that area and the
frequency of ltter removal.
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Design Considerations

B Area Requinsd

B Siope

W Water Availability

B Aesingstics

W Emdirsnmental Side-sfecs

Description
Constructed wetlands are constructed basins that have a Targeted Constituents

permanent pool of water throughout the vear (or at least
thronghout the wet seazon] and differ from wet ponds primarily
in being shallower and having greater vegetation coverage. The
schematic diagram is of an on-line pond that includes detention
for larger events, but this is not required in all areas of the state,

Sadiment
Mutrignts
Trash
Mei@ls
Bacieria
A distinction should be made between using a constructed Ol ana Grease
wetland for storm water management and diverting storm water
into a natural wetland. The latter practics is not recommended
and in all circumstaneces. natural wetlands shouald be protected )
from the adverse effects of development, including impacts from . Lo " Hign
increased storm water ronoff. This is especially important A Medium

becansze natural wetlands provide storm water and flood contraol

benefit= on a regional =cale,

EEEEEE R

HE H EE EF+ B

Wetlands are among the most effective stormwater practices in
terms of pollutant removal amd they also offer assthetic value, As
stormwater ranoff flows through the wetland, pollotant remeral
is achieved through settling and biological uptake within the
wetland. Flow through the root systems forces the vegetation to
remove nutrients and dissolved pollutants from the stormwater.

California Experience

The City of Laguna Nizuel in Orange County has constructed
several wetlands, primarily to reduce bacteria concentrations in
dry weather flows, The wetlands have been very successful in this
regard. Even though there is not enouzh perenmial flow to
maintain the permanent pool at a constant elevation, the wetland
vegetation has thrived.
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Advantages

If properly designed, constructed and maintained, wet basins can provide substantial
wildlife and wetlands habitat.

Due to the presence of the permanent wet pool, properly desizned and maintained wet
basinz can provide significant water quality improvement across a relatively broad spectrom

of constituents including dizsobved nutrients,

Widespread application with sufficient capture volume can provide significant control of
channe] eroszion and enlargement caused by changes to flow frequency relationships
resulting from the increase of impervions cover in a watershed.

Limitations

There may be zome aesthetic concerns about a facility that looks swampy,
Some concern about safety when constructed where there iz public access.
Mosquito and midge breeding is likely to orcur in wetlands,

Cannot be placed on steep unstable slopes.

Weed for base flow or supplemental water if water level iz to be maintained.
Fequire a relatively large footprint

Depending on volome and depth, pond designs may require approval from the State
Division of Safety of Dams

Design and Sizing Guidelines

Capture volume determined by local requirements or sized to treat 85% of the annual manoff
volume.

Outlet designed to discharge the capture volume over a period of 24 hours.,
Permanent pool volume equal to twice the water quality volume.

Water depth not to excesd about 4 feet,

Wetland vezetation oconpying no more than 50% of surface area.

Include energy dissipation in the inlet design and a sediment forebay to reduce resuspension
of accumulated sediment and facilitate maintenance.

A maintenancs ramp should be included in the design to facilitate aceess to the forebay for
maintenance activities and for vector surveillance and control.

To facilitate vector surveillance and control activities, road access should be provided
along at least one side of BMPs that are seven meters  or less in width, Those BMPs that
have shoreline-to-shoreline distances in excess of seven meters should have perimeter road
access on both sides or be designed such that no parcel of water is greater than seven
meters  from the road.
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Construction /Inspection Considerations
B In areas with porous soils an impermeable liner may be required to maintain an adequate
permanent pool level,

®  Outlet structures and piping should be installed with collars to prevent water from seeping
through the fill and causing structural failare.

®  Inspect facility after first large storm to determine whether the desired residence time has
been achieved.

Parformance

The processes that impact the performance of constructed wetlands are essentially the zame as
those operating in wet ponds and similar pollotant reduction would be expected. One concern
about the long-term performance of wetlands is associated with the vegetation density. If
vegetation covers the majority of the facility, open water iz confined to a few well defined
channels. This can limit mixing of the stormwater runoff with the permanent pool and reduce
the effectiveness as compared to a wet pond where a majority of the area is open water.

Siting Criteria

Wet ponds are a widely applicable stormwater management practice and can be used over a
broad range of storm frequencies and sizes, drainage areas and land use types. Although they
have limited applicability in highly urbanized settings and in arid climates, they have few other
restrictions. Constructed wetlands mav be constructed on- or off-line and can be sited at feasible
locations along establizshed drainage ways with consistent base flow. An off-line desizn is
preferred. Constructed wetlands are often utilized in smaller sub-watersheds and are
particularly appropriate in areas with residential land uses or other areas where high nutrient
loads are considered to be potential problems (e.g., golf conrszes).

Wetland: generally consume a fairly large area (typically 4-6 percent of the contributing
drainage area), and these facilities are generally larger than wet ponds because the average
depth iz less,

Wet basin application is appropriate in the following setting=: (1) where there is a need to
achieve a reazonably high level of dissolved contaminant removal and /or sediment captare; (2]
in small to medium-sized regional tributary areas with available open space and drainage areas
greater than about 10 ha (25 ac.); (3] where base flow rates or other channel flow sources are
relatively consistent vear-round; (4) in settings where wildlife habitat benefits can be
appreciated.

Additional Design Guidalinas

Constructed wetlands generally feature relatively nniformly vegetated areas with depths of one
foot or less and open water areas (25-50% of the total area) no more than about 1.2 m (4 feet)
deep, although desizn confipuration options are relatively flexible, Wetland vegetation is
comprized generally of a diverse, local aguatic plant species. Constructed wetlands can be
designed on-line or off-line and generally serve relatively smaller drainage areas than wet
ponds, although because of the shallow depths, the footprint of the facility will be larger than a

wet pond serving the same tributary area.
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The extended detention shallow wetland combines the treatment concepts of the dry extended
detention pond and the constructed wetland. In this design. the water quality volume is
detained abowve the permanent pool and releazed over 24 hours, In addition to increasing the
residence time, which improves pollotant removal, this design also attennates peak munoff rates.
Consequently, thiz desizn alternative iz recommended.

Pretreatment incorporates design features that help to settle out coarse sediment particles. By
removing these particles from mneff before they reach the large permanent pocl, the
maintenance burden of the pond is reduced. In ponds, pretreatment is achieved with a sediment
forebay. A sediment forebay is a small pool (typically about 20 percent of the volaome of the
permanent pool). Coarse particles remain trapped in the forebay, and maintenance is
performed on thiz smaller pool, eliminating the need to dredge the entire pond.

Effective wetland design displays "complex microtopography.” In other words, wetlands should
have zones of both very shallow (<6 inches) and moderately shallow (<18 inches) wetlands
incorporated, using underwater earth berms to create the zones, This design will provide a
longer flow path through the wetland to encourage settling, and it provides two depth zones to

encourage plant diversity.

There are a variety of sizing eriteria for determining the volume of the permanent pool, mosthy
related to the water quality volume (i.e., the volume of water treated for pollutant removal) or
the average storm size in a particular area. In addition, several thecretical approaches to
determination of permanent pool volume have been developed. However, there is little
empirical evidence to support these desipns, Conseguently, a simplified methed (i.e.,
permanent pool volume equal to terice the water guality volume) is recommended.

Design features are also incorporated to ease maintenance of both the forebay and the main pool
of ponds. Ponds should be desipned with a maintenance aceess to the forebay to ease this
relatively routine (every 5—7 vear) maintenance activity, In addition, ponds should gensrally
have a drain to draw down the pond for vegetation harvesting or the more infrequent dredging
of the main cell of the pond.

Sumimary of Design Recommendations
(1) Facility Sizing — The basin should be sized to hold the permanent pool as well as the

required water gquality volume. The volume of the permanent pool should equal
twice the water gquality volume.

(=) Pond Confipuration - The wet basin should be confizured as a two stape facility with
a sediment forebay and a main pool. The basins should be wedge-chaped, narrowest
at the inlet and widest at the outlet. The minimum length to width ratio should be
1.5 where feasible. The depth in the center of the basin should be about 4 feet deep to
prevent vegetation from encroaching on the pond open water surface.

(2] Pond Side Slopes - Side slopes of the basin should be 3:1 (H:V) or flatter for grass
stabilized slopes. Slopes steeper than 5:1 should be stabilized with an appropriate
slope stabilization practice.

(4] Sediment Forebay - A sediment forebav should be used to izolate gross sediments as
they enter the facility and to simplify sediment removal. The sediment forebay
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should consist of a separate cell formed by an earthen berm, gabion, or loose mprap
wall. The forebay should be sized to contain 15 to 25% of the permanent pool volume
and should be at least 5 feet deep. Exit velocities from the forebay should not be
erosive. Direct maintenance access should be provided to the forebay. The bottom of
the forebay may be hardened (concrete] to make sediment removal easier. 4 fived
vertical sediment depth marker should be installed in the forebay to measzure

sediment accomulation.

(5) Splitter Box - When the pond is designed as an off-line facility, a splitter structure is
used to isolate the water quality volume. The splitter box, or other flow diverting
approach, should be designed to convey the 25-vear event while providing at least 1.0
foot of freeboard along pond =ide slopes=.

(6]  Vegetation - A plan should be prepared that indicates how aguatic and terrestrial
areas will be vegetatively stabilized. Wetland vegetation elements should be placed
along the aquatic bench or in the shallow portions of the permanent pool. The
optimal elevation for planting of wetland vegetation is within 6 inches vertically of
the normal pool elevation. A list of some wetland vegetation native to Californda is
presented in the wet pond fact sheet.

Maintenance

The amount of maintenance required for a constrocted wetland is highly dependent on local
regulatory agencies, particular health and vector control agencies. These agencies are often
extremely concerned about the potential for mosquito breeding that may ocear in the
permanent poaol.

Foutine harvesting of vegetation may increase nuirient removal and prevent the export of thesa
constiments from dead and dying plants falling in the water, A previous study (Fanlkner and
Richardson, igg1) documented dramatic reductions in nutrient removal after the first several
vears of operation and related it to the vegetation achieving a maximum density. Vegstation
harvesting in the summer is recommendad.

Typical maintenance activities and frequencies include:

®  Schedule semiannual inspections for burrows, sediment accumulation, structural integrity of
the outlet, and litter accoumulation.

®  Femove accumulated trash and debris in the basin at the middle and end of the wet seazon.

The frequency of this activity may be altered to meet specific site conditions and aesthetic
considerations,

®  Where permitted by the Department of Fish and Game or other agency regulations, stock
wet ponds/constructed wetlands regularly with mosquite fish (Gambusia spp.) to enhance
natural mosquito and midge control.

® Introduce mosguito fish and maintain vesetation to assist their movements to control
mosquitoes, as well as to provide aceess for vector inspectors. An annual vegetation harvest
in summer appears to be optimum, in that it is after the bird breeding season, mosquito fish
can provide the needed control until vepetation reaches late summer density, and there is
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time for re-growth for mnoff treatment purposes before the wet season. In certain cases,
more frequent plant harvesting may be required by local vector control agencies.

® IMaintain emergent and perimeter shoreline vegetation as well as site and road access to
facilitate vector surveillance and control activities.

®  Eemove accumulated sediment in the forebay and regrade about every 5-7 years or when the
accumulated sediment volome exceeds 10 percent of the basin volume, Sediment removal

may not be required in the main pool area for as long as zo vears.

Cost
Construction Cost

Wetlands are relatively inexpensive storm water practices, Construction cost data for wetlands
are rare, but one simplifving assumption is that they are typically about 25 percent more
expensive than storm water ponds of an equivalent volume. Using this assumption, an equation
developed by Brown and Schueler (1997) to estimate the cost of wet ponds can be modified to
estimate the cost of storm water wetlands using the squation:

C = 3o.6Vo705
where!
C = Construction, design, and permitting cost;
V = Wetland volume needed to control the 1o-vear storm (ft3].
Uszing this squation, typical construoction costs are the following:
% s7i00 for a 1 acre-foot facility
% z8g,000 for a 10 acre-foot facility
% 1.4vo0,000 for a 100 acre-foot facility

Wetlands consume about 5 to 5 percent of the land that drains to them, which i= relatively hish
compared with other storm water management practices. In arsas where land valuoe is high. this
may make wetlands an infeasible option.

Maintenance Cost

For ponds, the annual cost of routine maintenance has typically been estimated at about 3to 5
percent of the construction cost; however, the published literature i= almost totally devoid of
actual maintenance costs. Since ponds are long-lived facilities (typically longer than zo vears],
major maintenance activities are unlikely to occur during a relatively short study.

References and Sources of Additional Information
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Design Considerations
W Tributary Area
W Area Required
8 Hydraulic Head

Description
Dry extended detention ponds (a.k.a. dry ponds, extended Targeted Constituents

detention basins, detention ponds. extended detention ponds)

are basins whose outlets have been designed to detain the Sedllmem A
stormwater ranoff from a water quality design storm for some Nutnents .
minimum time (e.g., 48 hours) to allow particles and associated Trash -
pollutants to settle, Unlike wet ponds, these facilities do not have Meta's A
a large permanent pool. They can also be used to provide flood Bacteria A
control by including additional flood detention storage. Oil and Grease A
California Experience o«gamcsu A
Caltrans constructed and monitored 5 extended detention basins Sowl " Ew

in southern California with design drain times of 72 hours. Four ~ ® Low = Hgh

of the basins were earthen, less costly and had substantially A Medium

better load reduction because of infiltration that occurred, than
the concrete basin, The Caltrans study reaffirmed the flexibility
and performance of this conventional technology. The small
headloss and few siting constraints suggest that these devices are
one of the most applicable technologies for stormwater
treatment.

Advantages
®  Due to the simplicity of design, extended detention basins are
relatively easy and inexpensive to construct and operate,

®  Extended detention basins can provide substantial capture of
sediment and the toxics fraction associated with particulates.

®  Widespread application with sufficient capture volume can
provide significant control of channel erosion and
enlargement caused by changes to flow frequency
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relationships resulting from the increase of impervious cover in a watershed.

Limitations

Limitation of the diameter of the orifice may not allow use of extended detention in
watersheds of lezs than 5 acres (would require an orifice with a diameter of less than o.5
inches that would be prone to clogging].

Dry extended detention ponds have only moderate pollutant removal when compared to
some other strucharal stormwater practices, and they are relatively ineffective at removing
soluble pollutants,

Although wet ponds can increase property values, dry ponds can actually detract from the
value of a home due to the adverse aesthetics of dry. bare areas and inlet and outlet
stractares,

Design and Sizing Guidelines

Capture volume determined by local requirements or sized to treat 85% of the annual mnoff
volume.

Outlet designed to discharge the capture volume over a period of hours.
Length to width ratio of at least 1.5:2 where feasible,
Easin depths optimally range from = to 5 feet.

Include energy dissipation in the inlet design to reduce resuzpension of accumulated
sediment.

A maintenance ramp and perimeter access should be included in the dezign to facilitate
access to the basin for maintenance activities and for vector surveillance and control.

Use a draw down time of 45 hours in most areas of California. Draw down times in excess of
48 hours may result in vector breeding, and should be used only after coordination with
local vector control authorities. Draw down times of less than 48 hours should be limited to
EMF drainage areas with coarse seils that readily settle and to watersheds where warming
may be determined to downstream ficheries.

Construction/Inspection Considerations

B Inspect facility after first large to storm to determine whether the deszired residence time has
been achieved.

®  When constructed with small tributary area, orifice sizing is critical and inspection should
verify that flow through additional openings such as bolt holez does not oceur,

Performance

One objective of stormwater management practices can be to reduce the flood hazard associated
with large storm events by reducing the peak flow associated with these storms. Dry extended
detention basins can easily be designed for flood control, and this is actually the primary
purpose of most detention ponds.,

2of 10 Calfornila Stormwater BMP Handbaok January 2003
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Dry extended detention basins provide moderate pollutant removal, provided that the
recommended desizn features are incorporated. Although they can be effective at removing
some pollutants through settling, they are less effective at removing soluble pollutants becansze
of the absence of a permanent pool. Several studies are available on the effectivensss of dry
extended detention ponds including one recently concluded by Caltrans (zoo2).

The load reduction iz greater than the concentration reduction becanse of the substantial
infiliration that cccurs, Although the infiliration of stormwater is clearly beneficial to surface
receiving waters, there iz the potential for groundwater contamination. Previous research on the
effects of incidental infiltration on groundwater quality indicated that the risk of contamination
is minimal.

There were substantial differences in the amount of infiliration that were observed in the
earthen bazins during the Calirans study. On average, approximately 40 percent of the runoff
entering the unlined basins infilirated and was not discharred. The percentage ranged from a
high of about 6o percent to a low of only about & percent for the different facilities. Climatic
conditions and local water table elevation are likely the principal canses of this difference. The
least infikration occurred at a site located on the coast where humidity is higher and the basin
invert i within a few meters of sea level. Conversaly, the most infiltration oceurred at a facility
located well inland in Los Angeles County where the climate i= much warmer and the humidity
iz less, resulting in lower soil moistare content in the basin floor at the berinning of storms,

Vegetated detention basins appear to have greater pollutant removal than concerete basins, In
the Calirans study, the conerete basin exported sediment and associated pollutants during a
number of storms. Export was not as common in the earthen basins, where the vegetation
appeared to help stabilize the retained sediment.

Siting Criteria

Dy extended detention ponds are among the most widely applicable stormwater management
practices and are especially useful in retrofit situations where their low hydraulic head
requirements allow them to be sited within the constraints of the exizsting storm drain system. In
addition, many communities have detention basins desizned for flood control. It is possible to
modify these facilities to incorporate features that provide water quality treatment and/or
channel protection. Although dry extended detention ponds can be applied rather broadly,
dezigners need to ensure that they are feazible at the site in question. This section provides
basic gnidelines for siting dry extended detention ponds.

In general, dry extended detention ponds should be nzed on sites with a minimum area of 5
acres. With this size catchment area, the orifice zize can be on the order of 0.5 inches, On
smaller sites, it can be challenging to provide channel or water quality control becanse the
orifice diameter at the outlet needed to control relatively small storms becomes very small and
thus prone to clogring. In addition, it is generally more cost-effective to control larger drainage
areas due to the economies of scale.

Extended detention basins can be used with almost all sodils and zeclogy, with minor design
adjustments for regions of rapidly percolating soils such as =and. In these areas, extended
detention ponds may need an impermeable liner to prevent ground water contamination.
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The base of the extended detention facility should not intersect the water table. & permanently
wet bottom may become a mosquito breeding sround. Research in Southwest Florida (Santana
et al., 1994) demonstrated that intermittently flooded systems, such as dry extended detention
ponds, produce more mosquitoes than other pond systems, particularly when the facilities
remained wet for more than 3 days following heasv rainfall.

A study in Prince George's County, Maryland, found that stormwater management practices can
increase stream temperatures (Galli; 1990). Owverall, dry extended detention ponds increased
temperature by about 5°F. In cold water streams, dry ponds should be designed to detain
stormwater for a relatively short time (i.e., 24 hours) to minimire the amount of warming that
occurs in the basin.

Additional Design Guidelines

In order to enhance the effectiveness of extended detention basins, the dimensions of the basin
minst be sized appropriately. Merely providing the required storage volume will not ensure
maximum conpstitnent removal. By effectively confisuring the basin, the desizner will create a
long flow path, promote the establishment of low velocities, and avedd having stagnant areas of
the basin. To promote settling and to attain an appealing environment, the design of the basin
should eonsider the length to width ratio, cross-sectional areas, basin slopes and pond
confisuration, and aesthetics (Young et al., 1996).

Energy dissipation structures should be included for the basin inlet to prevent resuspension of
accumulated sediment, The nse of stilling basins for this purpoze should be avoided becaunze the

standing water provides a breeding area for mosquitoes.

Extended detention facilities should be sized to completely capture the water quality volume, A
micropoo] is often recommended for inclusion in the design and one i= shown in the schematic
diagram. These small permanent pools greatly increase the potential for mesgquito breeding and
complicate maintenance activities: consequently. they are not recommended for use in
California.

A larse aspect ratio may improve the performance of detention basins; conssquently, the outlets
should be placed to maximize the flowpath through the facility. The ratio of flowpath length to
width from the inlet to the cutlet
should be at least 1.5:1 (L:W)
where feasible. Basin depths
optimally range from = to 5 feet.

e

The facility's drawdown time
should be regulated by an crifice
or weil. In general, the outflow
structure should have a trash
rack or other acceptable means

of preventing clogring at the
entrance to the outflow pipes.
The outlet desizn implemented
by Caltrans in the facilities
constructed in San Diego County Figure 1
nsed et ri ith orifi

AR CUESL TS with orhiees Example of Extended Detention Outlet Structure
|
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sized to discharge the water quality volume, and the riser overflow height was sst to the design
storm elevation. A stainless steel screen was placed arcund the outlet riser to ensure that the
orifices would not become clogged with debris. Sites either used a separate riser or broad crested
wieir for overflow of mnoff for the 25 and greater year storms. A pictare of a typical outlet i=
presented in Fizure 1.

The cutflow structure should be sized to allow for complete drawdown of the water quality
volume in 72 hours. Mo more than 50% of the water quality volume should drain from the
facility within the first 24 hours, The outflow strocture can be fitted with a valve so that
discharge from the basin can be halted in case of an accidental spill in the watershed.

Summary of Design Recommendations

Facility Sizing - The required water quality volume is determined by local regulations
or the basin should be sized to capture and treat 85% of the annual rmnoff velome.
See Section 5.5.1 of the handbook for a dizeussion of volome-based desizn,

Basin Confizuration — A high aspect ratio may improve the performance of detention
basins: consequently, the outlets should be placed to maximize the flowpath through
the facility, The ratio of flowpath length to width from the inlet to the ontlet should
be at least 1.5:4 (L:W). The flowpath length i= defined as the distance from the inlet
to the outlet as measured at the surface. The width is defined as the mean width of
the basin. Basin depths optimally ranze from = to 5 feet. The basin may include a
sediment forebay to provide the opportunity for larger particles to settle out.

A micropool should not be incorporated in the design becanse of vector comcerns, For
online facilities, the principal and emergency spillways must be sized to provide 1.0
foot of fresboard during the o5-vear event and to safely pass the flow from ioo-ypear
shorm.

Pond Side Slopes - Side slopes of the pond should be 3:4 (H:V) or flatter for zrass
stabilized slopes. Slopes steeper than 3:1 (H:¥) must be stabilized with an
appropriate slope stabilization practice,

Basin Lining — Basins must be constracted to prevent possible contamination of
groundwater below the facility.

Basin Inlet — Energy dissipation is required at the basin inlet to reduce resuspension
of accumulated sediment and to reduce the tendency for short-circniting.

Outflow Structure - The facility's drawdown time should be regulated by a gate valve
or orifice plate. In general, the outflow strocture should have a trash rack or other
acceptable means of preventing clogring at the entrance to the outflow pipes.

The outflow structure should be sized to allow for complete drawdown of the water
guality volume in 72 hours. No more than 50% of the water quality volume should
drain from the facility within the first 24 hours. The outflow structure should be
fitted with a valve so that discharge from the basin can be halted in case of an
accidental spill in the watershed. This same valve also can be used to regulate the
rate of discharge from the basin.
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The dizcharze through a control orifice is calenlated from:
Q = CAl2g(H-H,))>s

where: Q = discharge (ft3/s)
C = orifice coefficient
A = area of the orifice (ft¥)
g = gravitational constant (32.2)
H = water surface elevation (ft)
H,= orifice elevation (ft)

Fecommended values for C are 0.66 for thin materials and o.50 when the material iz
thicker than the orifice diameter. This equation can be implemented in spreadzheet
form with the pond stage volume relationship to caleulate drain time. To do this, nse
the initial height of the water above the orifice for the water quality volume, Caleulate
the discharze and assume that it remains constant for approximately 10 minntes,
Based on that discharze, estimate the total discharge during that interval and the
new elevation based on the stage volume relationship. Continue to iterate until H iz
approximately equal to H,. When using multipls orifices the discharge from each is
summed,

)] Splitter Box - When the pond is desizned as an offline facility, a splitter structure is
uzed to isolate the water gquality volume, The splitter box, or other flow diverting
approach, should be designed to convey the o5-vear storm event while providing at
least 1.0 foot of freeboard along pond =ide slopes.

(7] Erosion Protection at the Outfall - For online facilities, special consideration should
be given to the facility’s outfall location, Flared pipe end sections that discharge at or
near the stream invert are preferred. The channel immediately below the pond
outfall should be modified to conform to natural dimensions, and lined with larze
stone riprap placed over filter cloth. Enersy dissipation may be required to reduce
flow veloeities from the primary spillway to non-erozive velocities,

(8] Safety Conziderations - Safety is provided either by fencing of the facility or by
managing the contours of the pond to eliminate dropeffs and other hazards, Earthen
side slopes should not exceed 3:1 (H:V) and should terminate on a flat safety bench
area. Landscaping can be used to impede access to the facility. The primary spillway
opening must not permit access by small children. Outfall pipes above 45 inches in
diameter shonld be fenced.

Maintenance

Foutine maintenance activity is often thought to consist mostly of sediment and trash and
debris removal; however, theze activities often constitute only a small fraction of the
maintenance hours, During a recent study by Caltrans, 72 hours of maintenance was performed
anmually, but only a Little over 7 hours was spent on sediment and trash removal. The larzest
recurring activity was vegetation management, routine mowing, The larzest absolote number of
hours was associated with vector control becanse of meosquito breeding that occurred in the
stilling basins (example of standing water to be avoided) installed as energy dissipaters. In most
cases, basic housekeeping practices such as removal of debris aceumulations and vegetation
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management to ensure that the basin dewaters completely in 48-72 hours is sufficient to prevent
creating mosquito and other vector habitats.

Consequently, maintenance costs should be estimated baszed primarily on the mowing frequency
and the time required. Mowing should be done at least annually to avoid establishment of
woody vegetation, but may need to be performed much more frequently if aesthetics are an
important consideration.

Typical activities and frequencies include:

®  Schedule semiannual inspection for the beginning and end of the wet season for standing
water, slope stability, sediment acenmulation, trash and debris, and presence of burrows,

®  Eemove accumulated trazh and debris in the basin and around the rissr pipe during the
semiannual inspections. The frequency of thiz activity may be altered to meet spacific site
conditions,

®  Trim vegetation at the beginning and end of the wet seazon and inspect monthly to prevent
establishment of woody vezetation and for aesthetic and wector reasons,

B  Eemove accumulated sediment and re-grade about every 10 vears or when the accumulated
sediment volume exceeds 1o percent of the basin volume, Inspect the basin each vear for
accumulated zediment volome.

Cost

Construction Cost

The construction costs associated with extended detention basins vary considerably. One recent
study evaluated the cost of all pond sy=tems [Erown and Schueler, 1gg7), Adjusting for
inflation, the cost of dry extended detention ponds can be estimated with the squation:

C = 12,4 VO-750

where: C = Construction, design, and permitting cost, and
¥V = Volume (ft=).

Uszing thiz sguation, typical constroction costs are:
$ 41,600 for a 1 acre-foot pond

% 239,000 for a 10 acre-foot pond

% 1,380,000 for a 100 acre-foot pond

Interestingly, these costs are generally slightly higher than the predicted cost of wet ponds
(according to Erown and Schueler, 1997) on a cost per total volume basis, which highlights the
difficulty of developing reasonably accurate construction estimates. In addition, a typical facility
constructed by Caltrans cost about 160,000 with a capture volume of only 0.3 ac-ft.

An eponomic concern associated with dry ponds is that they might detract slightly from the
valoe of adjacent properties. One study found that dry ponds can actually detract from the
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perceived value of homes adjacent to a dry pond by between 3 and 10 percent (Emmerling-
Dinovo, 1995 ).

Maintenance Cost

For ponds, the annual cost of routine maintenance is typically estimated at about 3 to 5 percent
of the construction cost (EPA website), Alternatively, a community can estimate the cost of the
maintenance activities outlined in the maintenance section. Table 1 prezents the maintenance
costs estimated by Caltrans based on their experience with five basins located in southern
California. Again, it should be emphasized that the vast majority of hours are related to
vegetation management (mowing),

Table 1 Estimated Average Annual Maintenance Effort

Activity Lahar Hours m:‘;tﬁﬁf Cosl
Inspections 4 - 183
Maintenance 4 3 2382
Vector Comtrol [ [ [1]
Adlministration 3 [ 132
Materials - na5 535
Tastal 56 668 3132

Referances and Sources of Additional Information

Erown, W., and T. Schueler. igg7. The Economics of Stormuvater BMPs in the Mid-Arlantic
Eegion. Prepared for Chesapeake Fesearch Consortium. Edgewater, M D. Center for Watershed
Protection. Ellicott City, MDD,

Denver Urban Drainage and Flood Control District. 1992, Urban Storm Drainage Criteria
Manual—Volume 3: Best Management Practices. Denver, CO.

Emmerling-Dinovo, C. 1995. Stormwater Detention Basins and Fesidential Locational
Decisions. Water Resources Bulletin 21{3): 515—521

Galli, J. 1gg0. Thermal Impacts Associated with Urbanization and Stormeerater Management
Best Management Practices, Metropolitan Washinston Couneil of Governments. Prepared for
Maryland Department of the Environment, Baltimore, MD,

GEY, 198g, Outler Hydraulics of Extended Detention Facilities for the Northern Virgimia
Planning District Commission.

MacRae, C. 1956, Experience from Morphological Research on Canadian Streams: Is Contral of
the Two-Year Frequency Bunoff Event the Best Basis for Stream Channel Protection? In Effects
of Watershed Development and Management on Aquatic Ecosystems, American Society of
Civil Engineers. Edited by L. Roesner. Snowbird, UT. pp. 144—162.
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Maryland Dept of the Environment, 2000, Maryvland Stormwater Desizn Manual: Volumes 1 &
=, prepared by M DE and Center for Watershed Protection.
http: [ www.mde.state.md.us  environment 'wma | stormwatermanual /index. him]

Metzzer, M. E., [, F. Messer, C. L. Beitia, C. M. *yers, and V. L. Eramer. 2002, The Dark Side
Of Stormwater Runoff Management: Disease Vectors Associated With Stroctural BMPs.
Stormwater 3(=z): 24-39.

Santana, F., J. Wood, F. Parsons, and 5. Chamberlain, 1954, Control of Mosquito Breeding in
Permitted Stormwater Svstems. Prepared for Southwest Florida Water Management District,
Brooksville, FL.

Schueler, T. 1997, Influence of Ground Water on Performance of Stormwater Fonds in Florida,
Watershed Protection Techniques 2(4):525—528.

Watershed Management Institute (WHI). 1997, Operation, Maintenance, and Management of
Srormwater Management Systems, Prepared for 1.5, Environmental Protection Agency, Office
of Water. Washington, DC.

Young, G.E., et al., 1996, Evaluation and Management of Highway Bunoff Warter Qualiry,
Publication Mo, FHWA-PD-gb-032, U.5. Department of Transportation, Federal Highway
Administration, Office of Environment and Planning,

Information Resources

Center for Watershed Protection (CWF), Environmental Quality Resources, and Lojederman
Associates, 1gg7, Maryland Stormupater Design Manual. Draft, Prepared for Maryland
Department of the Environment, BEaltimore, MDD,

Center for Watershed Protection (CWF). 1997. Stormuwater BMFP Design Supplement for Cold
Climates. Prepared for U.5. Environmental Protection Agency, Office of Wetlands, Oceans and
Watersheds, Washington, D¥C.

.5, Environmental Protection Agency (USEPA). 1993, Guidance Specifying Management
Measures for Sources of Nonpoint Pollution in Coastal Waters, EPA-840-B-gz-poz2, 1.5,
Environmental Protection Azency, Office of Water, Washington, DC.
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Design Considerations

= Tributary Ares

= Area Required

= Siope

= Water Awaiability

Description

Vegetated swales are open, shallow channels with vegetation
covering the side slopes and bottom that collect and slowly
convey runoff flow to downstream discharge points. They are
designed to treat runoff through filtering by the vegetation in the
channel, filtering through a subsoil matrix, and/or infiltration
into the underlying soils. Swales can be natural or manmade.
They trap particulate pollutants (suspended solids and trace
metals), promote infiltration, and reduce the flow velocity of
stormwater runoff, Vegetated swales can serve as part of a
stormwater drainage system and can replace curbs, gutters and
storm sewer systems.

Targeted Constituents
Sediment

Nuwients

Trash

Metais

Baciena

Ol ang Grease

Organics

|

N RAAA
T

i
i
3

m High

>
]
5

California Experience

Caltrans constructed and monitored six vegetated swales in
southern California. These swales were generally effective in
reducing the volume and mass of pollutants in runcff. 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
significant collateral water quality benefits,
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» Foadside ditches should be regarded as significant potential swale buffer strip sites and
should be utilized for this purpose whenever possible.

Limitations

s Can be difficult to avoid channelization,
s May not be appropriate for industrial sites or locations where spills may ocear

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

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

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

s 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 properly maintained than other treatment
EMP=.

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

»  Swale should be designed so that the water level does not excesd 2 /grds the height of the
grass of 4 inches, which ever is less, at the desizn treatment rate,

s Longitudinal slopes should not exceed 2.5%

» Trapezoidal channels are pormally recommended bat other confipurations, such as
parabolic, can also provide substantial water quality improvement and may be sasier to mow
than designs with sharp breaks in slope.

s 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 constracted of
fill, which are prone to stractural damage by gophers and other burmowing animals.

s A diverse selection of low growing. plants that thrive under the specific site, climatic, and
watering conditions should be specified. Vegetation whose prowing season corresponds to
the wet season are preferred. Drousht tolerant vesetation should be considered especially
for swales that are not part of a regularly irrigated landscaped area.

s Thewidth of the swale should be determined using Manning’s Equation using a value of
a.25 for Manning's o,
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Construction/Inspection Considerations

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

»  Install swales at the time of the vear 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 betveen the tiles;
stagger the ends of the tiles to prevent the formation of channels along the swale or strip.

»  Use a roller 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 effactive
techmique for controlling urban mneff quality. While imdted quantitative pedformance data
exists for vegetated swales, it is known that check dams, slight slopes, permeable soils, dense
ETass COVver, 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 srass heights, steep
slopes, and high mnoff velocities and discharge rates,

Conventional vegetated swale designs have achieved mixed results in removing particulate
pollutants. A study performed by the Nationwide Urban Funoff Prosram (NURF) monitored
three grass swales in the Washington, [.C., area and found no significant improvement in urban
mnoff gquality for the pollatants analzed. However, the weak performance of these swales was
attributed to the high flow velocities in the swales, soil compaction, steep slopes, and short grass
height,

Another project in Durham, MC, monitored the performance of a carefully designed artificial
swale that recetved 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 insffective for removing soluble
nutrients.

The effectiveness of vegetated swales can be enhanced by adding check dams at approximately
17 meter (5o foot) increments along their length (See Figure 1), These dams macimize 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 channe] banks can
help to treat sheet flows entering the swale,

Only 5 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 phosphors,
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Table 1 Grassed swale pollutant removal efficiency data

Removal Efficiencies (% Remaoval)

Stualy TSS | TP | TN | Wiy Metals Racteria Type

Caltrans 2002 77 8 &7 7] R3-90 =31 dry swales
Gobdberg 1053 678 | 4.8 - a4 43—z SE k] grassed channel
E.f;_l':.ll-rtTlr:':r."lt:.:!.l;:-:{t:lll?rim 60 | 45 i T a-16 25 grassed channed
?;i:';:‘::;f":;—:!‘:;‘”'if‘:'l 8z | 20 ) 53 4673 =25 grassedl chaninel
Wang et al., 1981 B0 - . - =80 - dry swale
Dorman ef al., 198G of i - 45 17-E1 - dry swale
Harper, 188 & A3 L] 80 B - dry swale
Fercher et al., soi3 ] =] ) L] =] - dry swale
Harper, 1088, Bi i 40 B I - wek swale
Eoon, 1005 &7 ] - ] =Rk b - wel swale

While it is difficult to distingnizh 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 phosphors (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 natural topographic lows is encouraged and nataral
drainage courses should be regarded as significant local resources to be kept in use (Young et al.,
15356,

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

s Limited to treating a few acres
n  Availability of water during dry periods to maintain vegetation
s Sufficient available land area

Fesearch in the Austin area indicates that vegetated controls are effective at removing pollotants
even when dormant, Therefore, itrigation is not required to maintain growth during drv
pericds, but may be necessary only to prevent the vegetation from dyving.
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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,
Pecommendations for longitudinal slopes ranze between 2 and & percent. Flatter slopes can be
used, if sufficient to provide adequate convevance, Steep slopes increase flow velocity, decreasze
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
accepiable limsts, The use of check dams with swales also promotes infiltration.

Additional Design Guidelines

Most of the design guidelines adopted for swale desizn specify a minimum hvdraulic residence
time of g mimates. This criterion is based on the results of a single study conducted in Seattle,
Washinston (Seattle Metro and Washinston 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 minates 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 remeval has also been observed for vesetated controls designed solely for conveyance
(Barrett et al, 1958); consequently, some flexibility in the design is warranted.

Many design suidelines recommend that grass be frequently mowed to maintain dense coverage
near the ground surface. Pecent research (Colwell et al., zooo) has shown mowing frequency or
grass height has little or no effect on pollutant removal,

Swmmary of Design Recommendations
1) The swale should have a length that provides a minimum hydrauke residence time of
at least 10 mimates. The maximum bottom width should not exceed 10 feet unless a
dividing berm is provided. The depth of flow should not exceed 2 /grds the height of
the grass at the peak of the water quality design storm intensity, The channel] slope
should not excesd =.5%.

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

3] Fegardless of the recommended detention time, the swale should be not less than
100 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 desizn storm and as a
conveyance system to pass the peak hydranlic flows of the ioo-vear storm if it is
located “on-lime.” The side slopes should be no steeper than 3:1 (H:V).

&) Foadside 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 vezetated areas.
Curb cuts should be at least 12 inches wide to prevent clogging.

=) Swales must be vegetated in order to provide adequate treatment of ronoff. It is
important to maximize water contact with vesetation and the soil surface. For
general purposes, select fine, close-growing. water-resistant grasses, If possible,
divert runcff (other than necessary frrization) during the pericd of vegetation
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establishment. Where mnoff diversion is not possible, cover sraded 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 desizsned and rezularly maintained, vegetated swales can last indefinitely, The
maintenance objectives for vegetated swale systems include keeping up the hydrankic and
removal efficiency of the channe] 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 channe] and
dizposed 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.

Ancther aspect of a good maintenance plan is repairing damaged areas within a channel, For
example, if the channe] develops rats 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:

s 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 mnoff to be sure the swale is ready for winter. However,
additional inspection after periods of heavy ronoff is desirable. The swale should be checked
for debris and litter, and areas of sediment accummlation.

»  Grass heisht and mowing frequency may not have a large impact on pollutant removal.
Consequently, mowing may only be necessary once or twice a vear for safety or aesthetics or
to suppress weeds and woody vegetation.

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

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

s Begularly inspect swales for pools of standing water, Swales can become a nuisance due to
mosquite 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 (SWEPC, 1991) estimated the construction cost of grassed channels at approximately
$o.25 per ft2. This price does not include desizn 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, &
more realistic estimate would be a total cost of approximately $o.50 per ft*, which compares
favorably with other stormowater management practices.
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Table 2 Swale Cost Estimate (SEWRPC, 1991)
Unit Cost Total Cosl
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[ - = S 1 gar ] JEEL] For 52748 [ )
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Lovaland T i 1,210 30.20 §0.35 850 §a4z2 5424 8605
Silas Davo epmant
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Sead, and Muizh., vf 1,210 3040 $4.00 £1.00 B .21 ¥ 53
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Table 3 Estimated Maintenance Costs (SEWRPC. 1991)
Swals Size
{Depth and Top Width)
Component Unit Cost 1.5 Fot Deptn, One- 3-F oot Dapth, 3-Foot Comment
Foat Botlam Width, Botiom Width, 31-Foot
d-Faat Tap Wiith Tap Width
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Matntenance Cost

Caltrans (zooz) estimated the expected annual maintenance cost for a swale with a tributary
area of approximately 2 ha at approcdmately $2,700. Since almost all maintenance consists of
mowing, the cost is fondamentally a function of the mowing frequency. Undt costs developed by
SEWFPC are shown in Table 3. In many cases vegetated channels would be used to convey
munoff and would require periodic mowing as well, so there may be kttle additional cost for the
water quality component. Since essentially all the activities are related to vegetation
management, no special training is reguired for maintenance personnel,

References and Sources of Additional Information
Barrett, Michael E., Walsh, Patrick M., Malina, Joseph F., Jr., Charbenean, Randall J, 1558,
“Performance of vegetative controls for treating highway runoff,” ASCE Journal of

Environmental Engineering, Vol. 124, Mo, 11, pp. 1121-1128,

Erown, W., and T. Schueler. 1g97. The Economics of Stormupater BMPs in the Mid-Atlantic
ERegion, Prepared for the Chesapeake Eesearch Consortinm, Edgewater, 2D, by the Center for
Watershed Protection, Ellicott City, MDD,

Center for Watershed Protection (CWF). 1996. Design of Stormuater Filtering Systems.
Prepared for the Chesapeake Besearch Consortium, Sclomons, MDD, and USEPA Rezion V,
Chicago, IL, by the Center for Watershed Protection, Ellicott City, M.

Colwell, Shanti B., Horner, Fichard B., and Booth, Derek B., 2ooo. Characterization of
Performance Predictors and Evaluation of Mowing Practices in Biofiliration Swales, Beport
to King County Land And Water Fesources Division and others by Center for Urban Water
Fesources Management, Department of Civil and Environmental Engineering, University of
Washington, Seattle, WA

Dorman, M.E., J. Hartigan, B.F. Steg, and T. Cmasebarth, 1585, Retention, Detention and
Cwerland Flow for Pollurant Removal From Highway Stormupater Runoff. Vol 1. FHWA/RD
Bo/202. Federal Highway Administration, Washington, DC.

Goldberg, 1993, Dayton Avenue Swale Biofiltration Study. Seattle Enpineering Department,
Seattle, WA,

Harper, H. 1988, Effects of Stormuwater Management Systems on Groundwater Quality.

Prepared for Florida Department of Environmental Fegulation, Tallahassee, FL, by
Environmental Fesearch and Design, Ine., Orlando, FL.

Fercher, W.C., J.C. Landon, and F. Maszarelli. 1983, Grassy swales prove cost-effective for
water pollation control. Public Works, 16t 53—55.

Foon, J. 1995 Evaluation of Water Quality Ponds and Swales in the Issaquah/East Lake
Sammamish Basins. King County Surface Water Management, Seattle, WA, and Washington
Department of Ecology, Olympia, WA

IMetzger, M. E., D. F. Messer, T, L. Beitia, C. M., Myers, and V. L. Kramer. zooz. The Dark Side
Of Stormwater Bunoff Management: Disease Vectors Associated With Structural EMPs,
Stormwater 3(z): 24-3g.0akland, P.H. 1983, An evaluation of stormwater pollutant removal

]
10 of 13 California Stormwater BMP Handbook Jamuary 2003
Mew Development and Redevelopment
v, ca brmipha nd books, com

133



Appendix D — CASQA Development BMP Fact Sheets

Uegetated Swale TC-30

through srassed swale treatment. In Proceedings of the Infernational Symposium of Urban
Hydrology, Hydraulics and Sediment Control, Lexington, EY. pp. 173—18=2,

Occoguan Watershed Monitoring Laberatory, 1983, Final Beports Metropalitan Washington
Urban Bunoff Project. Prepared for the Metropolitan Washkington Couneil of Governments,
Washington, DC, by the Ocooguan Watershed Monitoring Laboratory, Manassas, VA

Pitt, B., and J. McLean, 1986, Toronto Area Watershed Management Strategy Study: Humber
RnlerPﬂut Watershed Project. Ontario Mindistry of Environment, Toronto, O,

Schusler, T. 1997. Comparative Pollatant Removal Capability of Urban BXPs: A reanalysis,
Watershed Protection Technigues =(2):379—383,

Seattle Metro and Washington Department of Ecology, 1992, Biofiltration Swale Performance:
Recommendations and Design Considerations. Publication No. 657 Water Pollution Control
Department, Seattle, WA

Southeastern Wisconsin Begional Plannins Commission (SWEPC). 1991, Costs of Urban
Nonpoint Source Water Pollution Control Measures. Technical report no. 31, Southeastern
Wisconsin Regional Planning Comméssion, Wankesha, WIL

1.5, EPA, 1959, Stormwater Fact Sheet: Vegetated Swales, Beport 2 832-Fg9-00b
hittp:/ fwww.epa.gov/owm /mtb fvegswale.pdf, Office of Water, Washington DC.

Wang, T., D. Spyridakis, B. Mar, and B. Hommer. 1981, Transport, Deposition and Control of
Heavy Metals in Highway Runoff. FHWA-WA-RD-35-10. Undversity of Washington,
Department of Civil Engineering, Seattle, WAL

Washinston State Department of Transportation, 19935, Highway Runoff Manual, Washington
State Department of Transportation, Olympia, Washington.

Welbom, C., and J, Veenhmnis, 1987, Effects of Bunoff Controls on the Quantity and Quality of
Urban Bunoff in Two Locations in Austin, TX, USGS Water Resources Investigations Beport
Mo, §7-g004. U.5. Geological Survey, Reston, VA,

Yousef, ¥, M. Wanielista, H. Harper, I. Pearce, and F. Tolbert. 2985, Best Management
Practices: Removal of Highway Contaminants By Roadside Swales, Undversity of Central
Florida and Florida Department of Transportation, Orlands, FL.

Yu, 5., 5. Barnes, and V. Gerde. 1g93. Testing of Best Management Practices for Controlling
H:g&wayﬁumf FHWA VA-g3-F1f. Virginia Transportation Fesearch Council,
Charlottesville, VA,

Information Resources

Maryland Deparl:l:ueni of the Emuunmeut I:MDE} 2000 J'ri'aryfand Stormuwater Design
Manual, wrewwe,onds : A/ st anyal. Accessed May oz,
2004,

Beeves, E. 1994, Performance and Condition of Biofilters in the Pacific Northwest., Watershed
Protection Technigues 1(3)i117—119.

]
Janusry 2003 California Stormwater BMP Mandbook 11 of 13
Mew Develcpment and Redevelopment
www. cabmphandbooks com

134



Appendix D — CASQA Development BMP Fact Sheets

TC-30 Uegetated Swale

Seattle Metro and Washington Department of Ecology. 1992. Biofiltration Swale Performance,
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Design Considerations

® Tributary Area
® Sioge
B Water Availability

W Azsthetics

Description

Grassed buffer strips (vegetated filter strips, filter strips, and
grassed filters) are vegetated surfaces that are designed to treat
sheet flow from adjacent surfaces. Filter strips function by

slowing runoff velocities and allowing sediment and other Targeted Constituents

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

Sedment

Nutrients

Trash

Metals

Bactena

Of ang Greass

Organics

Legend (Removal Effectiveness)
® Low B High
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> o R > o

California Experience

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

California sites. The gophers created earthen mounds, destroyed

vegetation, and generally reduced the effectiveness of the

controls for TSS reduction.

Advantages

= Buffers require minimal maintenance activity (generally just
erosion prevention and mowing).

= If properly designed, vegetated, and operated, buffer strips can CASQA
provide reliable water quality benefits in conjunction with high Confornia
aesthetic appeal. Stormrwarter
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Flow characteristics and vegetation type and density can be closely controlled to maximize
BMP effectivencss.

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

Limitations

Iay not be appropriate for industrial sttes or locations where spills may oceur.
Buffer strips cannot treat a very large drainage area.
A thiek vepetative cover is needed for these practices to funetion properly.

Buffer or vegetative filter length must be adequate and flow charactenstics aceeptable or
water quality performanee can be severely limited.

Vegetative buffers may not provide trestment for dissolved constituents exeept to the extent
that flows across the vegetated surface are infiltrated into the soil profile.

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

Design and Sizing Guidelines

Maximum length (in the direction of flow towards the buffer) of the tributary area should be
60y feet.

Slopes should not exceed 15%.

IMimimum length (in direction of flow) is 15 feet.

Width should be the same as the tributary area.

Either grass or a diverse selection of other low growing, drought tolerant, mative vegetation

should be speeified. Vegetation whose growing season corresponds to the wet season is
preferred.

Construction/Inspection Considerations

®  [Include directions in the specifications for use of appropriate fertilizer and soil smendments
bhased on sail properties determined through testing and compared to the needs of the
vepetation requirements.

m  [Install strips at the time of the vear when there is a reasonable chance of successful
establishment without irrigation; however, it 1s recognized that rainfall in a given vear may
not be sufficient and temporary irrigation may be required.

m  [f sod tiles must be used, they should be placed so that there are no gaps between the tiles;
stapger the ends of the tiles to prevent the formation of channels along the stop.

®  Use a roller on the sod to ensure that no air pockets form between the sod and the so1l.

2of B Calfornla Stormwater BMP Handbaok January 2003
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B Where seeds are used, eroston controls will be necessary to protect seeds for at least 75 days
after the first rainfall of the season.

Performance

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

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

Another Caltrans study (unpublished) of vegetated highway shoulders as buffer strips also found
substantial reductions often within a very short distance of the edge of pavement. Figure 1
presents a box and whisker plot of the concentrations of TSS in highway runoff after traveling
various distances (shown in meters) through a vegetated filter sinp with a slope of about 10%.
{Ume can see that the TSS median concentration reaches an irreduecible minimum concentration

of about 20 me/ L within 5 meters of the pavement edge.

Table 1 Pollutant Reduction in a Vegetated Buffer Strip

Constituent Hean B Reosoual Significance
Influent Effluwent % P
{mg, Ll {mg/L)
TES RTY] kil 4 < (h300
NN B oG8 13 367
TEM-N 2.50 2.0 1f 542
Total N* 347 268 15
Dhissalved P 015 [T - 047
Tatal P g2 b2 -5 04135
Tatal Cu sk .00 B4 <000
Tatal Pl O.0ab 006 R <000
Tatal Zn 0245 0055 T8 <000
Driszolved Cu L2 .0 7 .00
Drigsalved Ph Ch0H0 002 B .00
Drissalved o OG0 .05 65 <000
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Filter strips also exhibit good remaoval of litter and other floatables because the water depth in
these systems is well below the vepetation height and consequently these materials are not easily
transported through them. Unfortunately little attenuation of peak runoff rates and volumes
[particularly for larger events) 15 normally observed, depending on the soil properties. Theretore
it may be prudent to follow the strips with another practice than can reduce flooding and
channel erosion downstream.

Siting Criteria

The use of buffer strips is hmited to gently sloping areas where the vegetative cover is robust and
diffuse, and where shallow flow characteristics are possible. The practical water quality benefits
can be effectively eliminated with the occurmence of significant eroston or when flow
eoncentration occurs across the vegetated surface. Slopes should not execeed 15 percent or be less
than 1 percent. The vegetative surface should extend across the full width of the area being
drained. The upstream boundary of the filter should be located contiguous to the developed
area. Use of a level spreading deviee (vegetated berm, sawtooth conerete border, rock trench,
ete) to facilitate overland sheet flow is not normally recommended because of maintenance
eonsiderations and the potential for standing water.

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

Some cold water species, such as trout, are sensitive to changes in temperature. While some
treatment practices, such as wet ponds, can warm stormwater substantially, filter strips do not
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are naot expected to increase stormwater temperatures. Thus, these practices are pood for
protection of cold-water streams.

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

Additional Design Guidelines

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

A migjor question that remains unresolved 15 how large the drainage area to a strip can be.
Research has conclusively demonstrated that these are effective on roadside shoulders, where
the contributing area is about twice the buffer area. They have also been installed on the
perimeter of large parking lots where they performed fairly effectively; however much lower
slopes may be needed to provide adequate water quality treatment.

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

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

In eold climates, filter strips provide a convenient area for snow storage and treatment. [f used
for this purpose, vegetation in the filter strip should be salt-tolerant (e.g., creeping benigrass],
and a maimntenance schedule should include the removal of sand built up at the bottom of the
slope. In ard or semi-arid climates, designers should specify drought-tolerant grasses to
minimize rrigation requirements,

Maintenance
Filter strips require mainly vegetation management; therefore little special training 1= needed
for maintenanee crews. Tvpical maintenance activities and frequencies include:

B Inspect strips at least teice annually for eroston or damage to vegetation, preferably at the
end of the wet season to schedule summer maintenanee and before major fall run-off to be
sure the strip is ready for winter. However, additional inspection after periods of heavy run-
off 1= most desirable. The strip should be checked for debris and litter and areas of sediment
arcumulation.

B Recent research on biofiltration swales, but likely applicable to strips (Colwell et al., 2o00],
indicates that grass height and mowing frequency have little impact on pollutant removal;
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consequently, mowing may only be necessary onee or twice a year for safety and aesthetics
or to suppress weeds and woody vegetation.

B Trash tends to accumulate in strip areas, particularly along highways., The need for litter
removal should be determined through periodic inspection but Iitter should always be
removed prior to mowing.

m  Regularly inspect vepetated buffer strips for ponls of standing water. Vegetated buffer strips
can become a nuisance due to mosguito breeding in level spreaders (unless designed to
dewater completely in 48-72 hours), in pools of standing water if obstructions develop {epg.
debris saecumulation, invasive vegetation), and for if proper drainage slopes are not
implemented and maintained.

Cost

Construction Cost

Little data 15 available on the actual construction costs of filter strips. One rough estimate can be
the caost of seed or sod, which is approcamately 30¢ per ft2 for seed or 70¢ per ft? for sod. This
amounts to between $13,000 and $30,000 per acre of filter strip. This cost is relatively high
compared with other treatment practices. However, the grassed area used as a filter strip may
have been seeded or sodded even if 1t were not used for treatment. In these cases, the only
additional cost 5 the design. Typical maintenance costs are about $350/acre/vear {(adapted
from SWRPC, 1991). This cost is relatrvely inexpensrve and, again, might overlap with repular
landscape maintenance costs.

The true cost of filter strips 15 the land they consume. In some situations this land 15 available as
wasted space beyvond back yards or adjacent to roadsides, but this practice is cost-prohibitive
when land prices are high and land eould be used for other purposes.

Maintenance Cost

IMaintenance of vepetated buffer strips consists mainly of vegetation management {mowing,
irrigation if needed, weeding) and litter removal. Consequently the costs are quite variable
depending on the frequency of these activities and the local labor rate.

References and Sources of Additional Information
Caltrans, 2002, BMP Retrofit Pilot Program Proposed Final Report, Ept. CTSW-RT-01-050,
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Center for Watershed Protection (CWP)L 1096, Design of Stormwater Filtering Systems.
Prepared for Chesapeake Research Consortium, Solomons, MD, and EPA Bepion V, Chicago, 11

Deshonette, A, P. Pogue, V. Lee, and N, Wolff. 1904, Vegetated Buffers in the Coastal Zone: A
Summary KEeview and Bibliography. Coastal Resources Center. University of Rhode Island,
Kingston, BRI

Magette, W., K. Brinstield, R. Palmer and J. Wood. 1089, Nutrient and Sediment Remowval by
Vegetated Filter Strips. Transoctions of the American Seciety of Agricultural Engineers 32(2):
G —667.
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Design Considerations

B Soi for nfilraion

B Tributary Area

® Siope

| Agsthetics

® Environmensal Side-effects

Description

The bioretention best management practice (BMP) functionsasa  Targeted Constituents
s0il and plant-based filtration device that removes pollutants

Sedment

Nutnents

Trash

Metals

Bactena

Of and Grease

Organics

Legend (Removsl Effectiveness)
California Experience ® Low = High

None documented. Bioretention has been used as a stormwater A Medium
BMP since 1992, In addition to Prince George's County, MD and

Alexandria, VA, bioretention has been used successfully at urban

and suburban areas in Montgomery County, MD; Baltimore

County, MD; Chesterfield County, VA; Prince William County,

VA; Smith Mountain Lake State Park, VA; and Cary, NC.,

through a variety of physical, biological, and chemical treatment
processes. These facilities normally consist of a grass buffer
strip, sand bed, ponding area, organic layer or mulch layer.
planting soil, and plants. The runoff’s velocity is reduced by
passing over or through buffer strip and subsequently distributed
evenly along a ponding area. Exfiltration of the stored water in
the bioretention area planting soil into the underlying soils
occurs over a period of days.

T T T N
" ER RN

Advantages

®  Bioretention provides stormwater treatment that enhances
the quality of downstream water bodies by temporarily
storing runoff in the BMP and releasing it over a period of
four days to the receiving water (EPA, 1955).

®  The vegetation provides shade and wind breaks, absorbs

noise, and improves an area's landscape.

Limitations CA s 0 A

8 The bioretention BMP is not recommended for areas with s

slopes greater than 20% or where mature tree removal would Quatity
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be required since clogging may resalt, particularky if the EMP receives runoff with high
sediment loads (EPA, 1994).

® Eioretention is not a suitable EMP at locations where the water table is within 6 feet of the
ground surface and where the surrounding soil stratum is unstable,

®  Ev desizn, bioretention BFMPs have the potential to create very attractive habitats for
mosquitoes and other vectors becanse of highly organic, often heavily vegetated areas mixed
with shallow water.

B Incold climates the sodl may freeze, preventing manoff from infilirating into the planting sodl.

Design and Sizing Guidelines
®  The bioretention area should be sized to capture the design storm runoff,

m  In areas where the native soil permeability iz less than 0.5 in,/hr an underdrain should be
provided.

® Fecommended minimum dimensions are 15 feet by 40 feet; although the preferred width is
=5 feet. Excavated depth should be 4 feet.

®  Area should drain completely within 72 hours.
B Approximately i tree or shrub per 50 ft° of bicretention area should be included.
B Cover area with about 3 inches of mulch,

Construction /Inspection Considerations
Eioretention area should not be established until contributing watershed is stabilized.

Parformance

Eioretention removes stormwater pollutants through physical and biological processes,
including adsorption. filtration, plant uptake, microbial activity. decomposition, sedimentation
and volatilization (EPA, 199g). Adsorption is the process whereby particulate pollutants attach
to zoil (e.z., clay) or vegetation surfaces. Adequate conmtact time between the surface and
pollutant must be provided for in the design of the syv=tem for this removal process to ocoar.
Thus, the infiltration rate of the soils must not exceed those specified in the design criteria or
pollutant removal may decrease. Pollotants removed by adsorption include metals, phosphoras,
and hydrocarbons, Filtration cccurs as runcff passes through the bicretention area media, such
as the zand bed, ground cover, and planting sodl.

Commeon particalates removed from stormwater include particulate organic matter,
phosphorus, and suspended zolids, Biological processzes that cccur in wetlands result in
pollutant uptake by plants and microorzanisms in the soil, Plant growth is sustained by the
uptake of nutrients from the soils, with woody plants locking up these nutrients through the
seaszons, Microbdal activity within the soil also contributes to the removal of nitrogen and
orzganic matter. Nitrogen iz removed by nitrifving and denitrifying bacteria, while asrobic
bacteria are responsible for the decomposition of the organic matter. Microbial processes
reguire cxvzen and can result in depleted oxveen levels if the bioretention area iz not adegquately
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aerated. Sedimentation occurs in the swale or ponding area as the velocity slows and =olids fall
out of suspension,

The removal effectiveness of bioretention has been studied during field and laboratory studies
conducted by the University of Maryland (Davis et al, 1998). During these experiments,
synthetic stormwater runcff was pamped through several laboratory and field bioretention areas
to simulate typical storm events in Prince George's County, MDD, Removal rates for heavy metals
and nutrients are shown in Table 1.

Table 1 Laboratory and Estimated
Bioratention Davis et al. (1008);
PGDER (1993)

Pollutant Removal Rate

Tital Phospharus To-89%

Metals (Cw, Zn, Fh) y-d%

TEN 68-Ro%

Tital Suspencled Salids 0%

Crganics 0%

HBacteria 0%

Fesults for both the laboratory and field experiments were similar for each of the pollutants
analyzed. Doubling or halving the influent pollutant levels had little effect on the effluent
pollatants concentrations (Davis et al, 1998).

The microbial activity and plant uptake oceurring in the bioretention area will likely result in
higher removal rates than those determined for infiliration BMPs,

Siting Criteria

Bioretention EMP: are zenerally used to treat stormwater from impervious surfaces at
commercial, residential, and industrial areas (EFA, 1595). Implementation of bioretention for
stormwater management is ideal for median strips, parking lot islands, and swales. Moreowver,
the ranoff in these areas can be desizned to either divert directly into the bioretention area or
convey into the bioretention area by a curb and sutter collection system,

The best location for bioretention areas is upland from inlets that receive sheet flow from graded
areas and at areas that will be excavated (EPA, 129499). In order to maximize treatment
effectiveness, the site must be graded in such a way that minimizes erosive conditions as sheat
flow is conveyed to the treatment area. Locations where a bioretention area can be readily
incorporated into the site plan without further environmental damage are preferred.
Furthermore, to effectively minimize sediment loading in the treatment area, bioretention only
should be vzed in stabilized drainage areas.

Jenuary 2003 Celifornia Stormwater BMP Handbaok Jalfg
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Additional Design Guidelines

The layout of the bioretention area is determined after site constraints such as location of
utilities, underlying soils, existing vesetation, and drainage are considered (EPA, 1g9g4g). Sites
with loamyv sand =oils are especially appropriate for bioretention because the excavated soil can

be backfilled and nsed as the planting soil, thus eliminating the cost of importing planting =sodl.

The use of bioretention may not be feasible given an unstable surrounding seil stratum, soils
with clay content greater tham =35 percent, a site with slopes greater than 2o percent, and fora
site with matare trees that would be removed during constroction of the EMP,

Eioretention can be desizned to be off-line or on-line of the exizting drainase system (EFA,
1999, The drainage area for a bioretention area should be between 0.2 and 0.4 hectares (o0.25
and 1.0 acres). Larger drainage areas mayv require multiple bioretention areas. Furthermors,
the maximum drainage area for a bioretention area is determined by the expected rainfall
intensity and runcff rate. Stabilized areas may erode when velocities are greater than 5 feet per
second (1.5 meter per second). The designer should determine the potential for erosive
conditions at the site,

The size of the bicretention area, which is a function of the drainage area and the runoff
generated from the area is sized to capture the water quality volume,

The recommended minimum dimenzions of the bioretention area are 15 feet (4.6 meters) wide
by g0 feet (12.2 meters) long, where the minimum width allows enough space for a densze,
randomly-distributed area of trees and shrubs to become establizhed. Thus replicating a natural
forest and creating a microclimate. thereby enabling the bioretention area to tolerate the effects
of heat stress, acid rain, ranoff pollutants, and inzect and disease infestations which landscaped
areas in urban settings tvpically are unable to tolerate, The preferred width is 25 feet (7.6
meters), with a length of twice the width, Essentially, any facilities wider than zo feet (5.1
meters) should be twice as long as they are wide, which promotes the distribution of flow and
decreases the chances of concentrated flow.

In order to provide adequate storaze and prevent water from standing for excessive periods of
time the ponding depth of the bioretention area should not exceed & inches (15 centimeters].
Water shonld not be left to stand for more than 7= hours. A restriction on the type of plants that
can be nzed may be necessary due to some plants’ water intolerance. Furthermore, if water is
left standing for longer than 72 hours mosquitoes and other insects may start to breed.

The appropriate planting soil should be backfilled into the excavated bioretention area. Planting
soils should be sandy loam, loamy sand, or loam textures with a clay content ranging from 10 to
25 percent.

Generally the =oil should have infiliration rates greater than o.5 inches [1.25 centimeters) per
hour, which is typical of sandy loams, loamy sands, or loams. The pH of the =0l should range
between 5.5 and 6.5, where pollutants such as organic nitrogen and phosphors can be adsorbed
by the s0il and microbial activity can flourish. Additional requirements for the planting seil
include a 1.5 to 3 percent orgamic content and a mavimum 500 ppm concentration of solible
salts.
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Soil tests should be performed for every oo cubic vards (352 cubic meters) of planting sodl,
with the exception of pH and organic content tests, which are required only once per
bicretention area (EPA, 1999). Planting =0il should be 4 inches (10.1 centimeters) deeper than
the bottom of the largest root ball and 4 feet (1.2 meters) altogether. This depth will provide
adequate sodl for the plants’ root systems to become establizhed, prevent plant damase due to

severe wind, and provide adequate moisture capacity, Most sites will reguire excavation in
order to obtain the recommended depth.

Planting so0il depths of greater than 4 feet (1.2 meters) mayv require additional construction
practices such as shoring meazures (EPA, 1555). Planting zoil should be placed in 18 inches or
greater lifts and lishtly compacted until the desired depth is reached. Since high canopy trees
may be destroved during maintenance the bioretention area should be vegetated to resembls a
terrestrial forest community ecosystem that is dominated by understory trees, Three species
each of both trees and shrubs are recommended to be planted at a rate of 2500 trees and shrubs
per hectare (1000 per acre). For instance, a 15 foot (4.6 meter) by 40 foot (12.0 meter)
bicretention area (boo square feet or 55.75 square meters] would require 14 trees and shrubs,
The shrub-to-tree ratio should be 211 to 5:4.

Trees and shrobs should be planted when conditions are favorable. Vegetation should be
watered at the end of each day for fourteen days following its planting, Plant species tolerant of
pollatant loads and varying wet and dry conditions should be wsed in the bioretention area.

The designer should assess aesthetics, site layout, and maintenancs requirements when
selecting plant species. Adjacent non-native invasive species should be identified and the
designer should take measures, such as providing a soil breach to eliminate the threat of these
species invading the bioretention area. Reziomal landscaping manuals should be consulted to
ensure that the planting of the bioretention area meets the landscaping requirements
established by the local authorities, The desizners should evaluate the best placement of
vegetation within the bicretention area. Plants should be placed at irregular intervals to
replicate a natural forest. Trees should be placed on the perimeter of the area to provide shade
and shelter from the wind, Treesz and shrubs can be sheltered from damaging flows if thev are
placed away from the path of the incoming ranoff, In cold climates. species that are more

tolerant to cold winds, such as evergreens, should be placed in windier areas of the site,

Following placement of the trees and shmbs, the ground cover and 'or mulch should be
established. Ground cover such as grasses or legumes can be planted at the beginning of the
growing season. ulch should be placed immediately after trees and shrubs are planted. Two
to 3 inches {5 to 7.6 cm) of commercially-available fine shredded hardwood mulch or shreddsd
hardwood chips should be applied to the bioretention area to protect from erosion.

Maintenance

The primary maintenance requirement for bioretention areas is that of inspection and repair or
replacement of the treatment area’s components, Generally, this involves nothing more than the
routine periodic maintenance that is required of any landscaped area, Plants that are
appropriate for the site, climatic, and watering conditions should be selected for use in the
bicretention cell. Appropriately zelected plants will aide in reducing fertilizer, pesticide, water,
and overall maintenance requirements, Bioretention system components should blend over
time throuzh plant and root growth, orzanic decomposition, and the development of a natural
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soil herizon. These biclogic and physical processes over time will lengthen the facility's life span

and reduce the need for extensive maintenance.

Foutine maintenance should include a biannuwal health svalnation of the trees and shrbs and
subsequent removal of any dead or diseased vezetation (EFPA, 1995]. Diseased vegetation
should be treated as needed using preventative and low-toxic measures to the extent possible,
EMP= have the potential to create very attractive habitats for mosquitoes and other vectors
becansze of highly organic, often heavily vegetated areas mixed with shallow water. Routine
inspections for areas of standing water within the EMP and corrective measures to restore
proper infiltration rates are necezsary to prevent creating moszquito and other vector habitat. In
addition, bioretention EIMPz are susceptible to invasion by aggreszsive plant species such a=
cattails, which increase the chances of water standing and subsequent vector production if not
routinely maintained,

In order to maintain the treatment area’s appearance it may be neceszary to prune and weed.
Furthermore. mulch replacement is suggested when erosion is evident or when the site begins to
look unattractive. Specifically, the entire area may require mulch replacement every two to
three years, although spot mulching may be safficient when there are random void areas. Mulch
replacement should be dome prior to the start of the wet zeazon,

Wew Jerzey's Department of Environmental Protection states in their bioretention systems
standards that accumulated sediment and debris remaval (especially at the inflow point) will
normally be the primary maintenance function, Other potential tasks include replacement of
dead vezetation, soil pH regulation, erosion repair at inflow points. mulch replenishment,
unclegzing the underdrain, and repairing overflow structures, There is also the possibility that
the cation exchange capacity of the =oils in the cell will be siznificantly reduced over time.
Depending on pellutant loads, soils may need to be replaced within 5-i10 vears of construction
(LID, zoo0].

Cost
Construction Cost

Construction cost estimates for a bioretention area are slightly greater than thoze for the
required landscaping for a new development (EPA, i99g9). A general mle of thumb (Coffman,
155g9] is that residential bioretention areas average about $3 to $4 per square foot, depending on
soil conditions and the density and types of plants nzed. Commercial, industrial and
institutional site costs can range between 310 to 540 per square foot, based on the need for
control structures, curbing, storm drains and underdrains.

Fetrofitting a site typically costs more, averaging 36,500 per bioretention area. The hizher costs
are attributed to the demolition of existing conerete, asphalt, and existing structures and the
replacement of fill material with planting soil. The costs of retrofitting a commercial site in
Maryland, Eettering Development, with 15 bioretention areas were estimated at 3111, 600,

In any bioretention area design, the cost of plants varies substantially and can account for a
significant portion of the expenditures. While these cost estimates are slightly greater than
those of typical land=caping treatment (due to the increazed number of plantings, additional sodl
excavation, backfill material, use of underdrains ete. ), those landscaping expenzes that would be
required regardless of the bioretention installation should be subtracted when determining the
net cost.
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Perhaps of most importance, however, the cost savings compared to the use of traditional
structural stormwater conveyance systems makes bioretention areas guite attractive financially.
For example, the uze of bioretention can decreasze the cost required for constructing stormwater
conveyance systems at a site, A medical office building in Maryland was able to reduce the
amount of storm drain pipe that was needed from 8oo to 230 feet - a cost savings of 324,000
(PGDER, 10403). And a new residential development spent a total of approximately $i00.000
using bioretention cells on each lot instead of nearly $400,000 for the traditional stormwater
ponds that were orizginally planned (Rappahanock. ). Also, in residential areas, stormwater
management controls become a part of each property owner's landscaps, reducing the public
burden to maintain larze centralized facilities.

Maintenance Cost

The cperation and maintenance costs for a bioretention facility will be comparable to thosze of
typical landscaping required for a site. Costs bevond the normal landscaping fees will include
the cost for testing the soils and mav include costs for a sand bed and planting =oil,
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Design Considerations

u Aesthetics

®m Hydraulic Head
Description
Stormwater media filters are usually two-chambered including a Targeted Constituents
pretreatment settling basin and a filter bed filled with sand or other =7 Sediment =
absorptive filtering media. As stormwater flows into the first Rt .
chamber, large particles settle out, and then finer particles and
other pollutants are removed as stormwater flows through the ¥ Trach =
filtering media in the second chamber. There are a number of v Metals -
design variations including the Austin sand filter, Delaware sand v Bacteria &
filter, and multi-chambered treatment train (MCTT). v Oil and Grease =

. . i v Organics |

California Experience Legind fRemiovel Efectivenicss)
Caltrans constructed and monitored five Austin sand filters, two g m High

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

Delaware filter and MCTT maintain permanent pools and

consequently mosquito management was a critical issue, while the

Austin style which is designed to empty completely between storms

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

required at 3 of the Austin filters and the Delaware filter during the

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

critical design factor for establishing maintenance frequency.

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

= Widespread application with sufficient capture volume can provide
significant control of channel erosion and enlargement caused by
changes to flow frequency relationships resulting from the increase
of impervious cover in a watershed.

Limitations
January 2003 California Stormwater BMP Handbook 1of 17
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»  MMore expensive to construct than many other EXPs,

s May require more maintenance that some cther BMPs depending upen the sizing of the filter
bed.

s Generally require more hydraalic head to operate propedy (mdinimum 4 feet),
s High solids loads will canse the filter to clog,
»  Work best for relatively small, impervious watersheds,

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

»  Certain designs (e.g., MCTT and Delaware filter ] madntain permanent  sources of standing
water where mosquito and midse breeding is lkely to ocour,

Design and Sizing Guidelines
»  Capture volume determimed by local requirements or sized to treat 55% of the annual ranoff
volume,

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

» A maintenance ramp should be included in the desizn to facilitate access to the sedimentation
and filter basins for maintenance activities [particularly for the Anstin design].

»  Designs that wtilize covered sedimentation and filtration basins should be accessible to vector
control personnel via access doors to facilitate vector surveillance and controllins the basins if
meaded,

Construction/Inspection Considerations

s Tributary area should be completely stabilized before media is installed to prevent premature
clogzing.

Performance

The pollutant removal performance of media filters and other stormwater BMPs is generally

characterized by the percant reduction in the infloent load, This method implies a relationship

between influent and effluent concentrations. For instance, it would be expected that a device that iz

reported to achieve a 75% reduction would have an effluent concentration equal to z5% of the

influent concentrations. Pecent work in Californda (Caltrans, zooz) on various sand filter desizns

indicates that this model for characterizing performance is inadequate. Figure 4 presents a graph

relating infloent and effluent TSS concentrations for the Aunstin full sedimentation design,
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Figure 4
Comparison of Influent and Effluent Concentrations for TSS

It is clearly evident that the effluent concentration is relative constant and independent of influent
concentration. Consequently, the performance is more aceurately characterized by the effluant
concentration, which is abowut 7.5 mg/L. Constant effluent concentrations also are observed for all
other particle related constiuents such as particulate metals (total - dissolved) and particulate
phosphoruas,

The small uncertainty in the estimate of the mean effluent concentration highlishts the very
consistent effluent quality for TSS produced by sand filters. In addition, it demonstrates that a
caloulated percent reduction for TS5 and other constituents with simdlar behavior for Anstin sand
filters iz a secondary characteriztic of the device and depends primarily on the specific influent
concentrations observed, The distinction between a constant effluent quality and a percent
reduction is extremely important to recognize if the results are to be used to estimate effluent quality
from zand filters in=talled at other sites with different influent concentrations or for estimating
compliance with water quality standards for storms with high concentrations of particalate
constinents,

If the conventionally derived remoral efficiency (0% were used to estimate the TS5 concentrations
in the treated runoff from storms with kigh influent concentrations. the estimated effluent
concentration would be too hish, For instance, the storm with the hishest cbserved infloent
concentration (420 mg,'L] wonld be expected to have a concentration in the treated rumoff of 42
mg, L. rather than the 10 mg/L that was measured. In fact, the TSS effluent concentrations for all
events with influent concentrations greater than oo mg/L were 10 mg,/L or less.

The stable effluent concentration of a sand filter under very different influent TS5 concentrations
implies somethins about the properties of the influent particle size distribution. If one assumes that
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only the smallest size fraction can pass through the filter, then the simdlarity in effluendt
concentrations sugzests that there iz little difference in the total mass of the smallest sized particles
even when the total TSS concentration varies greatly, Further, the difference in TSS concentration
must then be cawsed by changes in the relative amount of the larger size fractions. Further research
is peceszary to determine the range of particle size that is effectively removed in the filter and the
portion of the size fraction of suspended solids that it represents in urban stormwater,

Sand filters are effective stormwater management practices for pollutant remeval. Conventional
removal rates for all sand filters and orgamic filters are presented in Table 1. With the exception of
nitrates, which are always exported from filtering systems becanse of the conversion of ammonia and
organic nitregen to nitrate, they perform relatively well at removing pollutants,

Table 1  Sand filter removal efficiencies (percent)
Sand Filter | Compost Filter System | Multi-Chamber Treatment Train
{ﬁljﬂ;;;ﬂ' ﬁl!'h‘l.:l'l‘., Leif. 1999 P‘i.l:tet_nJ-. Fitt. Gireh et al.,
1 1547 LRl R
T35 g s Az B5 Az i
™ [ F] 41 4 2] By
™ 17
Nitrate 7 2] 1 14
Metals T84 A8 A4 TS oy = U= 1CH BB
Racteria [

From the few studies avadlable, it is diffienlt to determine if organic filkers necessarily have kigher
removal efficiencies than sand filters. The *CTT may have hizh polhatant remeoval for some
constitoents, although an evaluation of these devices by the California Department of Transportation
indicated no sipnificant difference for most conventional pollutants,

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

Siting Criteria

In general, sand filters are preferred over infiliration practices, such as infiltration trenches, when
contamination of groundwater with comentional pollatants is of concern. This usaally ocours in
areas whete underlving soils alone canmot treat munoff adequately - or ground water tables are high,
In most cazes, sand filters can be constructed with impermeable basin or chamber bottoms, which
help to collect, treat, and release mnoff to a storm drainage svstem or directly to surface water with
no contact between contaminated mmeff and sroundwater, In regions where evaporation exceeds
rainfall and a wet pond would be unlikely to maintain the required permanent pool, a sand fikration
system can be used.
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The selection of a sand filter desien depends largely on the drainase area’s characteristics, For
example, the Washington, DLC, and Delaware sand filter systems are well suited for kighly
impervicnus areas where land available for structural controls is imdted, since both are installed
underground. They have been used to treat munoff from parking lots, driveways, loading docks,
service stations, garages, airport runways taciways, and storage yards, The Austin sand filtration
system is more suited for large draimase areas that have both impervious and pervious surfaces, Thiz
system is located at grade and is used to treat mnoff from any urban land uss.

It is challenging o use most sand filters in very flat terrain because they require a significant amount
of hydraulic head (about 4 feet), to allow flow throush the system. Cme exception is the perimeter
sand filter, which can be applied with as little as = feet of head.

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

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

Additional Design Guidelines

Pretreatment is a critical component of any stormwater management practice. In sand filters,
pretreatment is achieved in the sedimentation chamber that precedes the filter bed. In thiz chamber,
the coarsest particles setile ot and thus do not reach the filter bed, Pretreatment reduces the
maintenance burden of sand filters by reducing the potential for these sediments to clog the filter,
When pretreatment is not provided designers should increase the size of the filter area to reduce the
clogging potential, In sand filters, desipners should select a medium sand as the filtering medium, A
fine ageregate (ASTHM C-23) that is intended for use in concrete is commonly specified,

Mamy gnidelimes recommend sizing the filter bed using Darcy's Law, which relates the velocity of
fluids to the hydraulic bead and the coefficient of permeability of a medium, The resulting equation,
as derived by the citv of Austin, Texas, (1996], is

AF=WQV d/[kt (h-d]]

Where:

Af = area of the filter bed (ft2];

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

k = cosfficient of permeability of the filtering medinm (f,/day);

t = time for the water quality volame to filter through the system (days; wsually
assumed to be 1,67 days); and
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b = average water height above the sand bed (ft; assumed to be one-half of the
maximum head),

Typical values for k, as assembled by CWT (1996), are shown in Table =,

Table 2 Coefficient of permeability values
for stormwater filktering practices
(CWP, 1906)
Z Coefficient of Permeability
Filter Medium ift/dany) v
Sand 15
Peat Hanxd 75
Cnmpost A7

The permeability of sand shown in Table 2 is extremely conservative, but is widely used since it is
inecrporated in the desisn puidelines of the City of Avstin, When the sand is initially installed, the
permeability is so high {over 100 ft/d) that generally only a portion of the filker areaﬁreqm:aﬂ to
infilkirate the entire volume, especially in a “full sedimentation”™ Austin design where the capture
volume is released to the filter basin over 24 hours,

The preceding methodology results in a filter bed area that is oversized when nes and the entire
water quality volume is filtered in less than a day with no significant height of water on top of the
sand bed, Consequently, the following simple rale of thumb is adequate for sizing the filter area. If
the filter is preceded by a sedimentation basin that releases the water quality volume (W) to the
filter over z4 hoars, then

Af = WQV/18
If no pretreatment is provided then the filter area is calculated more conservatively as:
Af =WV (10

Typically, filtering practices are designed as “off-line” systems, meaning that daring larger storms all
runoff greater than the water quality volume is bypassed untreated using a flow splitter, which iz a
structure that directs larser flows to the storm drain system or to a stabilized channel. One exception
is the perimeter filter; in this desizn. all flows enter the system, bk larger flows overflow to an outlet
chamber and are not treated by the practice,

The Anstin desizn variations are preferred where there is sufficient space, becansa they lack a
permanent pool. which eliminates vector concerns. Design details of this variation are summarized
below,

Summary of Design Recommendations
(1) Caphure Volumes - The facility should be sized to capture the required water quality
volume, preferably in a separate pretreatment sedimentation basin.
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(=) Easin Geometry — The water depth in the sedimentation basin when full should be at
least = feet and no zreater than 1o feet. A fixed vertical sediment depth marker should be
installed in the sedimentation basin to indicate when 20% of the basin volume has been
lost because of sediment accumulation. When a pretreatment sedimentation basin is
provided the minimum average surface area for the sand filter (Af) i= calculated from the
following equation:

Af =WV /18
If no pretreatment is provided then the filter area &= calculated as:
Af=WQV/10

(=] Sand and Gravel Confizuration - The sand filter is constructed with 28 inches of sand
overlving & mches of gravel, The sand and gravel media are separated by permeable
gectextile fabric and the gravel layer is situated on sectextile fabric, Four-inch
perforated PVC pipe i= used to drain captured flows from the gravel laver. A minimum of
o inches of grave]l mnst cover the top surface of the PVC pipe. Figure 5 presents a
schematic representation of a standard sand bed profile.

(1) Sand Properties — The sand grain size distribution should be comparable to that of
“washed concrete sand,” as specified for fine azzregate in ASTH C-33.

(sl Underdraim Pipe Confisuration — In an Anstin filter, the underdrain piping should
consist of a main collector pipe and two or more lateral branch pipes. each with a
minimnm diameter of 4 inches, The pipes should have a minimum slope of 1% (16 inch
per foot] and the laterals should be spaced at intervals of no more than 1o feet, There
should be no fewer than two lateral branch pipes. Each individual underdrain pipe
should have a cleanout acoess location, All piping is to be Schedule 40 PVC. The
maximam spacing between rows of perforations should not exceed 6 inches,

(6) Flow Splitter - The inflow structure to the sedimentation chamber should incorporate a
flow-splitting device capable of isolating the capture volume and bypassing the =5-vear
peak flow around the facility with the sedimentation /filtration pond full.
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Figure 5
Schematic of Sand Bed Profile

Basin Inlet — Energy diszipation is required at the sedimentation basin inlet o that flows
entering the basin should be distributed uniformly and at low welocity in order to prevent
resuspension and encourage quiescent conditions necessary for deposition of solids,

Sedimentation Pond Cratlet Strocture - The outflow structure from the sedimentation
chamber should be (1) an earthen berm; (=) a concrete wall: or (3] a rock gabion, Gabion
outflow struchures should extend across the full width of the facility such that no short-
circuiting of flows can occur. The gabion rock shoald be 4 inches in diameter. The
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recerving end of the sand filter should be protected (zplash pad. riprap, ete.) such that
ercsion of the sand media does not occur. When a rizer pipe is used to conmect the
sedimentation and filtration basins (example in Figure &), a valve should be included to
isolate the sedimentation basin in case of a harardons material spill in the waterzshed.
The control for the valve must be accessible at all times, including when the basin is full,
The riser pipe should have a minimum diameter of & inches with four 1-4nch perforations
per rovw. The vertical spacing between rows should be 4 inches (on centers),

(g} Sand Filter Discharge — If a gabion strocture is used to separate the sedimentation and
filtration basins, a valve mnst installed so that discharge from the BMP can be stopped in
case ranoff from a spill of hazardous material enters the sand filter. The control for the
valve mmst be accessible at all times, including when the basin is full.

Maintenance

Even though sand filters are senerally thought of as one of the higher maintenance EMPs, in a recent
California study an average of cnly abowt 49 hours a yvear were required for field activities, This was
less maintenance than was required by extended detention basins serving comparable sized
catchments, Most maintenance consists of routine removal of trach and debris, especially in An=tin
sand filters where the cutlet riser from the sedimentation basin can become cogged.

Moest data (ie Cladk, 2004) indicate that hydranlic failure from clogging of the sand media cocars
before polhatant breakthrough, Tyvpically, only the very top of the sand becomes clozzed while the
rest remains in relative pristine condition as shown in Figure 7. The rate of clossing has been related
to the TS5 loading on the filter bed {Urbonas, 1995); however, the data are quite variable, Empirical
observation of sites treating urban and highway runoff indicates that clogeing of the filter ocours
after = — 10 vears of service. Presumably, this is related to differences i the type and amount of
sediment in the catchment areas of the various installations. Onee clogring coears the top 2 — 5
inches of filter media is remosed, which restores mmach, but not all, of the lost permeability. This
removal of the surface laver can ocour several times before the entire filter bed must be replaced.
The cost of the removal of the surface layer is not prohibitive, zenerally ranging between 2,000
[EPA Fact Sheet) and 24,000 (Calirans, 2ooz) depending on the size of the filter,

IMedia filters can become a nuisance due to mesquito and mddge breeding in certain designs or if not
regularly maintained. "Wet" designs (e.z., MCTT and Delaware filter] are more conducive to vectors
than others (e.g., Anstin filters) becanse they maintain permanent sources of standing water where
breeding is likely to occur. Caltrans succeszfully excluded mosouitoes and midses from accessing the
permanent water in the sedimentation basin of MICTT installations through wse of a tight-fitting
aluminum cover to seal vectors out, Howewver, typical wet desizns may require routine mspections
and treatments by local mosgquito and vector control agencies to suppress mesquito production.
Vector habitats may also be created in "dry” designs when media filters clog, and/or when features
such as leve] spreaders that hold water over 72 howrs are included in the installation. Drv desizns
such as Anstin filters should dewater completely (recommended 7= hour residence time or lesz) to
prevent creating mosquito and other vector habitats, Maintenance efforts to prevent vector breeding
in dry designs will need to focus on basic housekeeping practices such as removal of debris
acenmulations and vegetation management (in filter media) to prevent clogs and /or pools of
standing water.
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Figure 7
Formation of Clogging Crust on Filter Bed

Recommended maintenance activities and frequencies inclade:

= Inspections semi-annually for standing water, sediment, trash and debris, and to identdy
potential problems.

= Remove accumulated trash and debris in the sedimentation basin, from the riser pipe, and the
filter bed during routine inspections.

= Inspect the facility once during the wet season after a large rain event to determine whether the
facility is draining completely within 72 hr.

= Remove top 50 mm (2 in.) of sand and dispose of sediment if facility drain time exceeds 72 hr.
Restore media depth to 450 mm (15 in.) when overall media depth drops to 300 mm (12 in.).

= Remove accumulated sediment in the sedimentation basin every 10 yr or when the sediment
occupies 10 percent of the basin volume, whichever is less,

Cost

Construction Cost

There are few consistent published data on the cost of sand filters, largely because, with the
exception of Austin. Texas, Alexandria, Virginia, and Washington, D.C,, they have not been widely
used. Furthermore, filters have such varied designs that it is difficult to assign a cost to filters in
general. A study by Brown and Schueler (1997) was unable to find a statistically valid relationship
between the volume of water treated in a filter and the cost of the practice. The EPA filter fact sheet
indicates a cost for an Austin sand filter at $18,500 (1997 dollars) for a 0.4 hectare- (1 acre-)
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drainage area. However, the same desizn implemented at a 1.1 ha site by the Californda Department
of Transportation, cost $240,000. Consequently, there is a tremendons uncertainty aboat what the
average construction cost mdsht be.

It is important to note that, although underground and perimeter sand filters can be more expensive
than surface sand filters, they consume no surface space, making them a relatively cost-effective
practice in ultra-urban areas where land iz at a premdum.

Given the number of facilities installed in the areas that promote their use it should be possible to
develop fadrly acourate construction cost pumbers through a more comprehensive sarvey of
muricipalities and developers that have implemented these filters.

Muaintenance Cost

Anpmal costs for maintaining sand filter systems averaze about 5 percent of the initial construction
cost (Schueler, 1992). Media is replaced as needed, with the frequency correlated with the sclids
loading on the filker bed. Currently the zand iz being replaced in the D.C. filker svstems about every 2
vears. while an Anstin design might last 2-10 vears depending on the watershed characteristics, The
cost to replace the stavel laver, filter fabric and top portion of the sand for ILC, sand filters is
approcimately 31,700 (1997 dollars).

Caltrans estimated future maimtenance costs for the Anstin desisn. assumding a device sized to treat
mnoff from approximately 4 acres. These estimates are presented in Table 3 and assume a fully
burdened hourly rate of 344 for labor, This estimate is somewhat uncertain, since complete
replacement of the filter bed was not required during the period that maintenance costs were

recorded.
Table 3 Expected Annual Maintenance Costs for an Austin Sand
Filter
Activity Lahar Hours B Ttpeun!:Ji;tl;lll-.;d Cost
Inspectinn= 4 4] 1
Maintenance ik 125 1,706
Vector Coantrl o 4] 13
Admindstration 3 4] 132
[lirert Costs FHA HEd
Taotal a3 51,003 Bz qoz
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Percentile
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